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Preface

              Along with Springer International, I am pleased to offer you our new textbook entitled Hyzy’s
              Evidence-Based Critical Care Medicine: A Case Study Approach
              . In medicine, “teachable moments” usually occur in clinical context, where the engagement in a real case exemplifies principles of diagnosis or therapy. We have created our new textbook with the teaching moment in mind: each chapter begins with a real case gleaned from the authors’ clinical experience. In order to replicate the teaching dyad, each case poses a question which offers the reader to process and reflect on the components of the case before offering and answer.
            
While medical practice attempts to be evidence-based, common approaches to diagnosis and management incorporate not only evidence but heuristics and biases which await either validation or repudiation. Hence, we have divided the discussion section of each chapter into two segments: the “Principles of Management” section and the “Evidence Contour” section. In the “Principles of Management” section, the common approach to the care of patients having a given condition is presented. Here you will find the nuts and bolts of what you need to know about the condition and the usual approach to diagnosis and treatment. Evidence-based approaches are emphasized, where appropriate. However, medical knowledge is ever evolving. The approach to many aspects of the diagnosis and treatment of a condition remains the subject of controversy. In the “Evidence Contour” section, each author discusses the aspects of diagnosis and management which are the subject of ongoing debate in the medical literature. In the way, the reader will appreciate not only what appears to be known but also what is becoming known about a given topic.
We believe the approach we have taken with this textbook successfully bridges the gulf between the traditional encyclopedic sit-on-your-shelf textbook and the single-hit online reference, each of which lacks the contextual elements of effective learning. This is a new way to present knowledge in a medical textbook and should help critical care practitioners, fellows, residents, allied health professionals, and students expand their critical care knowledge in an efficient and effective manner. This approach should also benefit those preparing for board examinations.
I would like to thank the many friends, colleagues, and former fellows whose labors went to create this book. In particular, I would like to thank my section editors, Drs. Robert Neumar, David Morrow, Ben Olenchock, Romer Geocadin, John Kellum, Jonathan Fine, Robyn Scatena, Lena Napolitano, and Marie Baldisseri. Without their thoughtful and insightful efforts, this book would not have been possible. I would also like to thank my editors at Springer, Connie Walsh and Grant Weston for their vision and for seeing this work through to fruition.

Robert C. Hyzy
Ann Arbor, MI, USA
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Introduction
It is currently estimated that over 300,000 out-of-hospital cardiac (OHCA) arrests occur in the United States. Over half of OHCA cases are managed by EMS systems [1]. The national average for survival from an OHCA is approximately 12 % however; there is considerable variation by region and EMS system [2, 3]. Factors associated with an improved survival from OHCA include crew witnessed arrest and bystander CPR [4]. Survival from witnessed VF arrest decreases by 8 % for every minute delay in CPR and defibrillation [5]. Overall outcomes correlate with early implementation of chest compression. There is a strong suggestion that bystander CPR whether with “chest compression only” or standard CPR is associated with better mortality and neurologic outcomes [6, 7].
Early effective chest compressions and attention to basic life support components are part of high quality CPR. Various organizations have revisited each of the components of cardiac arrest resuscitation over the last couple of years and thus the elements of high-quality CPR are “ever-evolving” [8]. Rapid activation of the “Chain of Survival” and meticulous attention to early defibrillation and chest compressions may lead to greater overall trends in survival.

Case Presentation
A 68 year-old male was playing cards at a casino when suddenly he clutched his chest and became unresponsive. Casino security arrived within less than a minute and applied an automated external defibrillator (AED). AED displayed an audio prompt that “no shock was advised”. Bystander cardiopulmonary resuscitation (CPR) was begun within another 10 s. Paramedics arrived and provided two-rescuer CPR with a compression rate of 110 compressions/minute. In the ambulance rescuers used a mechanical compression device to administer continuous chest compressions at a rate of 110 and depth of 2.5 inches with manual ventilation using a bag mask valve. This support was continued until their arrival at the hospital in approximately 9 min. Patient was not intubated in the field. During CPR there was no evidence of an organized cardiac rhythm. Patient had received a total of 3 doses of epinephrine totaling 3 mg via humeral intra-osseous line. Upon arrival in the emergency department endotracheal intubation was performed without incident and capnography displayed a good waveform with an ETCO2 of 15 mm Hg. On arrival emergency physicians administered another dose of epinephrine while continuing CPR. At this point the team leader paused and solicited ideas from the team about possible etiologies for persistent pulseless electrical activity (PEA).
Question
What are methods to assess the quality of chest compressions during CPR?

Answer
Capnography, arterial blood pressure and coronary perfusion pressure

Components of high quality CPR include minimizing interruptions of chest compressions with a chest compression fraction of >60 %, correct chest compression rate and depth. Recommended chest compression rates are greater than 100 and a depth of 50 mm with allowance for chest recoil between compression and minimizing ventilations to no more than 10–12 breaths/minute [9–12]. The emphasis of chest compressions over positive pressure ventilation has been supported by studies, which have shown a mortality benefit of compression only CPR in witnessed arrest compared with traditional CPR with compressions and ventilation [13]. How well chest compressions are meeting the goal of providing circulatory flow to the brain and vital systems is often difficult to ascertain.
Of the readily available parameters capnography and arterial blood pressure monitoring are the most easily applied measurements to provide feedback of the quality of chest compressions. Close attention to the physiologic response to chest compressions is desirable, as studies indicate that even healthcare professionals have poor recall and variable quality when performing chest compressions [14].
Capnography has long-been seen as a potential surrogate for blood flow through heart and the pulmonary circulation [15]. As the technology has improved so has the portability. Capnography can now be measured by side-stream technology in non-intubated patients and or mainstream capnography in intubated patients. During cardiopulmonary resuscitation the goal of high quality chest compressions is to achieve an end-tidal CO2 of 20 mm Hg or higher and to maintain an end-tidal CO2 greater than 10 mm Hg at all times with compressions. A rapid rise in end-tidal CO2 with chest compression to close to 35 mm Hg may signal return of spontaneous circulation (ROSC) [15–17].
Achieving a higher blood pressure during CPR makes intuitive sense, as thoracic compression and thus, cardiac output will be the driving force behind improving cerebral and systemic perfusion. However, the hemodynamics of cardiac arrest is complex and patient-specific factors may be responsible for the variable responses to chest compressions, vasopressors and ventilation. One of the main determinants of successful resuscitation is the coronary perfusion pressure (CPP), which is the difference between the right atrial pressure (or CVP) and aortic pressure during diastole (relaxation phase of chest compression). In the arrested patient there is a delay until there is a complete cessation of flow through the cardiac chambers and by 1 min there is no flow to the coronary arteries. In a human study a CPP < 15 mm Hg was associated with not achieving ROSC [18]. In animal studies it has been shown that higher levels of CPP are required to provide cerebral blood flow when CPR is delayed [19]. Moreover, in studies where ROSC was achieved in humans, it was closely tied to CPP and aortic diastolic pressure [20]. CPR guided by blood pressure has also shown improved outcomes [21]. In the observational human study evaluating coronary perfusion pressure as the correlate to ROSC a mean maximal aortic relaxation pressure (aka diastole) was 35.2 ± 11.5, thus the diastolic pressure target should be approximately 40 mm Hg [18]. In settings where a patient is instrumented with an arterial and a central venous line, aortic diastolic pressure and right atrial pressure can be substituted by arterial diastolic pressure and central venous pressure. The difference between arterial diastolic pressure and central venous pressure may provide a rough estimate of CPP [22]. When the ability to monitor CPP is unavailable a strategy to assess the efficacy of chest compressions may depend upon capnography and diastolic pressure.
Lastly, emerging technology, which provides instantaneous feedback about the quality of chest compressions is now available. This CPR-sensing feedback (FB) system often utilizes accelerometers to detect rate and depth of compressions while delivering audio cues to the rescuer. Currently available CPR-FB systems include the Phillips Q-CPR ®, Zoll Real CPR Help ® and Physio-Control compression metronome and Code Stat ® [23]. It is not known at this time whether utilizing these CPR-FB systems improves outcomes.

Principles of Management
Standard Approach to Resuscitation
Introduction
Achieving optimal outcomes from cardiac arrest requires collaboration between several disciplines including pre-hospital providers, emergency physicians, cardiologists, cardiac interventionalist as well as several other medical professionals and specialists. All providers in this paradigm should understand each other’s role as well as what measures can be expected to be offered to a victim of sudden cardiac arrest.

Recognition of Sudden Cardiac Arrest
The ability of laypersons as well as health professionals to detect a pulse has been reported to be extremely poor [14, 24]. Additionally, agonal breaths may be seen for several minutes after cardiac arrest confounding the confirmation that a patient has arrested. Despite these limitations it is best to activate emergency response system as soon as a patient is unresponsive with a faint or absent pulse.

Chest Compressions
After a pulse check of no more than 10 s chest compressions should be initiated at once. Health care providers should re-double their efforts to improve their knowledge and maintain technical skills relevant to chest compressions. Evidence for maintaining these skills may be gleaned from a multi-center study whereby healthcare providers often performed suboptimal chest compression rates. Specifically, the mean chest compression rate was below the recommended rate and lowest for patients without ROSC (79 ± 18) compared to patients with ROSC (90 ± 17) [3].
Specific goals of high quality CPR include achieving a compression rate of at least 100–120 compression/minute and a compression depth of at least 50 mm (2 inches) with an upper limit of 60 mm (2.4 inches) [9]. Additionally, high quality chest compressions should include a chest compression fraction >60 %, meaning when CPR is performed chest compressions should occupy at least 60 % of the resuscitation [9]. Patient positioning, vascular or intraosseous access, medication administration, airway establishment, rhythm analysis and defibrillation should occupy the remaining fraction of time. Maintaining a chest compression rate of 100–120 compressions/minute can lead to rescuer fatigue. Switching compressors every 2 min may minimize rescuer fatigue but lead to frequent interruptions and may negatively impact chest compression fraction. One suggestion to decrease this “hands-off” time is to have rescuers switch from opposite sides of the victim [25]. Between compressions there should be time allowed for full chest recoil in order for heart to refill with blood and maximizing CPP.

Adjuncts to CPR: Oxygen and Ventilation
During the initial rounds of chest compressions rescuers should focus on the quality of the compressions and use passive oxygenation with the highest concentration of oxygen available at the time. The delivery of this oxygen is dependent upon the systemic perfusion that may be established by chest compressions.
Attempts to establish a definitive airway should be postponed unless there is difficulty ventilating a patient with a bag valve mask. Furthermore, hyperventilation should be avoided as this has been tied to reducing cardiac output [26, 27]. When two providers are resuscitating a patient ventilations are delivered in a 30:2 compression-to-ventilation ratio until a definitive airway has been established [28]. Using a 1 L bag mask device a second provider should provide approximately 600 cc of tidal volume over 1 s. This should be performed a total of two times after every 30 compressions. With an advanced airway in place rescuers may provide a breath every 6 s while chest compressions are performed continuously.

Defibrillation
Defibrillation is indicated for ventricular fibrillation or pulseless ventricular tachycardia. Although traditionally monophasic defibrillators have been used to administer a counter shock, biphasic defibrillators are preferred due to the greater first shock success. Newer waveforms have been studied which provide patient-specific impedance current delivery using biphasic truncated exponential, rectilinear biphasic or pulsed biphasic wave. At this time there is no specific recommendation regarding which waveform is superior. Current recommendations are to administer a single counter shock at an optimal energy level (between 120 and 360 J for biphasic defibrillators) with minimal interruptions in CPR before and after the shock [28]. In situations requiring repeated defibrillations use manufacturers’ guidelines or consider escalating energy. For refractory VF and pulseless VT, administration of epinephrine and an anti-dysrhythmic agent should be instituted.


Search for Precipitating Cause of Cardiac Arrest
Ventricular Dysrhythmias
Survival to discharge for patients with an initial rhythm of VT or VF is between 15 and 23 % for out-of-hospital cardiac arrest and up to 37 % for patients with an in-hospital cardiac arrest [29, 30]. Resuscitation team leaders must simultaneously look for reversible etiologies while administering time-sensitive interventions. Ventricular fibrillation is usually found in patients with abnormal myocardial perfusion from a prior infarct or ongoing ischemia. Similarly ventricular tachycardia usually results from foci below the AV node which progresses into a wide and regular tachycardia. When confronted with these malignant ventricular dysrhythmias diagnostic considerations include medication toxicity, pre-existing channelopathy (Brugada syndrome) or an electrolyte abnormality. If medication toxicity and electrolyte abnormalities are ruled out persistence of these dysrhythmias should prompt search for myocardial ischemia.
Different forms of ventricular tachycardia exist including: monomorphic VT, polymorphic VT, torsade de pointes, right ventricular outflow tachycardia (idiopathic and arrhythmogenic right ventricular dysplasia), fascicular tachycardia, bidirectional VT and ventricular flutter. Monomorphic VT accounts for the majority of VT encountered. Most cases of monomorphic VT are associated with myocardial ischemia. Torsade de pointe is a specific form of polymorphic VT where there is progressive widening of the QT interval. Although most forms of VT are associated with myocardial ischemia there are forms of idiopathic VT. Of the idiopathic forms of VT, most cases are due to abnormalities in the outflow tract of the right ventricle. A small number of these have an anatomically identified focus termed “arrhythmogenic right ventricular dysplasia”. Ventricular flutter is an extreme form of VT that has a sinusoidal appearance and may degrade into ventricular fibrillation. Ventricular flutter usually has a rate >200 beats/min. Thus when confronted with a patient with refractory ventricular dysrhythmias providers should strongly consider consulting a cardiology specialist to evaluate patient for the possibility of a diagnostic and percutaneous intervention.

Pulseless Electrical Activity (PEA)
Patients with PEA have a survival to discharge of 2.77 % for patients with out-of-hospital cardiac arrest as compared to patient in an in-hospital cardiac arrest of only 12 % [30, 31]. PEA is defined as the absence of a pulse when electrical cardiac activity is present. This is further classified as “true” PEA, which is when there is no pulse, the presence of an electrical signal but no evidence of cardiac activity usually detected by echocardiography. “Pseudo-PEA” is defined as the absence of a pulse, presence of an electrical signal and cardiac activity observed by echocardiography.
It is important to make these distinctions, as there is pathophysiologic and prognostic significance. True PEA is when electromechanical uncoupling of cardiac cells which propagate an electrical signal but the myocytes are unable to coordinate ventricular contraction. This situation is usually seen in severe hypoxia, acidosis or necrosis.
In pseudo-PEA, there is an electrical signal and weak cardiac contractions due to conditions such as hypovolemia, massive pulmonary embolism or other mechanical impediments to flow. In these situations the predominant rhythm is a tachydysrhythmia.
A mnemonic, which has been modified over the years to remind providers of the common precipitants of PEA, is “4Hs-4Ts”. This mnemonic represents – hypoxia, hypovolemia, hypo/hyperkalemia and hypothermia as well as thrombosis (pulmonary emboli), tamponade (cardiac), toxins and tension pneumothorax [32].
Point of care ultrasound whenever possible should be used to assist clinicians to investigate many of the above-mentioned etiologies. For instance, a subcostal view on ultrasound may reveal a large pericardial effusion with diastolic collapse of right ventricle representing cardiac tamponade (Video 1.1). A parasternal short axis view may demonstrate bowing of the intra-ventricular septum, the so called “D-sign” appearance of the left ventricle being compressed by a volume-overloaded right ventricle contracting against a massive pulmonary embolism (Video 1.2).
Littman et al. proposes a diagnostic guide to evaluate causes of PEA which includes evaluating the width of the QRS complexes on EKG as well as combining sonographic findings to suggest whether a mechanical, ischemic or metabolic cause are to blame [33]. There is no randomized study to support ultrasound-guided resuscitations over resuscitations without ultrasound but a recent study has suggested a trend that when modifications in traditional approaches employ ultrasound there may be a higher rate of ROSC to hospital admission [34].


Quality Assurance
Every cardiac arrest should have some method to monitor the quality of the resuscitation. The ability of rescuers to retain critical resuscitation skills wanes after 6 months thus implementing simulated resuscitations may be useful in retaining skills [35]. Short debriefing sessions after performing a cardiac resuscitation have been shown to improve team performance and outcomes [36].


Evidence Contour
Are Outcomes with Mechanical Compressions Superior to Manual Compressions During Active CPR?
Based upon currently available data mechanical compressions do not appear to be superior to manual compressions in terms of outcomes. Manual compressions are the most readily applicable and commonly taught method of providing chest compressions. Despite this many pre-hospital and hospital systems have chosen to use mechanical compression devices to administer chest compression for various logistical reasons.
Over the last 40 years various technologies have emerged to provide high quality and consistency of chest compressions. These technologies are based upon one of two predominant theories of how chest compressions promote forward flow of blood into the thoracic aorta and systemic circulation. The so-called “cardiac pump” theory expounds that external chest compressions places pressure simultaneously on the right and left ventricle. During the active compression phase a pressure gradient pushes blood out of ventricles, while closing the atrio-ventricular valves and then to the pulmonary artery and the aorta. During the decompression phase blood re-enters the right and left atrium and feeds coronary arteries [37].
The “thoracic pump” theory relies upon the compliance of the whole thorax as the main pressure determinant of flow and not on compression of the heart. During compressions in the “thoracic pump” theory intra-thoracic pressure is increased driving blood into the thoracic, extra-thoracic aorta and other large arteries preferentially. This compression however does not seem to affect the venous system as much due to valves and the vast network of venous plexuses. During the decompression phase intra-thoracic pressure falls below the extra-thoracic pressure and blood flows to the lungs.
Mechanical compression devices became available for research and clinical applications during the 1970s with the Thumper ® created by Michigan Instrument which utilized a hydraulically powered piston to provide chest compressions similar to the “cardiac pump theory” (Fig. 1.1). Newer devices emerged including the Lund University Cardiac Arrest System (aka. LUCAS 1 and 2 ®) by Physio Control and the Auto Pulse ® by Zoll employ different mechanisms to enhance chest compressions namely through an active compression and decompression mode. The LUCAS ® device is predominantly a piston-driven device with a suction area which makes contact with the chest (Fig. 1.2). The Auto Pulse ® utilizing a load-distributing band which wraps around the torso and squeezes to increase intra-thoracic pressure (Fig. 1.3).[image: A329322_1_En_1_Fig1_HTML.jpg]
Fig. 1.1Thumper TM piston driven chest compression device (Courtesy of Michigan Instruments, Inc.)




[image: A329322_1_En_1_Fig2_HTML.jpg]
Fig. 1.2LUCASTM Chest compression device (Used with permission of Physio-Control, Inc.)
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Fig. 1.3Auto Pulse TM Load distributing chest compression device (Courtesy of ZOLL Medical Corporation)





Despite various studies utilizing transthoracic and trans esophageal dopplers to investigate the hemodynamics during chest compressions there is no consistent data to support either the “cardiac pump or “thoracic pump” as the main mechanism of flow during CPR [19, 38]. It is possible that there are elements of both pump models active during CPR.
Advocates of mechanical compressions support its consistency of depth and compression rate. Mechanical compressions can maximize “hands on” time compared to manual compressions due to the fact that there is no need to switch rescuers or halt compressions when performing defibrillation. Despite these theoretical advantages a study completed in 2014 did not show a mortality benefit of mechanical CPR over manual compressions [39]. This study, which used the LUCAS device showed no difference in survival or neurologic outcome. The added cost of these devices and their upkeep may prohibit widespread use however providers point to the advantage of reducing rescuer fatigue and diminishing risk to rescuers during transport while CPR is in progress [40, 41].

What Physiologic Parameters Can Guide the Administration of Vasoactive Medications and Provide Feedback Regarding Quality of CPR?
Hemodynamic Directed Resuscitation
Hemodynamic directed resuscitation (or patient-centric cardiopulmonary resuscitation) is a concept whereby the decision to administer a pharmacologic agents such as epinephrine is guided by hemodynamic variables. This concept may have developed due to various studies indicating that epinephrine may have several deleterious effects on the heart [42]. A strategy whereby resuscitation is guided by hemodynamic parameters rather than protocolized and repetitive administration of epinephrine may potentially minimize inadvertent epinephrine toxicity [42].
Ever since the seminal studies by Ewy and Paradis which tied successful resuscitation to coronary perfusion pressure (CPP) there has been a resurgence of interest in evaluating CPP or a “surrogate of CPP” during CPR [18, 43]. In an animal study which compared CPR guided by CPP vs. chest compressions at 33 mm depth plus standard dose epinephrine vs. chest compressions at 51 mm depth plus standard dose epinephrine the largest improvement in cerebral perfusion pressure was found in the group that was guided by CPP [44]. In another similar study, CPR guided by systolic blood pressure was associated with the highest 24-h survival compared to conventional guideline care [21]. Despite controversy surrounding the use of central venous oxygen saturation (ScvO2) in the management of sepsis its application may be used as an estimate of tissue perfusion. ScvO2 represents the residual oxygen content returning to the right side of the heart after systemic perfusion. Studies have shown that persistently low ScvO2 correlates with decrease cardiac output. If available, chest compressions may be titrated to a ScvO2 concentration greater than 30 % [45, 46].
Whether hemodynamic directed resuscitation leads to better outcomes in humans remains unknown but if efforts to improve the rate of bystander CPR and high quality chest compressions are successful there may be less dependence upon the pharmacologic treatment to achieve ROSC.
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Introduction
This chapter will review the elements of cardiac arrest resuscitation that begin after return of spontaneous circulation (ROSC). In-hospital mortality of patients who achieve ROSC long enough to be admitted to an ICU averages 60 % with wide inter-institutional variability (40–80 %) [1]. The pathophysiology of post-cardiac arrest syndrome (PCAS) is composed of four major components: post-cardiac arrest brain injury, post-cardiac arrest myocardial dysfunction, systemic ischemia/reperfusion response, and persistent precipitating pathology [2]. It is important to recognize that each component is potentially reversible and responsive to therapy. A comprehensive multidisciplinary management strategy that addresses all components of post-cardiac arrest syndrome is needed to optimize patient outcomes [3]. In addition, a reliable strategy to prognosticate neurologic outcome in persistently comatose patients is essential to prevent premature limitation of care and make possible appropriate stewardship of patient care resources [3].

Case Presentation
A 68-year old male was mowing his lawn, complained to his wife that he was having chest pain and then collapsed. She called “911” and when first responder EMTs arrived 5 min later, they found him to be unresponsive, not breathing and without a pulse. EMTs initiated cardiopulmonary resuscitation (CPR) and an automated external defibrillator (AED) was applied to the patient. The initial rhythm analysis advised a “shock”, and a shock was delivered. After two additional minutes of CPR the paramedics arrived and found the patient to have a palpable pulse, a systolic blood pressure of 70 mmHg, a narrow complex sinus tachycardia at a rate of 110 on the monitor, and agonal respirations. Prior to transport, a supraglottic airway was placed, bag-valve ventilation was performed using 100 % oxygen, an intravenous line was placed and 1-L normal saline bolus was initiated. Time from 911 call to return of spontaneous circulation (ROSC) was 9 min.
On arrival to the local hospital, the patient became pulseless again and the monitor revealed a rhythm of ventricular fibrillation. The patient was defibrillated with a biphasic defibrillator set at 200 J. Patient achieved return of spontaneous circulation (ROSC) with narrow complex tachycardia at a rate of 120 and a blood pressure of 75/40. The patient was given 500 cc IV crystalloid bolus and epinephrine infusion was initiated at titrated to MAP >65 mmHg. A femoral arterial line and an internal jugular central venous line were placed. Endotracheal intubation was performed and placement confirmed with waveform capnography and the PetCO2 was 40 mmHg. The patient had no eye opening or motor response to painful stimuli and pupils were fixed and dilated. Arterial blood gas demonstrated the following: pH = 7.18 PCO2 = 39 HCO3
− = 16 PaO2 = 340, SpO2 = 100 %, Lactate = 4.0. FiO2 was decreased to achieve SpO2 94–96 %. A temperature sensing bladder catheter was placed and read 36.0 °C. A 12 lead ECG was immediately obtained (Fig. 2.1).[image: A329322_1_En_2_Fig1_HTML.gif]
Fig. 2.1Twelve lead ECG performed post-ROSC





Question
What interventions should be performed next?

Answer
Immediate coronary angiography with percutaneous coronary intervention (PCI) and hypothermic targeted temperature management.

Twelve-lead ECG reveals an acute anteroseptal ST-segment elevation myocardial infarction (STEMI). The patient’s history of chest pain and recurrent episodes of VF support acute coronary syndrome (ACS) as the cause of cardiac arrest. Cardiology was consulted and patient was taken immediately to the coronary catheterization lab. Coronary angiography revealed left anterior descending artery occlusion that was successfully treated with balloon angioplasty and stent placement (Fig. 2.2).[image: A329322_1_En_2_Fig2_HTML.gif]
Fig. 2.2(a) This is an image of a left anterior descending artery prior to angioplasty. (b) Left anterior descending artery (close up) after successful PCI with angioplasty indicated by increased flow below arrow






An intravascular cooling catheter placed in coronary angiography laboratory and target temperature was set at 33 °C. Patient was admitted to the cardiac ICU and hypothermic targeted temperature management was maintained for 24 h followed by rewarming to 37 °C over 16 h (0.25 °C/h). Sedation included propofol and fentanyl infusion. Continuous EEG revealed a reactive baseline with intermittent seizure activity after rewarming that was treated with IV lorazepam and valproic acid. Seventy-two hours after rewarming neurologic exam revealed reactive pupil and positive cornea reflex, with withdrawal from painful stimuli. Patient began following commands 96 h after rewarming and was extubated on the 6th admission day. He was discharged to short-term rehabilitation on the ninth day with neurologic deficits limited to mild short-term memory deficit.

Principles of Management
Overview of Post-cardiac Arrest Syndrome
Post cardiac arrest syndrome is a unique pathologic state where varying degrees of post-arrest brain injury, myocardial dysfunction, systemic ischemia and reperfusion response, and persistent precipitating pathology are observed [2]. The severity of these manifestations will vary in each patient. When ROSC is achieved rapidly PCAS can be limited or even absent while prolonged cardiac arrest can result in PCAS that is refractory to all interventions. Between these two extremes, each component of PCAS when present is potentially treatable and reversible. Some post-cardiac arrest interventions, such as hypothermic-targeted temperature management, appear to have a favorable impact on multiple components of PCAS while more focused interventions such at early PCI specifically address the precipitating pathology. A comprehensive multidisciplinary approach that addresses all PCAS components in the appropriate timeframe is the best strategy to optimize outcomes.
Post Cardiac Arrest Brain Injury
Post-cardiac arrest brain injury is a common cause of morbidity and mortality. One study reported that brain damage was the cause of death in 68 % of patients that died after ICU admission following out-of hospital cardiac arrest and in 23 % of patient that died after ICU admission following in-hospital cardiac arrest [4]. The unique vulnerability of the brain is attributed to its limited tolerance of ischemia as well as unique response to reperfusion. The most vulnerable regions of the brain include the hippocampus, cerebellum, caudoputamen, and cortex. The mechanisms of brain damage triggered by cardiac arrest and resuscitation are complex, and many pathways are executed over hours to days following ROSC. The relatively protracted time course of injury cascades and histological changes suggests a broad therapeutic window for neuroprotective strategies following cardiac arrest. Early clinical manifestations include coma, seizures, myoclonus and late manifestations ranging from mild short-term memory deficits to persistent vegetative state and brain death.

Post-cardiac Arrest Myocardial Dysfunction
Post-cardiac arrest myocardial dysfunction is a significant cause of morbidity and mortality after both in- and out-of-hospital cardiac arrest [4–6]. Myocardial dysfunction is manifest by tachycardia, elevated left ventricular end-diastolic pressure, decreased ejection fraction, reduced cardiac output and hypotension. Cardiac output tends to improve by 24 h and can return to near normal by 72 h in survivors in the absence of other pathology [6]. The responsiveness of post-cardiac arrest global myocardial dysfunction to inotropic drugs is well documented in animal studies [7, 8]. If acute coronary syndrome or decompensated congestive heart failure were the precipitating pathology that caused cardiac arrest, the management of post-cardiac arrest myocardial dysfunction becomes more complex.

Systemic Ischemia/Reperfusion Response
The whole body ischemia/reperfusion of cardiac arrest with associated oxygen debt causes generalized activation of immunological and coagulation pathways increasing the risk of multiple organ failure and infection [9, 10]. This condition has many features in common with sepsis [11–14]. In addition, activation of blood coagulation without adequate activation of endogenous fibrinolysis may also contribute to microcirculatory reperfusion disorders after cardiac arrest [15, 16]. Finally, the stress of total body ischemia/reperfusion appears to adversely affect adrenal function [17, 18]. However, the relationship of adrenal dysfunction to outcome remains controversial. Clinical manifestations of systemic ischemic-reperfusion response include intravascular volume depletion, impaired vasoregulation, impaired oxygen delivery and utilization, as well as increased susceptibility to infection.

Persistent Precipitating Pathology
Post-cardiac arrest syndrome is commonly associated with persisting acute pathology that caused or contributed to the cardiac arrest itself. The diagnosis and treatment of acute coronary syndrome, pulmonary diseases, hemorrhage, sepsis, and various toxidromes is often complicated in the setting of post-cardiac arrest syndrome. However, early identification and effective therapeutic intervention is essential if optimal outcomes are to be achieved.


Hemodynamic Optimization
Post-cardiac arrest patients typically exhibit a mixed cardiogenic, distributive, and hypovolemic state of shock. In addition, persistence of the pathology that caused the cardiac arrest can cause a refractory shock state unless definitively treated. Early hemodynamic optimization is essential to prevent re-arrest, secondary brain injury and multi-organ failure. A goal-directed approach using physiologic parameters to achieve adequate oxygen delivery has been associated with improved outcomes [19, 20]. This involves optimizing preload, arterial oxygen content, afterload, ventricular contractility, and systemic oxygen utilization. Appropriate monitoring includes continuous intra-arterial pressure monitoring, arterial and central venous blood gases, urine output, lactate clearance, and bedside echocardiography. When feasible, diagnostic studies to rule out treatable persistent precipitating pathology should be performed, and treatment initiated while resuscitation is ongoing.
The optimal MAP for post-cardiac arrest patients has not been defined by prospective clinical trials, and should be individualize for each patient. Cerebrovascular auto regulation can be disrupted or right-shifted in post-cardiac arrest patients suggesting a higher cerebral perfusion pressure is needed to provide adequate brain blood flow [21]. In contrast, ongoing ACS and congestive heart failure can be exacerbated by targeting a MAP higher than what is needed to maintain adequate myocardial perfusion. Higher systolic and mean arterial pressures during the first 24 h after ROSC are associated with better outcomes in descriptive studies [22–24]. In terms of goal-directed strategies, good outcomes have been achieved in published studies where the MAP target range was low as 65–75 mmHg [20] to as high as 90–100 mm [25, 26] for patients admitted after out-of-hospital cardiac arrest.
For patients with evidence of inadequate oxygen delivery or hypotension, preload optimization is the first line intervention. Preload optimization is typically achieved using IV crystalloid boluses guided by non-invasive bedside assessment of volume responsiveness. Patients treated with a goal-directed volume resuscitation strategy following out-of-hospital cardiac arrest typically have positive fluid balance of 2–3 in the first 6 h and 4–6 L positive fluid balance in the first 24 h [19, 20].
Vasopressor and inotrope infusions should be initiated early in severe shock states and when there is an inadequate response to preload optimization. No agent or combination of agents has been demonstrated to be superior or improve outcomes. A reasonable approach is norepinephrine as the first line vasopressor supplemented by dobutamine for inotropic support guided by bedside echocardiography.
When shock is refractory to preload optimization, vasopressors, and inotropes it is critical to identify and treat any persistent acute pathology that caused the cardiac arrest including acute coronary syndrome (ACS), pulmonary embolism (PE), or hemorrhage. If no such persistent pathology exists or the patient is not stable enough to undergo definitive intervention, then mechanical circulatory support should be considered (see section “Evidence Contour”).

Ventilation and Oxygenation
The ventilation and oxygenation goals for post-cardiac arrest patients should be normoxia and normocarbia. Both low (<60 mmHg) and high (>300 mmHg) arterial PO2 are associated with worse outcomes in post-cardiac arrest patients [27]. Low PaO2 can cause secondary brain hypoxia while high PaO2 can increase oxidative injury in the brain. The impact of PaCO2 on cerebrovascular blood flow is maintained in post-cardiac arrest patients; therefore hypocarbia can cause secondary brain ischemia and is associated with worse outcomes [28, 29]. Currently there are no studies to specify which ventilator modes or tidal volumes are optimal in patients resuscitated from cardiac arrest but generally an approach using assist control mode with a tidal volume goal in 6–8 cc/kg range is considered standard. Titration of mechanical ventilation should be aimed at achieving a PaCO2 of 45 mmHg and a range for PaO2 between 75 and 150 mmHg.

Management of STEMI and ACS
Acute coronary syndrome is a common cause of out-of-hospital cardiac arrest, but making the diagnosis in an unconscious post-arrest patient presents unique challenges. A previous history of coronary artery disease, significant risk factors, and/or symptoms prior to arrest can contribute to clinical suspicion, but the absence of these does not exclude ACS as the cause. A standard 12-lead ECG should be obtained as soon as feasible after ROSC, with additional right-sided and/or posterior leads as indicated. Immediate PCI is indicated in post-ROSC patients meeting STEMI criteria regardless of neurologic status [3]. In addition, immediate coronary angiography should be considered in post-cardiac arrest patients that do not meet STEMI criteria but there is a high clinical suspicion for ACS (see section “Evidence Contour”). Medical management of ACS is the same as for non-post-cardiac arrest patients.

Hypothermic Targeted Temperature Management
Hypothermic-targeted temperature management (HTTM) is recommended for comatose adult patients who achieve ROSC following cardiac arrest independent of presenting cardiac rhythm (shockable vs. non-shockable) and location (Out of Hospital Cardiac Arrest (OHCA) vs. In-hospital Cardiac Arrest (IHCA)) [3]. Based on current clinical evidence, providers should select a constant target temperature between 32 and 36 °C and maintain that temperature for at least 24 h. Rewarming should be no faster than 0.5 C/h and fever should be prevented for at least 72 h after ROSC.
Although there are no absolute contraindications to HTTM after cardiac arrest, relative contraindications may include uncontrolled bleeding or refractory severe shock. Induction of hypothermia may lead to intense shivering, hyperglycemia, diuresis and associated electrolyte derangements such as hypokalemia and hypophosphatemia [30]. Rewarming may be associated with mild hyperkalemia and must be monitored closely.
When the decision is made to treat the comatose post-cardiac arrest patient with HTTM, efforts to achieve and maintain target temperature should be as soon as feasible. In the ED, practical methods of rapidly inducing hypothermia include ice packs (applied to the neck, inguinal areas, and axilla), fan cooling of dampened exposed skin, cooling blankets underneath and on top of the patient, and disabling of ventilator warming circuits. Rapid intravenous infusion of limited volumes (1–2 L) of 4 °C saline facilitates induction of hypothermia, but additional measures are needed to maintain hypothermia. No one cooling strategy or device has been demonstrated to result in superior clinical outcomes. A number of automated surface cooling devices are now available that use chest and thigh pads and continuous temperature feedback from bladder or esophageal temperature probes. Although more invasive, automated endovascular cooling systems are also available that require placement of a central venous catheter and offer tighter control of temperature at target. Target core body temperature is best monitored by an indwelling esophageal temperature probe, but can be monitored by a temperature-sensitive bladder catheter if adequate urine output is present.
Shivering, which inhibits cooling, can be prevented with sedation and neuromuscular blockade. If neuromuscular blockade is continued during the maintenance phase of therapeutic hypothermia, continuous electroencephalographic monitoring is strongly encouraged to detect seizures, a common occurrence in post-cardiac arrest patients [3].

Glucose Control
Hyperglycemia is common in post-cardiac arrest patients, and average levels above 143 mg/dL have been strongly associated with poor neurologic outcomes [31]. One randomized trial in post-cardiac arrest patients compared strict (72–108 mg/dL) versus moderate (108–144 mg/dL) glucose control and found no difference in 30-day mortality [32]. Based on available evidence, moderate glucose management strategies in place for most critically ill patients do not need to be modified for post-cardiac arrest patients.

Seizure Management
Seizures, nonconvulsive status epilepticus, and other epileptiform activity occurs in 12–22 % of comatose post-cardiac arrest patients, and may contribute to secondary brain injury and prevent awaking from coma [3]. There is no direct evidence that post-cardiac arrest seizure prophylaxis is effective or improves outcomes. However, prolonged epileptiform discharges are associated with secondary brain injury in other conditions, making detection and treatment of nonconvulsive status epilepticus a priority [33]. Continuous EEG, initiated as soon as possible following ROSC, should be strongly considered in all comatose survivors of cardiac arrest treated with HTTM, to monitor for potentially treatable electrographic status epilepticus and to assist with neuroprognostication. In the absence of continuous EEG monitoring, an EEG for the diagnosis of seizure should be promptly performed and interpreted in comatose post-arrest patients. The same anticonvulsant regimens for the treatment of seizures and status epilepticus and myoclonus caused by other etiologies are reasonable to use in post-cardiac arrest patients.

Neuroprognostication
Accurate neuroprognostication can be extremely challenging in persistently comatose post-cardiac arrest patients, but is essential for appropriate patient care and resource utilization. Decisions to limit care based on neurologic prognosis should not be made before 72 h after ROSC and at least 12 h following rewarming and cessation of all sedative and paralytic medications [34]. Available neuroprognostication tools include clinical examination, electrophysiologic measurements, imaging studies, and serum biomarkers. The performance of these tools is highly dependent on the interval between the achievement of ROSC and the measurement. For example, bilateral absence of pupillary light reflex has a false positive rate (FPR) for predicting poor neurologic outcome of 32 % [95 % CI 19–48 %] at the time of hospital admission versus a FPR of 1 % [0–3 %] when measured 72 h after ROSC [35]. In addition to timing, major confounders such as sedation and neuromuscular blockade, persistent hypothermia, severe hypotension, hypoglycemia and other profound metabolic derangements must be excluded before an assessment for neuroprognostication is performed. Finally, all available clinical data on the reliability of prognostication tools is limited by the potential for a self-fulfilling prophecy that occurs when these tools are used to limit care.
Most experts agree that recovery of Glasgow Motor Score (GMS) of flexion or better (i.e. >2) is a good prognostic sign that precludes the need for further prognostic evaluation. In patients that do not recover a GMS >2 by 72 h after ROSC, the most reliable predictors of poor neurologic outcome (defined by a Cerebral Performance Category score of 3–5) are listed in Table 2.1.Table 2.1Most reliable predictors of poor neurologic outcome in comatose post-cardiac arrest patients [35]


	Prognostication tool
	Positive result measurement
	Timing
	FPR [95%CI]
	Sensitivity [95%CI]

	Clinical Exam
	Bilaterally absent pupillary light reflexes [35]
	≥72 h post-ROSC
	1 % [0–3 %]
	19 % [14–25 %]

	 	Status myoclonus [35]
	During the first 72 h post-ROSC
	0 % [0–4 %]
	16 % [11–22 %]

	Somatosensory evoked potentials (SSEPs)
	Bilaterally absent N20 (cortical) SSEP wave [35]
	After rewarming from HTTM
	1 % [0–3 %]
	45 % [41–50 %]

	Electroencephalography (EEG)
	Highly malignant pattern [36]
	After rewarming from HTTM and 48–96 h after ROSC
	0 % [0–12 %]
	50 % [39–61 %]


A. Highly malignant EEG patterns are (1) suppressed background without discharges (amplitude, 10 mV, 100 % of the recording), (2) suppressed background with continuous periodic discharges, and (3) surest-suppression background with or without superimposed discharges (periods of suppression with amplitude <10 mV constituting >50 % of the recording)




It is recommended that decisions to limit care never be based on the results of a single prognostication tool [3]. Although a number of published guidelines from professional societies are available, the field is rapidly evolving and therefore post-arrest neuroprognostication should be guided by consultation with an experienced neurocritical care specialist [34, 37]. Establishing a consistent institutional approach based on available resources and multidisciplinary expertise will optimize both resource utilization and patient outcomes.

Organ Donation
Patients that are initially resuscitated from cardiac arrest but subsequently die or meet brain death criteria should be evaluated as potential organ donors. Multiple studies have found no difference in immediate or long-term function of transplanted organs from donors who reach brain death after cardiac arrest when compared with donors who reach brain death from other causes [38]. In addition, patients who have withdrawal of life support after initial resuscitation from cardiac arrest based on reliable neuroprognostication of futility or as part of advanced directives are candidates for donation after cardiac death (DCD). The list of potential organs successfully donated from the patients has expanded from primarily kidneys and liver to include heart, lung and intestine. Finally, tissue donation (cornea, skin, and bone) is almost always possible if post-cardiac arrest patients die.


Evidence Contour
Patient Selection for Emergency Coronary Angiography
There are no prospective randomized controlled trials demonstrating benefit of immediate coronary angiography and PCI in post-cardiac arrest patients with or without STEMI. However, multiple observational studies have reported better survival in both STEMI and NSTEMI post-cardiac arrest patients that undergo immediate coronary angiography and PCI (when indicated) compared to those that do not undergo immediate coronary angiography [39–41]. The strength of the recommendation for post-cardiac arrest patients that meet STEMI criteria is based on extrapolation of the positive survival benefits for non-cardiac arrest patients. Conversely, the reluctance of interventional cardiologists to perform immediate coronary angiography in NSTEMI patients is similarly based on lack of proven benefit in non-cardiac arrest patients. However, it should be recognized that the post-arrest patients are higher risk and do not always have ST-elevation with an acutely occluded culprit lesion [42]. In a large international post-cardiac arrest registry that included patients undergoing immediate coronary angiography with and without STEMI, an occluded culprit vessel was found in 74.3 % of patients with STEMI and 22.9 % of patients without STEMI [41]. This high incidence of occluded culprit lesions combined with post-cardiac arrest myocardial dysfunction and the need to maintain adequate cerebral perfusion pressure to prevent secondary brain injury argues strongly for immediate coronary angiography in any post-cardiac arrest patient when there is a clinical suspicion of ACS, especially when associated with hemodynamic instability.

Patient Selection for Hypothermic TTM
Although international guidelines consistently recommend treating all comatose post-cardiac arrest patients with hypothermic TTM, this practice has not been universally implemented. The two major clinical trials demonstrating efficacy of HTTM limited enrollment to witnessed out-of-hospital cardiac arrest with as shockable (VF/VT) presenting rhythm [26, 43]. There have been no prospective randomized clinical trials comparing HTTM to normothermia (or no active temperature management) in out-of-hospital cardiac arrest patients with non-shockable presenting rhythms or in in-hospital cardiac arrest patients with any presenting rhythm. Therefore these recommendations represent an extrapolation of the evidence in patients with witnessed out-of-hospital ventricular fibrillation. This extrapolation is supported by clinical observational studies that suggest benefit in these patient populations and robust body animal data demonstrating the neuroprotective effect of HTTM in cardiac arrest models regardless of arrest rhythm [44, 45]. In addition, HTTM has a relatively safe side effect profile limited primarily to shivering and electrolyte shifts. For intubated comatose cardiac arrest survivors managed in the ICU setting, the incremental intensity of care and cost is modest. One potential concern about treating all comatose post-cardiac arrest patients with HTTM is a delay in prognostication of poor outcome and decision to limit care. However, there is international consensus that neuroprognostication should not be performed before 72 after ROSC. So, awaiting completion of HTTM therapy does itself delay neuroprognostication. Moreover, HTTM could delay the metabolism of sedative and paralytic agents. Therefore, some experts have recommended delaying prognostication until 72 h after rewarming, which could cause significant delays in neuroprognostication. However, the initiation of HTTM should not impact decisions to limit care that are based criteria other than neurologic prognosis, such as terminal illness or previously unrecognized advanced directives. In such cases the decision to discontinue HTTM can be considered in the same way as the decision to discontinue mechanical ventilation or intravenous pressor therapy.

Optimizing Hypothermic TTM
Most experts agree that the optimal time to initiation, target temperature, and duration of HTTM is unknown. Although it theoretically makes sense to achieve target temperature as soon as feasible, there is no clinical data to support this approach. Even in the two landmark clinical trials, the time to target temperature was discordant. In the study by Bernard the time to target temperature was reported to be ≤2 h while in the HACA trial the median time to target temperature was 8 h (IQR 4–16 h) [26, 43]. Rapid infusion of cold intravenous saline immediately after ROSC by paramedics in the field had no impact on outcomes in two randomized clinical trials [46, 47]. Observational studies examining time to target temperature are not informative because neurologically devastated patients are easier to cool due to loss of temperature auto regulation. Based on available evidence achieving target temperature within 4 h of ROSC is a reasonable goal.
The target temperature of 32–34 °C in the original guidelines was based on the target temperature used in the Bernard and HACA studies [26, 43]. Subsequent to that, a large multicenter studied published by Nielsen et al. did not detect superior outcomes in comatose post-cardiac arrest patients who were cooled to 33 °C compared to 36 °C [48]. It is for this reason that the recommended target temperature range was expanded to 32–36 °C. Although it is theoretically easier to use a higher target temperature, it does not obviate the need for use of active cooling techniques guided by continuous temperature monitoring. The recommended duration of therapy is again based on the durations used in major clinical trials. There have been no prospective comparisons of HTTM duration in randomized clinical trials. No specific cooling technique has been demonstrated to result in superior patient outcomes. Therefore the best strategy is the one that is most feasible to consistently implement at your own institution. Overall, the optimization of HTTM requires additional research, and it is likely that a personalized approach based on severity of injury and response to therapy will emerge as the best strategy.

Mechanical Support for Refractory Post-cardiac Arrest Cardiogenic Shock
In post-cardiac arrest patients with refractory cardiogenic shock a number of options can be considered for mechanical circulatory support. An intra-aortic balloon pump can enhance cardiac output by approximately 0.5 L/min in cardiogenic shock. Despite early evidence of improved outcomes when IABP was used post-MI, recent studies have not shown a 30-day or 12 month mortality benefit [49, 50]. The newer peripheral ventricular assist devices Tandem HeartTM PVAD (Fig. 2.3) and ImpellaTM Recovery (Fig. 2.4) are reported to augment cardiac output by 3.5 and 2.5 L/min, respectively. These devices gain access to the central circulation via large cannulas, which then use either a centrifugal pump (Tandem HeartTM) or catheter motor with inlet and output (ImpellaTM) via the aorta. In centers with specialty expertise complete circulatory support may be performed using veno-arterial extracorporeal membrane oxygenation (VA-ECMO) as a bridge to transplantation or bridge to recovery [51].[image: A329322_1_En_2_Fig3_HTML.gif]
Fig. 2.3(a, b) Thoratec DeviceTM Percutaneous ventricular assist device consisting of Tandem Heart pumpTM and Tandem Heart cannulaeTM with flow rates from 4 to 5.0 L/min depending on size of cannulae (With permission Cardiac Assist® Inc.)




[image: A329322_1_En_2_Fig4_HTML.gif]
Fig. 2.4(a, b) Impella Device TM Device demonstrating retrograde insertion via aorta into left ventricle proprietary 9Fr catheter with 2.5 L/min flow rate. Inserted under fluoroscopic guidance. (b With permission Abiomed®)
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Case Presentation
A 39-year-old woman with a history of rheumatoid arthritis and localized breast cancer status post lumpectomy was admitted to the intensive care unit (ICU) for suspected septic shock from a biliary source. She had presented with right upper quadrant abdominal pain worsening over the last 3 days. She endorsed lightheadedness, shortness of breath, and vomiting, and denied cough or fever. On initial examination, her vitals included a heart rate of 110, respiratory rate 22, blood pressure 86/58, SpO2 94 % on room air, temperature 37.5 °C. She was ill appearing, anxious but alert, visibly dyspneic, with clear heart and lung sounds. She had tenderness with voluntary guarding of her right upper quadrant. Her extremities were cool with delayed capillary refill and 1+ pretibial edema bilaterally. Her electrocardiogram showed sinus tachycardia with small T wave inversions in the anterior leads and no ST elevations. Her chest radiograph showed a small right pleural effusion but was otherwise clear. Pertinent labs included: WBC 13,000, hemoglobin 11.9, platelets 180,000, creatinine 1.9 mg/dL, AST 250, ALT 300, alkaline phosphatase 110, total bilirubin 1.8, lipase 120, troponin-I 1.1 (negative <0.10), and INR 1.5. Arterial blood gas revealed pH 7.32, PCO2 28, PO2 64, and lactate 4.2 mmol/L. Pregnancy testing was negative. Urinalysis was pending as her urine output was poor. She was treated empirically with broad-spectrum antibiotics and intravenous fluids. After 1500 mL of saline, the patient’s heart rate was 120, respiratory rate 26, blood pressure 80/54, and SpO2 now 90 % on 2 L nasal cannula. While awaiting diagnostic imaging, a foley catheter, central venous catheter, and arterial line were placed.
Question
How should the clinician determine this patient’s shock type and the appropriate resuscitation strategy?

Answer
Assessment of volume responsiveness plus bedside echocardiography

This patient presents with clinical features of, and risk factors for, multiple shock types with many possible etiologies. The differential diagnosis includes septic shock due to biliary, gastrointestinal, or genitourinary causes, severe pancreatitis, hemorrhagic shock possibly from a ruptured ovarian or hepatic cyst, adrenal crisis, massive pulmonary embolism, right ventricular failure, cardiac tamponade, or left ventricular failure. The fact that she is more hypotensive after fluids might suggest cardiac failure, or may be due to progression of septic shock. The indications for IV fluid boluses, blood products, vasopressors, and inotropes differ widely among these possibilities, and both under-resuscitation and volume overload carry potential harm.
After placement of a left subclavian central line and radial arterial line, central venous pressure (CVP) averaged 10 mmHg, and a pulsus paradoxus was noted on the arterial pressure waveform. A 90-s bilateral passive leg raise resulted in a 12-point drop in systolic blood pressure. Based on this, intravenous fluids were discontinued. A bedside echocardiogram demonstrated a dilated inferior vena cava (IVC) with no respiratory variation, no pericardial effusion, massive dilation of the right ventricle (RV) with poor RV contractility, marked right-to-left interventricular septal bowing, and a small, hyperdynamic left ventricle (LV). A diagnosis of cardiogenic shock due to RV failure was made, and the patient was started on high-flow oxygen at 15 L/min with inhaled nitric oxide blended in at 20 parts per million. Norepinephrine and dobutamine infusions were initiated. After application of these therapies, her skin temperature and capillary refill improved, her blood pressure improved to 110/70, and urine output increased. A formal right upper quadrant ultrasound showed no gallstones, gallbladder wall thickening, or biliary dilation; her right upper quadrant pain was attributed to congestive hepatopathy. A CT of the chest showed no pulmonary embolism. She was scheduled for right heart catheterization for a suspected index presentation of pulmonary arterial hypertension.

Standard Approach to Undifferentiated Shock
Shock is defined as a state of inadequate oxygen delivery to tissues resulting in cellular dysoxia, which is often accompanied by, but may be completely independent of, decreased systemic arterial blood pressure [1]. The classic approach to determining shock type begins with utilizing history and cardiopulmonary and skin examinations to categorize the patient’s condition into one of four shock types: hypovolemic, distributive, cardiogenic, or obstructive [1]. This can be quite challenging in patients with multiple comorbidities, difficult body habitus, or atypical physical exam findings (e.g. “cold” septic shock or “high output” cardiac failure).
In the past, static hemodynamic parameters such as central venous pressure (CVP), pulmonary artery occlusion pressure (PAOP), estimated stroke volume (SV), cardiac index (CI), and systemic vascular resistance (SVR) obtained invasively via central venous and pulmonary artery catheterization were used to attempt to differentiate cardiac failure, obstruction, hypovolemia, or inappropriate vasodilation. Various combinations of fluids, vasopressors, and inotropes would be then employed to target certain goals; for example, CVP of 8–12 mmHg, PAOP of 12–15 mmHg, and CI greater than 2.2. CVP-guided fluid management is still emphasized in a number of resuscitation protocols, including early goal directed therapy of septic shock and the post-cardiac arrest syndrome [2, 3], and utilization of the pulmonary artery catheter (PAC) remains a standard monitoring strategy for patients in cardiogenic shock or post cardiac surgery. As described in greater detail below, these parameters are notoriously unreliable in determining shock type and predicting response to intravenous fluid.
Shock Types
The basic phenotypes of shock are only three: hypovolemic, distributive, and cardiogenic; cardiogenic shock includes obstructive causes of RV failure (Fig. 3.1). In the modern approach to undifferentiated shock, it is essential to first recognize that a large proportion of patients in shock are suffering multiple insults resulting in mixed shock phenotypes, and therefore a linear approach to diagnosis and management is inappropriate. For example, patients with cardiogenic shock, post-cardiac arrest syndrome, or massive hemorrhage may also suffer distributive shock due to systemic inflammation and vasoplegia [4]; over half of patients with septic shock will develop cardiac dysfunction during their course [5]; and patients with hypotension and severe congestive heart failure may in fact be initially volume responsive [6, 7], particularly if they are suffering concomitant gastrointestinal fluid losses, over-diuresis, or occult bleeding.[image: A329322_1_En_3_Fig1_HTML.jpg]
Fig. 3.1Shock types and examples. RV right ventricle, PTX pneumothorax, PE pulmonary embolism, HTN hypertension, LV left ventricle, SIRS systemic inflammatory response syndrome, GI gastrointestinal





Hypovolemia is categorized as either hemorrhagic or non-hemorrhagic. Mechanistically, hypovolemic shock results from inadequate cardiac output due to diminished stroke volume, which itself is the result of decreased venous return. Venous return depends upon maintaining a gradient of blood flow from large capacitance veins in the body towards the right atrium, and this gradient depends in part on the difference between mean systemic pressure (Pms) and right atrial pressure (Fig. 3.2) [8]. Pms can be thought of as the intrinsic blood pressure within the venous system and depends on “stressed” intravascular volume—the volume of blood pressurized by the elasticity of the distended blood vessels in which it is contained. Normally when intravascular volume is lost, compensatory venoconstriction maintains an adequate stressed volume and thus adequate Pms; however, when a patient becomes critically hypovolemic or is subject to inappropriate vasodilation, Pms drops and venous return to the right atrium falls. The treatment is thus replacement of intravascular volume to restore Pms. In the profoundly vasoplegic patient (e.g. advanced cirrhosis or anaphylaxis), venous return can be increased by using vasoconstrictors such as norepinephrine to increase venous tone and stressed volume [8, 9]; however, excessive vasoconstriction increases resistance to blood flow and may impede venous return.[image: A329322_1_En_3_Fig2_HTML.jpg]
Fig. 3.2Physiologic determinants of right heart preload. P

                          MS
                         mean systemic pressure, RAP right atrial pressure, R resistance, RV right ventricle





Distributive shock is due to vasoplegia, the failure to maintain vascular tone, and can occur via multiple mechanisms. Vascular smooth muscle tone is affected by a balance of several chemical mediators: catecholamines, vasopressin, angiotensin II, and free calcium cause vasoconstriction, while prostaglandins, histamine, atrial natriuretic peptide, and nitric oxide cause vasodilation (Fig. 3.3) [4, 10, 11]. Catecholamine induced vasoconstriction is influenced by the integrity of the sympathetic nervous system as well as by adrenal and thyroid function. Nitric oxide induced vasodilation is heightened by histamine, inflammatory cytokines, and possibly reactive oxygen species during ischemia-reperfusion. The interplay of these factors explains why such varied disease processes such as septic shock, anaphylactic shock, post-cardiopulmonary bypass, post-cardiac arrest syndrome, massive transfusion, adrenal failure, and high cervical spine injury may all result in distributive shock via different mechanisms. The mainstay of treatment is an adrenergic vasopressor agent such as norepinephrine or phenylephrine, and other intravenous agents such as ephedrine, vasopressin, angiotensin II, antihistamines, corticosteroids, thyroxine, and nitric oxide scavengers such as methylene blue may be indicated in certain clinical situations.[image: A329322_1_En_3_Fig3_HTML.jpg]
Fig. 3.3Physiologic determinants of vascular tone. Ca
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                         calcium, NE norepinephrine, Ag II angiotensin, AVP arginine vasopressin, SNS sympathetic nervous system, 5-HT serotonin, NO nitric oxide, PGE prostaglandin, ANP atrial natriuretic peptide, ROS reactive oxygen species





Cardiogenic shock is a broad category encompassing depressed cardiac output related to failure of either the right ventricle, left ventricle, or both. The causes of “obstructive shock” such as tension pneumothorax, cardiac tamponade, or massive pulmonary embolism, can be thought of as a subset of cardiogenic shock as they directly impede the filling and/or output of the right heart. After a cautious trial of intravenous fluids, the mainstays of treatment are to support hemodynamics with a combination of vasopressors and inotropes while working to correct any potential mechanical lesion (e.g. pericardiocentesis for tamponade, tube thoracostomy for tension pneumothorax, thrombolysis for massive pulmonary embolism, percutaneous coronary intervention for ST-elevation myocardial infarction, emergent valve repair for severe regurgitation, etc.). Mechanical ventilation and mechanical circulatory devices such as implantable ventricular assist devices, intraaortic balloon counterpulsation, or extracorporeal life support may be needed until resolution or definitive therapy [6].


Evidence Contour
Rarely will one simple shock type exist in isolation, and one should approach shock as a potential combination of three simultaneous insults: hypovolemia, vasoplegia, and cardiac dysfunction. In all-comers with shock, these three parameters must be addressed systematically. The two most important maneuvers guiding the resuscitation of undifferentiated shock are (1) assessment of volume responsiveness and (2) bedside echocardiography.
Assessment of Volume Responsiveness
Accurate assessment of volume responsiveness is the most important first step in the resuscitation of a patient in shock, as it directly influences management in real time. Volume responsiveness is defined as a 10–15 % increase in stroke volume (SV) or cardiac output (CO) after the administration of an intravenous fluid challenge, usually 250–500 mL of crystalloid, theoretically corresponding to the steep portion of the Starling curve (Fig. 3.4). There are many methods of assessment described, which are divided into static measurements of filling pressure or dynamic measurements of cardiopulmonary interaction.[image: A329322_1_En_3_Fig4_HTML.jpg]
Fig. 3.4Starling curve. SV stroke volume, CO cardiac output





When caring for patients in shock, the routine use of CVP or PAOP to guide fluid management is not recommended [1]. Despite their widespread use, static measurements such as CVP, PAOP, or estimated end-diastolic volumes do not accurately reflect volume responsiveness or intravascular volume status, even in combination, and even at extreme highs and lows [12–14]. Randomized trials and large systematic reviews have not demonstrated that targeting a specific CVP or routinely using a PAC are of benefit to critically ill patients [15–18]. Blindly administering intravenous fluids to increase CVP is not recommended, as there is a worrisome correlation between elevated CVP, positive fluid balance during resuscitation, and mortality, at least in septic shock [19].
Unlike static filling pressures, dynamic measures of cardiopulmonary interaction are highly accurate in determining volume responsiveness [20–25]. In mechanically ventilated patients, such dynamic measurements include pulse pressure variation (PPV), stroke volume variation (SVV), and plethysmography variation index (PVI). Variations in pulse pressure (PP), stroke volume (SV) or plethysmography amplitude indicate that cardiac output is linked to changes in ventricular filling that occur with swings in intrathoracic pressure, which reflects volume responsiveness. Respiratory variation of IVC diameter (ΔDIVC) using bedside ultrasound may also be used to predict volume responsiveness, again linking changes in venous return and cardiac output with changes in intrathoracic pressure.
SVV, PPV, and PVI specifically predict left ventricle (LV) volume responsiveness. During a positive pressure breath, venous return from the pulmonary vascular bed to the LV is briefly increased; if the LV is volume-responsive, then PP, SV, and plethysmography amplitude will transiently increase immediately after each ventilator-delivered breath. However, a positive pressure breath at the same time impedes the cardiac output of the RV—the source of LV preload. If the LV is volume responsive, PP and SV will dip after several cardiac cycles to reflect this decrease in preload to the LV, and then return to baseline during exhalation (Fig. 3.5). There are several minimally invasive methods available to assess SV, including pulse contour analysis from arterial pressure tracings (e.g. FloTrac [Edwards Lifesciences, Irvine, CA], PiCCO [Philips, Netherlands], LiDCO [LiDCO Group PLC, London, UK], etc.), esophageal Doppler monitoring (EDM) of aortic blood flow (e.g. CardioQ-ODM, Deltex Medical, West Sussex, UK), and left ventricular outflow tract velocity-time integral (LVOT VTi) obtained by transthoracic echocardiography (TTE).[image: A329322_1_En_3_Fig5_HTML.jpg]
Fig. 3.5Effects of positive pressure ventilation on IVC diameter and stroke volume variation. RV right ventricle, IVC inferior vena cava, ΔD

                          IVC
                         change in diameter of IVC, PPV pulse pressure variation, SVV stroke volume variation, LV left ventricle





An end-expiratory occlusion (EEO) maneuver can be used to determine volume responsiveness of both the right and left ventricle together. This is essentially an end-expiratory hold for 15 s in a passive, mechanically ventilated patient, during which time preload to the right heart and then left heart increases. If both the RV and LV are volume responsive in parallel, then PP, SV, and CI will increase during this maneuver. Table 3.1 compares these techniques.Table 3.1Predictors of volume responsiveness during mechanical ventilationa



	Measurement
	Technique
	Threshold for predicting volume responsiveness

	PPV
	Arterial waveform tracing
	>13 %

	SVV
	Pulse contour analysis
Esophageal Doppler monitor
LVOT VTi using TTE
	>10–13 %

	PVI
	Plethysmography
	>10–15 %

	ΔDIVC

	TTE
	>12–18 %

	ΔPP or ΔCI during EEO
	Arterial waveform tracing
PAC
Pulse contour analysis
Esophageal Doppler monitor
	>5 % increase



PPV pulse pressure variation, SVV stroke volume variation, LVOT left ventricular outflow tract, VTi velocity-time integral, TTE transthoracic echocardiography, PVI plethysmography variation index, ΔD

                        IVC
                       change in diameter of inferior vena cava, ΔPP change in pulse pressure, ΔCI change in cardiac output, EEO end-expiratory occlusion, PAC pulmonary artery catheter

aRequirements include: passive patient, tidal volume at least 8 mL/kg ideal body weight, sinus rhythm




There are important limitations to these dynamic measurements. Most of these measurements have only been validated in patients who are in a sinus rhythm, completely passive, and receiving volume controlled breaths of at least 8 mL/kg tidal volume—conditions that apply to very few ICU patients in common practice. Furthermore, using indices of LV volume responsiveness in isolation may be misleading in patients with RV dysfunction (i.e. massive pulmonary embolism or pulmonary hypertension). These patients will have marked respiratory variation of SV and PP because the LV is relatively empty and preload dependent; however, the RV may be completely volume overloaded. If the RV itself is overloaded, giving intravenous fluid will not improve LV output and may cause hemodynamic deterioration (as seen in the case presentation). Combining SVV or PPV with an EEO maneuver or bedside echocardiography will help prevent this misinterpretation. Finally, decreased respiratory system compliance (e.g. severe ARDS, massive ascites, morbid obesity, etc.) may decrease the sensitivity of SVV or PPV; however, the accuracy of EEO appears unaffected by changes in compliance or positive end-expiratory pressure [26, 27].
Passive leg raising (PLR) may be the most accurate and widely applicable assessment of volume responsiveness (Fig. 3.6). For this test, a patient is laid supine and his/her legs are lifted up to 45° and held up for 1–3 min; if SV, PP, CO or CI increase by 12–15 %, the patient is highly likely to be volume responsive (Table 3.2) [26, 28, 29]; continuous cardiac output monitoring is preferred for real-time assessments. As a surrogate for increased CO, a 5 % or more increase in ECTO2 during PLR is also predictive of volume responsiveness, although this is not as sensitive [30]. The PLR retains its accuracy regardless of active respiratory efforts, tidal volume, level of sedation, or cardiac rhythm. Interpretation may be difficult in cases of massive ascites, abdominal compartment syndrome, or high pain response to the maneuver, and it should not be attempted in patients with elevated intracranial pressure.[image: A329322_1_En_3_Fig6_HTML.jpg]
Fig. 3.6Technique for positive passive leg raising. CO cardiac output




Table 3.2Thresholds for predicting volume responsiveness using passive leg raising (PLR)


	Measurement
	Technique
	Threshold for predicting volume responsiveness

	Pulse pressure
	Arterial waveform tracing
	Increase >12–15 %

	Stroke volume
	Pulse contour analysis
Esophageal Doppler monitoring
LVOT VTi using TTE
PAC
	Increase >12–15 %

	Cardiac output, Cardiac index
	Pulse contour analysis
Esophageal Doppler monitoring
LVOT VTi using TTE
PAC
	Increase >12–15 %

	Quantitative end tidal CO2

	Increase >5 %



LVOT left ventricular outflow tract, VTi velocity-time integral, TTE transthoracic echocardiography, PAC pulmonary artery catheter





Bedside Echocardiography
After assessment of volume responsiveness and initiating intravenous fluids as indicated, bedside echocardiography (BE) is the first test of choice to investigate undifferentiated shock [1]. Bedside echocardiography has been demonstrated to assist greatly in the determination of shock etiology in multiple clinical arenas. In the emergency setting, BE (along with multi-organ focused ultrasonography) can accurately differentiate between hypovolemic, cardiogenic, and obstructive causes of shock in patients with undifferentiated hypotension, and allow the examiner to correctly prioritize the most likely diagnoses in a timely fashion with high specificity and accuracy [31–34]. A simple, standardized approach to bedside ultrasound in undifferentiated hypotension has been shown to reduce diagnostic uncertainty, alter medical management, and influence the diagnostic or therapeutic plan in about one quarter of emergency cases [35].
In the ICU setting, BE within the first 24 h has been shown to significantly alter management in patients with hypotension, leading to less fluid administration and earlier use of inotropic support in many patients, reducing absolute mortality by 10 % in a small series [36]. In the perioperative, postoperative, and general ICU settings, echocardiography has been shown to accurately differentiate hypovolemia, volume overload, cardiac tamponade, and hemodynamically significant right or left ventricular dysfunction that otherwise may have otherwise gone undiagnosed [37–40].
There are several protocols for the use of point-of-care ultrasound in the hypotensive patient, and the key similarities among them are the systematic evaluation of cardiac function, pericardial effusion, IVC diameter and variability, pneumothorax, and sources of potential hemorrhage [41, 42]. When examining a hypotensive patient with ultrasound, the echocardiographic portion is the most important. The examiner should start with a subxiphoid view of the heart, determining any obvious decrease in global contractility as well as the presence of any significant pericardial effusion. A large pericardial effusion in the presence of hypotension is highly concerning for tamponade (Fig. 3.7). From the same location, the IVC should be located and assessed for respiratory variation, with a varying diameter or collapse suggestive of volume responsiveness (Fig. 3.8). Parasternal and apical views should be used to estimate global RV and LV systolic function (Fig. 3.9), RV size compared to LV size, and of utmost importance, the relationship of the interventricular septum (Fig. 3.10). Dilation of the RV (i.e. RV diameter approaching or exceeding LV diameter) and bowing of the septum from right to left suggests RV strain, which should prompt a search for pulmonary embolism or other causes of RV failure, as well as dissuade the clinician from using large fluid boluses or positive pressure ventilation if it can be helped [7]. After the cardiac portion, the examiner should look for bilateral lung sliding to rule out pneumothorax, free intraperitoneal fluid suggestive of hemorrhage, and abdominal aorta dilation >3 cm concerning for aneurysm. Echocardiographic patterns of shock type are summarized in Table 3.3.[image: A329322_1_En_3_Fig7_HTML.jpg]
Fig. 3.7Cardiac tamponade causing right ventricular collapse (transthoracic echocardiogram, subxiphoid view). RV right ventricle, LV left ventricle




[image: A329322_1_En_3_Fig8_HTML.jpg]
Fig. 3.8IVC variation during respiration (transthoracic echocardiogram, subxiphoid view). a vs. b: roughly 50 % IVC variation, suggests volume responsiveness. c vs. d: virtually no respiratory variation, suggests no response to fluid bolus. IVC inferior vena cava, RA right atrium, HV hepatic vein




[image: A329322_1_En_3_Fig9a_HTML.jpg][image: A329322_1_En_3_Fig9b_HTML.jpg]
Fig. 3.9(a) Global assessment of left ventricular contractility (transthoracic echocardiogram, parasternal long axis). A vs. B: roughly 50 % decrease in LV cavity, suggests normal contractility. C vs. D: roughly 25 % decrease in LV cavity, suggests moderately depressed contractility. LV left ventricle, MV mitral valve, AV aortic valve, A and C diastole, B and D systole. (b) Global assessment of left ventricular contractility (transthoracic echocardiogram, parasternal short axis). A vs B: roughly 40 % decrease in LV cavity, suggests mildly reduced contractility. C vs D: almost no decrease in LV cavity, suggests severely reduced contractility. LV left ventricle, A and C diastole, B and D systole




[image: A329322_1_En_3_Fig10_HTML.jpg]
Fig. 3.10RV-LV size relationship and position of intraventricular septum (transthoracic echocardiogram, parasternal short axis). (a) Normal relative RV and LV size, septum forms a contiguous circle with the LV. (b) Dilation of the RV with septal flattening (“D-sign”) and compression of the LV, indicates RV strain/overload. RV right ventricle, LV left ventricle, dashed line flattened septum




Table 3.3Echocardiographic patterns of shock types


	Shock type
	Suggestive echocardiographic findings

	Hypovolemia
	IVC collapsing on active inspiration
Widely variable IVC diameter with respiration
Hyperdynamic RV and LV

	Distributive
	IVC collapsing on active inspiration
Widely variable IVC diameter with respiration
Hyperdynamic RV and LV

	Cardiogenic—Obstructive
	
Pneumothorax—absent lung sliding, identification of lung point

Tamponade—pericardial effusion + distended, non-varying IVC ± RV collapse during diastole

Pulmonary Embolism—distended, non-varying IVC, RV dilation, septal bowing, decreased RV contractility

	Cardiogenic—RV
	Distended, non-varying IVC
RV dilation
Septal bowing
Decreased RV contractility

	Cardiogenic—LV
	Decreased LV contractility
Dilated LV and/or LA ± distended, non-varying IVC



IVC inferior vena cava, RV right ventricle, LV left ventricle






Summary
Medically complex patients in shock should be assumed to have multiple shock types occurring simultaneously, and it may be difficult to differentiate these clinically. The use of static filling pressures such as CVP and PAOP are not helpful in determining which shock type(s) is/are present or in determining whether intravenous fluids will improve cardiac output. Targeting a specific CVP as a marker of adequate volume resuscitation is inappropriate, as positive fluid balance and elevated CVP have been associated with increased mortality, particularly in septic shock. The most important steps in the approach to undifferentiated shock are (1) determination of volume responsiveness, and (2) bedside echocardiography. There are multiple methods of determining volume responsiveness, with passive leg raising being the most accurate and widely applicable. After determining the appropriateness of a fluid challenge, bedside echocardiography should be used to look for IVC size and variation, pericardial effusion, RV size, and interventricular septal bowing, with added lung views for pneumothorax and abdominal views for free fluid and aorta caliber, to further differentiate shock type and guide the use of fluids, pressors, inotropes, or other specific therapies.
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Case Presentation
A previously healthy 35 year old male presented as a Level I trauma after a motor vehicle accident in which he was the restrained driver. There was extensive intrusion on the front end of the vehicle requiring extrication of the patient. Airbag did not deploy. He was reportedly hypotensive and confused in the field. An 18 gauge IV was placed and a 500 mL NS bolus initiated prior to arrival. In the Emergency Department, his initial vitals were significant for a heart rate of 140 and blood pressure of 72/48. Primary survey demonstrated an intact airway, bilateral breath sounds, 2+ pulses in all four extremities, and a Glasgow Coma Score (GCS) of 11 with no obvious focal disability on full exposure. The patient was pale, had a large left-sided frontal scalp contusion, and had obvious bruising of the lower chest and right abdomen. A bedside Extended Focused Assessment with Ultrasound in Trauma (E-FAST) exam showed free fluid in Morison’s pouch (Fig. 4.1). The remaining E-FAST views showed no evidence of hemopneumothorax, pericardial fluid, myocardial wall-motion abnormalities, or fluid in the splenorenal or rectovesicular spaces. Trauma-protocol chest and pelvis x-rays were negative.[image: A329322_1_En_4_Fig1_HTML.gif]
Fig. 4.1Extended Focused Assessment with Ultrasound in Trauma (E-FAST) scan showing free fluid surrounding the liver border in a polytrauma patient (Reproduced with permission of Huang and Fung)





Question
What is the optimal approach to management of this patient’s presumed traumatic hemorrhagic shock; specifically, how should intravascular access, fluid resuscitation, hemodynamic end-points, and definitive therapy be prioritized?

Answer
Hemostatic resuscitation prioritizing damage control surgery & massive transfusion.

This patient is exsanguinating, presumably secondary to traumatic intraabdominal injury, and demonstrating physiology consistent with decompensated hemorrhagic shock. Injury mechanism and physical exam findings are also concerning for concurrent traumatic brain injury. As with all types of shock, prioritization is given to reversal of the inciting etiology and concurrent mitigation of tissue hypoperfusion caused by the precipitating shock state.
After confirming an intact airway and bilateral breath sounds, this patient’s management appropriately focused on cardiovascular optimization and hemodynamic support. Two additional proximal 16 gauge peripheral IV’s were placed. The crystalloids which were initiated in the field were discontinued. Non-crossed O+ packed red blood cells, along with fresh frozen plasma and pooled platelets, were rapidly hand-delivered and infused in a 1:1:1 ratio per the institutional massive transfusion protocol. As he is within the 3-h window, tranexamic acid is administered to inhibit fibrinolysis. Simultaneously, electrolytes were aggressively repleted and his acidosis corrected. A multidisciplinary Trauma team agreed on a mean arterial pressure goal of 75 mmHg in an effort to maintain cerebral perfusion pressure in the setting of probable traumatic brain injury, remaining cognizant to avoid overcorrection and resultant disruption of intrinsic/protective hemostatic mechanisms.
After initial evaluation/stabilization in the Emergency Department, the patient was transported first for head CT, which did not show intracranial hemorrhage, then to the operating room for exploratory laparotomy. Damage control surgery, including splenectomy and partial small bowel resection without reanastamosis, was performed. The patient was then transferred to the ICU with an abdominal wound vacuum device in place. Hemodynamic optimization was continued, utilizing a combination of blood products, pressors, and intravenous fluids. Markers of tissue perfusion, including central venous oxygen saturations (ScvO2) and serial lactate levels, improved and the patient was taken back to the operating room for reanastamosis and closure.

Principles of Management
Hypovolemic Shock
We will first review fundamentals of the management of hypovolemic shock regardless of etiology, then focus on elements unique to treating patients with hemorrhagic shock.
Establish Adequate IV Access
Flow rates achieved for potential life-saving fluid resuscitation depend on the device used. In agreement with Poiseuille’s law, the ideal cannula should be a short, large-bore (at least 18 g), and placed in a proximal large vein in the upper extremity. If a central venous catheter (CVC) is the only available access, the addition of a pressure bag makes a greater difference on flow rate than with an equivalent peripheral cannula [1]. However, in a resuscitation setting, intraosseous (IO) access has higher first pass success and shorter procedure times, making it preferable to CVC insertion if peripheral access cannot be rapidly obtained [2]. Of the three approved IO sites (proximal tibia, distal tibia, proximal humerus), the humerus seems to be the superior site in terms of flow rates, drug delivery, and management of infusion pain [3].

Consider Physiologic Reserve
Young healthy individuals can maintain end-organ perfusion and normotension despite significant intravascular loss as a result of their ability to sustain cardiac output through: peripheral vasoconstriction, compensatory tachycardia, and catecholamine surge. Thus, substantial tachycardia and cool extremities should be recognized as markers of imminent decompensation and cardiovascular collapse in these individuals [4]. Conversely, systemic diseases (e.g. chronic kidney disease, hypertension, diabetes, cirrhosis, chronic heart failure) and/or pharmacotherapies (e.g. alcohol, antihypertensives, anti-arrhythmics, β-blockers, steroids, insulin) can both limit physiological reserve and also delay detection of shock when patients do not manifest classic signs of hypovolemia.

Monitor Volume Responsiveness
Fundamentally, “fluid responsiveness” means that stroke volume (and thus cardiac output, given stable heart rate) will improve if fluids are administered. Administering fluid to a volume unresponsive patient can negatively affect cardiac output directly and has other potential side effects such as pulmonary edema, abdominal compartment syndrome, and cerebral edema. Traditionally an increase in stroke volume of 10–15 % after receiving an adequate bolus (rapid infusion of at least 250 cc) is considered a positive test of volume responsiveness [5]. Several techniques and technologies exist to help make this determination without actually administering a volume expander, but each has its own unique challenges and limitations. Please refer to the “Undifferentiated Shock” chapter for a more detailed discussion.

Administer the Appropriate Fluid(s)
The ideal fluid used to replete intravascular depletion is very much dependent on the precipitating etiology. With gastrointestinal losses, thoughtful repletion of electrolytes is indicated. With acute blood loss, sanguineous resuscitation is clearly preferable. Importantly, tissue perfusion and oxygen delivery are the goals, and that optimization of cardiac output and oxygen carrying capacity are the means.

Track Endpoints of Resuscitation
Normalization of vital signs alone is insufficient evidence of resolution of shock; indeed, poor tissue perfusion can often persist and lead to ongoing accumulation of oxygen debt and tissue damage (see Fig. 4.2). More appropriate markers, which account for perfusion of the microcirculation, include central venous oxygen saturation (ScvO2) and lactate clearance [6, 7].[image: A329322_1_En_4_Fig2_HTML.gif]
Fig. 4.2The relationship between oxygen delivery and oxygen consumption in shock. When DO2 decreases to less than the value for critical delivery (DO2crit), oxygen consumption (VO2) is linearly dependent on the delivery of oxygen to the tissues (DO2). In the delivery-dependent region, oxygen extraction ratio is maximal and anaerobic metabolism increases with an associated increase in lactate and decrease in SVO2. This region to the left of DO2crit is where oxygen debt starts to accumulate. DO2 = CaO2 × CO (normal range: 460–650 ml/min/m2); VO2 = CO × (CaO2 – CVO2) (normal range: 96–170 ml/min/m2); CaO2 (arterial oxygencontent) = (Hb × 1.34 × SaO2) + (0.003 × PaO2); CVO2 = (Hb × 1.34 × SVO2) + (0.003 × PVO2). CO cardiac output, PaO

                            2
                           arterial oxygen tension, Hb hemoglobin. SVO2 normal range: 70 % (±5 %) [34]







Hemorrhagic Shock

Hemostatic resuscitation refers to the process of restoring and sustaining normal tissue perfusion to the patient presenting in uncontrolled hemorrhagic shock, with an emphasis on preservation of effective clotting.
Expedite Anatomic Control of Bleeding
Immediate control of ongoing hemorrhage is always the first priority. This may simply require direct pressure or other straightforward maneuvers for brisk external bleeds (e.g. staple closure for scalp wound or nasal pack for epistaxis). Depending on the source, however, Gastroenterology, Interventional Radiology, or Surgery consultation may be required for specific hemostatic interventions.

Utilize Damage Control Surgery
The initial surgery on a hemodynamically unstable, actively bleeding patient should be focused on anatomic control of bleeding, with repair of less significant injuries or time-intensive procedures deferred. Once hemostasis is achieved, the patient is transferred to the intensive care unit for completion of resuscitation [8]. Subsequent operative interventions are later performed once the patient is hemodynamically stable.

Allow for Permissive Hypotension
While the goal of resuscitation in general is to restore normal systemic oxygen delivery, during early resuscitation the advantage of reducing ischemia must be weighed against the iatrogenic prolongation of hemorrhage. Indeed, attempting to achieve normotension during active hemorrhage consistently increases mortality [9, 10]. In penetrating trauma patients, resuscitation to a target minimum MAP of 50 mmHg, rather than 65 mmHg, significantly decreases postoperative coagulopathy and lowers the risk of early postoperative death and coagulopathy [11].

Correct and Reverse Augmenting Factors of Coagulopathy and Shock
In the exsanguinating patient, the so-called “lethal triad” of coagulopathy, acidosis, and hypothermia predict morality and must be corrected (see Fig.4.3). Several studies have demonstrated that patients with altered coagulation function at the time of hospital admission have substantially worse outcomes than similar patients who are not coagulopathic, even when controlling for degree of injury [12, 13].[image: A329322_1_En_4_Fig3_HTML.gif]
Fig. 4.3The so-called “lethal triad” whereby the combination of hypothermia, acidosis, and coagulopathy contribute toward mortality in hemorrhagic shock. Iatrogenic etiologies for worsening hemorrhage include use of crystalloids and packed red blood cells (PRBC). Both directly worsen hypothermia if not warmed and contribute to dilutional coagulopathy, the latter if platelets and fresh frozen plasma are not concurrently infused






Minimize Crystalloid Administration
Indiscriminate fluid administration during uncontrolled hemorrhage is associated with increased bleeding. Relative arterial hypertension caused by augmented cardiac output via the Frank-Starling relationship, forces more fluid out of the damaged circulation, and can “wash away” early clots. Furthermore, asanguineous crystalloids dilute the concentration of red cells, clotting factors, and platelets, impairing both oxygen carrying capacity and the clotting cascade [14]. Exogenous fluids are also likely to be cooler than body temperature, contributing to hypothermia. Finally, rapid administration of crystalloids damages the endothelial glycocalyx, leading to increased extravasation [15].

Preserve Formed Clot with Antifibrinolytics
The CRASH-2 trial randomized 20,000 trauma patients worldwide to receive either placebo or tranexamic acid, and demonstrated a significant survival benefit with this therapy when administered within 3 h of injury. Interestingly, there was no difference in transfusion requirements between the groups, suggesting that tranexamic acid may have effects in addition to antifibrinolysis. The earlier the drug was administered, the more positive the effect [16].

Replace Losses via Transfusion Therapy
In the setting of brisk hemorrhage, the ideal fluid of choice is fresh whole blood (FWB). Blood provides the intravascular volume expansion needed to increase cardiac output, the red blood cells necessary for oxygen carrying capacity, and contains the platelets and clotting factors which enable hemostasis [17]. Importantly, hemoglobin and hematocrit do not change in acute hemorrhage; indeed, these measurements reflect concentrations of red blood cell content, and will not be affected until compensatory fluid shifts from the intra- and extra-cellular spaces dilute the blood.



Evidence Contour
Several aspects regarding the management of hypovolemic and hemorrhagic shock remain without clear consensus.
Hypovolemic Shock
The ideal fluid for hypovolemic shock secondary to asanguineous losses should reliably expand intravascular volume; have a sustained effect without accumulation in tissues, and replete whole-body deficits, while minimizing side-effects (electrolyte disturbances, third-spacing, acidosis, hemodilution) and cost. Unfortunately, no such fluid exists; so much debate exists surrounding which “non-ideal” fluid to use.
Normal Saline vs Balanced Solutions
Normal saline has traditionally been the most widely-used crystalloid in the United States. Increasing evidence, however, suggests that excessive chloride loads are associated with negative outcomes. Among patients with systemic inflammatory response syndrome (SIRS), chloride-restrictive fluid resuscitation is associated with lower in-hospital mortality [18]. Furthermore, implementation of a chloride-restrictive resuscitation is associated with a significant decrease in the incidence of acute kidney injury and use of renal replacement therapy [19]. Commercially available chloride-restrictive fluids include the crystalloids Lactated Ringers and Plasma-Lyte, as well as the colloids albumin and several synthetic gelatin- or hydroxyethyl starch (HES)-based preparations.

Role of Albumin
The Saline versus Albumin Fluid Evaluation (SAFE) study showed no significant difference in rate of death or development of organ failure among ICU patients randomized to normal saline or albumin resuscitation. Subgroup analysis suggests that use of albumin in patients with traumatic brain injury was associated with a significant increase in rate of death at 2 years while albumin is associated with a significant decrease in the rate of death at 28 days in patients with severe sepsis [20].

Use and Timing of Pressors
Even in patients with “pure” hypovolemic shock, vasopressors can and should be used as a bridge while volume is infused and then titrated off as the volume deficit is overcome [21]. The aim is to preserve coronary perfusion pressure (CPP) (aortic diastolic pressure (ADP) – pulmonary artery wedge pressure (PAWP)) and thus prevent ischemic injury and secondary cardiogenic shock. Many experts suggest that a target ADP of 35–40 mmHg is likely adequate; however, in patients with preexisting conditions that increase baseline PAWP (e.g. pulmonary hypertension), the ADP goal should be correspondingly increased [22, 23].


Hemorrhagic Shock
Adequately powered clinical trials addressing the question of optimal resuscitation of massively bleeding patients are lacking. Instead, a large number of retrospective studies and systematic reviews concerning this topic have been published, although the interpretation of the currently available data differs substantially. Figure 4.4 demonstrates a theoretical framework for the treatment of hemorrhagic shock. Figure 4.5 incorporates this information with logistical considerations necessary for implementing an institutional massive transfusion protocol.[image: A329322_1_En_4_Fig4_HTML.gif]
Fig. 4.4One reasonable algorithm for treatment of hemorrhagic shock incorporating principles of hemostatic resuscitation. Of primary importance is anatomic control of bleeding. Concurrently, goal-directed transfusion of blood products and anti-fibrinolytics are administered to preserve cardiac output, oxygen carrying capacity, and the ability to form and preserve clots. As with any shock state correction of electrolyte abnormalities, hypothermia, and oxygenation/ventilation issues is indicated while tracking endpoints of resuscitation including serum pH, lactate, and ScvO2. RBC red blood cells, FFP fresh frozen plasma, PLT platelets, Hgb hemoglobin, VHA viscoelastical hemostatic assay, VTE venous thromboembolism, Ca

2+ serum calcium, K
+ serum potassium, PaO

                          2
                         partial pressure of oxygen in blood, PaCO

                          2
                         partial pressure of carbon dioxide in blood, ScvO2 central venous oxygen saturation
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Fig. 4.5An institutional Massive Transfusion Protocol detailing the initial stabilization steps, necessary contact information, relevant electronic medical record orders, component blood products, and triggers for activation and deactivation





Massive Transfusion Protocol
Studies of both military and civilian trauma patients have demonstrated that those receiving high ratios of both fresh frozen plasma (FFP) and platelets (PLT) to red blood cells (RBC) have the highest survival, suggesting that the ideal transfusion ratio is 1:1:1 FFP:PLT:RBC. However, close inspection of many of these studies reveals important limitations in their interpretation, namely a prominent effect of survivor bias [24]. While the optimal massive transfusion protocol ratio remains elusive, it does appear that an early and more balanced approach to transfusion is associated with improved outcomes [25].

Ionized Calcium Repletion
Hypocalcemia can complicate massive transfusion as a result of the citrate anticoagulant in blood products (FFP&PLT > PRBC). Formation and stabilization of fibrin polymers is dependent on ionized calcium; additionally, decreased intracellular calcium concentration negatively affects all platelet-related activities. Equally importantly, myocardial contractility and systemic vascular resistance are compromised at low ionized calcium levels. Taking into account beneficial cardiovascular and coagulation effects, ionized calcium levels should be maintained above 0.9 mmol/l [26].

Point-of-Care Monitoring the Hemostatic System
Conventional laboratory tests of coagulation are insensitive in detection acquired coagulopathy or in guiding procoagulant therapy [27]. Viscoelastical hemostatic assays (VHAs), including thrombelastography (TEG®) and rotational thrombelastometry (ROTEM®), provide rapid information regarding platelet aggregation, clot strengthening, fibrin cross-linking, and fibrinolysis, and thus more accurately assess global hemostatic potential. Goal-directed transfusion utilizing VHAs have been reported to reduce bleeding, significantly diminish transfusion requirements, and improve outcomes in cohort studies [28].

Invasive Non-surgical Hemorrhage Control
In moribund or arresting patients with exsanguinating noncompressible hemorrhage in the chest, abdomen, or pelvis, resuscitative thoracotomy has traditionally been the intervention of choice in the emergent setting. Unfortunately, after controlling for relatively easily reversible causes of traumatic obstructive shock (tension pneumothorax and hemopericardium with tamponade), outcomes are quite poor and the procedure itself places medical providers at risk of serious injury [29]. Resuscitative endovascular balloon occlusion of the aorta (REBOA) offers a less invasive alternative which effectively allows intravascular aortic cross-clamp thereby limiting further hemorrhage and redistributing blood supply to the heart and brain while definitive source control is performed [30].

Timing and Role of Vasopressors
Studies using animal models of profound hemorrhagic shock demonstrate improved survival when norepinephrine or vasopressin (AVP) is administered early; conversely, epinephrine and phenylephrine have been associated with worsened outcomes. In addition to improved cardiac perfusion pressure detailed previously, the splanchnic vasoconstriction caused by these drugs likely augments return of enteric blood volume to the central circulation and can also shunt blood away from commonly bleeding organs (e.g. lacerated liver) [31]. At present, a multicenter, randomized controlled trial (Vasopressin in Traumatic Hemorrhagic Shock—VITRIS study) is underway to evaluate the effects of AVP in prehospital management of hemorrhagic shock.

Hemostatic Resuscitation with Concurrent Head Injury
Hemorrhagic shock associated with moderate to severe head injury (GCS ≤ 12) compounds the clinical picture, and controversies exist between the so-called cerebral perfusion pressure (CPP) based therapy and intracranial pressure (ICP) based therapy [32]. Considering that cerebral ischemia is the single most important secondary factor influencing outcome following traumatic brain injury (TBI), maintenance of adequate cerebral perfusion pressure (CPP = MAP – ICP) is arguably the superior strategy in most cases. Outside the setting of impending herniation (where ICP must be rapidly lowered awaiting decompressive management), consensus guidelines recommend a CPP target of 50–70 mmHg [33]. When possible, monitoring cerebral oxygenation in individual patients can allow liberalization of CPP target and thus facilitate permissive hypotension in the polytrauma patient.
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Case Presentation
A 65 year-old woman with a history of ischemic cardiomyopathy and thromboembolic stroke presented with dyspnea, tachypnea (respiratory rate 36 breaths/minute), cough, fever, and oxygen desaturation to 85 % despite non-rebreather mask at 10 L/min. During her initial resuscitation she was treated with noninvasive ventilation via bilevel positive airway pressure (BPAP) ventilation. Thirty minutes later, the patient’s oxygen saturation had steadily improved to 94 % on FiO2 of 0.7, and her respiratory rate had decreased to 28, though she remained febrile. Initial diagnostics revealed a white blood cell count of 19,500. The chest x-ray is shown below in Fig. 5.1.[image: A329322_1_En_5_Fig1_HTML.gif]
Fig. 5.1Chest x-ray





Question
What is the next appropriate step in the management of this patient?

Answer
Depending on her goals of care, this patient should most likely be intubated and undergo invasive ventilation.

While non-invasive ventilation has been shown to be effective and safe in patients with exacerbations of COPD and CHF, other conditions are more controversial. The use of NIV in patients with pneumonia who progress to acute respiratory failure has been associated with a high failure rate and rapid deterioration, leading to worse outcomes, including increased mortality. Both NIV (Fig. 5.2) and the use of high-flow, heated, humidified oxygen delivered by nasal cannula (Fig. 5.3) (see section “Evidence Contour”) may improve respiratory and gas exchange parameters, but it is challenging to predict which patients will definitively improve with this strategy. Individualized care and continuous bedside reassessment are essential. In this case, the patient was emergently intubated and treated with broad-spectrum antibiotics prior to ICU admission. After 4 days, she was successfully extubated and transferred to the general medical ward, where she continued to improve prior to discharge on oral antibiotics.[image: A329322_1_En_5_Fig2_HTML.gif]
Fig. 5.2Non-invasive ventilation by full face mask
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Fig. 5.3Hi-flow nasal cannula






Principles of Management
Definition
Acute respiratory failure manifests as hypoxemia and/or hypoventilation, which can lead to global ischemia and acid/base disturbances. Depending on patient factors and the type of respiratory failure, patients generally require some degree of respiratory support, ranging from supplemental oxygen via nasal cannula to high-flow oxygen therapy, non-invasive ventilation, and invasive ventilation. High-flow oxygen therapy can be delivered via face mask or high flow nasal cannula (Fig. 5.3). The term non-invasive ventilation (NIV) encompasses all forms of mechanically assisted ventilation without an artificial airway in place. NIV refers to both negative pressure ventilation (no longer used in clinical practice) and positive pressure ventilation modes, which include continuous positive airway pressure (CPAP) and bilevel positive airway pressure (BPAP) ventilation. Both are typically delivered via a tightly-fitting mask, which can be fitted over the nose, nose and mouth, face, or entire head. CPAP delivers various air/oxygen ratios at a constant pressure throughout both inspiration and expiration, which can improve alveolar recruitment and capillary oxygen delivery. BPAP provides both this continuous level of baseline expiratory positive airway pressure (EPEP) and then a higher level during inspiration (IPAP). Depending on the settings, cycling between these two pressure levels is triggered by the patient and/or a pre-set rate chosen by the clinician.
The theoretical benefit of BPAP over CPAP is this additional pressure support during inspiration, which can augment the patient’s tidal volume and reduce the mechanical work of breathing [1]. Because of their impact on intrathoracic pressure, both of these modes of NIV can also have hemodynamic effects, including both preload and afterload reduction. Depending on the patient and pathology, these effects can offer additional therapeutic benefit, but can also exacerbate hemodynamic compromise.

Indications, Contraindications and Settings
The most widely accepted indications for the use of NIV in the acute setting include respiratory failure due to acute decompensated heart failure (ADHF) and acute exacerbations of chronic obstructive pulmonary disease (COPD). Early use of NIV is associated with improved survival in patients with these conditions [2, 3]. Common chronic indications include obstructive sleep apnea and restrictive diseases of the chest wall, such as muscular dystrophies and obesity hypoventilation syndrome. In order for NIV to be safe and effective, patients’ mental status must not be altered to the point where they will not cooperate with the clinician or tolerate the face mask, nor should they have impaired inability to protect their airway from excessive secretions or emesis. Specifically, this includes all unresponsive and apneic patients, in whom intubation and invasive ventilation is the only reasonable mode of ventilatory support. Certain craniofacial abnormalities may also prevent an effective mask seal.
Patients with ADHF develop respiratory failure due in part to the presence of pulmonary edema [1]. CPAP is commonly used in these patients, as it can provide rapid preload and afterload reduction and augment alveolar recruitment, improving oxygenation and minimizing ongoing coronary ischemia [4]. CPAP is often initially set at 5 cm H2O and titrated to a combination of patient tolerance and clinical effect. If they tolerate the mask, patients often describe an initial subjective improvement in their work of breathing. Objective clinical improvement, such as the resolution of pulmonary rales and jugular venous distension, usually lags somewhat behind.
BPAP can be a particularly helpful mode in patients with impaired gas exchange secondary to respiratory muscle fatigue, as commonly seen in patients with acute exacerbations of COPD. Beyond the alveolar recruitment conferred by the baseline EPAP, the addition of pressure support during inspiration can provide a mechanical advantage and thus further decrease the work of breathing, which otherwise consumes a tremendous amount of metabolic energy. Additional IPAP also creates more effective airway ventilation and CO2 removal. Typical initial BPAP settings are an EPAP of 5 cm H2O and an IPAP of 10 cm H2O. In response to persistent respiratory acidosis, IPAP may be increased (usually in increments of 2 cm H2O). This increases the difference between EPAP and IPAP, which is the primary contributor to augmented ventilation. In response to persistent hypoxemia, EPAP may also be increased in increments of 2 cm H2O. This is most likely to augment alveolar recruitment and oxygenation. Clinicians should be mindful that the pressure required to overcome the tone of the lower esophageal sphincter is approximately 20–22 cm H2O. Keeping the IPAP below this level may reduce the risk of accidental gastric insufflation, vomiting, and possible aspiration.

Predictors of Failure of Non-invasive Ventilation
It is important to recognize when a patient may not improve with NIV. Very limited evidence is available to guide decision-making in these patients. In a 2003 prospective cohort study of severe dyspnea due to decompensated heart failure, Giacomini and colleagues derived a crude protocol that addresses the transition from the emergency department to inpatient care for patients stabilized with NIV. After a 90-min trial of NIV, patients who felt subjectively better and tolerated at least a 15-min period of oxygen by reservoir mask were admitted to a general care ward. None of these “responder” patients were subsequently intubated or transferred to ICU [5]. Patients who remained tachypneic, acidemic, or hypoxemic after a trial of NIV (60–90 min), and those who developed hypotension, were unlike to improve. For these “non-responder” patients, endotracheal intubation and invasive ventilation should be strongly considered, as the role of prolonged acute treatment with NIV is still unclear.
Strong evidence outlining safe titration of NIV in other patient subgroups is lacking. Factors to consider include patient comorbidities and physiologic reserve, as well as the expected time course of reversibility for the cause of their acute respiratory failure.


Evidence Contour
Use in Patients with Pneumonia
The use of NIV in acute respiratory failure has been studied for indications other than decompensated heart failure and COPD [6–10]. Pneumonia is not considered an appropriate indication for the use of NIV for patients in acute respiratory failure. Although NIV offers a less invasive intervention for respiratory distress, the NIV failure rate in patients with pneumonia has been reported as high as 50 % [7]. It is very difficult to predict which patients will improve and which will deteriorate [7], and among those who decline there is an increased incidence of peri-intubation complications and a significant increase in mortality [9, 10]. Several possible explanations for this have been proposed, such as the increased metabolic demands in patients with pneumonia, the inability to adequately clear respiratory secretions, and the protracted time course of pneumonia when compared to other common indications for NIV. Possible exceptions to the poor performance of NIV in patients with pulmonary infection include patients with pneumonia and COPD with hypercapnic respiratory failure. This may be due to overlap in diagnosis between COPD exacerbation and true infection [8]. Other possible exceptions include neutropenic patients with hematologic malignancy, or recent solid organ transplant recipients with suspected pneumonia, possibly because these patients have a higher incidence of viral pneumonia than immunocompetent patients [11–14]. Overall, these data are still relatively sparse. If NIV is attempted in these patients, the clinician should provide near-continuous bedside reassessment and not hesitate to intubate if there is no significant improvement.

Use in Patients with Asthma Exacerbation
NIV has also been used in patients with acute exacerbations of asthma, however there is only limited evidence to help guide the clinician. The available studies fail to demonstrate improvement in mortality or intubation rates, but show an apparent decrease in hospital admission rates, hospital length of stay, symptom severity, and indirect markers of severity, such as pulmonary functions tests or arterial blood gases [15–18]. However, the are no high-quality studies addressing the use of NIV in patients with the most severe forms of asthma exacerbation, limiting any conclusion regarding its impact on mortality and intubation rates in this patient population [19]. For patients with severe asthma exacerbations, NIV should be used with caution, in the context of maximal medical therapy and continuous bedside reassessment.

Use in Patients with ARDS
Limited evidence suggests that NIV might be associated with decreased intubation rates in select patients with early mild ARDS, however overall mortality rates seem to be unchanged, and very close clinical monitoring is required [20–22]. NIV is not appropriate as a first line approach for established ARDS, given the importance of careful control of tidal volume and airway pressure in this syndrome [23].

Use of NIV in Patients with Altered Mental Status
As mentioned, one of the most common traditional contraindications for the use of NIV is significantly altered mental status, because of the concern that these patients have compromised airway protective reflexes and are not able to adequately manage pulmonary or oropharyngeal secretions. Vomiting into the positive pressure mask is potentially catastrophic in these patients. For intoxicated patients with respiratory distress NIV is almost never the safest alternative, because of unpredictable toxicokinetics and the risk of vomiting. Though NIV can be of great utility in patients with acute exacerbations of COPD, these patients frequently exhibit altered mental status due to hypercapnia. Low to moderate quality evidence suggests that select patients with hypercapnic encephalopathy may warrant a trial of NIV if very close monitoring is feasible [24, 25]. Any such attempt should be aborted if there is no significant improvement in mental status within a short period [24].

Use of NIV for Preoxygenation Prior to Intubation
In carefully selected patients NIV can be used to maximize preoxygenation prior to intubation for acute respiratory failure. By providing high fractional inspired concentrations of oxygen, eliminating alveolar nitrogen, and recruiting atelectatic lung regions, this approach has the potential to improve oxygenation prior to intubation, and extend the “safe apnea time” prior to oxygen desaturation [26]. Patients should generally meet the same entry criteria as for the regular use of NIV, and those who are apneic or whose airway protective reflexes are in doubt are likely not appropriate for this relatively novel use of NIV.

Use of NIV to Facilitate Weaning from Invasive Ventilation
In addition to its use in patients with acute respiratory failure, NIV has also shown some promise for its use in liberating patients from invasive ventilation. Some evidence supports extubation to NIV as a safe strategy in certain patients with resolving acute respiratory failure, such as COPD patients with acute on chronic hypercapnia [27]. This approach may reduce the incidence of some risks associated with prolonged intubation and invasive ventilation, such as ventilator-associated pneumonia and tracheostomy rates. NIV use in this context may also reduce the total duration of ventilation, as well as ICU and hospital length of stay, without a higher risk of reintubation [1, 27–29].

Palliative Care Indications
NIV has been used in an attempt to both enhance short term survival and to optimize comfort in dying patients and those who decline full resuscitative efforts. While mortality among these patients remains high, survivors report no decrease in their quality of life compared to their baseline after the hospitalization, and there are no apparent negative impacts of NIV on their psychological well-being [30, 31]. The topic remains challenging, in particular because it is difficult to predict in which patients there may be a benefit, as opposed to merely an extended dying process with limited ability to communicate, eat, and drink [32]. Decisions about the use of NIV at the end of life are likely best made on an individual patient level, in close collaboration with surrogate decision makers.

Use of High-Flow Nasal Cannula as an Alternative to NIV
The heated high-flow nasal cannula (HFNC) is a relatively new alternative oxygen delivery device that may be of benefit in carefully selected patients with non-hypercapnic acute hypoxic respiratory failure. In contrast to conventional low-flow nasal cannulae, which provide oxygen flow rates up to approximately 6 L/min, HFNC can deliver flow rates in excess of 40 L/min. The physical characteristics of the device, as well as the addition of a humidifying apparatus and heating circuit, make this a surprisingly comfortable and well-tolerated method of delivering substantial oxygen support [33]. Because it does not involve a tight fitting mask, HFNC is often better tolerated than a conventional NIV interface. This technology is relatively new and the evidence supporting its use is still evolving. Generally speaking, HFNC appears to be a safe and effective alternative for alert patients with certain types of non-hypercapnic respiratory failure. There is probably insufficient ventilatory effect to rely on HFNC in patients with hypercapnia, and the device offers no airway protection. A 2015 multicenter, randomized, open label trial compared HFNC, NIV, and standard oxygen therapy in a relatively large cohort of hypoxemic patients [34]. Approximately 60–70 % of these patients had some type of pneumonia. Intubation rates did not differ between the groups, but 90-day mortality was significantly lower in the HFNC group. The reasons for this are unclear. Additionally, NIV confers no mortality or other benefit over oxygen therapy alone, including HFNC patients, in immunocompromised patients with hypoxemic respiratory failure [35]. In the absence of additional evidence, the use of HFNC is probably best individualized to each patient. The overall concern about morbidity associated with delayed intubation in pneumonia patients supported with NIV probably applies equally to HFNC.
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Introduction
Tricyclic antidepressant (TCA) overdoses have become less common over the last 20 years as their overall use has decreased with the advent of safer and more effective antidepressants. Despite their declining popularity in the management of depression, they continue to be used clinically for conditions including the management of neuropathic and chronic pain, cyclic vomiting, nocturnal enuresis, OCD and ADHD. These medications continue to be a leading cause of mortality from intentional ingestions, and account for nearly half of all antidepressant-related deaths [1]. Common tricyclic antidepressants in use today include amitriptyline, nortriptyline, imipramine, desipramine and doxepin.
The management of tricyclic antidepressant poisonings can be quite challenging. Since they exert their toxicity through several different mechanisms an understanding of their pharmacology is imperative. TCAs all have inherent anticholinergic effects that may cause tachycardia, altered mental status and seizures. They can cause profound hypotension through alpha-adrenergic blockade as well as catecholamine depletion through reuptake inhibition. Finally, they block fast sodium channels in the cardiac conduction system leading to myocardial depression and ventricular arrhythmias [2].
Successful treatment of patients poisoned by tricyclic antidepressants hinges on prompt diagnosis and recognition of the classic EKG findings associated with their toxicity. GI decontamination should be considered when patients present within the first 1–2 h following an overdose. Serum alkalinization with sodium bicarbonate is considered the first-line treatment when signs of cardiotoxicity develop. Patients with refractory hypotension may require vasopressor support.

Case Presentation
A 32 year old female with a history notable for depression, migraine headaches, and chronic pelvic pain arrived to the emergency department 90 min after ingesting approximately sixty 75 mg tablets of amitriptyline. On arrival, she was noted to be agitated and confused. Her presenting vital signs included the following: BP 96/62, P 122, RR18, T37.8, O2 sat (RA) 99 %, GCS 13. An EKG showed sinus tachycardia with normal intervals and normal axis. Blood glucose was normal, and serum lactate was 3.7. Serum and urine tox screening was negative. Shortly after arrival, the patient had a generalized tonic-clonic seizure that was successfully aborted with 2 mg IV Ativan. She was subsequently intubated for airway protection, and 50 g of activated charcoal was administered through a nasogastric tube. Upon arrival to the ICU, her blood pressure fell to 65/32 and a repeat EKG was obtained (Fig. 6.1).[image: A329322_1_En_6_Fig1_HTML.gif]
Fig. 6.112-Lead Electrocardiogram obtained at time of patients presentation





Question
How would you proceed in the management of this patient?

Answer
This patient now exhibits EKG findings that are consistent with fast sodium channel blockade due to tricyclic antidepressant toxicity (Table 6.1).Table 6.1Clinical features associated with specific toxidromes


	 	HR & BP
	RR
	Temp
	Pupils
	Bowel sounds
	Diaphoresis

	Anticholinergic
 Low potency antipsychotics
 Oxybutinin, Ipratropium
Antihistamines
 ACh receptor antagonists
	↑
	
                            ⇔
                          
	↑
	↑
	
                            ↓
                          
	
                            ↓
                          

	Cholinergic
 ACh receptor agonists
 AChEls i.e. Donepezil
	
                            ⇔
                          
	
                            ⇔
                          
	
                            ⇔
                          
	
                            ↓
                          
	↑
	↑

	Opioid
 Morphine
 Heroin
Hydromorphone
	
                            ↓
                          
	
                            ↓
                          
	
                            ↓
                          
	
                            ↓
                          
	
                            ↓
                          
	
                            ↓
                          

	Sympathomimetic
 Epinephrine
 Cocaine
 Amphetamine & Methylphenidate
	↑
	↑
	↑
	↑
	↑
	↑

	Sedative-Hypnotic
 Benzos & barbs
 “Z-drugs” (i.e. Zopiclone)
	
                            ↓
                          
	
                            ↓
                          
	
                            ↓
                          
	
                            ⇔
                          
	
                            ↓
                          
	
                            ↓
                          






The patient was immediately given 2 meq/kg of IV sodium bicarbonate as a bolus and hydrated aggressively with 3 l of normal saline. A sodium bicarbonate drip was initiated to maintain a goal serum pH within the range of 7.45–7.55. Ventilator settings were managed accordingly to prevent hypercarbia. A repeat EKG was obtained once serum alkalinization was achieved and demonstrated improvement of the QRS duration to 90 ms, but the patient remained hypotensive. A norepinephrine drip was initiated and blood pressure improved. Over the ensuing 48 h, norepinephrine and sodium bicarbonate were successfully weaned. She was successfully extubated and transferred to the inpatient psychiatric service.

Principles of Management
Diagnosis
Tricyclic antidepressants have a narrow therapeutic index, and significant CNS and cardiovascular toxicity may be seen with ingestions that exceed therapeutic doses by as little as three-fold.Tricyclic Antidepressant Side Effects
	Anticholinergic	Mucosal dryness

	Constipation

	Urinary retention

	Confusion

	Blurred vision

	Aggravation of narrow angle glaucoma






	Anti-alpha-adrenergic	Orthostatic hypotension






	Antihistaminic	Sedation






	Quinidine-like	Cardiac arrhythmias and block










Mental status on presentation has been shown to be predictive of patient outcomes, and most life-threatening arrhythmias occur within the first 24 h after ingestion [2]. Owing to rapid GI absorption, patients may initially appear well and then deteriorate rapidly. Serum drug assays that measure specific serum tricyclic antidepressant levels are not widely available and should not be relied on when managing suspected overdose. Because these drugs are highly lipophilic and have high volumes of distribution, concentrations in brain and myocardium may exceed serum concentrations by as much as 40 to 200-fold, and serum drug levels have not been shown to predict the clinical course [1, 3].
The single most useful test in identifying tricyclic antidepressant toxicity is the electrocardiogram. The most common early EKG finding in overdoses is sinus tachycardia, due to anticholinergic effects and initial transient catecholamine excess. As toxicity progresses, tricyclic antidepressants block fast sodium channels in the cardiac conduction system thereby slowing depolarization and decreasing contractility. This results in a widened QRS complex. Prolongation of the QRS complex >100 ms has been shown to predict risk for seizures, and prolongation >160 ms predicts a risk for ventricular arrhythmias [4]. Owing to the greater susceptibility of the right ventricular conduction system to the effects of sodium channel blockade, a rightward axis shift of the terminal 40 ms of the QRS axis in the frontal plane will develop; but this finding may be difficult to detect [3]. A more practical means for identifying this rightward axis shift is by noting the presence of a larger than expected R wave amplitude in aVR (Fig. 6.2). An amplitude of the R wave in this lead in excess of 3 mm has been shown to predict risk for seizures and arrhythmias [5].[image: A329322_1_En_6_Fig2_HTML.gif]
Fig. 6.2Prominent terminal R wave (>3 mm amplitude) in lead aVR from electrocardiogram obtained from a patient experiencing TCA overdose






Gastrointestinal Decontamination
Activated charcoal has been shown to effectively bind tricyclic antidepressants. In a study of healthy volunteers activated charcoal given 5 min after oral administration of therapeutic doses of amitriptyline decreased GI absorption by 99 % [6]. Activated charcoal probably has the most benefit when administered within 1 h of a toxic ingestion, but may be considered for up to 2 h since the anticholinergic effects of the drug may delay gastric emptying [7].
Gastric lavage carries risks such as aspiration, and is not routinely recommended following tricyclic antidepressant ingestion. One randomized study demonstrated no significant difference in patient outcomes when gastric lavage was combined with the use of activated charcoal [8].
Whole bowel irrigation is typically reserved for overdoses involving sustained-release preparations or in cases where the drug binds poorly to activated charcoal. Therefore, its use is unlikely to provide any benefit [7].

Plasma Alkalinization
Although no randomized-controlled clinical trials exist in support of sodium bicarbonate therapy in the setting of tricyclic antidepressant poisoning, numerous animal studies and human case reports support its use as a first-line treatment [9–11]. Sodium bicarbonate has been shown to both prevent and terminate ventricular dysrhythmias. The benefits of serum alkalinization through the use of sodium bicarbonate are likely multifactorial. The fraction of drug that is protein-bound increases with alkalinity, and therefore the use of sodium bicarbonate would be expected to decrease the amount of free drug available for inhibition of sodium channels [2]. Additionally, increasing serum sodium concentrations may overwhelm the sodium channel blockade by increasing the gradient between the intracellular and extracellular space [2]. The net effect is improved myocardial contractility, narrowing of the QRS complex, and improved electrical stability.
Dosing and titration guidelines for sodium bicarbonate have not been well-studied, but most recommend initiating a bolus of 1–2 meq/kg followed by a continuous infusion to maintain a goal serum pH within 7.45–7.55 and titrating to a goal QRS duration of less than 100 ms [2, 10]. The prophylactic use of sodium bicarbonate is not supported when EKG abnormalities are absent [10]. Serum pH must be monitored closely, and while optimum pH has not been studied, it is reasonable to not exceed a pH of 7.6. Risks of marked alkalosis may include impaired tissue oxygenation due to shifts in the oxygen dissociation curve, cerebral vasoconstriction, reduction in ionized calcium concentration, intracellular shift of potassium, and an increased myocardial sensitivity to catecholamines [10].

Management of Hypotension and Vasopressor Support
Hypotension is a common feature of tricyclic antidepressant toxicity. These medications decrease systemic vascular resistance through alpha-adrenergic blockade. Relative catecholamine depletion may occur through their effects on norepinephrine reuptake. Additionally, hypotension may occur as a direct result of decreased cardiac inotropy [2]. Profound hypotension may be refractory to fluid resuscitation and alkalinization therapy, and vasopressors may be indicated. There are very few studies evaluating the benefit of one such agent over another [12]. One retrospective case series suggested norepinephrine may be superior to dopamine in these instances [13]. A single case report showed that vasopressin stabilized blood pressure in a patient with hypotension that failed to respond to high-dose norepinephrine [14].

Extracorporeal Elimination
Because tricyclic antidepressants are lipophilic and highly protein-bound, extracorporeal elimination methods such as hemodialysis are ineffective [1].

Seizure Management
Seizures are common in the setting of significant tricyclic antidepressant overdose and are a predictor of poor outcomes. Seizures may precipitate an undesired acidosis that increases TCA toxicity. There is little high quality evidence describing first line anticonvulsant therapy for seizures secondary to TCA overdose. Seizures associated with TCA overdose are often brief and resolve before abortive medications can be administered. The use of benzodiazepines has been proposed as first line therapy. Barbiturates and propofol are second-line agents that have been noted to be effective in case reports. These therapies should be used in conjunction with the treatment strategies previously described [15, 16].


Evidence Contour
Intravenous Lipid Emulsion
The use of intravenous lipid emulsions were first reported in the 1990s as an antidote for systemic toxicity from local anesthetic agents. Since that time, the use of intravenous lipid emulsion therapy has been reported in the setting of overdoses of other lipophilic drugs including calcium channel blockers, beta blockers, and tricyclic antidepressants [17]. Several proposed mechanisms for the benefit of lipid emulsion use in tricyclic antidepressant poisonings have been described. Lipid emulsions may serve as a “lipid sink”, sequestering intravascular drug from the aqueous phase of plasma. Secondly, the lipids themselves may directly provide a supplemental fuel source to the stressed myocardium. Lastly, a positive inotropic effect might be seen from increased intracellular calcium shifts [17, 18]. A few animal studies have been conducted using intravenous lipid emulsions for the management of tricyclic antidepressant toxicity, and the reported benefits on hemodynamic stability and mortality were mixed [18–20]. There are, however, several human case reports of patients being successfully managed with lipid emulsions in the setting of refractory hemodynamic instability when the use of traditional therapeutic modalities failed [21–24]. Dosing guidelines for intravenous lipid emulsion therapy for tricyclic antidepressant toxicity have not been established. Recommended dosing in the setting of systemic toxicity from local anesthetics have been proposed where a 20 % emulsion is administered at a loading dose of 1.5 ml/kg based on lean body mass followed by a continuous infusion of 15 ml/kg/h until clinical response is achieved [17, 25]. It is unclear how to extrapolate dosing of lipid emulsions for management of tricyclic antidepressant overdose given their different pharmacokinetics. The use of lipid emulsion in the management of overdoses carry theoretical risks including infection, but serious adverse events have not been reported [17]. Intravenous lipid therapy may be considered in cases of refractory cardiovascular collapse when more traditional treatments fail.

Hypertonic Saline
One animal study suggested that the use of hypertonic saline in the management of tricyclic antidepressant poisonings, when compared to sodium bicarbonate, produced a statistically significant improvement in systolic blood pressure and narrowing of the QRS complex [26]. One human case report exists for a patient with refractory ventricular ectopy and widened QRS complex despite sodium bicarbonate therapy that stabilized upon administration of hypertonic saline [27]. Clinical studies supporting its use, however, do not exist [2].

Antiarrhythmic Drugs
Occasionally, ventricular dysrhythmias may not respond to serum alkalinization, and the use of antiarrhythmic medications may be necessary. Class I antiarrhythmic medications are contraindicated in the setting of tricyclic antidepressant overdose since they act to inhibit cardiac sodium channels in a similar manner [9]. Other antiarrhythmic drugs have negative inotropic effects, which may worsen hypotension in the setting of these overdoses. Lidocaine has traditionally been considered the most reasonable agent in these instances, but the efficacy is limited to case series [28]. Theoretically, lidocaine’s rapid binding to sodium channels may displace the effects of tricyclic antidepressants and improve cardiac conduction. Lidocaine has a stabilizing effect on the myocardium, but unfortunately may slow conduction and depress contractility [29]. Furthermore, one must take into consideration the fact that lidocaine may lower the seizure threshold [30].
Magnesium is an alternative antiarrhythmic that has been investigated with some promise. A study in rats sought to evaluate magnesium sulfate’s ability to terminate arrhythmias when compared with lidocaine and demonstrated favorable results [29]. One small randomized human trial suggested that use of magnesium in addition to traditional therapeutics decreased ICU length of stay and mortality, and several case reports describe the successful use of magnesium to abort ventricular arrhythmias [31–33].
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Introduction
Calcium channel blocker poisonings are the leading cause of death from cardiovascular medication-related overdoses [1, 2]. Clinical effects in the poisoned patient may include hypotension, bradycardia, atrioventricular conduction disturbances, pulmonary edema, stroke, bowel ischemia, altered mental status, and cardiac arrest. Many immediate and sustained-release preparations exist, hence pharmacokinetics are highly variable. Calcium channel blockers are generally lipophilic and highly-protein bound, rendering traditional extracorporeal elimination methods such as hemodialysis largely ineffective.
Calcium channel blockers act at L-type calcium channels and are generally divided into two unique pharmacologic classes based on their preferred sites of action.

              	
                    Dihydropyridines
                    	Nicardipine

	Nifedipine

	Isradipine

	Amlodipine

	Felodipine

	Nimodopine

	Nisoldipine

	Nitrendipine




                  

	
                    Non-Dihydropyridines
                    	Verapamil

	Diltiazem

	Bepridil




                  




            
Dihydropyridine (i.e. nifedipine, amlodipine) overdoses primarily cause hypotension with reflex tachycardia through their peripheral vasodilatory effects on vascular smooth muscle. The toxicity from non-dihydropyridines (i.e. verapamil, diltiazem), tends to be more severe owing to their primary effects on the myocardium [3]. This may lead to bradydysrhythmias, depressed myocardial contractility, and circulatory collapse [4]. It should be noted that in severe poisonings from either class, this selectivity may be lost [2].
The management of hemodynamically unstable patients with calcium channel blocker toxicity can be quite challenging, and responses to therapeutic interventions can be variable. Traditional therapies include intravenous fluid resuscitation, and the administration of calcium salts, glucagon, and vasopressor agents. Refractory bradycardia and atrioventricular nodal blocks may necessitate the use of atropine and temporary pacemakers. More contemporary treatment strategies including the use of intravenous lipid emulsions and high-dose insulin euglycemic therapy have shown great promise.

Case Presentation
A 47 year old female with a history of depression and chronic migraine headaches was brought to the emergency department by her spouse immediately following a witnessed intentional ingestion of approximately sixty 120 mg sustained-release verapamil tablets. On arrival, she was alert and oriented. Vital signs were as followed: pulse 62, blood pressure 95/62, respiratory rate 16, temperature 37.2, and pulse oximetry 99 % on room air. Her EKG showed normal sinus rhythm with normal intervals. IV access was established and a liter of normal saline was administered. Laboratory studies that include routine toxicologic screening tests were unremarkable. She was treated with 50 g of oral activated charcoal and admitted to the intensive care unit for close monitoring. Upon arrival to the ICU, her repeat vital signs revealed a pulse of 42 and blood pressure of 74/42. Her repeat EKG is shown below (Fig. 7.1). An arterial blood gas was obtained: pH 7.12, pCO2 26, HCO3 12, lactate 7.2 and glucose 350. An additional 2 L of normal saline were rapidly infused. She was treated with 2 g of IV calcium gluconate, 5 mg of IV glucagon followed by a continuous infusion, and a norepinephrine drip that was titrated for a goal mean arterial pressure of 65. Despite these measures, she remained hypotensive and bradycardic.[image: A329322_1_En_7_Fig1_HTML.jpg]
Fig. 7.112-lead EKG revealing sinus bradycardia





Question
What do you think is causing her hyperglycemia and what therapeutic intervention(s) could be considered at this point to improve her hemodynamic stability?

Answer
Impaired insulin secretion due to calcium channel blocker inhibition of pancreatic Beta cells, coupled with increased stress-mediated glucose mobilization account for her hyperglycemia. High-dose insulin euglycemic therapy should be considered at this point. Her metabolic acidosis is secondary to both a lactic acidosis from impaired tissue perfusion, and ketoacidosis similar to that seen with DKA due to relative hypoinsulinemia.

Based on her weight of 50 kg, an insulin bolus of 50 units IV was given followed by an infusion of 50 units/h. Approximately 45 min after initiation of the insulin infusion, her pulse normalized to 65 and her blood pressure improved enough to gradually wean the norepinephrine drip. Her glucose was monitored every 30 min, and ultimately she did require a continuous dextrose infusion to maintain serum glucose concentrations above 150 mg/dL. Her metabolic acidosis improved over the course of several hours, as did her serum lactate. Serum electrolytes were monitored closely. She developed mild hypokalemia but repletion was not necessary. Approximately 24 h following admission, the insulin infusion was discontinued and her vitals remained stable. She was discharged the next morning to an inpatient psychiatric facility.

Principles of Management
Gastrointestinal Decontamination
Activated charcoal effectively binds calcium channel blockers and should be administered in patients with stable airways and preserved mental status who present within the first 2 h following ingestion. Although clinical evidence supporting the use of multi-dose activated charcoal is lacking, it is reasonable to consider repeat charcoal dosing when sustained-release preparations are involved [2, 5]. Gastric lavage is generally not recommended since the procedure may increase vagal tone, exacerbate hemodynamic instability, and can provoke cardiac arrest [6, 7]. Whole bowel irrigation may be considered in cases of sustained-release preparations, or when decontamination is delayed beyond a time-frame where activated charcoal would be of benefit [6]. Whole bowel irrigation should be avoided, however, in patients with depressed mental status, ileus, airway compromise, or hemodynamic instability [8].

Hemodynamic Support
The initial management of hypotension due to calcium channel blocker toxicity should include aggressive intravenous fluid resuscitation. In more severely poisoned patients, several therapeutic options may also be considered.
Calcium Salts
The use of calcium gluconate and calcium chloride in the management of calcium channel blocker toxicity seems intuitive. Increased serum calcium concentrations would be expected to overcome calcium channel blockade via a gradient effect, thereby improving myocardial contractility [6]. Animal studies suggest the use of calcium confers both hemodynamic benefits and improves mortality. Human studies are limited to case series, and the reported benefits are inconsistent [7, 9]. The response seen with calcium is often transient, and repeat dosing may be needed [2]. Despite conflicting evidence regarding benefit, use is generally recommended and adverse effects are rare.

Glucagon
Glucagon increases intracellular cyclic-AMP and has been shown in animal models to have positive inotropic and chronotropic effects. Furthermore, glucagon has been shown, in some cases, to reverse 2nd and 3rd degree heart blocks [10]. Evidence for its efficacy in humans is limited to case reports, and treatment failures have been described [2, 7]. Glucagon dosing is not well-established, but an initial dose of 3–5 mg IV followed by a continuous infusion has been suggested, with an additional dose of 4–10 mg IV 5 min after the initial dose if no response is achieved [6].

Atropine
Atropine may be considered for symptomatic bradycardia, but is often ineffective in the setting of severe poisonings. Standard advanced cardiac life support (ACLS) dosing guidelines should be used. Because of its anticholinergic effects on GI motility, it’s use may potentiate absorption of sustained-release calcium channel blocker formulations [6].

Vasopressor Support
When hemodynamic stability cannot be achieved through the use of fluid resuscitation and other initial pharmacologic strategies, vasopressor support may be necessary. Norepinephrine, dopamine, epinephrine, isoproterenol, dobutamine, and phenylephrine have all been used to achieve improvements in blood pressure, and no studies have demonstrated the superiority of one agent over another [2]. Multiple agents may be required simultaneously to achieve hemodynamic stability, and some have reported use of vasopressor doses far in excess of what would typically be considered the referenced maximum [4]. Although improvements in blood pressure are typically achieved, one must be mindful that the increase in systemic vascular resistance will also increase afterload. This may paradoxically lead to an undesirable decrease in cardiac output, as well as an increase in the cardiac oxygen requirement in an already energy-depleted myocardium [3, 6].

High-Dose Insulin Therapy
In recent years, high-dose insulin therapy for the treatment of calcium channel blocker poisonings has gained increasing attention. Calcium channel blockers directly inhibit the calcium channel-mediated release of insulin by the pancreas, leading to systemic hypoinsulinemia (Fig. 7.2). Because carbohydrates are the preferred metabolic substrate of myocardial cells when under duress, the impairment of intracellular glucose transport secondary to insulin depletion further worsens cardiac contractility already impaired by the calcium channel blockers themselves [11]. High-dose insulin restores myocardial glucose utilization and corrects systemic ketoacidosis when present. Insulin has also been shown to have direct positive inotropic effects on myocytes [11]. Furthermore, insulin has been shown to induce vasodilation which improves microvascular perfusion in tissues including the myocardium [12]. Insulin also promotes increased catecholamine sensitivity [11]. The combination of these effects may ameliorate the cardiogenic shock seen with calcium channel blocker toxicity.[image: A329322_1_En_7_Fig2_HTML.jpg]
Fig. 7.2
CCB calcium channel blocker. L-type Ca++ channels: voltage-gated calcium channels





Animal models suggest the mortality benefit from high-dose insulin therapy is superior to that seen with calcium salts, glucagon, and vasopressors. One human observational study showed that high-dose insulin therapy resulted in a >10 mmHg sustained increase in systolic blood pressure in all patients receiving high dose insulin boluses and infusions, and numerous case series and case reports detail beneficial hemodynamic responses [2, 13, 14].
Although definitive dosing guidelines have not been established, most recommend an initial insulin bolus be given at a dose of 1 U/kg IV followed by an infusion 1 U/kg/h which may be titrated upward [6]. Higher bolus doses of 10 U/kg and infusions up to 22 U/kg/h have been reported [3]. The clinical response to high-dose insulin may take 15–60 min. Many sources advocate initiation of high-dose insulin therapy very early on in the management of these patients (before they become unstable) [6, 14, 15]. Serum glucose should be monitored every 30 min during the initial course of treatment and supplemental dextrose should be administered, although supplementation may not be necessary if the initial glucose exceeds 300 mg/dL [6]. Mild hypokalemia should be anticipated due to intracellular shifts and may actually augment myocardial cellular function by improving intracellular calcium transport. Potassium repletion should be considered if serum levels fall below 2.8–3.0 mEq/L [12].

Invasive Circulatory Support
The use of temporary transcutaneous and transvenous pacemakers, and intra-aortic balloon pump counter pulsation therapy have been described in the setting of severe bradycardia and high-degree atrioventricular blocks in calcium channel blocker poisonings when medical management fails to adequately reverse cardiogenic shock [2, 6, 7]. At times, obtaining successful pacemaker capture may be difficult in these patients. Furthermore, improvement in hemodynamics may be variable owing to the persistent impaired cardiac inotropy, and it is unclear based on case reports whether pacemakers improve clinical outcomes [7, 16]. There are reports describing the successful use of intra-aortic balloon pumps and extracorporeal life support in the setting of refractory shock due to severe calcium channel blocker poisonings, and these techniques may be considered on a case by case basis when other treatment strategies fail [17–19].



Evidence Contour
Intravenous Lipid Emulsions
The use of intravenous lipid emulsion therapy in the management of systemic toxicity from local anesthetics is well-described [6]. More recently, investigators have advocated for the use of intravenous lipid emulsions to treat poisonings due to other lipophilic drug classes including tricyclic antidepressants, beta blockers, and calcium channel blockers [20].
Intravenous lipid emulsion therapy in the context of calcium channel blocker toxicity may be beneficial for several reasons. One proposed mechanism is that lipid emulsions act as a “lipid sink”, sequestering lipophilic toxins away from the aqueous plasma phase. In a case report of a verapamil overdose, plasma concentrations of this drug were nearly undetectable following administration of an intravenous lipid emulsion [21]. A second proposed benefit of intravenous lipid emulsions is that they directly stimulate insulin secretion [22]. Thirdly, lipids may promote an increased intracellular calcium concentration in myocytes counteracting the negative inotropic effects seen in these overdoses [23]. Lastly, lipids may serve as a supplementary fuel source for the myocardium, which prefers to derive energy from fatty acids under normal conditions [6].
The evidence supporting the use of intravenous lipid emulsions in calcium channel blocker poisonings is limited to animal studies and human case reports. Multiple animal studies demonstrate that intravenous lipid emulsions confer a survival benefit compared to placebo in verapamil overdoses [20]. Multiple human case reports suggest a temporal hemodynamic response when intravenous lipid emulsions were used as an adjunct to standard treatments [9, 20, 22, 24, 25]. Others report that required vasopressor support greatly diminished following initiation of intravenous lipid emulsion therapy [23]. Because multiple confounding therapeutic strategies were used in all of these reported cases, the degree in which intravenous lipid emulsion therapy is beneficial remains unclear.
The optimal dosing for intravenous lipid emulsion has not been established, and recommendations are extrapolated from guidelines that exist for the management of local anesthetic toxicity. Typically, a 20 % lipid emulsion solution is administered at a bolus dose of 1.5 ml/kg based on ideal body weight. This is followed by a continuous infusion of 0.25 ml/kg/min until hemodynamic stability persists for at least 10 min. Some suggest that this bolus may be repeated twice and the infusion may be doubled when clinically necessary [6]. The lipemia resulting from this treatment may interfere with certain laboratory assays.

Sodium Bicarbonate
Acidosis is a common occurrence in calcium channel blocker toxicity secondary to diminished tissue perfusion and ketoacidosis. Correction of the acidosis could theoretically improve hemodynamic stability, but the role of bicarbonate therapy in these instances is unclear. In severe overdoses, a widened QRS complex from fast sodium channel blockade, similar to that seen in tricyclic antidepressant toxicity, may occur. The benefits of sodium bicarbonate in calcium channel blocker toxicity is largely anecdotal, but some advocate for its use when QRS complex prolongation occurs [2].

Methylene Blue
Methylene blue inhibits guanylate cyclase which subsequently decreases cGMP resulting in inhibition of vascular smooth muscle relaxation. Therefore, it might be expected to reverse some of the effects of the dihydropyridine class of calcium channel blockers. Experience with methylene blue in calcium channel blocker toxicity, however, is limited. One case report described an improvement in hemodynamic stability following methylene blue administration to a patient with an amlodipine overdose that had failed to respond to other measures [26]. Another case report demonstrated a similar effect in a mixed calcium channel/beta blocker overdose [27]. While adequate evidence supporting routine use does not exist, methylene blue might be considered as a rescue therapy in severe dihydropyridine poisonings that fail to respond to other treatment strategies [28].

Extracorporeal Albumin Dialysis
Because calcium channel blockers have high volumes of distribution and are largely protein-bound, traditional extracorporeal elimination strategies including hemodialysis and hemoperfusion are generally ineffective. Albumin dialysis with molecular absorbents recirculating system (MARS) therapy offers the ability to remove protein-bound toxins that would otherwise not be cleared by traditional hemodialysis. This technique was successfully in the management of three severely poisoned patients with refractory shock due to calcium channel blocker toxicity, and all three patients survived [29].
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Case Presentation
A 46 year old female with a history of depression arrived at the emergency department by EMS with altered mental status. Her husband found her in the garage of their home with confusion, incoherent slurred speech and an unsteady gait. By his report, she had seemed well 4 h earlier. Initial vital signs were as follows: HR 112, BP 145/91, RR 16, O2 99 % on RA, and temperature 98.9. Glucose was 127 mg/dL. GCS was 14. There were no signs of trauma, and her physical exam, aside from the findings mentioned above, was unremarkable. Initial labs including CBC, chemistries and urinalysis were normal. Urine drug screen was negative. Salicylate, acetaminophen, and ethanol were not detected. Carboxyhemoglobin level was 1.2 %. ABG on room air revealed: pH 7.36, pO2 88, pCO2 35, HCO3 21, lactate 2.7. Head CT and CXR were normal. EKG showed sinus tachycardia with normal intervals. IV fluids were initiated.
Over the next 2 h, her HR and RR increased to 125 and 24 respectively. She was placed on 4 L NC for a room air saturation of 87 %. She became more confused with a GCS of 10. Repeat labs were obtained which demonstrated a new anion gap of 22 (see below). A repeat ABG (on 4 L O2) showed the following: pH 7.22, pO2 58, PCO2 26, HCO3 15, lactate 3.2. Measured serum osmoles were obtained and an osmolal gap of 40 was calculated. CXR revealed pulmonary edema without cardiomegaly. Her hypoxia and tachypnea worsened despite increasing amounts of supplemental oxygen, including 100 % NRB.
Calculation and Differential Diagnosis of the Elevated Anion Gap with the Pneumonic “MUDPILES”
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Question
How would you proceed in the management of this patient?

Answer
The combination of altered mental status, progressive development of a high anion gap acidosis and the presence of a marked osmolal gap are highly suggestive of toxic alcohol ingestion, either methanol or ethylene glycol. Methanol is a common ingredient in windshield washer fluid and ethylene glycol is commonly found in antifreeze. Ingestion of isopropyl alcohol, the third common toxic alcohol ingestion, elevates the osmolar gap but does not result in an acidosis or significant elevation of the anion gap.

Given her decline in mental status and progressive failure of oxygenation secondary to development of pulmonary edema, she was intubated and mechanically ventilated. A loading dose of 15 mg/kg intravenous fomepizole treatment was immediately initiated to prevent further metabolism of the parent alcohol. The cofactors thiamine and pyridoxine were given. Her developing acidosis suggested that she had already metabolized a substantial portion of the parent alcohol into its toxic metabolites, and nephrology was consulted for emergent hemodialysis. Gas chromatography for toxic alcohols returned several hours later and revealed an ethylene glycol level of 257 mg/dL. Repeat urinalysis demonstrated calcium oxalate crystalluria (Fig. 8.1).[image: A329322_1_En_8_Fig1_HTML.jpg]
Fig. 8.1Calcium oxalate crystals





The patient underwent three runs of intermittent hemodialysis and was continued on IV fomepizole per protocol. Her gap acidosis normalized and her measured ethylene glycol fell below 20 mg/dL. Her renal function remained normal throughout her clinical course. Her pulmonary edema resolved and she was extubated on hospital day #2.

Principles of Management
Diagnosis
Ethylene glycol is an organic alcohol with multiple commercial and household purposes, and is typically the primary compound found in antifreeze. It is a colorless liquid, although dyes are often added by the manufacturer. The taste of ethylene glycol is often described as “sweet”, and therefore young children frequently fall victim to inadvertent ingestions [1]. Ethylene glycol is rapidly absorbed by the GI tract and clinical intoxication may be apparent within 20–30 min. Peak serum concentrations can be expected between 1 and 4 h post-ingestion [2]. Ingestions of as little as 1 mL/kg may lead to toxic serum concentrations [3].
Diagnosing ethylene glycol poisoning can be quite challenging, as the acute clinical presentation is typically non-specific and may appear quite similar to ethanol intoxication. Individuals with intentional ingestions may not be forthcoming, or may be too obtunded to provide a history of ingestion. Prompt initiation of treatment is imperative, and delays strongly correlate with the development of acidosis and renal failure once toxic metabolites accumulate (Fig. 8.2) [4, 5]. The gold standard for diagnosis uses gas chromatography to measure serum ethylene glycol levels, but may take 2–4 h to perform, and is not readily available at most medical facilities [2, 6]. Serum measurement of the glycolic acid metabolite has also been advocated by some, owing to its stronger correlation with the development of renal complications, but this also requires gas chromatography and therefore carries the same limitations [7]. Therefore, the clinician often must utilize surrogate markers when considering a toxic alcohol exposure.[image: A329322_1_En_8_Fig2_HTML.jpg]
Fig. 8.2Metabolism of ethylene glycol





Since ethylene glycol is an osmotically active substance, the osmolal gap (measured osmoles – calculated osmoles) will typically be elevated during the initial phase following substantial ingestions. As the parent compound is metabolized, the osmolal gap will gradually decline and a metabolic anion gap acidosis will develop (Fig. 8.3) [9]. There are several caveats to note when interpreting an osmolal gap, however. Numerous formulas exist for calculating serum osmoles, and there is no consensus on which one is superior [2, 10, 11]. One commonly used formula is as follows:[image: A329322_1_En_8_Fig3_HTML.jpg]
Fig. 8.3The mountain: A visual schematic for clarifying the temporal relationship between the anion gap and osmole gaps in toxic alcohol poisoning. A: Ethylene glycol is the predominate form in the serum. Only an osmolar gap is present. No acidosis or anion gap yet noted. C: Ethylene glycol is being metabolized. Some glycolic acid is present. Both an osmolar gap and an anion gap acidosis are present. B: All the ethylene glycol has been metabolized to glycolic acid. Osmolar gap no longer exists. Large anion gap acidosis is present (From Mycyk and Aks [8]. Reprinted with permission from Elsevier Limited)
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An elevated osmolal gap is non-specific and may be seen with various conditions including ethanol intoxication, alcoholic ketoacidosis, DKA, renal failure, shock, and after use of other exogenous osmotically active compounds such as mannitol [10]. Additionally, since the normal reference range for a calculated osmolal gap may be as low as −10 mosm, the addition of measured osmoles from a toxic alcohol may not raise this gap beyond the accepted upper limit of +10 mosm. This can be understood when considering that an ethylene glycol level of 21 mg/dL (the threshold where treatment is recommended) would only be expected to increase serum osmoles by 4 mosm [2]. Despite these limitations, a large retrospective analysis suggested that an unexplained osmolal gap exceeding 50 was highly suggestive of a toxic alcohol ingestion, and that nearly 50 % of toxic ingestions had osmolal gaps greater than 30 [10].
In the initial phase following ethylene glycol poisoning, the anion gap is typically normal, and then begins to rise approximately 3 h post-ingestion [2]. When presentation or treatment is delayed, the parent alcohol is metabolized by alcohol dehydrogenase and aldehyde dehydrogenase into glycolic acid. Further metabolism of glycolic acid is very slow and therefore this compound progressively accumulates resulting in an anion gap acidosis. Cardiopulmonary manifestations are likely both due to the acidemia, as well as the direct toxic effect of glycolic acid. During this phase, patients may develop tachycardia, hypotension, myocardial depression and congestive heart failure, cerebral edema, and an ARDS-type picture [3, 12].
A small portion of glycolic acid is then further metabolized into oxalate. Deposition of calcium oxalate crystals in renal tubules results in tubular necrosis and renal failure, and generally occurs 24–72 h post-ingestion. This can also lead to significant hypocalcemia [2]. Testing for calcium oxalate crystalluria as an adjunct to the diagnosis of ethylene glycol ingestions has been evaluated. Unfortunately, crystals are seen in only 33–63 % of those with known ingestions, and the baseline prevalence of crystalluria due to other causes such as dietary factors make this finding neither sensitive nor specific [2, 13].
Urine fluorescence is another strategy that has been evaluated by investigators to aid in determination of ethylene glycol ingestions. Fluorescein is often added to engine coolants by manufacturers to facilitate a mechanic’s ability to detect radiator leaks using UV light [2]. In the setting of ingestions, fluorescein is excreted unchanged in the urine. However, not all antifreeze preparations contain this compound. Furthermore, fluorescence is short-lived during the first few hours and may be difficult to detect. Inter-rater reliability when assessing urinary fluorescence is poor and fluorescein cannot be detected when urinary pH falls below 4.5. For these reasons, this screening test cannot be recommended [2, 6, 14].
As a result of the poor performance of any one marker for the diagnosis of toxic alcohol ingestion, it is recommended by the American Academy of Clinical Toxicology that the clinician maintain a high index of suspicion and low threshold for treatment [6]. Diagnostic criteria and indications for treatment are shown below [4, 6, 15].
Diagnostic Criteria and Indications for Treatment of Ethylene Glycol Poisoning

                  	Ethylene glycol level >20 mg/dL or

	Recent history of known ingestion AND osmolal gap >10 or

	Strong suspicion of ethylene glycol ingestion AND two of the following	pH, 7.3

	serum bicarbonate <20

	osmolal gap >10

	Calcium oxalate crystalluria









                


Ventilator and Circulatory Support
Ethylene glycol exerts effects on GABA and Glutamate receptors in a similar manner to ethanol. In severe poisonings, respiratory depression and/or inability to adequately protect one’s airway may necessitate intubation and mechanical ventilation. When an acidosis is present, attention to adequate minute ventilation is imperative to allow for adequate respiratory compensation.
Hypotension may result from direct vasodilatation caused by the toxic alcohol, or secondary to myocardial depression due to acidosis. In cases of congestive heart failure or impending circulatory collapse, vasopressor agents may be needed. Serial EKGs should be obtained to assess for prolongation of the QTc which may be seen when hypocalcemia is present. Calcium repletion should be limited to patients who are symptomatic (cardiac arrhythmias, seizures), as this may hasten calcium oxalate precipitation in the renal tubules [16]. The presence of hyperkalemia is often the result of extracellular shifts due to the metabolic acidosis, and treatment should be reserved for individuals with concerning EKG manifestations. An ARDS-like picture may rarely develop and should be managed with lung-protective ventilation.

Gastric Decontamination/Lavage/Charcoal
Gastrointestinal decontamination and gastric lavage have limited benefit following ethylene glycol absorption due to its very rapid absorption. Furthermore, toxic alcohols bind poorly to activated charcoal, and its use is not recommended [16].

Aldehyde Dehydrogenase (ADH) Blockade
Inhibition of ADH is the mainstay of treatment and prevents metabolism of ethylene glycol into its toxic metabolites, and it is generally accepted that treatment should be initiated for serum ethylene glycol concentrations in excess of 20 mg/dL [6]. The parent alcohol is then excreted largely unchanged in the urine. The elimination half-life of ethylene glycol ranges from 14 to 20 h in the setting of ADH inhibition [4, 6, 10]. The two ADH inhibitors that may be used are ethanol and fomepizole.
Prior to the advent of fomepizole, ethanol was historically used for ADH blockade. Ethanol is the natural substrate for ADH, and given its higher binding affinity over ethylene glycol, it serves as a competitive inhibitor to toxic alcohol metabolism. The generally accepted regimen for ethanol administration is a loading dose of 600 mg/kg of a 10 % solution IV through a central venous catheter, followed by a continuous infusion of 110 mg/kg/h. The drip is then titrated with a goal serum ethanol concentration between 100 and 125 mg/dL [6, 17]. This requires close monitoring, given the unpredictable pharmacokinetics of ethanol metabolism. Ethanol administration is not without side effects, and patients must be monitored for deterioration of mental status, hypoglycemia, hepatitis, and pancreatitis. When no IV ethanol formulation is available, PO ethanol can be considered using the same serum concentration goal.
Fomepizole (4-methylpyrazole, Antizole) was FDA approved in 1997 for use as a competitive inhibitor of ADH in the setting of toxic alcohol ingestions. Its efficacy was supported through a small prospective clinical sub-study of the Methylpyrazole for Toxic Alcohols (META) trial. Patients treated with fomepizole who had normal renal function at the time of treatment initiation had no subsequent kidney injury. It should be noted, however, that patients with serum ethylene glycol levels exceeding 50 mg/dL also underwent hemodialysis [13]. Fomepizole, when compared to ethanol, has the advantage of predictable pharmacokinetics. Its use is generally well-tolerated although patients occasionally report side-effects including headaches, nausea, and dizziness [13, 18]. A loading dose of 15 mg/kg IV is initiated, followed by 10 mg/kg every 12 h. Fomepizole may induce its own metabolism via the CYP450 pathway, and dosing should be increased to 15 mg/kg every 12 h for doses beyond 48 h of treatment. In patients undergoing concurrent dialysis, the dosing frequency should be increased to every 4 h, or alternatively a continuous infusion of 1 mg/kg/h can be considered [4, 6, 18, 19]. Because ethanol metabolism is inhibited by fomepizole, ethanol treatment should not be used concurrently [20].

Hemodialysis
ADH blockade disrupts the initial metabolism of ethylene glycol. The development of an anion gap acidosis, or the presence of renal injury suggests significant metabolism of ethylene glycol into toxic substrates has already occurred. In these cases, hemodialysis may be required to correct the acidosis and thwart further deterioration of renal function [4, 6, 15, 21]. Although complications may occur, hemodialysis may shorten hospital length of stays [22]. Indications for hemodialysis were reported by the American Academy of Clinical Toxicology in 1999, and their guidelines have yet to be formally updated [6]. These include:	Deteriorating vital signs despite supportive care.

	Severe metabolic acidosis (<7.25–7.30)

	Renal failure or severe electrolyte disturbances not responsive to conventional therapy 4. Ethylene glycol level >50 mg/dL





The use of an ethylene glycol concentration threshold for hemodialysis has more recently been called into question [4, 23, 24].


Evidence Contour
Ethylene Glycol Treatment Threshold
Historically, a serum ethylene glycol concentration in excess of 20 mg/dL has been considered to be the potentially toxic level where ADH blockade was recommended [6]. This conservative threshold was likely extrapolated from case reports involving toxic methanol ingestions, and is based on opinion rather than evidence [25]. Furthermore, an absolute serum ethylene glycol concentration does not take into account how much metabolism has already occurred when presentations are delayed. Serum glycolate levels better correlate with the development of acidosis and renal injury, but again there is no established threshold for treatment [26].

Fomepizole vs Ethanol
Many toxicologists currently advocate fomepizole as the first-line agent for ADH-blockade [4, 19]. This may be, in part, related to less reported adverse events when compared to the use of ethanol [27]. To date, there have been no controlled clinical trials comparing the efficacy of fomepizole to ethanol, and there is a paucity of literature on the morbidity and mortality of patients treated with either intervention [5, 28, 29]. Recently, Beatty et al. conducted a systematic literature review that included 145 trials (none of which were randomized controlled studies) [28]. Two hundred ninety-five patients with ethylene glycol poisoning were identified who received either fomepizole, ethanol, or both. A higher mortality was seen in those treated with ethanol when compared to fomepizole (18 % vs 4.1 %). The author cautioned that extrapolated data was often poor or incomplete, and that literature reporting the use of fomepizole tended to be more current, and that recent advances in medical care may confound these results.

ADH Inhibition without Hemodialysis
The guidelines published in 1999 by the American Academy of Toxicology advocated initiation of hemodialysis (HD) when ethylene glycol levels exceed 50 mg/dL [6]. Since that time, there are growing reports of patients with significant ethylene glycol ingestions, some with serum levels exceeding 700 mg/dL, being treated with fomepizole alone when acidosis and renal impairment were absent [15, 24, 30, 31]. Some investigators have even reported successful management with fomepizole alone when a mild acidosis was present [3, 32]. This has led some experts to advocate for the use of hemodialysis only in cases of significant acidosis or with signs of renal impairment, irrespective of the initial serum ethylene glycol level [4, 15, 19, 23, 32]. However, prospective studies are necessary to validate these recommendations.

Serum and Urine Alkalization
In methanol ingestions, there is some limited evidence that serum alkalization may promote deprotonation of toxic acids into their less toxic conjugate bases, and might also enhance urinary excretion [33]. This has not been proven to be of benefit in the setting of ethylene glycol intoxications, and alkalization for the sole purpose of enhancing elimination is not supported by evidence. Sodium bicarbonate therapy may be considered, however, in instances of refractory acidosis [6].

Cofactor Supplementation
Pyridoxine and thiamine are cofactors which facilitate conversion of glycolic acid to non-toxic metabolites via alternative metabolic pathways, potentially diverting metabolism away from the production of oxalate. While advocated by many, no clinical trials have substantiated this hypothetical benefit, and supplementation is unlikely to be useful in the absence of a pre-existing vitamin deficiency [6, 34].


Other Toxic Alcohols
Methanol
Methanol (aka “wood alcohol”) was historically found in methylate spirits. It is now found in solvents, antifreeze, and certain fuels. The fatal dose is considered to be anywhere between 1 and 2 mL/kg [35], although deaths have been reported with doses as low as 0.1–0.4 mL/kg [35, 36]. Using the same enzymatic pathways as ethylene glycol, methanol is metabolized to formaldehyde then formate. Symptoms of acute ingestion are almost identical to those of ethylene glycol. Metabolic effects are also similar, including development of an osmolar gap followed by an anion gap acidosis. Metabolites of methanol are also profoundly more neurotoxic, and the optic nerve is particularly vulnerable which can result in permanent visual impairment [3, 35, 37, 38]. Production of formate is prevented by early use of fomepizole (preferred) or ethanol, and guidelines for initiation of these therapies are shown below [33].
Guidelines for Initiation of Therapies

                  	1.Documented plasma methanol concentration > 20 mg/dL (200 mg/L)


 

	2.Documented recent history of ingesting toxic amounts of methanol and osmolal gap >10 mOsm/kg


 

	3.History or strong clinical suspicion of methanol poisoning and at least 2 of the following criteria:	Arterial pH <7.3

	Serum bicarbonate <20 meq/L (20 mmol/L)

	Osmolal gap <10 mOsm/kg H2O







 




                

Diagnostic Criteria and Indications for the Treatment of Methanol Poisoning

                  	Documented plasma methanol concentration > 20 mg/dL

	Documented recent history of ingesting methanol and osmolal gap >10 mOsm/kg

	History or strong clinical suspicion of methanol poisoning and at least two of the following criteria:	Arterial pH <7.3

	Serum bicarbonate <20 meq/L (20 mmol/L)

	Osmolal gap <10 mOsm/kg H2O









                

Folic acid should be administered in toxic methanol ingestions since it serves as a cofactor in the breakdown of formate [39]. Acidosis should be corrected with sodium bicarbonate administration [33]. Recent guidelines recommend intermittent hemodialysis in severe ingestions for any of the following [40]:	Seizures, coma, visual changes

	pH < 7.15, or any acidosis unresponsive to bicarbonate

	anion gap > 24 mmol/L

	[methanol]serum > 70 mg/dL in the setting of fomepizole treatment

	[methanol]serum > 60 mg/dL in the setting of ethanol treatment

	[methanol]serum > 50 mg/dL in the setting of no competitive inhibition

	Impaired kidney function

	Extracorporeal treatment can be discontinued when methanol concentration is <20–25 mg/dL [40].






Isopropyl Alcohol
Isopropyl alcohol (aka “rubbing alcohol”) produces an acute clinical picture of CNS intoxication similar to that seen with ethanol, with greater relative potency. The primary metabolite of isopropyl alcohol is acetone. This compound elevates the osmolal gap and causes ketosis, but is not further metabolized to a toxic carboxylic acid and is therefore significantly less harmful than ethylene glycol and methanol. Management of acute ingestion thus consists of supportive care, and ethanol and fomepizole are not indicated [41].
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Abbreviations
°CDegrees Celsius


ACLSAdvanced Cardiac Life Support


AHAAmerican Heart Association


CAVRContinuous arteriovenous rewarming


CPBCardiopulmonary bypass


CPRCardiopulmonary resuscitation


CVVHDContinuous venovenous hemodiafiltration


CVVRContinuous venovenous rewarming


CXRChest x-ray


ECGElectrocardiogram


EMSEmergency Medicine Services


IVIntravenous


PRBCPacked red blood cells


VA-ECMOVenoarterial extracorporeal membrane oxygenation


VFVentricular fibrillation


VTVentricular tachycardia


VV-ECMOVenovenous extracorporeal membrane oxygenation




Case Presentation
A 64 year old male with a history of hypertension and prostate cancer was found unresponsive by his wife around 0800 in their driveway in the middle of February in Toledo, OH. His wife had gone to bed before him the night prior and did not realize he was missing until approximately 9 h later. He was found on his side in a snow bank near the mailbox. Ambient temperature was approximately −2° Fahrenheit. He was unresponsive to painful stimuli. Emergency Medical Services (EMS) was called and the patient was transported to the nearest Level I Trauma center with full cardiac surgery capabilities. Transport vital signs included undetectable temperature by temporal probe, heart rate of 45 beats per minute, blood pressure of 60/palpation, and agonal respirations. En route, he received 2 L of warmed crystalloid and was intubated for airway protection. Vital signs on arrival to the Emergency Department were remarkable for heart rate of 20 beats per minute and blood pressure of 50/30. His axillary temperature was unable to be obtained. Foley catheter was placed and bladder temperature was 24 °C. Primary survey revealed clear breath sounds bilaterally, pupils 5 mm and fixed bilaterally, and Glascow Coma Scale (GCS) score of 3. His clothing was removed with no external signs of trauma. Cervical spine immobilization was maintained with a hard cervical collar applied by EMS prior to arrival. Electrocardiogram (ECG) was obtained with sample rhythm strip shown in Fig. 9.1. Initial arterial blood gas on FiO2 1.0 was as follows: pH 6.73, paCO2 50 mmHg, paO2 259 mmHg, bicarbonate 4.8 mmol/L, base deficit −29.7, SaO2 98 %, potassium 5.2 mmol/L, and hemoglobin 13.6 mmol/L. Toxicology screen was negative. Active rewarming with warm humidified air, warm intravenous fluids, and warm fluid lavage of the stomach and bladder was initiated. After 30 min, pulse was unobtainable with ventricular fibrillation noted on telemetry. Cardiopulmonary resuscitation (CPR) was initiated and he was defibrillated once at 200 J. Ventricular fibrillation persisted and repeat core temperature was 25 °C.[image: A329322_1_En_9_Fig1_HTML.jpg]
Fig. 9.1Classic electrocardiogram findings in hypothermia. This EKG demonstrates three common findings in hypothermia, including bradycardia, shivering artifact, and J-waves (Image courtesy of lifeinthefastlane.com)





Question
What is the next best step in rewarming this patient?

Answer
Initiate rewarming via extracorporeal cardiopulmonary resuscitation (ECPR)

When pulse and signs of life are absent in hypothermia, treatment with extracorporeal rewarming with extracorporeal membrane oxygenation (ECMO) or cardiopulmonary bypass (CPB) is recommended. ECMO can be initiated in two modes: veno-venous (VV) or veno-arterial (VA) depending on the presence of innate and preserved cardiac function. This hospital has cardiac surgery available and consultation with the surgeon is necessary to determine which modality is best for the patient. Due to ongoing CPR, the decision was made to initiate VA ECMO with percutaneous venous and arterial cannulation at the bedside. The heater on the ECMO circuit was set to 37 °C and rewarming was started as soon as cannulation was complete. CPR continued until the patient was rewarmed to 30 °C, at which point defibrillation was again attempted with successful conversion to normal sinus rhythm. After 4 h of ECMO, his temperature and blood pressure had normalized. Repeat arterial blood gas on FiO2 0.5 was: pH 7.38, paCO2 39 mmHg, paO2 92 mmHg, bicarbonate 22.6 mmol/L, base deficit −2.2, SaO2 99 %, potassium 3.7 mmol/L, and hemoglobin 10.5 mmol/L. He received broad-spectrum antibiotics for high likelihood of aspiration and continued warm IV fluids due to presumed cold diuresis. After 24 h, the patient was awake and following commands with no evidence of acute respiratory distress syndrome. ECMO support was stopped and the patient was extubated the following day without incident. Neurologic exam was normal. He developed AKI requiring 3 days of dialysis, but had complete renal recovery. He was discharged home after 1 week with no functional or neurologic impairment.

Principles of Management
Diagnosis
Hypothermia is defined as a core body temperature of less than 35 °C (95 °F) and is classified by severity; mild, moderate, or severe (Table 9.1) [1]. Standard thermometers do not read below 34 °C, therefore, accurate measurement of core temperature should be obtained by esophageal, bladder, or rectal probes [2]. If core temperature cannot be readily measured, the Swiss staging system (Table 9.2) can be used to guide management based on clinical symptoms [3]. Additional risk factors for development of accidental hypothermia include extremes of age, ethanol abuse, and malnutrition [2].Table 9.1Classification of hypothermia


	Mild
	35–32 °C

	Moderate
	<32 to 28 °C

	Severe
	<28 to 24 °C




Table 9.2Swiss staging system of hypothermia


	Stage
	Clinical symptoms

	I
	Conscious, shivering

	II
	Altered mental status, no shivering

	III
	Unconscious, no shivering

	IV
	No vital signsa



Data from Brown et al. [3]
The estimated core temperature in stage I, II, and III correspond to mild, moderate, and severe hypothermia, respectively

aLoss of vital signs general occurs when the core temperature is below 24 °C




With cold exposure, the body attempts to increase heat production by increasing circulating epinephrine, which leads to tachycardia, increased minute ventilation, peripheral vasoconstriction, and shivering [4]. If exposure persists, these compensatory mechanisms are overwhelmed, resulting in decreased metabolic demand, cessation of shivering, and ultimately death [3]. The effects of hypothermia by organ system are summarized in Table 9.3 and represent typical clinical findings.Table 9.3Clinical findings in hypothermia


	Organ system
	Mild
	Moderate
	Severe

	Neurologic
	Apathy
Confusion
Ataxia
	Dilated pupils
Paradoxical undressing
Stupor
	Areflexia
Coma

	Cardiovascular
	Tachycardia
	Bradycardia
Atrial fibrillation
Hypotension
	Ventricular dysrhythmias
Asystole

	Pulmonary
	Tachypnea
	Bradypnea
	Pulmonary edema

	Renal
	High urine output
	High urine output
	Oliguria

	Metabolic
	Hyperglycemia
No shivering
Respiratory alkalosis
	Variable blood glucose
Shivering
Mixed metabolic and respiratory acidosis
	Hypoglycemia
No shivering
Mixed metabolic and respiratory acidosis


Data from Mulcahy and Watts [1]




Finally, any underlying medical conditions that may have contributed to development of hypothermia should be obtained by a focused history and physical exam. These include trauma, infection, toxic ingestion, endocrinopathy (e.g. myxedema coma), metabolic derangements, and stroke [1].

Patient Monitoring
Due to the dramatic hemodynamic changes that can occur with hypothermia and rewarming, all patients should be closely monitored with telemetry, continuous pulse oximetry, frequent blood pressure checks, and core temperature probe [3]. Pulse oximetry is often difficult to measure due to peripheral vasoconstriction and arterial blood gas may be the only way to assess oxygen content. There is also limited data to suggest that forehead pulse oximetry may be more accurate than fingertip devices in hypothermia [5]. The authors recommend pre-emptive placement of defibrillator pads if there is any concern for development of ventricular dysrhythmias. The prognostic value of end-tidal carbon dioxide monitoring in cardiac arrest secondary to accidental hypothermia has not been studied.

Adjunctive Testing
Once the diagnosis of hypothermia is confirmed by core temperature measurement, additional testing should include basic laboratory studies, toxicology screen, ECG, and chest radiograph (CXR). Typical laboratory findings are listed in Table 9.4. Slowed cardiac conduction manifests as a variety of ECG changes, the most common of which is the Osborne wave (Fig. 9.2), seen in approximately 80 % of hypothermic patients [7]. Baseline CXR is recommended due to the inherent risk of aspiration pneumonia in this patient population. CT head imaging in all hypothermic patients is not clearly indicated but should be considered if altered mental status is present despite temperature >32 °C or signs of head trauma are present [1]. Further workup should be pursued on an individual basis if associated trauma, infection, or other medical condition is suspected.Table 9.4Common laboratory derangements in hypothermia


	Test
	Typical result
	Comments

	Hematocrit
	High
	Due to hemoconcentration from cold dieresis

	Potassium
	High
	Potassium > 12 mmol/L considered universally fatal [3, 6]

	Creatinine
	High
	 
	Creatine kinase
	High
	Should be checked routinely as time down often unknown

	PT/PTT
	High
	Due to coagulation cascade enzyme denaturation at colder temperature; reported values may be normal as blood heated prior to testing

	Arterial blood gas
	Variable
	Recommend using uncorrected values [1]

	Lactate
	High
	 



[image: A329322_1_En_9_Fig2_HTML.jpg]
Fig. 9.2Osborne wave. Osborne wave, or J wave, is frequently seen in hypothermia, although it is not pathognomonic for the condition. It is characterized by a positive deflection at the J point (negative in aVR and V1) and is usually seen best in the precordial leads. The height of the J wave generally corresponds to the degree of hypothermia [7] (Image courtesy of lifeinthefastlane.com)






Rewarming
There are four general approaches to rewarming: passive, active external, active internal, and extracorporeal [8]. The best method depends on the severity of hypothermia and resources available to the provider, although there are no randomized, controlled trials regarding treatment approach. The average rates of rewarming for each method are listed in Table 9.5.Table 9.5Rewarming techniques


	Technique
	Rate (°C/h)

	Removal of wet clothing, insulation
	0.5

	Warm environment, warm oral fluids, active movement
	2

	Forced-air heating device, warm IV fluids
	0.1–3.4

	Peritoneal dialysis
	1–3

	Hemodialysis
	2–4

	Thoracic lavage
	3

	Venovenous ECMO
	4

	Venoarterial ECMO
	6

	Cardiopulmonary bypass
	9


Data from Brown et al. [3]




Passive rewarming is applicable to all hypothermic patients and should begin in the pre-hospital setting, with removal of wet clothing, application of blankets or foil insulator, and protection from the environment [9]. This method alone is only effective if shivering is present, otherwise, active rewarming is necessary.
Active external rewarming assumes circulation is intact and can return warmed blood to the core. Examples include warm blankets, radiant heat lamps, forced air device (e.g. Bair HuggerTM), and warm water immersion [10].
Active internal rewarming includes warm humidified air (42 °C), warm intravenous (IV) fluids (42 °C), body cavity lavage (gastric, thoracic, peritoneal, bladder), intravascular devices, and peritoneal dialysis [1, 11]. If a commercial fluid warmer is not available, non-dextrose containing fluids can be warmed in a conventional microwave and then shaken to ensure uniform heating prior to infusion [12].
Extracorporeal rewarming is the most effective method, with up to 6 °C/h rate of rewarming, but also the most invasive and resource intensive [13, 14]. Hemodialysis is generally the most readily available, but requires an adequate blood pressure to tolerate the procedure. Continuous arteriovenous rewarming (CAVR) or continuous venovenous rewarming (CVVR) can be achieved via percutaneous access and a countercurrent heat exchanger (e.g. Belmont® Rapid Infuser) [15, 16]. Both methods utilize the patient’s blood pressure to drive the blood through the device. CVVR by continuous venovenous hemodiafiltration (CVVHD) has also been shown to be effective in a case report [17]. Veno-arterial ECMO and CPB require the most resources and expertise, but bypasses the native circulation and can therefore be used in patients in cardiac arrest.
For patients with stable hemodynamic parameters, active rewarming with a forced air device, warm humidified air, and warm IV fluids is generally sufficient to achieve normothermia [18]. If these initial measures are not sufficient, a patient can undergo more invasive rewarming. Thoracic lavage and ECMO carry considerable risk and should be reserved for those patients with cardiac instability [11]. Expert opinion recommends ECMO if required resources are available [3, 11].

Hypothermia Without a Pulse
The 2010 American Heart Association (AHA) guidelines provide recommendations on advanced cardiac life support (ACLS) modifications in hypothermia, although these are based on expert opinion and case reports only (level of evidence C):	(a)If a patient does not have a pulse, ACLS should be immediately initiated, unless one of the following is present: valid Do Not Resuscitate order, patient is frozen solid, there is ice in the airway, core temperature is <10 °C, the patient was submerged for more than 1 h, or there is obvious lethal injury [1, 3, 19].


 

	(b)If ventricular fibrillation (VF) or ventricular tachycardia (VT) is present, defibrillation should be attempted [20]. The number of attempts that should be made if VF or VT persists has not been established. The AHA guidelines state that it may be reasonable to perform further defibrillation (Class IIb recommendation), while most treatment algorithms recommend only one shock until the patient is rewarmed to 30 °C [1, 3].


 

	(c)There is a theoretical concern for toxic accumulation of ACLS drugs due to reduction in drug metabolism in severe hypothermia. The AHA guidelines state that the safety of administration or withholding of medication is unclear, but that it is reasonable to consider administration of a vasopressor according to standard ACLS guidelines (Class IIb recommendation). Similarly, expert opinion recommends up to three doses of epinephrine, with re-evaluation once the patient is rewarmed to 30 °C [3, 18].


 





In patients with return of spontaneous circulation after cardiac arrest, multi-organ failure should be anticipated and treated similar to any other critically ill patient.

Other Supportive Care
The majority of patients will present with hypovolemia secondary to cold diuresis and will consequently require aggressive fluid resuscitation. In one study of 38 severely hypothermic patients who received warmed IV fluids, the average volume load was 4.8 L [20]. Hyperglycemia (mild hypothermia) and hypoglycemia (severe hypothermia) are also common, thus, serum glucose level should be obtained and treated accordingly. Alcohol intoxication should prompt consideration of thiamine and alert the provider to the potential for alcohol withdrawal. It is recommended that broad-spectrum antibiotics be given to those patients at risk for associated infection, such as neonates, the elderly, and the homeless, as those with infection often respond poorly to rewarming [21]. There is no evidence for empiric steroids, unless there is high clinical suspicion for adrenal insufficiency as the cause of hypothermia [1].

Disposition
Those patients who presented with mild hypothermia that responded to rewarming methods, have a clear history of cold exposure, and have no evidence of an underlying disease or injury can be safely discharged home. All other patients require hospital admission, usually to the intensive care unit (ICU), for continued monitoring and supportive care.
In patients with cardiac arrest, the survival rate without neurologic impairment is higher in patients treated with ECMO (47–63 %) as compared to those without (<37 %) [3, 22, 23]. Therefore, patients with cardiac instability or arrest should be taken to the nearest facility capable of these interventions whenever possible. There are no guidelines regarding inter-hospital transfer and this decision should be made on a case-by-case basis with the consulting cardiac surgeon.
As mentioned above, there are certain circumstances in which CPR should not be initiated. Some experts also provide recommendations on when to stop an ongoing resuscitation. All experts agree that a patient should receive aggressive resuscitation including CPR until core temperature is at least 30 °C. A recent review article suggests that if asystole secondary to hypothermia persists despite rewarming to 32 °C, termination of CPR should be considered as the cardiac arrest is likely irreversible [3]. Similarly, markedly elevated potassium is considered a marker of hypoxia before hypothermia and therefore negatively associated with outcome. Most experts agree that resuscitation is futile if the potassium level is >12 mmol/L [3, 6]. The highest potassium level in patients that survived was 7.9 mmol/L in an adult [23] and 11.8 mmol/L in a child [24].

Pediatric Patients
In general, the management of pediatric accidental hypothermia is the same as adults. Pediatric Advanced Life Support (PALS) should be used in place of the ACLS algorithm. Pathophysiology and principles of rewarming are similar, with successful resuscitation via ECMO and CPB reported in the pediatric population. Hypothermia secondary to submersion is more common in pediatric patients and carries a worse prognosis due to associated asphyxia. The longest duration of submersion with full neurologic recovery was 66 min and used ECMO for rewarming [25]. Guidelines for cessation of resuscitation are similar to adults.


Evidence Contour
Withholding CPR
As stated above, the 2010 AHA guidelines recommend ACLS if a pulse cannot be palpated. However, it can be difficult to palpate a pulse in a cold, stiff patient and many experts now advocate that CPR should be held if other signs of life are present, which include spontaneous respirations, spontaneous movement, or adequate cardiac activity is visualized on bedside echocardiography [1, 3]. Given the profound decrease in metabolic demand, it is hypothesized that any organized rhythm (i.e. bradycardia or adequate echocardiographic evidence of cardiac activity) provides enough perfusion to the body in hypothermia. Additionally, there is a long-standing belief that sudden movement of a hypothermic patient may irritate the myocardium and induce a dysrhythmia, such as in CPR [26]. This hypothesis has never been directly studied in humans. Thus, in a hypothermic patient with a pulse, spontaneous movement and/or respiration, or with bedside echo evidence of adequate cardiac activity, ACLS should be held. Otherwise, continuation of ACLS should be initiated per the AHA guidelines.

Degree of Rewarming in Cardiac Arrest
Given the neuroprotective effect of induced hypothermia following cardiac arrest, it is recommended that a patient with accidental hypothermia and cardiac arrest undergo therapeutic hypothermia for 24 h.

Timing of Extracorporeal Support
It remains unclear if aggressive extracorporeal rewarming with VA or VV ECMO should be initiated in patients without associated cardiac arrest. Some authors do recommend ECMO in patients with hemodynamic instability who do not respond to initial medical management [3]. Conversely, one prospective study of 38 patients with severe hypothermia without cardiac arrest found that 92 % of the patients could be successfully rewarmed to normothermia via forced air device, warmed inhaled oxygen, and warmed IV fluids within 10 h, including 14 of 17 patients with unstable hemodynamic parameters [20].

Selection of Extracorporeal Support
There are no randomized controlled trials comparing the various rewarming modalities. Expert opinion recommends that a hypothermic patient who has hemodynamic instability following accidental hypothermia should undergo extracorporeal support. VA ECMO is the mode of ECMO preferred as it provides cardiac support in addition to rewarming [27]. Selection of modality for rewarming will depend on resources available at the physician’s institution.

Transcutaneous Pacing
Classic teaching in hypothermia has been to avoid any manipulation of the heart rate due to concern of inducing a ventricular dysrhythmia. However, a case report of two patients reported successful rewarming using CAVR with concomitant transcutaneous pacing [28]. In both cases, pacing was required to maintain blood pressure so that CAVR could be used. There were no reported dysrhythmias and both patients had normal neurologic outcomes. Still, it is hypothesized that bradycardia and hypotension in hypothermia may not be harmful due to the reduced metabolic requirements. A trial of transcutaneous pacing is reasonable but should not delay the initiation of rewarming.

Endovascular Rewarming
Successful rewarming of a patient using an endovascular device has been reported [29, 30]. This device is the same as those used for therapeutic hypothermia following cardiac arrest, which requires only percutaneous central venous access. This method had a rewarming rate of 3 °C/h, which is similar to thoracic lavage and may therefore be an efficient, less invasive alternative in facilities in which extracorporeal rewarming is not available. Similar to other active internal methods, the endovascular approach requires that the patient have a pulse.

Core Afterdrop
A commonly taught phenomenon of active external rewarming is core afterdrop, which is defined as continued core cooling despite rewarming. The prevailing theory was that peripheral vasodilation from external rewarming could lead to both distributive shock and return of peripheral acidemic blood to the core. This has largely been refuted by subsequent studies that argue that shock occurs secondary to inadequate fluid resuscitation in the context of cold diuresis. Studies in which active external rewarming is paired with accurate core temperature measurement with an esophageal probe and concurrent warm IV fluid administration do not report afterdrop [10, 20].
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Case Presentation
A 60 year-old man with known coronary artery disease complained to coworkers of intermittent chest pain for several days prior to admission. On the morning of admission, he developed crushing chest pain at work and then lost consciousness. Coworkers phoned 911 and performed CPR. Emergency Medical Technicians arrived 15 min later, and reported an initial cardiac rhythm of ventricular fibrillation. He was successfully resuscitated, and a post arrest ECG was then performed (Fig. 10.1). The hospital’s ST-elevation myocardial infarction (STEMI) team was activated from the field, and the patient was transported to the Emergency Department. Upon arrival he was hypoxemic and hypotensive. He was intubated prior to emergent coronary angiography. Coronary angiogram revealed a complete occlusion at the site of a prior proximal left anterior descending (LAD) coronary artery stent (Fig. 10.2) as well as a 70 % stenosis of the mid right coronary artery. After much difficulty, a wire was passed through the proximal LAD blockage and the artery was re-stented with restoration of normal flow. The patient remained hypotensive, requiring vasopressor support with norepinephrine to maintain a blood pressure of 80/60 mmHg.[image: A329322_1_En_10_Fig1_HTML.gif]
Fig. 10.1Admission ECG




[image: A329322_1_En_10_Fig2_HTML.gif]
Fig. 10.2Coronary angiogram, LAO Caudal view, demonstrating stent thrombosis of LAD (arrow)





Question
What is the next step in management to optimize this patient’s hemodynamics and treat his shock?

Answer
Initiation of mechanical circulatory support.

For patients in cardiogenic shock (CS) from an acute myocardial infarction (MI) who continue to have hypotension and inadequate cardiac output despite revascularization and pharmacotherapy, it is reasonable to consider the use of mechanical circulatory support. This patient underwent placement of an intra-aortic balloon pump (IABP) and placement of a flow-directed pulmonary artery catheter for invasive hemodynamic monitoring. His initial hemodynamics were notable for an elevated pulmonary capillary wedge pressure (PCWP) of 29 mmHg and a low cardiac index of 1.5 L/min, confirming the diagnosis of CS. With placement of the IABP there was mild improvement in his hemodynamics, and he was admitted to the Cardiac Intensive Care Unit (CICU) for ongoing management. A transthoracic echocardiogram was obtained, which demonstrated a severely reduced ejection fraction of 15 % with anterior and anteroseptal wall akinesis and global hypokinesis of the remaining wall segments. Over the next 12–18 h, despite the IABP and increasing doses of pharmacologic support with vasopressors/inotropes, his hemodynamics remained marginal with worsening renal failure. In the setting of progressive shock, the patient was brought back to the catheterization lab to upgrade his mechanical circulatory support to a TandemHeart® percutaneous left ventricular assist device (LVAD). Although his filling pressures and cardiac output improved with the increased mechanical circulatory support, his overall clinical picture continued to deteriorate, and his family ultimately decided to transition his goals of care to comfort measures only. His mechanical and pharmacologic supports were withdrawn and he expired.

Principles of Management
Diagnosis
Cardiogenic shock (CS) occurs in roughly 8 % of individuals who present with STEMI, while 80 % of CS cases are due to an acute MI [1, 2]. The diagnosis of CS can be made based on the following established clinical criteria: (1) Hypotension – systolic blood pressure < 90 mmHg for more than 30 min or the need for vasopressor/mechanical support to achieve this blood pressure; (2) pulmonary edema or evidence of elevated left ventricular filling pressures; (3) evidence of end-organ hypoperfusion with at least one of the following: altered mental status, cold clammy skin or extremities, urine output less than 30 ml/h, or elevated serum lactate greater than 2 mmol/L [2–4]. The hemodynamic criteria for CS include a cardiac index (CI) of less than 2.2 L/min/m2 as well as a PCWP greater than 18 mmHg [3]. Invasive hemodynamics with a pulmonary arterial catheter have been recommended and are often used to help confirm the diagnosis of CS and help guide management [3, 5, 6].


Early Revascularization
The most significant advance in treatment of CS has been the implementation of early revascularization of the infarct-related artery, which has led to a significant decrease in mortality [4]. The Should We Emergently Revascularize Occluded Coronaries for Cardiogenic Shock (SHOCK) trial randomized 302 patients with CS from an acute MI to undergo either emergency revascularization (152 patients) or initial medical stabilization (150 patients) [7]. Patients underwent revascularization with either percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG). Although the primary endpoint of 30 day all-cause mortality was not significantly different between the revascularization and the medical-therapy groups (46.7 % and 56.0 % respectively, p = 0.11), there was a significant difference between the respective groups at 6 months favoring the revascularization group (50.3 % versus 63.1 %, p = 0.027). The 13 % absolute risk reduction persisted at longer term follow up of 1 and 6 years [7, 8]. As a result of this trial, current guidelines give early revascularization with either PCI or CABG a class Ib recommendation [3, 5, 9].
Vasopressors/Inotropes
Vasopressors and inotropes are often required to treat patients with CS [2]. Dopamine and Norepinephrine are commonly used vasopressors that were compared in a randomized control trial including 1,679 patients with shock, of whom 280 were classified as having CS. The overall trial demonstrated an increased burden of arrhythmic events in the dopamine treated group compared with the norepinephrine treated group, although there was no difference in the primary endpoint of all-cause mortality. However, in the predefined subgroup of 280 patients with CS, norepinephrine was associated with a significantly lower death rate compared to dopamine [10]. As a result, the European Society of Cardiology (ESC) guidelines recommend norepinephrine over dopamine for medical management of hypotension from CS, and the American College of Cardiology (ACC)/American Heart Association (AHA) guidelines caution that there may be, “excess hazard” associated with the use of dopamine in CS [3, 5].
Inotropic support with dobutamine increases heart rate, stroke volume, and cardiac output, while decreasing left ventricular filling pressures and systemic vascular resistance [11]. Since dobutamine can decrease blood pressure, it is often used in conjunction with vasopressors to improve cardiac output in the setting of CS from acute MI [2, 4]. Milrinone also increases heart rate, stroke volume, and cardiac output while decreasing left ventricular filling pressures and systemic vascular resistance. However, because milrinone can cause more significant vasodilation and hypotension, it is not a preferred inotropic agent in CS from acute MI [4]. Although inotropes and vasopressors can improve cardiac output and blood pressure, they also increase myocardial oxygen demand, increase risk for arrhythmias, and can impair microcirculation; therefore their use should be limited to the lowest dose for the shortest duration possible [2, 4, 11].
The goal of inotropic/vasopressor support is to maintain end-organ perfusion. In general, a target of a mean arterial pressure > =65 mmHg is reasonable. However, evidence of organ function (mental status, renal function, absence of biochemical evidence of organ ischemia) is more important.

Percutaneous Mechanical Circulatory Support
Given the limitations of pharmacologic support with vasopressors and inotropes to maintain adequate blood pressure and tissue perfusion, there has been much interest in the use of percutaneous mechanical circulatory support (MCS). There are now multiple device options, and over the past several years there has been a significant increase in the use of percutaneous MCS [12]. Currently available devices include the intra-aortic balloon pump (IABP), the Impella® micro-axial rotary pumps (2.5, CP, and 5.0), the TandemHeart® continuous flow centrifugal pump, and percutaneous venoarterial extracorporeal membrane oxygenation (v-a ECMO). These devices all require anticoagulation and have been associated with adverse events including limb ischemia, stroke, infection, and hemolysis. The ACC/AHA guidelines give a class IIa recommendation for the use of IABP in patients with CS after STEMI, whereas the ACC/AHA and the ESC give a IIb recommendation for the use of alternative percutaneous left ventricular assist devices (LVADs) in patients with CS [3, 5, 9]. The different devices are discussed here and in Table 10.1.Table 10.1Comparison of device characteristics and hemodynamics


	 	IABP
	Impella® 2.5
	Impella® CP
	Impella® 5.0
	TandemHeart™
	ECMO

	Hemodynamic support (L/min)
	0.5–1.0
	2.5
	3.7–4.0
	5.0
	4.0
	4.0–7.0

	Pump mechanism
	Pneumatic
	Axial flow
	Axial flow
	Axial flow
	Centrifugal
	Centrifugal

	Effect on LV pre-load
	Reduced
	Reduced
	Reduced
	Reduced
	Reduced
	Reduced

	Effect on LV afterload
	Reduced
	Neutral
	Neutral
	Neutral
	Increased
	Increased



IABP intra-aortic balloon pump, ECMO extracorporeal membrane oxygenation, LV left ventricle




Intra-Aortic Balloon Pump
The IABP is placed in the descending thoracic aorta via femoral arterial access. The pneumatic device inflates during diastole, raising diastolic blood pressure, and deflates during systole, lowering left ventricular afterload. Figure 10.3 demonstrates the typical IABP waveforms. The IABP can increase stroke volume and cardiac output up to 0.5–1.0 L/min [4]. The IABP is widely available and is the most commonly used mechanical support device, although it provides limited hemodynamic support [2].[image: A329322_1_En_10_Fig3_HTML.gif]
Fig. 10.3Intra-aortic balloon pump (IABP) pressure waveforms, with IABP inflation set to 2:1. The IABP is inflated in early diastole at the timing of the dichrotic notch, augmenting blood pressure during diastole, thus augmenting coronary perfusion pressure. The balloon deflates in late diastole, lowering aortic end diastolic pressure, decreasing afterload on the left ventricle, and unloading the left ventricle during systole






Impella® 2.5, CP, and 5.0
The axial flow device is typically placed via femoral arterial access retrograde across the aortic valve and provides support by aspirating blood from the left ventricle and pumping it into the ascending aorta (Fig. 10.4). The 2.5 and CP can provide up to 2.5 L/min and 3.7–4.0 L/min of support, respectively, and both can be placed percutaneously. The 5.0 can provide up to 5.0 L/min of support, but requires a surgical cut down of either the femoral or axillary artery [2, 4].[image: A329322_1_En_10_Fig4_HTML.gif]
Fig. 10.4Images of percutaneous LVADs: Tandem Heart® and Impella®






TandemHeart®
This continuous flow centrifugal device is placed percutaneously and can deliver up to 4.0 L/min of circulatory support. The inflow cannula is placed in the left atrium via femoral venous access and transseptal puncture (Fig. 10.4). The outflow cannula is placed in the lower abdominal aorta or the iliac artery via femoral arterial access. Oxygenated blood is aspirated from the left atrium into the inflow cannula, and is then pumped into the lower abdominal aorta or the iliac artery via the outflow cannula. The TandemHeart® increases afterload because blood is pumped retrograde towards the left ventricle [2, 4].

Venoarterial Extracorporeal Membrane Oxygenation (v-a ECMO)
The percutaneous v-a ECMO system includes a centrifugal pump, heat exchanger, and oxygenator. The inflow cannula is placed in the right atrium via femoral venous access, and the outflow cannula is placed in the descending thoracic aorta via femoral arterial access. V-a ECMO can provide up to 4.0–7.0 L/min of biventricular circulatory support (bypasses both the right and left ventricle) as well as respiratory support. Limitations are that it does not directly unload the left ventricle, it increases afterload, and requires additional staffing [2, 4].


Temporary Surgical Mechanical Circulatory Support
When percutaneous MCS is inadequate, temporary surgical MCS with a surgically placed VAD can provide support for both the right and left ventricle with increased flow (up to 10 L/min) [13]. These surgically placed VADs can also be left in place for weeks to months if necessary, providing a longer term temporary solution while waiting for recovery or as a bridge to transplant. The CentriMag® VAD (magnetically levitated rotor) and the Abiomed AB5000TM (pneumatically driven external ventricle) are two examples of temporary surgical MCS.
There are three outcomes of Mechanical Circulatory Support: (1) Recovery, i.e. improvement in hemodynamics such that MCS can be removed. (2) Implantation of a durable LVAD, or in rare circumstances, heart transplantation. (3) Progressive multisystem organ dysfunction and death. There are little data regarding the optimal patient selection and timing of percutaneous MCS, and we recommend that each patient be evaluated on an individualized basis with input from a multidimensional team.


Evidence Contour
There are several aspects in the management of patients with CS from an acute MI for which clinical equipoise still exists.
Multivessel Revascularization
Although the SHOCK trial demonstrated the benefit of early culprit vessel revascularization in CS from STEMI, the optimal revascularization strategy among individuals with multivessel disease remains unclear. A critical eye toward these data will note that the primary endpoint was not met and thus all additional analyses in the SHOCK trial were inherently exploratory. Nonetheless, since no other strategies have proven effective in CS, early revascularization remains the paradigm. Nearly ¾ of individuals who present with CS from acute MI have multivessel coronary disease [14]. Current ESC guidelines recommend multivessel PCI (class IIa) for individuals with CS who have multivessel coronary artery disease [9]. The ACC/AHA guidelines do not give an overt recommendation, but do recognize shock or severe heart failure as a clinical scenario in which acute revascularization of significant stenosis in noninfarct arteries can be justified [5]. The current evidence as it relates to patients with CS comes from nonrandomized studies looking at outcomes associated with multivessel PCI in CS from acute MI. Two of these trials demonstrated significant harm associated with multivessel PCI, one trial demonstrated significant benefit, and one demonstrated no change in mortality [14–17]. There is an ongoing prospective randomized control trial in Europe, the CULPRIT-SHOCK trial (Clinicaltrials.gov: NCT01927549), which seeks to answer this question.

Mechanical Circulatory Support
Although the use of percutaneous mechanical circulatory support is increasing, there are limited data supporting this practice. The Intra-aortic Balloon Pump in Cardiogenic Shock II (IABP-SHOCK II) Trial randomized 600 patients with CS from acute MI to IABP versus no IABP. All participants were supposed to undergo early revascularization and receive guideline driven medical therapy. At 30 days there was no difference in the primary endpoint of all-cause mortality, and these results persisted at 12 month follow up [18, 19]. As a result, the ESC has recently changed their recommendation for IABP in CS from acute MI to a class III indication [9].
A meta-analysis was published in 2009 comparing the effect of percutaneous left ventricular assist devices (LVADs) versus IABP on hemodynamics and 30-day mortality [20]. The meta-analysis included two trials comparing the TandemHeart® to IABP and one comparing the Impella® to IABP. There was a significant improvement in hemodynamics (higher cardiac index, higher MAP, and lower PCWP) with percutaneous LVADs compared to IABP. However, there was no difference in 30 day mortality, and there was a significantly increased risk of bleeding in patients with percutaneous LVADs versus IABP. Importantly, the Impella® device used in the randomized control trial was the 2.5. It remains unclear if the higher flow Impella® devices (CP and 5.0) would be associated with lower mortality when compared to IABP. There are no randomized control trials that have evaluated the use of v-a ECMO in CS despite its widespread use for this indication.
Despite the lack of evidence, both the ACC/AHA and the ESC recommend consideration of mechanical circulatory support for patients with CS from acute MI [3, 5]. Given the high mortality rate associated with CS in acute MI, it is likely that the use of percutaneous mechanical circulatory support will continue notwithstanding the lack of hard outcome data. Additionally, these devices improve hemodynamic parameters and provide a critical bridge to further clinical decision making, including considerations of durable VADs, cardiac transplant evaluations, and goals of care discussions with the patient’s family and proxies. Future clinical trials are needed to better define patient selection, choice of mechanical support, and optimal timing for device placement.
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Case Presentation
A 55 year old male with history of coronary artery disease (CAD), chronic systolic heart failure, and chronic obstructive pulmonary disease (COPD) presented to the hospital with 5 days of cough, exertional dyspnea, and fatigue. The patient’s past medical history was notable for a remote history of emergent percutaneous coronary intervention for an acute anterior myocardial infarction complicated by systolic heart failure. His left ventricular ejection fraction (LVEF) was most recently noted to be 25 %. He had an implantable cardioverter-defibrillator (ICD) for primary prevention. He had not been seen by his cardiologist in several years.
Upon arrival to the emergency department, the patient was found to have a white blood cell count of 15 K, serum sodium of 123 mEq/L, creatinine of 1.6 mg/dL, and NT-pro-B-type natriuretic peptide level of 4800 ng/mL. An electrocardiogram showed sinus tachycardia with a chronic left bundle branch block. Initial cardiac enzymes were negative. He was short of breath and mildly hypoxic, with a room air oxygen saturation of 90 %. A chest x-ray showed a right-sided pleural effusion and some subtle interstitial infiltrates bilaterally. The patient was admitted to the inpatient hospitalist service, where he was treated with intravenous (IV) ceftriaxone for community-acquired pneumonia, bronchodilators and oral prednisone for a COPD flare, and given some IV fluids to treat acute renal failure presumed to have been pre-renal in etiology.
Over the course of several days, the patient became increasingly more short of breath. He was also noted to be more lethargic and less responsive. Laboratory analysis revealed an increasing serum creatinine and persistent hyponatremia. Serial electrocardiograms (ECGs) revealed no dynamic changes suggestive of ischemia, and cardiac biomarkers demonstrated a low-level elevation in cardiac-specific troponin. He was transferred to the intensive care unit (ICU) for management of hypotension and respiratory distress. There he was tachypneic and a blood gas analysis revealed new metabolic acidosis with associated respiratory compensation. His extremities were cool. A Foley catheter was placed with no return of urine.
The patient was placed on supplemental oxygen, given intermittent IV furosemide, and started on a dopamine infusion for hypotension. Despite increasing dosages of dopamine and furosemide, the patient remained hypotensive and anuric. Given an increasing work of breathing, he was intubated and mechanically ventilated.
Question
What complications should be considered when instituting invasive mechanical ventilation for this patient?

Answer
Worsening acidosis and progressive cardiovascular collapse.

The decision to pursue intubation and mechanical ventilation for a patient with cardiogenic shock should not be taken lightly. While hemodynamic instability and refractory respiratory failure may make invasive ventilation unavoidable, complications should be anticipated. The patient was given benzodiazepines and neuromuscular blockade to facilitate intubation. Shortly after this, he became considerably more hypotensive. He was placed on the ventilator with an assist-control mode and 100 % FIO2. His dopamine dosing was rapidly escalated and he was given an ampule of sodium bicarbonate. His respiratory rate was initially set at 15 breaths per minute, but when an ABG showed a pH of 7.2 and worsening metabolic acidosis, his ventilator rate was quickly increased to provide more appropriate respiratory compensation.
Given his unrelenting cardiogenic shock, an intra-aortic balloon pump (IABP) was placed emergently at the bedside. This resulted in an immediate improvement in the patient’s mean arterial blood pressure. A dobutamine infusion was then added to his pharmacologic regimen for simultaneous afterload reduction and inotropic support. An hour after balloon counterpulsation and inotropic therapy, the patient’s metabolic acidosis had completely resolved. A serum lactate – which was initially markedly elevated – had returned to the normal range. Serial ABGs demonstrated resolution of his systemic acidosis and improvement in his hypoxemia, thus allowing his ventilator to be weaned. Additionally, the patient’s urine output improved over several hours, supported by high-dose parenteral diuretic therapy.
A swan-ganz catheter was placed in order to assess the patient’s invasive hemodynamics, on his present level of circulatory support, and revealed a pulmonary artery (PA) pressure of 50/30, mean PA pressure of 37 mmHg, central venous pressure of 13 mmHg, Fick cardiac output of 6.2 L/min, Fick cardiac index of 2.8 L/min/m2, and a mixed venous oxygen saturation of 68 %. Over the next 3 days, IABP support was gradually weaned from a 1:1 to 1:3 assist ratio to ensure the patient would maintain stable hemodynamics off mechanical support. Subsequently, the device was removed while systemic anticoagulation was held. On the fifth ICU day, the patient was successfully liberated from mechanical ventilation and transitioned to a nasal cannula. Unfortunately, multiple attempts to wean his dobutamine infusion resulted in hemodynamic perturbation and worsening renal dysfunction. He was ultimately transferred out of the ICU for ongoing care, with plans to consider more durable advanced heart failure therapies including home inotropic support, implantable left ventricular assist device, or heart transplantation.

Principles of Management
Diagnosis
Acute Heart Failure (AHF) is a complex clinical syndrome which results from any structural or functional impairment of ventricular filling or ejection of blood. AHF may occur either due to heart failure with reduced ejection fraction (HFrEF) or heart failure with preserved ejection fraction (HFpEF). While HFrEF is simply characterized by decreased cardiac contractility, HFpEF is commonly a result of diastolic dysfunction represented by impaired left ventricular relaxation and/or increased left ventricular filling pressures. HFpEF is often seen in association with comorbidities such as chronic hypertension and diabetes, and its prevalence increases with age. Diagnosis of HFpEF is aided by echocardiography which can show abnormal trans-mitral valve and/or pulmonary vein flow hemodynamics or impaired mitral annular relaxation.
Dietary indiscretions, medication non-compliance, uncontrolled hypertension, arrhythmias, infections, catecholamine surge, valvular dysfunction, and ischemia are just a few of the known triggers of acute decompensation. Elevated cardiac filling pressures classically produce symptoms of dyspnea, orthopnea, and paroxysmal nocturnal dyspnea. Patients may also have evidence of peripheral or pulmonary edema. Potential etiologies for AHF include, but are not limited to, myocardial ischemia/infarction, acute on chronic HFpEF or HFrEF, acute or fulminant myocarditis, myocardial contusion, septic shock with myocardial depression, acute valvular heart disease, cardiac arrhythmias, drug-related cardiotoxicity, profound metabolic derangements, peripartum cardiomyopathy, or stress-induced cardiomyopathy [1, 2].
A thorough history and physical examination are necessary to determine a cause of acute heart failure in order to develop a comprehensive diagnostic and management plan for each affected patient. Complementary studies include laboratory evaluation to risk-stratify the individual with AHF (Fig. 11.1), ECG, and imaging modalities (including echocardiography [Video 11.1] and chest radiography). An ischemic evaluation with myocardial perfusion imaging or cardiac catheterization can often be helpful in determining whether ischemia is contributing to cardiac decompensation. Interrogating a patient’s ICD, if present, can also help to elucidate if arrhythmias may be precipitating or preceding heart failure.[image: A329322_1_En_11_Fig1_HTML.gif]
Fig. 11.1Acute decompensated heart failure patient classification (Adapted from Nohria and Lewis [20], with permission)






Diuretic Therapy
Fluid removal through intravenous diuresis is an essential management strategy for AHF patients that present with congestion (2013 American College of Cardiology (ACC)/American Heart Association (AHA) Heart Failure Management Guidelines Class I, Level of Evidence (LOE) B). If unable to achieve effective diuresis with escalating doses of loop diuretics, a second diuretic agent (e.g. metolazone, chlorothiazide) may be added (ACC/AHA Class IIA, LOE B). Use of a continuous diuretic infusion has not been shown to be more effective than bolus therapy but may be considered for ease of dosing. Potential diuretic-related side effects that can negatively impact patient outcomes include electrolyte disturbances (hyponatremia, hypokalemia, and hypomagnesemia), metabolic alkalosis, ototoxicity, hyperuricemia, and hypotension. It is important to serially monitor clinical signs, daily weights, urine output, and electrolytes during treatment to determine the adequacy of decongestion and to avoid the untoward consequences of volume contraction (ACC/AHA Class I, LOE C). Under-treatment is common among hospitalized patients as seen in the Acute Decompensated Heart Failure National Registry (ADHERE), and failure to achieve adequate volume removal can be considered an important risk factor for hospital readmission [3].

Intravenous Vasodilators
Nitrates, such as nitroglycerin (10–350 mcg/minute) and sodium nitroprusside (5–300 mcg/minute) promote smooth muscle relaxation, resulting in decongestion and reduced cardiac filling pressures. Unpredictable patient responses to therapy and the risk for associated hypotension, however, mandate careful hemodynamic monitoring during treatment and the consideration of ICU admission for all individuals receiving parenteral nitrates. Nitroprusside has been shown to improve cardiac output, maintain adequate mean arterial pressures, and improve clinical outcomes in patients with acutely decompensated heart failure [4]. Nitroglycerin has a relatively short half-life and rapid onset of action. In AHF with significant pulmonary congestion, nitroglycerin can improve arterial oxygenation and hemodynamics through venous vasodilation. Duration of vasodilator therapy may be limited by hypotension, drug tachyphylaxis (nitroglycerin), and thiocyanate toxicity (nitroprusside).

Emergent Mechanical Circulatory Support
In situations of hemodynamic instability and reduced cardiac output that is refractory to pharmacologic intervention, mechanical circulatory support may be needed to reduce afterload and augment diastolic perfusion pressure (see Chap. 10, Management of Cardiogenic Shock).


Evidence Contour
Pulmonary Artery (PA) Catheters
PA catheterization allows direct measurement of cardiac filling pressures, pulmonary arterial pressures, cardiac output, and calculation of both systemic and pulmonary vascular resistance. Widespread adoption of this technology in all critically ill patients was tempered by findings which suggested an increased cost, mortality, and length of stay [5]. Specific to the heart failure population, the Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) trial was conducted to assess the role of PA catheter-guided therapy in hospitalized individuals with AHF. Similar to other studies, there was no suggestion that PA catheters improved mortality; it did, however, result in increased adverse events such as infection, pulmonary infarction, and bleeding [6]. It has widely been assumed that the morbidity of PA catheterization is primarily related to operator experience [7]. Despite their unproven mortality benefit, PA catheters remain a viable diagnostic tool particularly in challenging cases of AHF. The 2013 ACC/AHA guidelines for heart failure management recommend PA catheter use in cases of refractory hypotension, difficult volume status determination, renal function deterioration despite therapy, and to guide inotrope therapy titration (Class IIA (LOE C)) [2].

Inotropic Agents
Management of AHF is often limited by low blood pressure and systemic hypoperfusion. Inotropic agents (e.g. dopamine, dobutamine, and milrinone) can augment contractility and chronotropy, resulting in increased stroke volume and cardiac output (Table 11.1). These goals are often accomplished with a tradeoff of increasing myocardial oxygen demand, increased heart rate, and increased risk for tachyarrhythmias. Improved hemodynamic response, however, has not always translated into improved patient survival. The Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) investigators and data from the ADHERE registry showed that these agents may actually increase mortality when compared to standard diuretic or vasodilator therapies in AHF patients [8–10]. Therefore, inotropes are best used for short periods in the ICU in situations suggestive of emerging cardiogenic shock and end-organ failure. Inotropes can also be employed as a bridge to other definitive management strategies or used for palliative care purposes.Table 11.1Intravenous inotropic agents used in management of HF


	Adrenergic agonists
	Typical infusion dose (mcg/kg/min)
	CO
	HR
	SVR
	PVR
	Possible adverse effects

	Dopamine
	5–10
	↑
	↑
	↔
	↔
	Headache, nausea, arrhythmia

	 	10–15
	↑
	↑
	↑
	↔

	Dobutamine
	2.5–5
	↑
	↑
	↓
	↔
	Hyper- or hypotension, headache, arrhythmia, hypersensitivity

	 	5–20
	↑
	↑
	↔
	↔

	
                            PDE inhibitor
                          
	 
	Milrinone
	0.125–0.75
	↑
	↑
	↓
	↓
	Hypotension, arrhythmia


Adapted from Yancy et al. [21]. With permission from Wolters Kluwer Health, Inc.

Abbreviations: CO cardiac output, HR heart rate, PDE phosphodiesterase, PVR pulmonary vascular resistance, SVR systemic vascular resistance





Diuretic Dosing – Intermittent Versus Continuous
Patients presenting with AHF and congestion should receive intravenous loop diuretics as progressive bowel wall edema may limit oral diuretic absorption and efficacy. Less well understood is the differences between adopting a continuous infusion or interval dosing diuretic strategy. The Diuretic Optimization Strategies Evaluation (DOSE) trial compared intermittent IV diuresis to a continuous infusion strategy, and found them to have a similar effect on subjective symptoms and renal function [11]. A more recent meta-analysis evaluating ten randomized control trials similarly found no difference in resulting renal function, electrolyte disturbances, length of hospitalization, or cardiac or all-cause mortality between these two approaches [12].

Ultrafiltration
The use of ultrafiltration (UF) to enhance cardiac decongestion has been examined extensively as an adjunct to diuresis. UF can remove excess fluid and small solutes via a dialysis circuit. Initial small randomized controlled trials have supported the utility and safety of UF when compared to traditional loop diuretics [13]. A follow-up trial, the Ultrafiltration Versus Intravenous Diuretics for Patients Hospitalized for Acute Decompensated Heart Failure (UNLOAD) study, found that UF achieved greater net weight loss and reduced re-hospitalization rates at 90 days [14]. However, subsequent studies have not consistently corroborated these findings [15], and have suggested a potentially greater adverse-event rate and cost-of-care among UF-treated individuals. The financial implications and potential morbidity of UF must therefore be weighed carefully in any decision to initiate therapy. The most recent AHA/ACC guidelines maintain a Class IIA (LOE B) recommendation for UF in patients refractory to standard diuresis.

Nesiritide
Nesiritide, a form of synthetic B-type natriuretic peptide (BNP), is a potent vasodilating agent that may reduce cardiac filling pressures and improve ventricular unloading. Reported side-effects of this drug have included hypotension and acute renal failure. In a large, multicenter, randomized trial, the Acute Study of the Clinical Effectiveness of Nesiritide in Decompensated Heart Failure (ASCEND-HF) study found that use of this drug did not improve patient survival, reduce readmission rates, or augment end-organ function when compared to placebo [16]. Therefore, while still available, its routine use has been discouraged, and it is often only considered for patients with substantially elevated systemic vascular resistance in whom intensive vasodilation may be advantageous.

Renal-Dose Dopamine
At lower doses (1–2.5 mg/kg/min), dopamine predominantly activates renal dopamine receptors, with little systemic adrenergic stimulation. Diuresis in AHF is often limited by deteriorating renal function, hypokalemia, and hyponatremia. Therefore, a low-dose dopamine strategy has been considered a possible treatment for diuretic-refractory patients. In 2010, results of the Dopamine in Acute Decompensated Heart Failure (DAD-HF) trial showed that low-dose furosemide plus low-dose dopamine resulted in less hypokalemia and less renal insufficiency, but with similar 60-day mortality, rates of readmission, and hospital lengths-of-stay [17]. A follow-up investigation – the Dopamine in Acute Decompensated Heart Failure II (DAD-HF II) trial – was stopped prematurely after finding that the dopamine arm had a greater incidence of tachycardia with no demonstrable effect on the primary endpoint of all-cause mortality or re-hospitalization [18]. More recently, the Renal Optimization Strategies Evaluation (ROSE-AHF) trial similarly evaluated the use of low-dose dopamine (2 mcg/kg/min) in patients hospitalized with AHF [19]. In this case, low-dose dopamine failed to improve urine output or renal function. Despite limited supporting evidence in AHF, however, low-dose dopamine continues to be used clinically and carries a Class IIB (LOE B) designation.
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Case Presentation
A 65 year-old man with history of hypertension, hypercholesterolemia and diabetes mellitus presented with two hours of severe substernal chest pain radiating to left arm in addition to diaphoresis and nausea. At the time of presentation to the emergency department, his electrocardiogram showed inferior and posterior ST-segment elevations (Fig. 12.1) and serum troponin T was 0.30 ng/mL (reference range <0.01 ng/mL). He was treated with aspirin, intravenous nitroglycerin, ticareglor, metoprolol, atorvastatin, and heparin.[image: A329322_1_En_12_Fig1_HTML.gif]
Fig. 12.1EKG demonstrating inferior and posterior ST-segment elevations in a patient with STEMI





Question
What approach should guide this patient’s further management?

Answer
All patients with acute coronary syndrome with ST-segment elevation myocardial infarction (STEMI) should undergo emergent reperfusion therapy with primary percutaneous coronary intervention (PCI) or fibrinolysis.

This patient underwent emergent invasive coronary angiography, which revealed a discrete 90 % lesion in the proximal right coronary artery. He was treated by primary PCI with drug-eluting stent placement. The patient had an uneventful hospital course and was discharged on aspirin, ticagrelor, metoprolol, atorvastatin and lisinopril.

Principles of Management
Diagnosis
Acute coronary syndrome (ACS) refers to spectrum of conditions associated with acute myocardial ischemia and/or infarction that are most frequently due to sudden decrease in coronary blood flow from an atherothrombotic obstruction. The first step in the management of patients with ACS is prompt recognition, as beneficial effects of therapy are greater when started soon after presentation, and steadily decline in the hours that follow the first signs of myocardial injury. The most common symptom that prompts the diagnostic evaluation of ACS is chest discomfort. Classification of patients presenting with ACS is based on electrocardiogram. Patients with persistent ST-segment elevation are deemed as having ST-segment elevation ACS (STE-ACS) due to the presumed acute complete coronary occlusion and are candidates for immediate reperfusion therapy with either primary angioplasty or fibrinolysis. Absence of ST-segment elevation in a patient with ACS suggests non-ST segment elevation ACS (NSTE-ACS) (Fig. 12.2), which is further classified on the basis of biomarkers of myocardial necrosis. In an appropriate clinical setting, if the biomarkers are elevated the patient is classified as having a non-ST segment elevation MI (NSTEMI), otherwise, without elevated biomarkers; the patient should be diagnosed with unstable angina (UA) (Fig. 12.3). The primary diagnostic biomarkers of ACS are Troponin T and Troponin I. With contemporary troponin assays, CK-MB and myoglobin are less useful for diagnosis of ACS. However, patients with end-stage-renal disease and no clinical evidence of ACS could have chronically elevated troponins. With conventional assays, this is more common with cardiac troponin T than cardiac troponin I. In the diagnosis of ACS, cardiac troponin values must manifest an acute pattern consistent with the ischemic symptoms and electrocardiographic changes.[image: A329322_1_En_12_Fig2_HTML.gif]
Fig. 12.2EKG demonstrating diffuse T wave inversion (a) and ST depression in patients with NSTE-ACS (b)





[image: A329322_1_En_12_Fig3_HTML.gif]
Fig. 12.3Acute coronary syndromes





ECG abnormalities and elevated biomarkers in isolation are insufficient to make the diagnosis of ACS, and must be interpreted in an appropriate clinical context. MI must be discriminated from other acute and chronic causes of myocardial injury, such as pulmonary embolism, severe sepsis, and end-stage renal disease, which occur commonly in the intensive care setting. Moreover, MI may be further classified into those caused by acute atherothrombotic coronary events (Type 1 MI) and those caused by supply–demand mismatch, as is seen in instances of myocardial injury with necrosis where a condition other than CAD contributes to an imbalance between oxygen demand and supply, e.g., coronary endothelial dysfunction, coronary artery spasm, coronary embolism, tachy-/bradyarrhythmias, anemia, respiratory failure, hypotension, and hypertension with or without left ventricular hypertrophy (Type 2 MI). We typically reserve the term acute coronary syndrome for patients with acute atherothrombosis (Type 1 MI).
Once the diagnosis of STEMI, NSTEMI or unstable angina is made, the acute management of the patient involves achievement of several goals followed by initiation of therapy that may improve the long-term prognosis.

Initial Assessment and Early Risk Stratification
Clinical assessment of a patient with ACS should begin as soon as the patient arrives in the emergency department and continues in hospital wards or the intensive care units. Initial assessment includes evaluation for hemodynamic stability and early risk stratification. A 12-lead ECG should be obtained in all patients with suspected ACS within 10 min after first medical contact and immediately read by an experienced physician.
Early risk stratification in patients with ACS is critical to identify those at higher risk of adverse cardiac events and may benefit from a more aggressive therapeutic approach [1–4]. Analyses from several large clinical trials have established a number of predictors of adverse outcomes among patients with STEMI, NSTEMI and unstable angina. However, with need for emergent reperfusion therapy through primary angioplasty or fibrinolysis in patients with STEMI, their clinical utility in early therapeutic decision-making is less relevant to STEMI patients. Some of the early predictors of poor outcome from STEMI include age, tachycardia, low blood pressure, Killip class (Table 12.1), time to reperfusion, diabetes mellitus, anterior infarct location, smoking status, renal function and elevated biomarker. Examples of validated risk score include the TIMI risk score for STEMI [5] and NSTEMI/UA [6] and the GRACE Risk Score [7].Table 12.1Killip classification of acute myocardial infarction


	Class I
	No evidence of heart failure

	Class II
	Findings consistent with mild to moderate heart failure (S3 gallop, lung rales less than one-half way up the posterior lung fields or jugular venous distension)

	Class III
	Overt pulmonary edema

	Class IV
	Cardiogenic shock






Initial Medical Therapy
Patients with STEMI, NSTEMI and unstable angina are treated with similar medical regimens, with the exception of fibrinolysis, which should be limited to STEMI patients. The timing of initiation of medication may vary between STEMI and NSTEMI/UA.
Anti-ischemic Therapy
Oxygen
Supplemental oxygen should be administered to patients with ACS with arterial oxygen saturation less than 90 %, respiratory distress, cyanosis or other higher risk features of hypoxemia. The value of supplemental oxygen therapy in ACS patients without hypoxia is unclear, as several studies have suggested that supplemental oxygen in normoxic patients with ACS may increase myocardial injury and mortality [8, 9].

Nitrates
Patients with continuing chest pain should be initially treated with sublingual nitroglycerin (0.3–0.4 mg) every 5 min for up to three doses. If ischemic pain persists, intravenous nitroglycerin should be considered if not contraindicated. Nitrates should not be administered to patients with severe aortic stenosis, or patients who received a phosphodiesterase-5 inhibitor, and should be cautiously used in patients with suspected right ventricular infarction due to their dependence on pre-load [10].

Morphine
In patients with ACS, it is reasonable to administer intravenous morphine for analgesia if the patient has continued chest pain despite maximally tolerated anti-ischemic medications. NSAIDS (except aspirin) in patients with ACS are associated with increased risk of major adverse cardiac events; therefore, its use in ACS patients is not recommended [11].

Beta-Adrenergic Blockers
In patients with ACS beta-blockers decrease myocardial ischemia and frequency of ventricular arrhythmias and increase long term survival [12]. Oral beta-blocker therapy should be initiated within the first 24 h in patients who do not have signs of HF, evidence of low-output state, increased risk for cardiogenic shock (>70 years of age, systolic blood pressure <120 mmHg, heart rate >110 bpm or heart rate <60 bpm) or other contraindications to beta-blockade (e.g., PR interval >0.24 s, second- or third-degree heart block without a cardiac pacemaker, active asthma, or documented reactive airway disease). Beta-blockers should be titrated to decrease the heart rate to less than 70/min while maintaining a systolic blood pressure above 120 mmHg. A non-dihydropyridine calcium channel blocker (CCB) (e.g., verapamil or diltiazem) should be considered in patients in whom beta-blockers are contraindicated.

Statin therapy
High-intensity statin (atorvastatin 80 mg or rosuvastatin 40 mg) should be started or continued in all patients with ACS without contraindication. Statins in ACS reduces cardiac deaths, recurrent MI, need for repeat revascularization, and stroke [13].


Anti-thrombotic Therapy
All patients with ACS, in the absence of contraindications, should receive aspirin, a second antiplatelet agent, and an anticoagulant. The AHA/ACC guidelines for anti-thrombotic medical management of NSTE-ACS is provided in Fig. 12.4.[image: A329322_1_En_12_Fig4_HTML.gif]
Fig. 12.4AHA/ACC recommendations for initial anti-thrombotic therapy in NSTE-ACS (From Amsterdam et al. [2]. Reprinted with permission from Elsevier Limited)






Antiplatelet Therapy
In the absence of an absolute contraindication, antiplatelet therapy with aspirin and a P2Y12 inhibitor is indicated in all patients with ACS.
Aspirin
Uncoated aspirin (325 mg) should be administered to all patients with ACS without contraindications as early as possible on presentation, and a maintenance dose of aspirin (81–162 mg daily) should be continued indefinitely.

P2Y12 receptor inhibitors
P2Y12 receptor inhibitors are administered to patients with ACS according to the type of presentation and how they are treated:


                  	
                        STEMI patients
                        	Primary PCI - In patients with STEMI treated with primary PCI, a loading dose of a P2Y12 receptor inhibitor should be given as early as possible (clopidogrel [600 mg followed by 75 mg/day], ticagrelor [180 mg followed by 90 mg BID], or prasugrel [60 mg followed by 10 mg/day]). Ticagrelor as compared with clopidogrel significantly reduces rate of death from vascular causes, MI, or stroke [14].

	Fibrinolysis - In patients with STEMI treated with fibrinolysis, clopidogrel [300 mg loading dose for age < =75 year old or 75 mg for >75 year old, followed by 75 mg/day] should be administered at the time of presentation.




                      

	NSTEMI/UA patients	PCI - In patients with NSTEMI/UA undergoing PCI with stenting should receive a loading dose of a P2Y12 inhibitor at the time of the procedure (clopidogrel [600 mg followed by 75 mg/day], ticagrelor [180 mg followed by 90 mg BID], or prasugrel [60 mg followed by 10 mg/day]). Ticagrelor and Prasugrel, as compared with clopidogrel, significantly reduce rate of death from vascular causes, MI, or stroke [14, 15].

	Other NSTEMI/UA patients - In patients with NSTEMI/UA treated with either an early invasive approach or an ischemia driven approach should receive either clopidogrel (600 mg followed by 75 mg/day) or ticagrelor (180 mg followed by 90 mg BID), or prasugrel (60 mg followed by 10 mg/day). Ticagrelor as compared with clopidogrel significantly reduces rate of death from vascular causes, MI, or stroke [14].






	In addition to aspirin, a P2Y12 inhibitor should be administered for at least 12 months to all patients with ACS [16].




                
Glycoprotein IIb/IIIa Inhibitors
In patients with very high risk features including, markedly elevated troponin, recurrent ischemic discomfort, dynamic ECG changes, or hemodynamic instability not treated with a P2Y12 inhibitor, a IIb/IIIa inhibitor (abciximab, eptifibatide or tirofiban) may be considered at the time of PCI.

Anticoagulation
In patients with ACS, anticoagulation is recommended for all patients, in addition to antiplatelet therapy irrespective of initial treatment strategy. Anticoagulation is continued for 48 h or until PCI is performed. Anticoagulation options include:


                  	Unfractionated heparin (UFH) (initial loading dose of 60 IU/kg (maximum 4,000 IU) with initial infusion of 12 IU/kg per hour (maximum 1,000 IU/h) adjusted per activated partial thromboplastin time),

	Low-molecular weight heparin (LMWH) (1 mg/kg subcutaneous (SC) every 12 h (reduce dose to 1 mg/kg SC once daily in patients with creatinine clearance [CrCl] <30 mL/min)). LMWH has been shown to be superior to UFH in STEMI patients treated with fibrinolysis.

	Bivalirudin (0.10 mg/kg loading dose followed by 0.25 mg/kg per hour [only in patients managed with an early invasive strategy]), or

	Fondaparinux (2.5 mg SC daily [only in NSTEMI/UA; additional heparin needed if patients received PCI]).




                


Early Reperfusion and Revascularization
STEMI
In patients with STEMI, rapid restoration of myocardial blood flow reduces mortality [17]. Current guidelines recommend primary PCI within 90 min or less for STEMI patients with symptom onset within 12 h, who arrive at PCI-capable hospital or 120 min or less for those who initially present to a non-PCI capable hospital and are then transferred to a PCI-capable hospital [1, 4]. Figure 12.5 provides a flow diagram for revascularization decisions in STEMI patient. Fibrinolytic therapy, unless contraindicated should be initiated in patients with STEMI who cannot receive primary PCI within 120 min of first medical contact (Table 12.2). Decisions whether to transfer a patient for PCI vs. immediate administration of a fibrinolytic should take into account (1) the risk of complications of the STEMI; (2) the risks associated with fibrinolytic; (3) the timing of presentation relative to symptom onset; and (4) the anticipated transfer time for primary PCI. In general, fibrinolysis may be preferred in early presenting patients, particularly when accompanied by a large myocardial territory at risk, and the time to PCI is anticipated to be longer than 90–120 min. Primary PCI should be favored in late presenters, those with shock, and when the diagnosis of STEMI is in doubt, or contraindications to fibrinolysis exist.[image: A329322_1_En_12_Fig5_HTML.gif]
Fig. 12.5AHA/ACC recommendations for reperfusion therapy choice in STEMI (From O’Gara et al. [1]. Reprinted with permission from Elsevier Limited)




Table 12.2Fibrinolytic regimens for STEMI


	Fibrinolytic agent
	Dose
	Fibrin specificitya

	Antigenic
	Patency rate (90-min TIMI 2 or 3 flow)

	
                              Fibrin-specific
                            

	Tenecteplase (TNK-tPA)
	Single IV weight-based bolusb

	++++
	No
	85 %

	Reteplase (rPA)
	10 U + 10-U IV boluses given 30 min apart
	
                              ++
                            
	No
	84 %

	Alteplase (tPA)
	90-min weight-based infusionc

	
                              ++
                            
	No
	73–84 %

	
                              Non-fibrin-specific
                            

	Streptokinased

	1.5 million units IV given over 30–60 min
	No
	Yese

	60–68 %


From O’Gara et al. [1]. Reprinted with permission from Elsevier Limited

IV indicates intravenous, rPA reteplase plasminogen activator, TIMI thrombolysis in myocardial infarction, TNK-tPA tenecteplase tissue-type plasminogen activator, tPA tissue-type plasminogen activator

aStrength of fibrin specificity; “++++” is more strong, “++” is less strong

b30 mg for weight <60 kg; 35 mg for 60–69 kg; 40 mg for 70–79 kg; 45 mg for 80–89 kg; and 50 mg for ≥90 kg

cBolus 15 mg, infusion 0.75 mg/kg for 30 min (maximum 50 mg), then 0.5 mg/kg (maximum 35 mg) over the next 60 min; total dose not to exceed 100 mg

dStreptokinase is no longer marketed in the United States but is available in other countries

eStreptokinase is highly antigenic and absolutely contraindicated within 6 months of previous exposure because of the potential for serious allergic reaction





NSTE-ACS
In patients with NSTE-ACS who have refractory angina, hemodynamic or electrical instability an immediate invasive coronary angiography should be performed with intent to perform revascularization if appropriate based on coronary anatomy. Furthermore, NSTE- ACS patients who have an elevated risk of adverse cardiac events should be treated with an early invasive strategy (coronary angiography with intent to perform revascularization within 24 h of admission) [18]. However, a delayed invasive strategy (coronary angiography with intent to perform revascularization within 25–72 h of admission) is reasonable for NSTE-ACS patients at low risk of adverse clinical events. Fibrinolytic therapy should not be used for reperfusion in patients with NSTE-ACS [19].



Evidence Contour
Several aspects of management in a patient with ACS remain without consensus. Recent trials have attempted to settle uncertainty behind many approaches involved in the care of patients with ACS.
Routine Early PCI After Successful Thrombolysis in STEMI
Many patients with STEMI present to hospitals that are not PCI-capable and cannot undergo PCI within the timelines suggested in current guidelines, instead, they are treated with fibrinloysis as the initial reperfusion therapy. Initial studies showed no clinical benefit with routine early PCI after successful fibrinolysis [20]. However, one study showed a strategy of immediate transfer to a PCI-capable hospital within 6 h after successful fibrinolysis for PCI to be associated with lower incidence of primary composite endpoint of death, recurrent MI, heart failure or cardiogenic shock compared to standard therapy alone with delayed coronary angiography or rescue PCI when indicated [21]. A strategy of routine transfer and angiography at 3–24 h is reasonable in patients who have undergone initial reperfusion therapy with a fibrinolytic.

Culprit Only vs Complete Revascularization in STEMI
STEMI patients with obstructive non-culprit lesions are at increased risk of major adverse cardiac events. However, past guidelines recommend revascularization of culprit lesions only unless complicated by cardiogenic shock. Results from observational and small randomized controlled trials (RCTs), though suggest potential benefit with complete revascularization in STEMI patients with obstructive non-culprit lesions. Such a strategy may be reasonable in selected patients who have residual critical disease after primary PCI. Data from ongoing large RCTs will help to define any role and timing of routine PCI of non-culprit stenoses in patients with STEMI [22].

Manual Thrombectomy During Primary PCI in STEMI
Based on prior studies, past practice guidelines [1] recommended routine manual thrombectomy to prevent distal embolization, improve coronary perfusion and reduce adverse events. Subsequent studies, however, found that a strategy of routine manual thrombectomy compared with PCI not only did not reduce cardiovascular deaths, recurrent MI, cardiogenic shock or heart failure but led to possibly increased rates of stroke [23]. Therefore, routine manual thrombectomy is not recommended for all patients undergoing primary PCI.

Ezetimibe in Acute Coronary Syndromes
Ezetimibe, a nonstatin drug that decreases intestinal absorption of cholesterol was found to reduce adverse cardiac events when added to simvastatin in a larger trial of patients with ACS [24]. This is a first trial showing a net benefit with addition of a nonstatin LDL-C lowering agent to statin therapy and suggests a promising role of other novel interventions including recently improved PCSK9 inhibitors in lowering LDL-C and improving cardiovascular outcomes.

Optimal Duration of Dual Antiplatelet Therapy (DAPT)
Large proportions of patients with ACS are treated with invasive strategy and undergo PCI with drug-eluting stents (DES). Current practice guidelines recommend DAPT with aspirin and a P2Y12 inhibitor for 12 months in patients treated with a DES. Two recent randomized trials have demonstrated that dual antiplatelet therapy beyond 12 months, compared with aspirin alone, reduced risk of stent thrombosis and major cardiac events, in particular in those patients with prior ACS [25, 26].
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Case Presentation
A 61 year old woman with a history of hypertension, tobacco abuse, and Wolf-Parkinson-White syndrome with prior ablation 15 years ago, presented to the emergency department via ambulance with 4 days of indigestion and generalized chest discomfort, with more severe pain lasting several hours. EMS noted her to be tachycardic with HR 102 bpm, and hypotensive with BP 83/61 mmHg. The following 12-lead ECG was obtained (Fig. 13.1).[image: A329322_1_En_13_Fig1_HTML.jpg]
Fig. 13.112-lead ECG





The initial physical exam was notable for an anxious and diaphoretic patient with elevated jugular venous pressure, crackles at the lung bases, and a left ventricular S3 with a soft systolic murmur adjacent to the lower left sternal boarder. Initial blood tests showed WBC 12.5, hemoglobin 15.5 mg/dL, serum creatinine 1.2 mg/dl, and cardiac troponin I 6.06 ug/L. She was brought emergently to the cardiac catheterization laboratory where she was found to have 100 % occlusion of a dominant, mid-left circumflex artery. She underwent successful PCI with placement of two overlapping drug-eluting stents, and restoration of TIMI 3 flow to the infarct related artery (Table 13.1). At the conclusion of the case, the patient became agitated and pulse oximetry showed 88 % saturation despite administering 100 % oxygen by non-rebreather facemask. Blood-pressure was 78/58 mmHg at this time, and the patient required endotracheal intubation and the initiation of vasopressor medications to stabilize her blood pressure.Table 13.1TIMI flow definitions


	TIMI Grade 0 (no perfusion)
	There is no antegrade flow beyond the point of occlusion

	TIMI Grade 1 (penetration without perfusion)
	The contrast material passes beyond the area of obstruction but “hangs up” and fails to opacify the entire coronary bed distal to the obstruction for the duration of the cineangiographic filming sequence

	TIMI Grade 2 (partial perfusion)
	The contrast material passes across the obstruction and opacifies the coronary bed distal to the obstruction. However, the rate of entry of contrast material into the vessel distal to the obstruction or its rate of clearance from the distal bed (or both) are perceptibly slower than its entry into or clearance from comparable areas not perfused by the previously occluded vessel – e.g., the opposite coronary artery or the coronary bed proximal to the obstruction

	TIMI Grade 3 (complete perfusion)
	Antegrade flow into the bed distal to the obstruction occurs as promptly as antegrade flow into the bed proximal to the obstruction, and clearance of contrast material from the involved bed as rapid as clearance from an uninvolved bed in the same vessel or the opposite artery


Data from Chesebro et al. [16]




Question
What is the differential diagnosis for the patient’s hemodynamic and respiratory decompensation, and what should be done next to confirm the diagnosis?

Answer
The differential diagnosis must include mechanical complications of AMI including ventricular septal rupture (VSR) (Video 13.1), papillary muscle rupture leading to acute mitral regurgitation (MR) (Video 13.2), or free-wall rupture leading to pseudoaneurysm or cardiac tamponade (Video 13.3). Other etiologies to be considered include RV infarction, acute blood loss, iatrogenic hypotension secondary to medication, and cath lab complications such as aortic dissection or coronary perforation. The most rapid way to confirm the diagnosis is with immediate, trans-thoracic echocardiography.

The patient has demonstrated hemodynamic instability despite patency of the infarct related artery in the setting of a delayed presentation of acute myocardial infarction (AMI). Based on her clinical and hemodynamic findings she is now Killip Class IV (Table 13.2). Understanding the etiology of her hemodynamic instability is now crucial to guide further management. While this may represent LV failure in the setting of a large MI, it is unusual that an isolated infarction in the distribution described will account for these findings. Mechanical complications of MI, as listed above, must be considered and rapidly identified or excluded. In this specific case, the bedside echo demonstrated a severe, eccentric jet of mitral regurgitation. On a subsequent trans-esophageal echocardiogram (TEE), the diagnosis was confirmed to be due to rupture and flail of the papillary muscle with prolapse into the left atrium during systole. An image from the trans-esophageal echocardiogram obtained in the standard 4-chamber view is provided in Fig. 13.2. The patient was taken emergently to the operating room where a bioprosthetic mitral valve replacement was performed. The patient was successfully discharged to a sub-acute nursing facility on hospital day 15, and made a full recovery.Table 13.2Killip Class definitions


	 	Definition
	30-day mortality (in 1967) (%)

	Killip Class I
	No clinical signs of heart failure
	<6

	Killip Class II
	Signs of heart failure including rhales or crackles in the lower lung fields, an S3, or elevated jugular venous pressure
	<17

	Killip Class III
	Frank, acute pulmonary edema.
	38

	Killip Class IV
	Cardiogenic shock or hypotension (measured as systolic blood pressure < 90 mmHg) and evidence of peripheral vasoconstriction (oliguria, cyanosis, or sweating)
	81


Data from Killip and Kimball [17]



[image: A329322_1_En_13_Fig2_HTML.jpg]
Fig. 13.2Trans-esophageal echocardiogram






Standard Approach to Management
Epidemiology
Cardiogenic shock in the peri-infarct setting is defined as inadequate tissue perfusion and sustained hypotension despite adequate intravascular volume. Cardiogenic shock complicates between 5 and 8 % of cases of AMI in contemporary databases and trials. Mortality for AMI in general is <5 % in contemporary series, but can exceed 50 % in patients with shock [1]. The most common cause of shock after AMI is left ventricular (LV) failure which represents 80 % of cases, but mechanical complications of AMI must be considered including isolated right ventricular (RV) infarct, ventricular septal rupture (VSR), free-wall rupture with ensuing cardiac tamponade, and papillary muscle rupture leading to acute mitral regurgitation (MR). Data from the SHOCK trial and the subsequent SHOCK registry documented the most common etiologies of cardiogenic shock among 1,422 patients after AMI (Fig. 13.3) [2].[image: A329322_1_En_13_Fig3_HTML.jpg]
Fig. 13.3Etiology of suspected cardiogenic shock in the combined SHOCK trial registry and trial (total n = 1422, only first 232 trial patients are included). “Other” includes shock caused by prior severe valvular disease, dilated cardiomyopathy, excess beta-blockade/calcium channel blockade, hemorrhage, and procedural complications. Aortic dissection, pulmonary embolism, and dynamic subaortic outflow obstruction should also be considered. LVF left ventricular failure, MR mitral regurgitation, RVF right ventricular failure, VSR ventricular septal rupture (Reproduced with permission from Menon, Heart, 2002 [2] with permission from BMJ Publishing Group Ltd)






Diagnosis
The first step in managing patients with cardiogenic shock after AMI is to identify the cause. Specifically, one must attempt to differentiate between mechanical complications that require immediate operative treatment as compared to LV failure alone. A rapid but thorough physical examination is important in any patient with AMI and shock. Cardiac auscultation may reveal the characteristic, harsh, holosystolic murmur of a VSR or a softer, apical murmur consistent with acute mitral regurgitation. Cardiac tamponade may be suspected based on jugular venous distention (JVD) and a pulsus paradoxus, or Beck’s triad of hypotension, distended neck veins, and muffled heart sounds. Patients with RV infarction may display a pulsus paradoxus along with the Kussmaul sign (increase in JVD with inspiration) which is usually absent in patients with cardiac tamponade. Physical exam may be challenging due to the degree of hypotension, the need for mechanical ventilation, and the physical environment. The murmur of acute MR may be soft and difficult to appreciate due to rapid elevation in left atrial pressures. Similarly a large VSR in the setting of hypotension may also be under appreciated.
Practically speaking, most mechanical complications of AMI can be definitively diagnosed by prompt, bedside, trans-thoracic echocardiography (TTE). In patients who are brought immediately to the cardiac catheterization lab and/or in whom echocardiography is not immediately available or is inconclusive, the diagnosis can be made by LV angiography and/or right heart catheterization. Using a balloon-tipped catheter, VSR can usually be confirmed by demonstrating a “step-up” in the oxygen saturation of blood sampled from the right ventricle or pulmonary artery as compared to the right atrium, reflecting shunting of oxygenated blood from the LV to the RV through the ruptured septum, and subsequent mixing with relatively deoxygenated blood returning to the right side of the heart (Fig. 13.4). Comparatively, patients with severe mitral regurgitation will likely have tall v-waves in the pulmonary capillary wedge tracing without a significant step-up in oxygen saturations. Importantly, not all mitral regurgitation in the setting of AMI is due to papillary muscle rupture, and it is important to distinguish MR due to LV dilation or posterior mitral leaflet restriction in the setting of an akinetic inferior wall (Video 13.4), neither of which would typically be managed with emergent surgery. Thus, there should be a low threshold to proceed to trans-esophageal echocardiography (TEE) when the mechanism for the MR is ambiguous on surface echocardiogram.[image: A329322_1_En_13_Fig4_HTML.jpg]
Fig. 13.4Oximetry run and shunt fraction calculation in a patient with an apical VSR showing a “step up” in the RV where there is mixing of venous blood with oxygenated blood from the left ventricle that is crossing the apical septal defect. Note: RA sat can be estimated by (3× SVC + IVC)/4. Note: A peripheral arterial sat is usually used as a surrogate for LV saturation






Management of LV Failure
When LV failure is felt to be responsible for cardiogenic shock, the next step in management is to ensure complete revascularization, as was clearly demonstrated in the SHOCK trial [1]. Patients with ongoing hemodynamic embarrassment despite revascularization may require urgent mechanical support, most commonly in the form of an intra-aortic balloon pump (IABP). Inotropic and vasopressor agents are sometimes used in emergent situations to stabilize hemodynamics, but have not been shown to improve hospital survival. Other mechanical support devices that have been used include the TandemHeart, Impella, and veno-arterial extra-corporeal membrane oxygenation (ECMO). In this emergent setting, mechanical support is usually utilized as a bridge to decision. In those who stabilize and recover, support is subsequently withdrawn. In others who continue to be unstable, destination support with an LVAD or consideration of the LVAD as a bridge to transplantation may be considered. Finally in the group of patients where care may be deemed futile, support is not performed or may be subsequently withdrawn.

Management of Mechanical Complications
Mechanical complications of AMI have become less common in the era of early reperfusion, but mortality for these patients remains high (Fig. 13.5) [3]. Medical management of papillary muscle rupture and VSR is limited, but involves afterload reduction with intravenous sodium nitroprusside. IABP placement is considered routine care in hemodynamically unstable patients. The only definitive management strategy is surgical repair, although a variety of mechanical support devices have been used to temporarily stabilize hemodynamically unstable patients who were not initially felt to be candidates for surgery. When the diagnosis of a mechanical complication can be made prior to primary percutaneous coronary intervention (PCI), immediate collaboration between the interventional cardiologist and cardiac surgeon is needed to determine the optimal approach for prompt restoration of coronary flow, while also considering the competing need to limit the administration of dual-antiplatelet therapy in patients undergoing emergent surgery. In some cases, balloon angioplasty without stent placement, followed by combined coronary artery bypass graft placement with immediate mechanical repair, may be the preferred option.[image: A329322_1_En_13_Fig5_HTML.jpg]
Fig. 13.5Survival among 5,745 patients undergoing primary percutaneous coronary intervention (PCI) after ST-elevation myocardial infarction in the APEX-AMI trial. A total of 52 patients (0.91 %) had a mechanical complication of which 15 were papillary muscle rupture, 30 were free wall rupture with tamponade, and 10 were ventricular septal rupture (Adapted from French [3] with permission from Elsevier Limited)







Evidence Contour
Timing of Surgery in Ventricular Septal Rupture
The optimal timing for surgery in unstable patients with ventricular septal rupture is controversial given the exceedingly high mortality of patients who are operated on in the immediate, post-infarct period [4]. Complexity of the operation, relative surgical inexperience, acute right ventricular dysfunction from infarction, ischemia or volume overload, patient comorbidities, or exposure to potent antiplatelet treatment prior to surgery may all contribute towards this finding. The overall mortality of patients in the Society of Thoracic Surgeons National Database for patients with VSR was 42.9 %, but was significantly higher (>60 %) in patients who underwent surgery in the first 24 h, as compared to 18.4 % in patients in whom the repair was delayed until after 7 days [5]. Unfortunately, unstable patients are very unlikely to survive long enough for surgery to be done electively, so this data is mostly reflective of survival bias. Many have hypothesized however that the particularly poor outcomes with immediate surgery may be in part due to the weak, friable tissue of an acute infarct which holds sutures poorly. Thus, some experienced centers have attempted a strategy of full mechanical support with a planned, delayed surgery in select patients, although the success of this strategy is currently limited to case reports [6, 7]. In general, patients who are considered acceptable candidates for immediate repair based on factors including comorbidities, willingness of the patient to pursue an aggressive strategy, and comfort of the surgeon/medical center in managing the patient, should undergo surgical repair without delay.

Percutaneous Closure of VSR
Given the exciting evolution of structural cardiac interventions over the past decade, many have considered options for percutaneous closure of acute VSR, either as a definitive strategy, or as a bridge to surgery after initial stabilization. This strategy has been attempted for both primary closure and in the treatment of residual shunts after surgical repair. Unfortunately, when attempted in the immediate, post-infarct period, or in patients with cardiogenic shock, mortality remains high, similar to surgical series [8]. The procedure can be done safely however, and with technical success in the overwhelming majority of cases. Thus, procedures done in the acute setting should likely be limited to patients who are not initially surgical candidates, and undertaken with the goal of reducing shunt fraction and improving hemodynamic stability as a bridge to a more definitive surgical repair. For patients in the sub-acute to chronic period whose comorbidities continue to prevent definitive repair, percutaneous closure is an especially attractive option, and initial clinical series have shown excellent success and low 30-day mortality in these populations [9–13].

Intra-aortic Balloon Pump
IABP use in patients with cardiogenic shock after AMI has come under scrutiny given the results of the IABP-SHOCK II trial which failed to show a difference in 30-day mortality among patients that were randomized to IABP placement vs. open label controls [14]. Although well performed, IABP placement in this study was performed only after revascularization and it included large subsets of patients with NSTEMI ACS and post cardiac arrest. Criticisms of this study have also included a high cross-over rate with 10 % of patients undergoing IABP placement despite randomization to the control group, and a trend toward higher utilization of LV assist devices in the control group. Most clinicians feel that IAPB utilization continues to be a useful adjunct in the hemodynamically unstable patient with AMI. Based on the IABP –SHOCK II trial however, its utilization has been downgraded to a Class IIa LOE B recommendation from the 2013 ACCF/AHA guidelines on management of ST-elevation MI [15]. Importantly, the IABP-Shock II trial was not powered to look at the utility of IABP placement in the setting of VSR, where it is considered routine care.
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Case Presentation
A 64-year-old man with a remote history of stage IIIa adenocarcinoma of the lung treated with chemotherapy and radiation presented to the emergency department complaining of left-sided chest pain and dyspnea. He had been diagnosed with a pulmonary embolism 2 weeks prior and was started on warfarin at that time. He felt well until the night before his current presentation when he became acutely dyspneic while lying in bed. His triage vital signs were notable for a heart rate of 106 beats per minute (bpm), blood pressure of 92/70 mmHg, and respiratory rate of 28 breaths per minute. A pulsus paradoxus of 18 mmHg was measured by manual sphygmomanometer. A 12-lead ECG showed sinus tachycardia with low-normal QRS voltages (Fig. 14.1). A chest x-ray showed stable reticular opacities in the right middle and lower lobes at the sites of prior radiation treatment, as well as a prominent cardiomediastinal silhouette. A bedside echocardiogram was performed which showed a large circumferential pericardial effusion with early right ventricular (RV) diastolic collapse and exaggerated reciprocal respiratory variation in mitral and tricuspid early-diastolic inflow velocities (Fig. 14.2 and Video 14.1).[image: A329322_1_En_14_Fig1_HTML.jpg]
Fig. 14.1Admission ECG




[image: A329322_1_En_14_Fig2_HTML.jpg]
Fig. 14.2Pulse-wave Doppler of mitral inflow in the apical four chamber view, showing >25 % respirophasic variation in diastolic inflow velocities





Question
What is the appropriate next step in the management of the patient’s pericardial effusion?

Answer
With few exceptions, patients with clinical and supportive echocardiographic evidence of cardiac tamponade should undergo emergent drainage of the pericardial effusion by percutaneous needle pericardiocentesis. Isotonic fluids can modestly increase cardiac output and mean arterial pressure in about half of patients with tamponade [1], but the results are generally transient, and this intervention should not substitute for or delay pericardiocentesis.

In this case, the patient was given a 500 mL bolus of normal saline over 10 min with transient improvement in his systolic blood pressure. The cardiac catheterization laboratory was activated and the patient was given two units of fresh frozen plasma to reverse a supratherapeutic INR of 4.2. The pericardial space was accessed through a subxiphoid approach using echocardiographic and fluoroscopic guidance. The pericardial pressure was measured at 24 mmHg. A pericardial drain was placed, 850 mL of bloody fluid was removed, and the pericardial pressure was reduced to 0 mmHg. His symptoms dramatically improved and his blood pressure increased to 132/78 mmHg. He was admitted to the cardiac intensive care unit for ongoing monitoring, and over the ensuing 48 hours, the output from his pericardial drain tapered off to zero. A repeat transthoracic echocardiogram showed a small residual pericardial effusion without evidence of tamponade, and the drain was removed. Pericardial fluid analysis revealed a markedly elevated red blood cell count (2 million/μl) with negative culture and cytology. The clinical picture was felt to be consistent with a hemorrhagic pericardial effusion due to excessive anticoagulation in the setting of subclinical radiation-induced pericardial disease.

Principles of Management
Hemodynamic Derangements
Cardiac tamponade occurs when fluid accumulates in the intrapericardial space, increasing intrapericardial pressure and impairing cardiac filling [2]. Tamponade is a continuum from mild impairment in cardiac filling to complete circulatory collapse [3]. The primary determinant of the hemodynamic significance of a pericardial effusion is the intrapericardial pressure, which is related to the volume of the effusion and the pericardial pressure-volume relationship. The latter is heavily influenced by the chronicity of the effusion, and hence slowly accumulating pericardial fluid can lead to a large effusion without the development of tamponade [4]. As intrapericardial pressure increases, right and left-sided atrial and ventricular pressures also increase to maintain end-diastolic volume. At some point, generally in the range of 15–20 mmHg, the intrapericardial pressure approaches intracavitary pressures with consequent reduction in ventricular transmural pressure and end-diastolic volume [5]. The heart attempts to maintain cardiac output by increasing contractility and heart rate, but these compensatory mechanisms are quickly exhausted and progressive circulatory collapse ensues.

Clinical Findings
The classical findings of cardiac tamponade were reported in 1935 by a thoracic surgeon named Claude Beck, who described the triad of hypotension, elevated jugular venous pressure, and muffled heart sounds in a series of surgical patients with cardiac tamponade due to intrapericardial hemorrhage [6]. Although this constellation of symptoms has remained the core clinical triad of tamponade, individual components may not be seen in all patients and often do not occur simultaneously within the same patient. A variant form of cardiac tamponade associated with systemic hypertension has also been described [7], and pericardial friction rubs can sometimes be heard in lieu of muffled heart sounds in patients with concomitant pericarditis [8].
The hallmark of cardiac tamponade is a paradoxical pulse (i.e., pulsus paradoxus), which is defined by a drop in systolic arterial pressure of greater than 10 mmHg during inspiration [2]. This occurs because the total intracardiac volume is relatively fixed due to the elevated intrapericardial pressure. As venous return to the right side of the heart increases with inspiration, the interventricular septum shifts to the left in an exaggerated fashion that further reduces left ventricular (LV) stroke volume. The pulsus paradoxus can be measured in the intensive care unit by cuff sphygmomanometry, pulse oximetry waveform analysis, or arterial waveform analysis when an arterial line is present [9]. The patient should not be asked to breathe deeply during blood pressure measurement since this can falsely exaggerate blood pressure variation over the respiratory cycle. It is important to remember that several other conditions can produce a pulsus paradoxus, including constrictive pericarditis, pulmonary embolism, hypovolemic shock, and severe obstructive lung disease.

Non-invasive Diagnostic Testing
A 12-lead electrocardiogram (ECG) should be obtained in all patients with suspected cardiac tamponade. The characteristic abnormalities seen on ECG are decreased QRS voltage and electrical alternans. Low QRS voltage is a non-specific finding that is also seen in infiltrative myocardial disease, pulmonary disease, and obesity. Electrical alternans, defined as beat-to-beat variation in QRS amplitude related to anterior-posterior swinging of the heart, is not sensitive but is relatively specific for cardiac tamponade [10]. The combination of P wave and QRS alternans further increases specificity [10].
Transthoracic echocardiography is the imaging modality of choice for evaluating the size, location, and degree of hemodynamic impairment caused by a pericardial effusion [11, 12]. Several echocardiographic findings support the diagnosis of tamponade [12, 13]:	1.Right atrial inversion for greater than one-third of systole


 

	2.Right ventricular diastolic collapse (best appreciated in the parasternal long-axis and subcostal views)


 

	3.Reciprocal respiratory variation in RV and LV volumes and consequent septal shifting (best appreciated in the apical four-chamber view)


 

	4.Exaggerated reciprocal respiratory variation (>25 %) in mitral and tricuspid early-diastolic inflow velocities (i.e., E velocities)


 

	5.Increase in the flow velocity integral in the pulmonary artery and decrease in the flow velocity integral in the aorta during inspiration (i.e., “echocardiographic pulsus paradoxus”)


 

	6.Reduced early-diastolic mitral annular tissue Doppler velocity (i.e., E’ velocity)


 

	7.Severe dilation of the inferior vena cava (IVC) (i.e., IVC plethora)


 





It is important to remember that cardiac tamponade is a clinical and hemodynamic diagnosis. If the clinical picture is consistent with cardiac tamponade, the most important echocardiographic finding is the presence of a pericardial effusion. In this case, Doppler evaluation should not delay expeditious treatment.

Invasive Diagnostic Testing
Invasive hemodynamic monitoring with a pulmonary arterial catheter can provide additional evidence for the diagnosis of cardiac tamponade. Supportive findings include equalization of diastolic pressures between cardiac chambers, which produces a characteristic “blunted” y-descent in the right atrial tracing (Fig. 14.3), and reciprocal respirophasic variation in right and left-sided filling pressures [10]. Invasive monitoring is generally not necessary for diagnosing tamponade, and should be reserved for circumstances in which there is diagnostic uncertainty (e.g., hypertensive cardiac tamponade). It is also necessary for the diagnosis of effusive-constrictive pericarditis (see section “Evidence Contour”) [14].[image: A329322_1_En_14_Fig3_HTML.jpg]
Fig. 14.3Right atrial tracing demonstrating blunted y-descent in a patient with cardiac tamponade






Closed Pericardiocentesis
In most cases, the treatment of cardiac tamponade should be oriented toward emergent drainage of the pericardial effusion by percutaneous needle pericardiocentesis. Intravascular volume expansion with isotonic fluid resuscitation can lead to modest and transient increases in cardiac output and systolic blood pressure in about half of patients. Since volume expansion also acutely increases left ventricular diastolic pressures, it is generally recommended that no more than 500 mL be administered [1, 15]. Positive inotropes are of limited efficacy because endogenous adrenergic activation is generally near maximal [2]. Intubation should be avoided because positive-pressure mechanical ventilation will further reduce ventricular transmural pressure and diastolic filling [10].
Before proceeding with closed pericardiocentesis, it should be confirmed that there is clear clinical evidence of tamponade (including a pulsus paradoxus >10 mmHg), and that the effusion is large enough anteriorly to safely access the fluid via a percutaneous approach. Whenever possible, the procedure should be performed by an experienced provider in the cardiac catheterization laboratory. In the setting of circulatory collapse, a bedside pericardiocentesis may be performed emergently. Real-time transthoracic echocardiographic guidance is often used to identify the optimal percutaneous approach (generally subxiphoid), and has been shown to reduce procedural complications including myocardial puncture [16, 17]. When the procedure is done in the cardiac catheterization laboratory, fluoroscopic guidance and invasive hemodynamic monitoring can also be useful. Once the pericardial space has been accessed, a guidewire is passed through the sheath to facilitate introduction of a pigtail catheter [18]. Intrapericardial pressure should be measured prior to fluid removal, and the pericardial fluid analysis should include specific gravity, cell count and differential, total protein content, gram stain and culture for detection of bacteria (including tuberculosis) and fungi, and cytology. When the amount of pericardial fluid drained decreases to less than 50 mL per day, the catheter can generally be removed [10]. In rare cases, paradoxical hemodynamic deterioration and pulmonary edema associated with ventricular dysfunction have been reported after pericardial drainage. Known as pericardial decompression syndrome (PDS), this complication remains poorly understood [19].

Surgical Drainage
Open pericardiocentesis is the preferred approach for treating tamponade that results from intrapericardial bleeding due to myocardial rupture or aortic dissection. Loculated effusions and effusions with excessive fibrinous material (e.g., clotted hemopericardium) may also require a surgical approach. In these cases, surgery is generally performed through a limited subxiphoid incision.
Most malignant pericardial effusions can be treated with closed pericardiocentesis with a low recurrence rate [20]. When hemodynamically significant malignant effusions do recur, they should generally be treated with open pericardiocentesis and creation of a pericardial window [18]. Multiple pericardial biopsies, with or without pericardioscopic guidance, should be obtained at the time of surgery [21].


Evidence Contour
Effusive-Constrictive Pericarditis
Effusive-constrictive pericarditis (ECP) is a clinical syndrome in which constriction of the visceral pericardium occurs in the presence of a tense pericardial effusion. It has been best characterized in patients presenting with cardiac tamponade who have persistently elevated right atrial pressure (i.e., failure to fall by 50 % or to a new level below 10 mmHg) after removal of the pericardial fluid [22]. It is estimated that ECP complicates 5–10 % of cases of clinical tamponade, though there is significant geographic variation in the prevalence [22]. In most cases, the definitive treatment of ECP is pericardiectomy.
Since invasive hemodynamic monitoring is not routinely needed to diagnose cardiac tamponade, there is interest in developing non-invasive criteria to identify patients at higher risk of ECP who should undergo cardiac catheterization at the time of pericardiocentesis [14]. Echocardiography and cardiac magnetic resonance imaging have been explored but not yet systematically correlated with invasive parameters [14]. In addition, it has been suggested that patients with ECP have a distinct pattern of immune activation when compared with patients who have effusive but non-constrictive pericardial disease [23]. Further investigation into these differences may ultimately lead to the identification of novel serum or pericardial biomarkers for the diagnosis of ECP.
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Case Presentation
A 67-year-old man was driven to the emergency room by his wife when he began acting strangely and massaging his sternum. He previously had been reasonably healthy, with past medical history significant for hypertension and hyperlipidemia. His prescribed medications included hydrochlorothiazide 12.5 mg daily, enalapril 5 mg twice daily, amlodipine 10 mg daily, clonidine 0.3 mg twice daily, combination simvastatin and ezetimibe, 81 mg of aspirin, and prn ibuprofen. His wife reported that his prescriptions all ran out 2 days prior to admission.
Physical examination revealed an overweight, restless man who was oriented to name and location but not the date. When asked if he was having chest discomfort, he looked up quizzically and rubbed his forehead. He was afebrile, respiratory rate was 28 breaths per minute, heart rate was 115 beats per minute, and blood pressure was 235/130. His lungs were clear to auscultation. Cardiac exam revealed a regular S1 and S2, an S3 and prominent S4, but no murmurs. His abdomen was soft and non-tender. He had no edema. Neurologic exam revealed no focal deficits.
Bedside ultrasound showed his optic nerve sheath to be 5.3 mm in diameter, B lines in both lung fields, and hyperdynamic left ventricular function without regional wall motion abnormalities or valvular dysfunction. His electrocardiogram (ECG) is shown in Fig. 15.1.[image: A329322_1_En_15_Fig1_HTML.jpg]
Fig. 15.1Admission EKG





Basic metabolic profile demonstrated a plasma glucose of 139, creatinine of 1.4 mg/dL and a BUN of 30 mg/dL. His CBC was within normal limits. Urinalysis showed trace proteinuria, modest red blood cells, and no casts. His cardiac troponin was normal.
Question
What is the diagnosis?

Answer
Hypertensive crisis.

The patient presented with significant hypertension and end-organ dysfunction including hypertensive encephalopathy, acute kidney injury, and myocardial ischemia by ECG. He was treated with IV labetalol and intravenous nitroglycerin. Within the first hour, his blood pressure was reduced to 210/115. Labetalol and nitroglycerin were both up-titrated and furosemide was administered. Head CT showed no acute abnormalities. Upon obtaining further history, his wife mentioned that he was a recreational drug user, and the previous day had used cocaine. Urine drug screen was positive. Benzodiazepines were started. An arterial line was placed for invasive blood pressure monitoring. A repeat cardiac troponin was elevated at 4.3.
Over the course of the next 24 h, his blood pressure came down to 175/100 and heart rate to 90. His mentation improved, he said he was having no chest discomfort, his lungs were clear to auscultation, and the S3 was no longer audible. The following day his previous oral anti-hypertensive regimen was reinstituted. 2 days later, he had an exercise stress SPECT myocardial perfusion study, which demonstrated no evidence of ischemia, and an ejection fraction of 60 %. He was discharged home the following day.

Principles of Management
Diagnosis
Hypertensive crisis is defined as uncontrolled hypertension (diastolic blood pressure ≥120 mmHg and/or systolic blood pressure ≥180 mmHg) accompanied by evidence of acute end organ involvement, most commonly manifested by mental status changes, stroke, aortic dissection, or renal dysfunction. The initial differential diagnosis should include acute myocardial infarction, aortic dissection, stroke (ischemic or hemorrhagic), subarachnoid hemorrhage, renal disease, drugs (such as amphetamines, cocaine, or dietary indiscretion with MAO inhibitors), head trauma, and other causes of autonomic overactivity such as pheochromocytoma, autonomic dysfunction, or antihypertensive drug withdrawal [1].
Traditionally, fundoscopic examination is used to identify papilledema and other hallmarks of hypertension. However, few non-ophthalmologists are skilled at fundoscopic examination, and neuro-ophthalmologists only agree on the Frisen grading of 36 % of the time [2].
Modified Frisen Scale
Papilledema Grade, major findings	0 (Normal)

	1 (Minimal degree of edema) C shaped halo that is subtle and grayish, with a temporal gap; obscures underlying retinal details

	2 (Low degree of edema) Circumferential halo

	3 (Moderate degree of edema) Obscuration of ≥1 segment of major blood vessels leaving disc

	4 (Marked degree of edema) Total obscuration on the disc of a segment of a major blood vessel on the disc

	5 (Severe degree of edema) Obscuration of all vessels on the disc and leaving the disc






Modified from Scott CJ Arch Ophthalmol 2010;128(6):705


Optic disk diameter greater than 5 mm by ocular ultrasound (Fig. 15.2) has been shown to detect intracranial pressure greater than 20 with an AUC of 0.93 [3].[image: A329322_1_En_15_Fig2_HTML.jpg]
Fig. 15.2Ocular ultrasound with optic nerve measurement 3 mm posterior to retina arrows indicate edges of the optic nerve (Image courtesy of Phil Lamberty, MD)





The patient in this case had evidence of pulmonary edema and thus received diuretics; however, many patients with hypertensive crises are volume depleted, and in the absence of obvious volume overload, diuretics should generally be avoided [5]. Renal injury from hypertensive crisis is manifest clinically by hematuria and creatinine elevation. Pathologically, renal injury is described as hypertensive nephrosclerosis, with necrosis of renal capillaries and “onion skinning” of small renal arterioles.
Withdrawal syndromes from cessation of antihypertensive therapy are common. Mechanisms are different depending on the discontinued medication. Clonidine withdrawal is seen commonly, and attributed to a rapid return of catecholamine secretion that has been suppressed during treatment. Symptoms from beta blocker withdrawal are related to drug half-life versus the speed of down regulation of adrenergic receptors that had previously been up regulated due to beta-blockade. Thus, withdrawal is more commonly seen with cessation of short acting as opposed to long acting agents [6].
The diagnosis of hypertensive encephalopathy is one of exclusion. Posterior reversible encephalopathy syndrome (PRES) presents with headache, vomiting, altered mental status and seizures, with loss of gray-white differentiation and cerebral edema, largely in the posterior portions of the brain (Fig. 15.3) [7]. While it usually resolves with treatment, there can be permanent deficits if not treated promptly.[image: A329322_1_En_15_Fig3_HTML.jpg]
Fig. 15.3Axial flair image of MRI of patient with PRES, demonstrating high signal activity (arrow) confined to the white matter in a posterior distribution (Image courtesy of Barton F Branstetter IV, MD)






Treatment of Hypertensive Crises
Patients with hypertensive crisis require intensive care unit admission and careful monitoring; given the usual need for parenteral treatment, an arterial line for continuous monitoring of the response to therapy should be placed in most cases. Selection of a specific agent(s) is tailored to the clinical scenario. Treatment goal is a reduction of systolic blood pressure by 10 % during the first hour, and 25 % during the first 24 h. In most instances the goal is not to quickly normalize the blood pressure, but to lower it in order to abort the crisis. Many patients have had long-standing hypertension and have auto-regulated their vasculature, and therefore a higher than normal blood pressure may be needed for adequate organ perfusion. After about 24 h of adequate control, patients are switched to an oral regimen. Management of acute aortic dissection and ischemic stroke are exceptions to these goals (see Chapters 11 and 12).

Pharmacotherapy (Table 15.1)

                Table 15.1Drugs used for the treatment of hypertensive crises


	Drug
	Dose
	Onset
	Duration
	Role
	Contraindications and Caveats
	Adverse effects
	Cost/Day

	Sodium nitroprusside
	0.25 μg/kg/min to max of 8 μg/kg/min
	Seconds
	1–2 min after stopping
	Aortic dissection (in conjunction with beta-blocker), hyperadrenergic conditions, encephalopathy
	Avoid with CVA, ICH, SAH. Caution in renal insufficiency – rates >4 μg/kg/min can cause toxic levels in 3 h (15)
	Nausea, cyanate & thiocyanate toxicity, increased intracranial pressure, decreased cerebral blood flow, coronary steal
	$12–$252

	Nitroglycerine
	5 μg/min titrate by 5 μg/min every 15 min to max of 100 μg/min
	2–5 min
	5–10 min
	Cardiac ischemia, CHF, hyperadrenergic states, encephalopathy, renal failure
	Concurrent use PDE-5 inhibitors. NTG is mostly a venodilator until high doses, care in patients who are volume depleted, tachyphylaxis common
	Decreased CO headache, dizziness
	$4–$12

	Nicardipine
	5 mg/h increase by 2.5 mg increments q 20 min to max of 15 mg/h
	5–10 min
	2–4 h
	Aortic dissection in conjunction with beta blocker, cardiac ischemia, stroke, CNS bleed, hyperadrenergic conditions, encephalopathy, renal failure
	Tachyphylaxis, avoid calcium channel blockers in CHF
	Headache, flushing, nausea, reflex tachycardia, edema
	$87–$262

	Clevidipine
	1–2 mg/h double every 90 s to max of 16 mg/h
	2–4 min
	5–20 min
	Conjunction with beta blocker, CHF, cardiac ischemia, stroke, CNS bleed, hyperadrenergic conditions, encephalopathy, renal failure
	Egg or soy allergy
	Headache, flushing, nausea, reflex tachycardia
	$260–$1300

	Fenoldopam
	0.1–0.6 μg/kg/min titrate q15 min
	5–10 min
	10–15 min
	Renal failure aortic dissection in conjunction with beta blocker
	Glaucoma
	Hypotension, headache, tachycardia, nausea, flushing
	$163–$985

	Labetolol
	20 mg bolus; repeat boluses of 20–80 mg q10 min or 2 mg/min drip to total of 300 mg/day
	5–10 min
	3–6 h
	Myocardial ischemia; hyperadrenergic states, aortic dissection, encephalopathy
	 	Bradycardia, heart block, bronchospasm
	$276

	Esmolol
	50 μg/kg load over 1 min; infusion at 20–50 μg/kg/min titrate by 25 μg/kg/min q 10 min to max of 300 μg/kg/min
	1–5 min
	15–30 min
	Myocardia ischemia, hyperadrenergic states, aortic dissection, encephalopathy
	 	Bradycardia, heart block, bronchospasm
	$1270–$19,501

	Enalaprilat
	1.25 mg over 5 min titrate by 1.25 mg increments q12 h to max of 5 mg q6 h
	15 min
	4–6 h
	 	Caution with renal insufficiency
	Renal insufficiency, hyperkalemia. Unpredictable results depending on plasma renin levels
	$5–$20

	Phentolamine
	5–10 mg repeat q5–15 min or drip at 0.2–5 mg/min
	1–2 min
	5–10 min
	Adrenergic crisis
	 	Reflex tachycardia, headache, nausea
	$6902–$172,000

	Hydralazine
	10–20 mg bolus q30 min until target BP reached
	10 min
	2–6 h
	Pregnancy
	 	Reflex tachycardia results inconsistent prolonged effect
	$25


Costs are as of 2015 in a single teaching hospital



              

                	(a)Esmolol as an ultra-short acting beta blocker with an almost immediate onset, and the half-life is only 9 min.


 

	(b)Labetalol is a combined alpha- and beta-adrenergic receptor blocker with a rapid onset. It is considered safe in patients with active coronary disease because its beta-blockade does not cause reflex tachycardia.


 

	(c)Sodium nitroprusside is a potent arteriolar vasodilator that has onset within a minute, and lasts for about 10 min. It is metabolized to cyanide and can lead to cyanide or thiocyanate toxicity especially (but not only) when used at high doses, for periods longer than 24–48 h, or in renal insufficiency.


 

	(d)Nitroglycerin is predominantly a venodilator, though intravenously at higher doses it also has arteriolar dilating effects. Its antihypertensive effects are less potent than nitroprusside. Prolonged use can cause methemoglobinemia.


 

	(e)Nicardipine is a calcium channel antagonist, and is an effective drug, but it has a longer onset of action and half-life. It is used in subarachnoid and intracranial hemorrhage because it may reduce cerebral vasospasm, and does not increase intracranial pressure as may occur with nitroprusside.


 

	(f)Hydralazine as a direct arteriolar dilator. It can cause reflex tachycardia. Its use is generally limited to pregnant women who cannot use other agents.


 

	(g)Less commonly used agents:	Clevidipine is a short acting dihydropyridine calcium channel blocker, with an elimination time of between 5 and 15 min. It is an arteriolar dilator, and it is administered in a lipid emulsion, and is contraindicated in patients with allergies to eggs or soy products [9].

	Fenoldopam as a dopamine agonist, and is the only intravenous agent that increases renal blood flow. It can increase intraocular pressure so should not be used in patients with glaucoma [10].

	Phentolamine is a nonselective alpha-adrenergic receptor blocker, and its use is largely in patients with pheochromocytoma or tyramine ingestion in patients who are on monoamine oxidase inhibitors. In these latter instances, one should not use beta-blockers until sufficient alpha blockade has been achieved; doing so could remove the vasodilatation of beta-1 stimulation, making the alpha mediated constriction worse.

	Enalaprilit is an intravenous form of enalapril. The blood pressure response to this agent can be variable because its action is dependent on plasma volume and renin activity. If the patient is hypovolemic with high plasma renin, excessive hypotension has been reported.







 

	(h)Suggested drugs for specific clinical scenarios are shown in Table 15.2.Table 15.2Suggested drugs in particular clinical scenarios


	Clinical scenario
	Suggested drugs

	Cardiac ischemia
	Nitroglycerin, nitroprusside, or nicardipine plus a beta blocker such as esmolol, labetalol, or metoprolol

	Pulmonary edema/congestive heart failure
	Nitroglycerin, nitroprusside, or clevidipine; add beta blocker if tachycardic

	Aortic dissection
	Nitroprusside, clevidipine, or fenoldopam plus beta blocker such as labetalol or esmolol

	Renal dysfunction (hematuria or worsening creatinine)
	Fenolodopam [16]

	Catecholamine excess (pheochromocytoma, drug withdrawal, cocaine, amphetamines)
	Nicardipine, clevidipine, nitroprusside; benzodiazepines for cocaine

	Hypertensive encephalopathy
	Nicardipine, clevidipine, fenoldopam

	Ischemic stroke (if BP >220/120 if not receiving thrombolytics, or >185/110 if receiving thrombolytics)
	Nicardipine, clevidipine, fenoldopam

	Intracerebral hemorrhage (if BP >200 or mean >150)
	Nimodopine, nicardipine, clevidipine, fenoldopam

	Subarachnoid hemorrhage (if BP >160)
	Labetalol, nicardipine, clevidipine plus PO nimodopine for spasm reduction

	Pregnancy (>150/100)
	Labetalol, hydralazine, nitroglycerine if associated pulmonary edema







 




              

Evaluation for Secondary Causes of Hypertension
The prevalence of secondary hypertension is higher in patients who have presented with a hypertensive crisis compared with those who have not. Evaluation should be considered as guided by clinical presentation. Ten to forty-five percent of patients with hypertensive crises have renal artery stenosis [11]. Common secondary causes and suggested diagnostic strategies are outlined in Table 15.3.Table 15.3More common causes of secondary hypertension and suggested testing strategies


	Cause
	Screening test
	Definitive test

	Chronic renal disease
	UA/creatinine/renal ultrasound
	 
	Renovascular disease
	Duplex Doppler
	MRI, CT angiography

	Coarctation of aorta
	BP arms and legs
	Echo, MRI, CT angiography

	Primary aldosteronism
	Plasma and urinaryK
Plasma aldosterone/renin ratio
	Urinary aldosterone after salt load; adrenal CT; adrenal vein sampling

	Cushing’s disease
	Dexamethasone suppression
	 
	Pheochromocytoma
	Plasma free metanephrines
Urine metanephrines, catecholamines (falsely elevated during stress)
	 




Treatment of cocaine-induced hypertension includes benzodiazepines to reduce the central stimulatory effects of the cocaine, calcium antagonists, alpha blockers, and either nitroglycerin, nitroprusside, or clevidipine. Beta blockers are generally avoided because of the risk of removing beta-1 mediated vasodilation [12].


Evidence Contour
There are few high quality studies comparing various treatment modalities and outcomes for hypertensive crises. Those studies that are available generally are observational, demonstrating the ability of an agent to achieve target blood pressures in what timeframe, or comparing a newer drug with an established agent, (e.g., clevidipine versus nitroprusside, or nicardipine with labetalol); in general, they demonstrate that all agents described in this chapter have utility in appropriate circumstances, without clear superiority of one versus another.
Specific Subsets of Patients with Hypertensive Crisis May Warrant Specific Treatment Approaches

                	(a)Blood pressure control for acute neurologic syndromes. As discussed above, recommended target blood pressures vary in different neurologic syndromes, and clear guidance is not available for any of them (see Chapter 34) [8, 13].


 

	(b)The use of beta blockers in cocaine intoxication is unclear. The concern is that beta-blockade removes the beta mediated vasodilatation and thus can make the hypertension worse, and can make vasospasm worse. Given the significant recidivism rate, having patients on chronic beta-blockade may be unwise. However, in the presence of LV dysfunction or significant arrhythmias, the benefits may outweigh the risk, and at least one study raises the possibility that beta-blockers are not detrimental [14]. In general, however, most physicians avoid beta blockers.
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Case Presentation
A 49 year old male with a history of non-ischemic cardiomyopathy presented with worsening dyspnea on exertion, nausea, and three days of altered sensorium. A recent echocardiogram demonstrated severely reduced left ventricular ejection fraction (LVEF) of 15–20 %, moderate-to-severe functional mitral regurgitation, a dilated left ventricle, and a severely enlarged left atrium. At his prior office visits, electrocardiograms demonstrated sinus rhythm. He had been on a stable medical regimen of carvedilol 12.5 mg twice daily, lisinopril 40 mg daily, spironolactone 25 mg daily, furosemide 40 mg twice daily and he has not missed any of his medications. He denied dietary indiscretion or symptoms of infection. His heart rate was 106 beats per minute, blood pressure 88/60 mmHg, respiratory rate 26, temperature 98.8 F, and oxygen saturation 90 % on room air. On examination, he had cool extremities, elevated jugular venous pressure to the mandible while seated at 90°, bilateral rales half way up his lung fields, a prominent S3 gallop, a 3/6 holosysolic murmur best at the apex radiating to the axilla, and irregularly irregular, thready central pulses. He had 2+ pitting edema to his knees. He had no focal neurological deficits and his abdominal exam was unremarkable. His labs demonstrated a creatinine at 1.8 mg/dL, a sodium of 130 mmol/L, a potassium of 4.3 mmol/L, and a magnesium of 2.3 mg/dL. His lactate was 2.5. ECG is shown in Fig. 16.1.[image: A329322_1_En_16_Fig1_HTML.gif]
Fig. 16.112 Lead ECG with atrial fibrillation





Question
What is this rhythm?

Answer
Atrial fibrillation

This ECG demonstrates an irregularly irregular rhythm without discernable p-waves, consistent with atrial fibrillation (AF). The patient presented in cardiogenic shock. It was uncertain whether the AF was simply one manifestation of his decompensated heart failure or whether the onset of AF with a rapid ventricular rate was the primary reason for his decompensation, due to the rapid rate and loss of atrial contribution to ventricular filling. The duration of the arrhythmia was unknown, so the patient could not safely undergo elective cardioversion without anticoagulation and transesophageal echocardiography (TEE) to verify the absence of atrial thrombus. Because he was not hypotensive, immediate direct current cardioversion (DCCV) was not performed. Options for control of the ventricular rate were limited by his cardiogenic shock. He was admitted to the ICU where a heparin drip was initiated, and he was treated with intravenous furosemide. With diuresis alone, his shock state resolved, his creatinine, sodium, and lactate normalized, but his symptoms of dyspnea persisted. He underwent a TEE guided cardioversion, restoring sinus rhythm. He ultimately was discharged home with follow up with electrophysiology.

Principles of Management
Diagnosis
Conditions which increase the risk for new onset AF:
Triggers for Atrial Fibrillation

                  	Acute/chronic pulmonary: pneumonia, pulmonary embolism, COPD exacerbation, sleep apnea

	Heart failure, myocardial infarction, mitral valve disease

	Cardiac or thoracic surgery

	Acute or chronic hyperthyroidism, alcohol use




                

The incidence of AF increases steadily with advancing age. AF is commonly classified into three categories: paroxysmal, persistent (sustained longer than 7 days), or permanent [1]. Physical exam demonstrates an irregularly irregular heart rate on auscultation of the heart and palpation of the pulse. ECG findings include a variable R-R interval, with no discernable P-wave preceding each QRS complex. R-R variability may be less apparent at elevated heart rates (Fig. 16.2).[image: A329322_1_En_16_Fig2_HTML.gif]
Fig. 16.2R-R variability with very high ventricular rates





Echocardiograms demonstrate absence of A waves on pulse- and continuous-wave Doppler of the mitral valve in the apical views, along with a single E wave on M-Mode of the mitral valve in the parasternal long axis view (Fig. 16.3).[image: A329322_1_En_16_Fig3_HTML.gif]
Fig. 16.3Mitral inflow pattern in atrial fibrillation, with no atrial contraction, just passive filling (E wave only, no A wave)





AF may be asymptomatic or associated with a spectrum of symptoms ranging from palpitations to those of heart failure or cardiogenic shock, severe dyspnea, and lack of energy.

Physiologic Effects
The deleterious effects of AF come in two primary categories: hemodynamic embarrassment and cardioembolism. Hemodynamically, AF results in the lack of mechanical contraction of the left atrium, resulting in depressed preload of the left ventricle. In the setting of heart failure with reduced ejection fraction (HFrEF) or severe aortic stenosis, this acute loss of atrial “kick” can result in a meaningful decline in cardiac stroke volume and cardiac output [2]. Patients with heart failure with preserved ejection fraction (HFpEF) are exquisitely sensitive to preload so acutely lowering their preload conditions can have rapid deleterious effects on their cardiac function. The same principle applies to patients with hypertrophic obstructive cardiomyopathy (HOCM) and pulmonary hypertension [3]. In structurally normal hearts, some patients may be quite symptomatic from the loss of the atrial “kick”, and others may be asymptomatic. In many asymptomatic patients, their first sign of the arrhythmia is an embolic event such as a stroke [4].
A patient’s risk of embolic events such as cerebrovascular accidents (CVAs) or ischemic bowel can be calculated using a prognostic model such as the CHADS2-Vasc score that is available through a variety of online risk calculators (e.g. http://​www.​mdcalc.​com/​cha2ds2-vasc-score-for-atrial-fibrillation-stroke-risk/​) (Table 16.1) [5]. This model has been validated and helps clinicians and patients understand the long term risk for embolic events [6].Table 16.1CHADS2-Vasc score [5]


	Risk factor
	Score

	
Congestive heart failure/LV dysfunction
	1

	
Hypertension
	1

	
Age ≥ 75 y
	2

	
Diabetes mellitus
	1

	
Stroke/TIA/TE
	2

	
Vascular disease (prior myocardial infarction, peripheral artery disease, or aortic plaque)
	1

	
Age 65–74 y
	1

	
Sex category (i.e. female gender)
	1





Another model, the HAS-BLED score, uses similar inputs, but can help calculate the possibility of a severe bleeding event during anticoagulation (e.g. http://​www.​mdcalc.​com/​has-bled-score-for-major-bleeding-risk/​) (Table 16.2) [7]. These models help predict risk of ischemic events over the course of years, so apply less to the acute inpatient management of patients with AF.Table 16.2HAS-BLED score [7]


	Letter
	Clinical characteristic
	Points awarded

	H
	Hypertension
	1

	A
	Abnormal renal and liver function (1 point each)
	1 or 2

	S
	Stroke
	1

	B
	Bleeding
	1

	L
	Labile INRs
	1

	E
	Elderly
	1

	D
	Drugs or alcohol (1 point each)
	1 or 2






Treatment Strategies
Aligned with physiologic effects, treatment of AF has two main goals: hemodynamic and embolic risk mitigation. There are two potential strategies to mitigate the hemodynamic impact of AF rate control and rhythm control. Long-term outpatient management of AF was assessed in the AFFIRM trial and despite long-standing debate as to the applicability of the outcome, no significant mortality benefit to rhythm control was identified [8]. Inpatient management of AF is more guided by symptoms and clinical presentation.
Rate Control
Patients with AF frequently present with rapid ventricular rates which drive their symptoms. Heart rate control is achieved by two main classes of medications: beta-blockers and calcium channel blockers. Both classes of medications slow AV nodal conduction and exert negative inotropic effects. Care must be exercised with the use of these agents, particularly in patients with HFrEF, because of their negative inotropic effects. Diltiazem carries a greater risk of inducing cardiogenic shock and even death in patients with HFrEF, especially if they are in a decompensated state, versus metoprolol. Esmolol may be a reasonable option with very rapid offset that can be trialed in patients who may not tolerate rate controlling agents with negative inotropic effects. Digoxin has modest efficacy but is sometimes the best alternative when beta-blockers and calcium channel blockers are not tolerated. Extrapolation of data from the RACE 2 trial suggests that targeting a heart rate of less than 110 bpm is a safe management strategy, assuming hemodynamic stability (Table 16.3) [9].Table 16.3Common dosage of intravenous medications for rate control of AF


	 	Intravenous administration
	Usual oral maintenance dose

	
                              Beta blockers
                            
	 	 
	Metoprolol tartrate
	2.5–5.0 mg IV bolus over 2 min; up to 3 doses
	25–100 mg BID

	Esmolol
	500 mcg/kg IV bolus over 1 min, then 50–300 mcg/kg/min IV
	N/A

	
                              Nondihydropyridine calcium channel antagonists
                            
	 	 
	Verapamil
	0.075 − 0.15 mg/kg IV bolus over 2 min; may give an additional 10.0 mg after 30 min if no response, then 0.005 mg/kg/min infusion
	180–480 mg QD (ER)

	Diltiazem
	0.25 mg/kg IV bolus over 2 min, then 5–15 mg/h
	120–360 mg QD (ER)

	
                              Others
                            
	 	 
	Digoxin
	0.25 mg IV with repeat dosing to a maximum of 1.5 mg over 24 h
	0.125–0.25 mg QD

	Amiodaronea

	300 mg IV over 1 h, then 10–50 mg/h over 24 h
	100–200 mg QD



aAmiodarone should not be used when cardioversion is contraindicated such as in patients not previously anticoagulated





Rhythm Control
This method is preferred for patients with acute hemodynamic collapse, acute severe symptomatic AF with controlled rates, and patients in whom AF worsens their symptoms from heart failure. The options for rhythm control include antiarrhythmic medications, direct current cardioversion (DCCV), and/or catheter ablation. DCCV should be considered in patients who are displaying evidence of cardiogenic shock, not solely defined as low blood pressures, but with evidence of end organ hypoperfusion possibly contributed to by loss of atrial contraction. This can be particularly important in preload dependant states such as severe aortic stenosis and hypertrophic obstructive cardiomyopathy. Antiarrhythmic medications are used in accordance with ACC/AHA guidelines and emphasize the importance of structural heart disease and coronary artery disease in the selection of the safest and most effective medication (Fig. 16.4; see ACCF/AHA guidelines http://​content.​onlinejacc.​org/​article.​aspx?​articleid=​1854230) [1].[image: A329322_1_En_16_Fig4_HTML.gif]
Fig. 16.4ACCF/AHA guidelines for selection of antiarrhythmic drug therapy for AF






Stroke Prevention
Anticoagulation is critical in patients with AF. Commonly used medications include intravenous unfractionated heparin or subcutaneous low-molecular weight heparin. Prior to undergoing DCCV or chemical cardioversion, patients need to be therapeutic on anticoagulation and most should undergo a TEE, assessing for the presence of left atrial appendage thrombus, if a prolonged period of anticoagulation (≥4 weeks) is not possible prior to elective cardioversion [10]. If an atrial thrombus is present, it is recommended to maintain therapeutic anticoagulation for at least 1 month, after which a repeat TEE should be performed to assess for resolution of the thrombus [11]. With no thrombus present in the left atrial appendage, DCCV can be performed safely while on anticoagulation. The highest risk of embolic phenomena is present within the first month after DCCV, so diligence must be applied to anticoagulation during this period. For patients who acutely develop AF within the hospital or the exact time of onset is known via symptomatology, risk benefit ratio lies in favor of DCCV without TEE guidance if done within the first 48 hours [1].


Other Supraventricular Tachycardias (SVT)
Aside from AF, other non-sinus supraventricular tachycardias are common in critically ill patients. Like AF, these are narrow complex tachycardias unless there is aberrant conduction. These are typically divided according to the relationship between the R-wave and the P-wave, so called short- or long-RP tachycardia. See Table 16.4 and Fig. 16.5 for the differential of short- and long-RP tachycardia.Table 16.4Differential of short- and long-RP tachycardias


	Short RP tachycardias
	Long RP tachycardias

	Typical AV nodal reentrant tachycardia
	Atrial tachycardia

	AV reentrant tachycardia using accessory pathway
	Sinus tachycardia

	Atrial tachycardia with first degree AV block
	Atrial flutter

	Junctional tachycardia
	AV reentrant tachycardia




[image: A329322_1_En_16_Fig5_HTML.gif]
Fig. 16.5(a) Short RP tachycardia, (b) Long RP tachycardia (Courtesy: Icyberrounds.com)





Hemodynamically, these SVTs can have similar features to AF. In the setting of hemodynamic instability and hypotension, DCCV is an appropriate first response. Diagnosis and acute management often fall under the same action, as many SVTs rely on the AV node for completing their circuit. Breaking that circuit, either with a vagal maneuver or administration of intravenous adenosine, can both reveal and abolish the re-entrant rhythm (Fig. 16.6).[image: A329322_1_En_16_Fig6_HTML.gif]
Fig. 16.6Termination of SVT with adenosine (Courtesy: emedu.org)





To identify the rhythm, it is recommended to have a 12 lead rhythm strip recording while administering adenosine, so as to capture the termination of the rhythm and possibly to reveal underlying re-entrant rhythm by unveiling flutter waves (Table 16.5).Table 16.5Effect of adenosine on short RP and long RP tachycardias


	Short RP tachycardias
	Effect of adenosine
	Long RP tachycardias
	Effect of adenosine

	Typical AV nodal reentrant tachycardia
	Terminates
	Atrial tachycardia
	Creates AV-block revealing underlying atrial tachycardia and slowing the ventricular rate

	AV reentrant tachycardia using accessory pathway
	Terminates
	Sinus tachycardia
	Creates AV-block revealing underlying atrial rhythm and slowing the ventricular rate

	Atrial tachycardia with first degree AV block
	Creates AV-block revealing underlying atrial tachycardia and slowing the ventricular rate
	Atrial flutter
	Creates AV-block revealing underlying atrial flutter and slowing the ventricular rate

	Junctional tachycardia
	Terminates
	AV reentrant tachycardia
	Terminates





Certain rhythms, such as atrial flutter, can benefit from a standard catheter ablation, otherwise, treatment with beta-blockers is recommended for short and long term management. If these do not maintain sinus rhythm, catheter ablation may be attempted.


Evidence Contour
Despite the prevalence of AF (>9 % of Medicare patients in 2010) management still is quite challenging [12]. Certain populations of patients present challenges in dealing with this disease.
High Bleeding Risk in Post-operative Cardiac Surgery Patients
Some studies have demonstrated a near 25 % risk for the development of post-operative AF in patients undergoing cardiothoracic surgery [13]. The development of AF increases hospital length of stay and morbidity [14]. Strategies here often focus on rhythm control, most often achieved with the antiarrhythmic amiodarone [15]. Anticoagulation with heparin products may pose a prohibitive risk for bleeding, so discussion with the surgical team is recommended prior to initiation of anticoagulation in these patients.

Concurrent Inotropic Support
The onset of AF can complicate management of patients with cardiogenic shock on intravenous inotropic support. In these patients, rhythm control is not always possible as the adrenergic stimulus from the inotropic infusions is significantly arrhythmogenic. Rapid ventricular rates are frequently encountered, and rate control is both a challenge and there are no clinical studies to serve as a guide to therapy. Amiodarone and digoxin can be used in these cases, mainly for their rate control effects. Care must be exercised with digoxin in elderly patients, along with those impaired kidney function. Amiodarone should be used with caution in patients with underlying lung, liver, or thyroid disease.

Rhythm Control in HFrEF
In a subset of the AFFIRM trial, rhythm control was preferred in patients with HFrEF [16]. In patients with HFrEF and cardiac resynchronization therapy devices, rhythm control has a lower mortality [17]. For these reasons, it is recommended to try a rhythm control strategy for patients with HFrEF who are still symptomatic with rate controlled AF [1].
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Case Presentation
A 71 year old male with a history of hypertension, hyperlipidemia, and coronary artery disease, with coronary artery bypass grafting 15 years earlier, presented with repeated episodes of lightheadedness over the course of several hours. In the emergency department he was found to be in monomorphic VT at a rate of 206 beats per minute (Fig. 17.1). He was urgently cardioverted to normal sinus rhythm and administered a 150 mg bolus of intravenous amiodarone followed by a continuous infusion. A 12-lead electrocardiogram revealed non-specific T-wave abnormalities. Subsequently, he had intermittent episodes of third degree atrioventricular block with a ventricular escape rhythm at 50 beats per minute. Initial laboratory investigation was significant for potassium of 3.9 mEq/L, magnesium of 1.8 mg/dL, white blood cell count of 22.6 K, and cardiac troponin I of 0.13 ng/mL. He was transferred to the cardiac intensive care unit where he continued to have frequent episodes of monomorphic VT.[image: A329322_1_En_17_Fig1_HTML.gif]
Fig. 17.1Monomorphic ventricular tachycardia





Question
What approach should be taken in management of multiple recurrences of ventricular arrhythmias over a short period of time, i.e. VT storm?

Answer
Antiarrhythmic medications and correction of the arrhythmia trigger(s).

The patient was initially treated with intravenous amiodarone and external defibrillation for episodes of VT. A temporary transvenous pacemaker was inserted to prevent bradycardia in the setting of intermittent complete atrioventricular block. Electrolytes were repleted. Intravenous lidocaine was added for breakthrough episodes of VT. Benzodiazepines were administered to ameliorate anxiety. Echocardiography showed left ventricular systolic dysfunction, with an estimated ejection fraction of 30 %. Right heart catheterization revealed elevated intracardiac filling pressures and a cardiac index of 1.9 L/min/m2. An endomyocardial biopsy was negative for signs of inflammation or myocarditis. Left heart catheterization demonstrated severe native three vessel disease with an atretic left internal mammary artery (LIMA) graft to the left anterior descending (LAD) coronary artery, and patent vein grafts to obtuse marginal (OM2), diagonal branch (D1), and right coronary artery (RCA). A drug eluting stent was placed in mid LAD. There was no significant elevation in serum troponin levels. No further episodes of VT were observed, even after discontinuation of lidocaine. The patient received an implantable cardioverter defibrillator (ICD) and was discharged home on a long-acting beta blocker.
Three weeks later the patient presented with pre-syncope and palpitations. ICD interrogation revealed multiple episodes of VT resulting in defibrillator shocks. Intravenous amiodarone was initiated, but VT continued to recur. An intra-aortic balloon pump was placed with subsequent resolution of the VT. He then underwent electro-anatomic mapping followed by radiofrequency catheter ablation, after which he had no further VT.

Principles of Management
Diagnosis
Ventricular arrhythmias include a broad spectrum of rhythm disorders, which may have no clinical consequence or may result in sudden cardiac death. Patients at high risk for ventricular arrhythmias are those with ischemic heart disease, myocarditis, underlying structural heart disease, inherited or acquired channelopathies, drug intoxication, electrolyte derangement, and hyperthyroidism (Table 17.1). However, ventricular arrhythmias may occur in the absence of any of these predisposing factors. The diagnosis of ventricular arrhythmias may be suggested by the clinical presentation, but confirmation requires electrocardiographic recording.Table 17.1Approach to common etiologies of ventricular arrhythmias


	Etiology
	History
	Evaluation
	Treatment

	Myocardial ischemia
	Chest pain, dyspnea
	ECG, echocardiography, stress testing, coronary angiography
	Coronary revascularization, beta blockers, intra-aortic balloon pump, ablation

	Channelopathies
	Syncope, family history of sudden death
	ECG, exercise testing, provocative pharmacological testing
	Removal of QT-prolonging drugs, intravenous magnesium, potassium replacement, temporary pacing, sympathectomy, ICD

	Myocarditis
	Flu-like symptoms, chest pain
	ECG, echocardiography, cardiac MRI, endomyocardial biopsy
	Amiodarone, beta blockers, ICD, steroids in selected cases where indicated for subtypes of myocarditis

	Electrolyte imbalance
	Renal failure, dehydration
	Serum electrolytes, ECG
	Correction of electrolytes

	Cardiomyopathy
	Symptoms of heart failure
	Echocardiography, coronary angiography, cardiac MRI
	Amiodarone, beta blockers, ICD

	Sarcoidosis
	Lung involvement
	Cardiac MRI, biopsy
	Steroid therapy, immunomodulating agents, ICD

	Arrhythmogenic right ventricular cardiomyopathy
	Palpitations, syncope, dyspnea, family history
	ECG, cardiac MRI, genetic testing
	Beta blockers, ICD, amiodarone

	Drug intoxication
	Drug abuse, use of QT prolonging medications or digoxin
	ECG, serum drug levels
	Stop offending agent

	Hyperthyroidism
	Anxiety, palpitations, heat intolerance
	Thyroid hormone studies
	Beta blockers, glucocorticoids, anti-thyroid medications





Classification of VT
Ventricular arrhythmias are subdivided into non-sustained (premature ventricular contractions and non-sustained VT) and sustained (defined as VT lasting for more than 30 s or VF). VT may be monomorphic or polymorphic, with torsades de pointes representing a specific form of polymorphic VT occurring in the setting of a prolonged QT interval. Electrical storm is defined as 3 or more episodes of sustained VT, VF, or appropriate ICD therapies during a 24-h period. This condition has variably been referred to as “VT storm” or “VT cluster”. An important subgroup of electrical storm is incessant VT, which refers to repeated recurrence within 5 min of a technically successful therapy. Management of sustained ventricular arrhythmias is essential aspect of critical care medicine.

Monitoring and Testing
Patients presenting with a suspicion of ventricular arrhythmias should undergo continuous electrocardiographic monitoring in a setting in which appropriate care can be rapidly deployed. A 12-lead ECG should be obtained at baseline and assessed for evidence of ischemia, underlying structural heart disease, and the various channelopathies, such as long QT syndrome or Brugada syndrome (Fig. 17.2). Every attempt should be made to obtain a 12-lead ECG during the occurrence of a ventricular arrhythmia. Confirmation of the presence of a ventricular arrhythmia may require prolonged electrocardiographic monitoring (inpatient or outpatient) (Fig. 17.3), or invasive electrophysiologic testing. Once the diagnosis of a ventricular arrhythmia has been confirmed, further studies should be obtained as clinically indicated in order to elucidate the underlying cause. These may include: serum electrolyte testing, thyroid studies, screening for drugs of abuse, echocardiography, cardiac magnetic resonance imaging, coronary angiography, endomyocardial biopsy, exercise electrocardiography, and provocative pharmacological testing. A family medical history should be assessed for sudden death or known cardiomyopathies. Myocardial ischemia should be considered in all cases of polymorphic VT and ventricular fibrillation with coronary angiography being appropriate early in the evaluation in most cases.[image: A329322_1_En_17_Fig2_HTML.gif]
Fig. 17.2Electrocardiographic tracings in Brugada syndrome. (a) Type 1; “coved type” ST-T segment configuration. (b) Type 2; “saddle back” pattern




[image: A329322_1_En_17_Fig3_HTML.gif]
Fig. 17.3(a) Monomorphic ventricular tachycardia. Atrioventricular dissociation can be seen. (b) Ventricular tachycardia with fusion beat (hybrid complex of supraventricular and ventricular activation) followed by a capture beat. (c) Supraventricular tachycardia with aberrancy. Atrioventricular dissociation and fusion beats are absent. RS complexes in precordial leads are evident







General Measures
Non-sustained VT (Fig. 17.4) is encountered very commonly in the intensive care unit among patients with structural heart disease. In general, no specific therapy is required for asymptomatic patients other than electrolyte repletion and treatment of the underlying condition. For frequent or symptomatic non-sustained VT, however, treatment with beta blockers should be considered. Patients who are not otherwise candidates for an ICD for primary prevention of sudden death, for example, those with non-sustained VT, a history of MI, and moderate left ventricular systolic dysfunction (EF >35 to 40 %), may be considered for electrophysiology study (EPS) when stable in order to determine if an ICD is indicated.[image: A329322_1_En_17_Fig4_HTML.gif]
Fig. 17.4Non-sustained ventricular tachycardia





In patients with sustained ventricular arrhythmias, it is essential that diagnostics and treatments be implemented simultaneously (Fig. 17.5). For patients with cardiac arrest from pulseless VT or VF, guideline-directed ACLS – including rapid defibrillation – should be implemented immediately. When an ICD is present, device interrogation and, if necessary, reprogramming should be performed by a qualified practitioner to ensure the delivery of appropriate therapy and to avoid shocks for non-life-threatening arrhythmias [1]. Triggers of ventricular arrhythmias such as ischemia, electrolyte imbalances, decompensated heart failure, bradycardia, drug intoxication, and hyperthyroidism, should be identified and treated. Heart failure is an under-recognized trigger for new or a significant change in pattern of ventricular arrhythmias in patients with structural heart disease. In patients with VT storm requiring multiple shocks, pain control and sedation with narcotics and/or benzodiazepines should be provided to aid in reducing sympathetic tone. In patients with VT that is refractory to these measures, it is often beneficial to intubate and deeply sedate such patients to further suppress sympathetic activation from pain and anxiety.[image: A329322_1_En_17_Fig5_HTML.gif]
Fig. 17.5Algorithm for assessment and management of sustained ventricular arrhythmias. VT ventricular tachycardia, VF ventricular fibrillation, ACLS advanced cardiac life support, CICU cardiac intensive care unit, EP electrophysiology, ICD implantable cardioverter defibrillator, IABP intra-aortic balloon pump, ECMO extracorporeal membrane oxygenation





A multi-disciplinary approach is appropriate for most patients with sustained ventricular arrhythmias requiring intensive care. The critical care specialist should work closely with the electrophysiology team, and also consider consultation with interventional cardiologists and/or specialists in advanced heart failure as dictated by the specific needs of the patient.

Beta Blockers
Beta blockers should be used in the initial phase of treatment for most patients with ventricular arrhythmias [2]. These drugs play an important role in reducing ischemia, decreasing sympathetic tone, and increasing the fibrillation threshold. Nonrandomized data suggests that intravenous propranolol may be the beta blocker of choice in this setting. However, short-acting metoprolol is a reasonable alternative that is used commonly in clinical practice. In patients with relative hypotension, esmolol is preferred due to its very short half-life [3]. The beta blocker dose should be titrated to maintain a heart rate of 45–60 beats per minute. Insufficient advancement of beta blocking agents is a common error in the management of patients with symptomatic VT. Nevertheless, beta blocker therapy may be limited by bradycardia, hypotension, heart block, and bronchospasm.

Amiodarone
Intravenous amiodarone blocks fast sodium channels and L-type calcium channels, and inhibits norepinephrine release. Amiodarone is highly effective, and has been proven to be superior to other antiarrhythmic agents in suppressing ventricular arrhythmias [4–6]. Amiodarone is given as 150 mg bolus over 10 min (300 mg IV push for cardiac arrest) followed by a continuous infusion, with supplemental boluses given as needed for arrhythmia recurrence. Because of its potential to cause severe phlebitis, intravenous amiodarone should be administered via central venous access whenever possible. During short-term use, amiodarone has few side effects but can occasionally cause hypotension. Although amiodarone can increase the QTc interval, precipitation of torsades de pointes occurs rarely (<1.0 %) [7].

Lidocaine
Lidocaine blocks fast sodium channels in a use-dependent fashion and does not prolong the QT interval. It is effective in suppressing ventricular arrhythmias occurring in the setting of acute ischemia, but otherwise lidocaine has weak antiarrhythmic properties [5]. In patients resuscitated from VF, administration of lidocaine was associated with reduced survival compared to amiodarone [8]. In the absence of acute ischemia, lidocaine use should be considered if sustained ventricular arrhythmias are refractory to beta blockers and amiodarone. Lidocaine is administered as a bolus dose of 0.5–0.75 mg/kg every 5–10 min (maximum 300 mg total) until the arrhythmia is suppressed, followed by an infusion at 1–4 mg/min. A second bolus of lidocaine 0.5 mg/kg after 20–40 min should be considered because of significant redistribution of the drug. Notable side effects include bradycardia and central nervous system toxicity. Lidocaine is metabolized in the liver and excreted in the urine. Lidocaine should be administered with caution and the maintenance dose adjusted downward in patients with liver disease or decompensated heart failure. Daily serum lidocaine levels should be monitored (therapeutic range: 1.5–5 mcg/mL) and the dose adjusted accordingly.

Digoxin Immune Fab
In patients with sustained ventricular arrhythmias due to digoxin toxicity, anti-arrhythmic drugs are not effective. Digoxin specific Fab antibody should be administered, and temporary pacing should be instituted in the presence of advanced AV block. Common arrhythmias due to digoxin toxicity are:

                	Atrioventricular block

	Ectopic atrial tachycardia

	Junctional rhythm

	Ventricular premature beats

	Ventricular tachycardia

	Ventricular fibrillation

	Sinus bradycardia

	Sinoatrial block




              


Evidence Contour
There are very few randomized trials addressing the acute management of ventricular arrhythmias. Therefore, much of the treatment is based on expert opinion and experience. In particular, the treatment of ventricular arrhythmias which are refractory to the standard treatments outlined above remains an area of great uncertainty.
Anti-arrhythmic Drug Therapy
There are limited randomized data to guide anti-arrhythmic drug therapy of VT. Intravenous amiodarone is widely used as the initial anti-arrhythmic agent due to its high efficacy and excellent short-term safety profile. Beta blockers play an essential role in suppressing sympathetic activity and should be used in addition to amiodarone to maintain rhythm stability. Other than in the setting of acute ischemia, intravenous lidocaine is only modestly effective in terminating ventricular arrhythmias but may be a useful adjunct when amiodarone and beta blockade have been unsuccessful.

Mechanical Circulatory Support – IABP
Placement of an IABP may be useful in the short-term management of patients with refractory ventricular arrhythmias, particularly in the setting of acute ischemia and/or decompensated heart failure, when initial pharmacotherapy and reversal of identified triggers have been unsuccessful. The IABP is placed percutaneously, and may be implanted at the bedside in unstable patients. IABPs increase coronary perfusion, relieve ischemia, and unload the left ventricle, potentially serving as a bridge until a more definitive treatment may be implemented. The effectiveness of the IABP in refractory ventricular arrhythmias has been demonstrated in several case series [9]. Adverse effects are uncommon, but include bleeding, infection, and limb ischemia.

Advanced Mechanical Circulatory Support – ECMO
In rare cases, when VT is incessant and hemodynamically significant, complete mechanical circulatory support may become necessary. Veno-arterial extracorporeal membrane oxygenation (V-A ECMO) involves using a centrifugal pump to remove blood from the venous system, circulate it through an oxygenator, and return oxygenated blood to the arterial circulation. ECMO can be instituted either percutaneously or surgically. In case series, ECMO has shown to facilitate termination of ventricular arrhythmias when other treatments had been exhausted [10]. In addition, ECMO supports the coronary circulation, relieves hypoxia, preserves vital organ perfusion, and allows time to proceed to other definitive treatments. Complications are fairly common, particularly bleeding and limb ischemia.

Radiofrequency Catheter Ablation
Catheter ablation alters the substrate for reentry, and may be useful in critically ill patients with ventricular arrhythmias in whom other modalities have been unsuccessful. This technique, including endocardial and/or epicardial ablation, can be technically challenging, particularly in the setting of multiple reentry circuits or unstable ventricular arrhythmias. Mechanical circulatory support is often useful to allow for proper mapping when the VT is poorly tolerated. Catheter ablation has been demonstrated to be efficacious in treating refractory electrical storm, with a reduction in recurrent VT and cardiac death [11, 12]. Vascular injury, thromboembolism, and cardiac tamponade are potential complications.

Transcoronary Ethanol Ablation
In patients with recurrent VT despite drug therapy and catheter ablation, transcoronary ethanol ablation may be used to treat VT of deep intramyocardial origin. The technique involves the infusion of ethanol – which is toxic to the myocardium – into the coronary artery branch supplying the reentry circuit [13]. Transcoronary ethanol ablation has been shown to prevent the recurrence of VT in a small group of highly selected patients after failed radiofrequency ablation [14]. Complications include myocardial injury, heart block, and ventricular rupture.

Cardiac Sympathetic Denervation
Limited data suggests that surgical sympathectomy may be of benefit in cases of refractory ventricular arrhythmias and VT storm. In a recently published case series involving 41 patients who had previously failed anti-arrhythmic drug therapy and VT ablation, bilateral surgical cardiac sympathetic denervation resulted in a clinically significant reduction in the number of ICD shocks in 90 % of patients and a shock-free survival rate of 50 % at 1 year [15].
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Case Presentation
A 42-year-old man with a history of hypertension presented to the Emergency Department (ED) with complaints of severe chest and back pain. He reported the pain started shortly after lifting his wife in a bear hug while celebrating Valentine’s Day. He had no relief of his symptoms with acetaminophen or ibuprofen, so his wife called emergency medical services. On arrival to the ED, he was noted to be hypertensive (172/101 mmHg), diaphoretic, and complaining of severe, sharp chest pain radiating to his back. He had nausea and progressively worsening shortness of breath. His blood work was unremarkable, including cardiac troponin. ECG showed mild non-specific ST segment abnormalities. Initial chest roentogram (CXR) was significant for pulmonary edema and a widened mediastinum (Fig. 18.1). CTA of the chest was done and shown in Fig. 18.2.[image: A329322_1_En_18_Fig1_HTML.jpg]
Fig. 18.1Initial chest x-ray with evidence of pulmonary edema and widened mediastinum




[image: A329322_1_En_18_Fig2_HTML.jpg]
Fig. 18.2CTA chest showing the dissection flap (black arrow) at the level of the descending aorta





Question
What is the initial approach to the management of a patient with acute aortic dissection?

Answer
Blood pressure control, evaluation for involvement of the aortic root, or end-organ malperfusion.

Acute aortic dissection, regardless of the location, requires strict blood pressure control and admission to an intensive care unit (ICU). Ascending aortic dissections are a surgical emergency and need immediate evaluation by cardiothoracic surgeons with emergent repair. All other dissections are usually managed with strict blood pressure control and urgent Cardiothoracic and Vascular Surgery consultations, unless there is evidence of end-organ hypoperfusion [1–3].
As pain can contribute to elevated blood pressures, the patient was given 4 mg Morphine IV with a modest improvement in his pain. However, he continued to have significant anxiety, shortness of breath and diaphoresis. After a discussion with the patient and his family, he was orotracheally intubated. An arterial line was placed into his right radial artery and his pressures were noted to be 170/100 s mmHg. Bilateral upper extremity cuff pressures correlated with pressures obtained from his arterial line. He was started on an esmolol drip at 10 mcg/kg/minute. This agent was quickly titrated up to 150 mcg/kg/minute (maximum infusion rate of 300 mcg/kg/minute) in order to obtain a goal heart rate <60 beats per minute (bpm) and a systolic blood pressure <120 mmHg. Despite high doses of esmolol with a heart rate <60 bpm, the patient’s blood pressure remained uncontrolled so a nitroprusside infusion was started at 0.25 mcg/kg/minute and increased up to 0.35 mcg/kg/minute (maximum dose 2 mcg/kg/minute). Blood pressures remained poorly controlled with the two agents and so a third agent, labetalol was added at 1 mg/minute and increased up to 6 mg/minute. The initiation of labetalol improved his BP and the esmolol drip was weaned off.
Concurrent to the patient’s blood pressure control, a STAT CTA chest was obtained upon the patient’s arrival, and was read as a dissection of the aortic arch starting at the innominate artery (brachiocephalic trunk) and extending to the descending aorta. Cardiothoracic Surgery and Vascular Surgery evaluated the patient and opted to medically manage him as the ascending aorta was not involved. Twelve hours later, a transthoracic echocardiogram (TTE) was performed and was concerning for aortic valve involvement. A transesophageal echocardiogram (TEE) was immediately performed which confirmed ascending aortic dissection with aortic insufficiency without pericardial tamponade (Figs. 18.3, 18.4, and 18.5, Video 18.1 and 18.2).[image: A329322_1_En_18_Fig3_HTML.jpg]
Fig. 18.3Apical 5 chamber view demonstrating marked dilatation of the proximal ascending aorta and dissection flap (arrow). AoV aortic valve, LV left ventricle, LA left atrium (Image courtesy of Priscilla Peters, BA, RDCS, FASE)
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Fig. 18.4Apical 5 chamber view revealing aortic regurgitation. White arrow points to the dissection flap. Red asterisk (*) at area of aortic regurgitation (Image courtesy of Priscilla Peters, BA, RDCS, FASE)
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Fig. 18.5Off-axis transesophageal echocardiogram revealing an ascending aortic dissection with a dissection flap (arrow)






Principles of Management
Definition
Acute aortic syndromes comprise a spectrum of disease involving the aorta, including penetrating aortic ulcers (PAU), intramural hematomas (IMH), and aortic dissection [2, 4]. Intramural hematomas develop as a result of a micro-tear within the vasa vasorum resulting in an intramedial hematoma that is characterized by the absence of an aortic entry or exit tear. The prevalence of IMH in patients found to have aortic dissections ranges from 4 to 22 %. The IMH may evolve to overt dissection or even rupture, with progression that may occur suddenly or be heralded by ongoing acute aortic syndrome. Fifty to 80 % may resolve completely but patients may also progress to dissection or develop an aneurysm later in their disease course. Resolution occurs more often in younger patients, and those with aortic diameter < 4–4.5 cm, hematoma thickness <1 cm, and therapy with beta-blockers [1, 2, 5, 6].
Penetrating aortic ulcers represent atherosclerotic plaques that have ulcerated into the medial layer of the aortic wall. The high pressure pulsatile flow of blood through the aorta can cause further erosion of this ulcerated plaque which, in turn, can result in instability of the aortic wall and can lead to IMH, dissection, and even aortic rupture. These lesions are uncommon in the ascending aorta because high flow is protective against atherosclerosis. However, if present, they usually rupture and are commonly fatal. Lesions in the ascending aorta can initially be treated medically with close observation. PAUs more commonly arise in the descending thoracic aorta [2, 4–6].
Anatomically, the ascending aorta is the section proximal to the brachiocephalic trunk and the descending aorta is distal to the left subclavian artery. The DeBakey and the Stanford classifications are the two most frequently utilized classification systems. The DeBakey classification system divides the dissection into 3 types. Type I involves both the ascending and descending aorta; Type II affects the ascending aorta only; and Type III is a dissection distal to the left subclavian artery. The Stanford classification simplifies this further. The dissection either affects the ascending aorta (Type A) or it remains distal to the left subclavian (Type B) [7]. Isolated aortic arch dissections do not fit neatly into any of these classification types, and there is debate as to whether they should be grouped with Type A or Type B dissections. Some have argued that the natural history approximates more closely that of Type B dissections and as such, isolated arch dissections do not require emergent surgical intervention. Other experts disagree [7, 8] (Fig. 18.6).[image: A329322_1_En_18_Fig6_HTML.jpg]
Fig. 18.6Different types of aortic dissection. DeBakey classification: (a) DeBakey Type 1. (b) DeBakey Type 2. (c) DeBakey Type 3. Stanford classification: (a, b) Stanford Type A. (c) Stanford type B (Image courtesy of J. Heuser/Creative Commons)





Risk factors for acute aortic dissection are varied. Hypertension is a predominant risk factor [9] but other factors include bicuspid aortic valve, cocaine use, Marfan syndrome (and other connective tissue disorders), blunt trauma, pregnancy, weight lifting (Valsalva maneuvers), previous aortic surgery, and large-vessel vasculitis, among others [1].

Diagnosis
Chest pain is a ubiquitous presenting complaint. In a patient with hypertension and chest pain radiating to the back, acute aortic syndrome must be considered and ruled out. While angiography had previously been the gold standard, CTA of the chest is now the standard of care to diagnose aortic dissection given its widespread availability and ease of use. MRI may also be used to augment findings although it is not the diagnostic study of choice for emergently imaging the aorta due to lesser availability and longer duration of image acquisition. TTE and TEE are other modalities that may be used to evaluate the aorta, particularly in a hemodynamically unstable patient for whom transport out of the department would be unsafe [2, 10, 11]. Although the quality of echocardiograms is operator dependent, TTE generally has a sensitivity of 59–83 % and a specificity of 63–93 % for diagnosing an ascending aortic dissection [5]. TEE has a sensitivity of close to 100 % with a specificity of 89 % for identifying an ascending aortic dissection, although it can be as low as 31–55 % for descending aortic aneurysms [6].

Medical Management
All Type B dissections, and rarely Type A dissections, are initially medically-managed with strict blood pressure control. Although no randomized trials have been conducted, beta-blockers have been the mainstay of treatment. An esmolol, labetalol, or propranolol continuous infusion is initiated in order to reduce shear force (dP/dt) exerted on the aortic wall. Unless hypotension is present, the goal systolic blood pressure is 100–120 mmHg and the target heart rate is 50–60 beats per minute [1, 3]. Esmolol is often favored as the initial agent as it is short-acting and can be rapidly weaned off if the patient experiences severe hypotension or bronchospasm (patients with severe COPD or asthma). If blood pressure is still poorly controlled with intravenous beta-antagonist agents, nitroprusside may be added. Nitroprusside should never be started as the initial agent as it may promote reflex tachycardia and increase dP/dt, thus propagating the dissection flap. If blood pressures are still poorly controlled or if beta-blocker use is contraindicated, an infusion of a non-dihydropyridine calcium-channel blocker may be used [1].
Patients with PAU and IMH are treated with blood pressure control similar to that used in aortic dissection. Surgery may be necessary if there is refractory chest pain or extension. Both conditions should be recognized as part of the spectrum of acute aortic diseases that require close monitoring and treatment. They require lifelong anti-hypertensive therapy and repeat aortic imaging at 3, 6, 9 and 12 months based on the size of the aorta [2, 5].
Upon discharge, beta-blocking agents, calcium-channel blockers, or angiotensin-converting enzyme inhibitors should be prescribed to maintain blood pressure control. The International Registry of Acute Aortic Dissection (IRAD) researchers found that, in general, beta-blockers were associated with mortality benefit in Type A dissections and in patients that were treated surgically, while patients with medically-managed Type B dissections had improved survival if discharged home with calcium channel blockers [3].

Surgical Intervention
Dissections involving the ascending aorta confer a high early mortality risk [12]. Previous studies reported a 1 % per hour mortality risk in patients with an untreated acute Type A aortic dissection [13]. Mortality is reduced from 90 % without surgical intervention to less than 20 % with surgery [13, 14]. Type B dissections are initially managed conservatively with strict blood pressure control unless there is evidence of malperfusion, persistent pain, or refractory hypertension; in such cases, emergent vascular surgery consultation and intervention is warranted. Delayed surgical intervention via endovascular repair is preferred to the open approach [9, 15, 16].

Complications
Aortic rupture and complications such as hypotension, neurologic deficits, shock, cardiac tamponade, pulse deficits, and kidney failure confer an even higher mortality rate [12]. Also, visceral malperfusion and extremity ischemia may occur.


Evidence Contour
A guideline-based approach to the management of patients with aortic dissection is provided in Fig. 18.7. However, the optimal approaches to diagnose and manage aortic dissection are still under investigation. Although no randomized control trials have been conducted to evaluate the best anti-hypertensive medication(s) to treat acute aortic syndromes, the mainstay of treatment is to start with an agent that will reduce shear stress and decrease heart rate. Other aspects of diagnosing and treating dissections, however, are still under significant debate.[image: A329322_1_En_18_Fig7_HTML.jpg]
Fig. 18.7Management of patients with aortic dissection





Diagnosis of Aortic Dissection
Various biomarkers have been evaluated to determine their usefulness in ruling out aortic dissection. Of the possible biomarkers, D-dimer seems to have the most clinical utility. D-dimer assays may be significantly elevated (greater than 1600 ng/mL) in the first 6 h [3, 4] and may be used to assist in the assessment of patients with suspected dissection. A low D-dimer level (<500 ng/mL) may offer a sufficiently high negative predictive value to rule out aortic dissection [17]. However, professional guidelines do not endorse routine use of d-dimer for this purpose. Other novel biomarkers are currently under investigation.

Medical Management of Type A Dissection
While surgical intervention has been established as the standard of care for an ascending aortic dissection, some proponents recommend that in patients with advanced age, coma, acute renal failure, shock, or need for re-do operation, medical management alone may be warranted as the risk of surgery is prohibitive [18, 19]. Other considerations for medical management are given to patients with completed stroke, co-morbid conditions that preclude a good quality of life, prior aortic valve replacement, and presentation to the hospital more than 48–72 h after onset of aortic dissection [19].

Surgical Intervention for Aortic Arch Dissections
Treatment of aortic arch dissections is a matter of some controversy. In the DeBakey classification system, the aortic arch is a separate entity that is not clearly accounted for. As such, several studies have evaluated whether aortic arch dissections require surgical intervention or if medical management alone is sufficient in uncomplicated cases. The initial IRAD studies showed that there was no difference in in-hospital mortality when comparing Type B dissections with or without aortic arch involvement. Additionally, it was found that aortic arch involvement was not an independent risk factor for mortality [8]. Recently, the German Registry for Acute Aortic Dissection Type A (GERAADA) study evaluated early mortality and new neurologic and malperfusion deficits among different surgical approaches for aortic arch replacement. They found that while there were more complications in the immediate post-operative period for the population treated with total arch replacement, there was no significant difference in 30-day mortality between the hemiarch and total arch groups [20]. They did not, however, compare arch replacement to medical management strategies. Nevertheless, other natural history studies suggest the risk of progression of isolated arch dissection is high and some experts argue for routine surgical management. Because of this uncertainty, we favor a team-based approach to evaluation and individualized decision-making.
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Case Presentation
A 56 year old male with a history of hypertension presented with a 2 month history of fevers, chills, anorexia, and weight loss with a 2 week history of worsening dyspnea and pedal edema. At the time of presentation, he had a blood pressure of 90/27 mmHg, with a heart rate of 80 beats per min, temperature of 38.0 °C, and required 8 L/min of oxygen to maintain saturations of 94 %. On exam, his jugular venous pressure was 7 cm above the sternal angle. He had bilateral lung crackles, a grade III/VI decrescendo diastolic murmur along the left lower sternal border, and bilateral pitting edema. His white blood cell count was 14,000 cells/μL. Two sets of blood cultures were drawn and empiric vancomycin, gentamicin, and ciprofloxacin were initiated. At 9 h, blood cultures were positive for pansensitive Streptococcus oralis and his antimicrobial therapy was changed to ceftriaxone. A transthoracic echocardiogram reported a mildly dilated left ventricle with normal systolic function, a trileaflet aortic valve with severe aortic insufficiency, and a large 15 mm aortic valve vegetation (Fig. 19.1, Videos 19.1 and 19.2). A computed tomography (CT) scan of his head reported a left frontal subacute infarction with associated petechial hemorrhage.[image: A329322_1_En_19_Fig1_HTML.gif]
Fig. 19.1Transthoracic echocardiogram documenting an aortic valve vegetation and severe aortic insufficiency in the parasternal long axis view and the 5-chamber apical view. Continuous wave Doppler signal of the aortic valve with a very short pressure half time suggestive of severe aortic insufficiency





Question
How should this patient’s native valve infective endocarditis (IE) be managed?

Answer
Antimicrobial therapy and aortic valve replacement.

All patients with IE should be initiated on early empiric guideline-recommended antibiotic therapy, and antimicrobials should be further guided by culture and sensitivities. Patients with severe mitral or aortic insufficiency causing congestive heart failure should be referred for early cardiac surgery to repair or replace the incompetent valve. Prior to surgery, this patient underwent a coronary CT scan, which reported a calcium score of 0. This test was done instead of a coronary angiogram to reduce the risk of dislodging the vegetation. A dental consultation excluded an oral abscess source. On post-admission day 2, he developed shock (blood pressure 70/20 mmHg) and flash pulmonary edema (Fig. 19.2). The patient was stabilized with non-invasive mechanical ventilation and vasopressors. Dopamine was selected to increase his blood pressure and his heart rate, with the intent of shortening diastolic filling time [1]. He underwent an emergent aortic valve replacement with a bioprosthetic valve. He was extubated and transferred to the surgical ward on post-operative day 2, and discharged home on post-operative day 6. An echocardiogram prior to discharge showed a normally functioning aortic bioprosthesis with no signs of infective endocarditis. Ceftriaxone was continued for a total of 6 weeks.[image: A329322_1_En_19_Fig2_HTML.gif]
Fig. 19.2Chest x-ray on post-admission day 2 showing severe pulmonary edema






Principles of Management
Epidemiology
The incidence of infective endocarditis is between 3 and 10 episodes per 100,000 person-years with a peak incidence during the ages of 70–80 of 14.5 episodes per 100,000 person-years [2–5]. Risk factors for IE include advanced age, poor dentition, injection drug use, structural heart disease (specifically valvular and congenital heart disease), the presence of prosthetic heart valves, and the presence of an intravascular catheter [6–10]. The most common micro-organisms responsible for native valve IE in order of likelihood are listed in Table 19.1 [11].Table 19.1Common causative microorganisms in infective endocarditis [11]


	Microorganism
	Frequency (%)

	
                            Staphylococcus aureus
                          
	31

	Coagulase-negative staphylococcus
	11

	Viridans group streptococci
	17

	
                            Streptococcus bovis
                          
	6

	Other streptococci
	6

	
Enterococcus species
	10

	HACEK organisms
	2

	Fungi/yeast
	2

	Polymicrobial
	1

	Negative cultures
	10

	Other
	4



Abbreviation: HACEK organisms include Haemophilus species, Aggregatibacter/Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, and Kingella species

Data from Murdoch et al. [11]





Diagnosis
Modified Duke criteria incorporate patient risk factors, physical exam findings, laboratory studies, and echocardiographic imaging to diagnose IE (Table 19.2) [12]. Importantly, three sets of peripheral venous blood cultures (aerobic and anaerobic) should be obtained from two sites (spatial separation) at 30 min intervals (temporal separation) prior to initiating antimicrobial therapy [1, 2]. Cultures should be investigated for typical and fastidious (e.g. HACEK organisms) pathogens. A transthoracic echocardiogram (TTE) is the first recommended imaging test in IE [1, 2]. Recognizing the TTE sensitivity of 40–63 % and specificity of 98 % [13, 14], a follow-up transesophageal echocardiogram (TEE) is recommended when: the TTE is non-diagnostic, the TTE is negative with a high index of suspicion of IE, structural cardiac complications are suspected, the patient has a prosthetic heart valve or an intra-cardiac device, or there is Staphylococcus aureus bacteremia [1, 2]. The reported sensitivity of TEE is 90–100 % [14, 15]. The reported negative predictive value of the original Duke Criteria is 92 % [16].Table 19.2Modified Duke criteria for infective endocarditis


	
                            Major criteria
                          

	1. Blood cultures positive for IE

	 a. Typical IE microorganism from two separate blood cultures

	– Viridans streptococci

	– Streptococcus bovis


	– HACEK group

	– Community-acquired enterococci

	 b. Microorganism consistent with IE from persistently positive blood cultures

	– Two blood cultures drawn > 12 h apart

	– All of three or a majority of ≥ 4 separate blood cultures (with first and last sample drawn at least 1 h apart)

	 c. Single positive blood culture for Coxiella burnetii or phase 1 IgG antibody titer > 1:800

	2. Evidence of endocardial involvement

	 a. Echocardiography positive for IE

	– Vegetation

	– Abscess

	– New partial dehiscence of prosthetic valve

	 b. New valvular regurgitation

	
                            Minor criteria
                          

	1. Predisposition

	– Predisposing heart condition

	– Injection drug use

	2. Fever – temperature > 38° Celsius

	3. Vascular phenomena

	– Major arterial emboli

	– Septic pulmonary infarcts

	– Mycotic aneurysm

	– Intracranial haemorrhages

	– Conjunctival haemorrhages

	– Janeway lesions

	4. Immunologic phenomena

	– Glomerulonephritis

	– Osler’s nodes

	– Roth’s spots

	– Rheumatoid factor

	5. Microbiological evidence

	– Positive blood culture but does not meet a major criterion

	– Serological evidence of active infection with microorganism consistent with IE

	
                            Diagnosis
                          

	Definite IE
	Possible IE

	 2 major criteria
	 1 major and 1 minor criteria

	 1 major and 3 minor criteria
	 3 minor criteria

	 5 minor criteria
	 

Data from Li et al. [12]





Antimicrobial Therapy
For acutely ill patients, an empiric antibiotic regimen of intravenous vancomycin, gentamicin, and ciprofloxacin or amoxicillin-clavulanate and gentamicin has been recommended [2]. However, initial empiric therapy should take into account local patterns of antibiotic resistance. In patients with prosthetic valves within 1 year of surgery, empiric therapy with vancomycin, gentamicin, and rifampin is recommended; rifampin should be initiated once cultures have cleared so as to reduce development of resistance [2]. Antimicrobial therapy and duration should be tailored to the specific organism and sensitivity according to published guidelines. The duration of therapy consists of a minimum of 4–6 weeks of intravenous antibiotics; the duration should be guided by guideline organism-specific recommendations [2].

Indications for Surgery
Cardiac surgery is recommended in the treatment of IE in the following situations [1, 17]: (1) aortic or mitral valve obstruction or regurgitation with heart failure, shock, severe regurgitation, or echocardiographic evidence of hemodynamic deterioration (early mitral valve closure or pulmonary hypertension); (2) locally uncontrolled infection or extension (abscess, fistula, aneurysm, heart block, or enlarging vegetation); (3) fungal, multidrug resistant, or highly resistant organisms; (4) Persistent bacteremia > 5–10 days despite appropriate antimicrobial therapy; (5) recurrent embolization with persistent vegetations; (6) vegetation > 15 mm; (7) prosthetic valves with relapsing infections.

Follow-Up Evaluation
Daily blood cultures should be drawn until the resolution of bacteremia. New infectious signs (e.g. fever) or clinical evidence of structural complications (e.g. heart failure or valvular regurgitation) merits re-initiating blood culture surveillance as described in the diagnosis section. Electrocardiographic surveillance is particularly important in patients at risk for new atrioventricular block including those with aortic valve endocarditis, microorganisms prone to peri-valvular abscess formation (e.g. Staphylococcus aureus), and patients with new atrioventricular block. We recommend routine electrocardiographic surveillance until blood cultures are negative and intermittently throughout the course of antimicrobial therapy – particularly in patients at high risk of new atrioventricular block including those with aortic valve endocarditis and microorganisms prone to peri-valvular abscess. Serial echocardiographic imaging has been recommended for both diagnosis and follow-up. A study in 2004 reported that in patients with a clinical suspicion of IE and a negative first TTE or TEE echocardiogram, a second or third TTE diagnosed an additional 26.7 % of patients with IE, while a second or third TEE diagnosed an additional 19.7 % [18]. Repeat imaging is also recommended when a new complication of IE is suspected (e.g. recurrent fever, new murmur, new embolus). At the completion of therapy, current guidelines, based largely on expert opinion, recommend follow-up echocardiography to detect any new silent complication or any residual vegetation [1, 2].


Evidence Contour
Although antimicrobial therapy and cardiac surgery are well established in the management of IE, there are several aspects of IE management that remain controversial or less well defined.
Timing of Non-emergent Surgery in IE
In patients without an emergent or urgent indication for cardiac surgery, there is little evidence to guide the timing of non-urgent surgery for IE. Early surgery may reduce the risk of systemic embolization of vegetations, whereas later surgery may facilitate the resolution of bacteremia and reduce the risk of infecting new bioprosthetic material. A recent small randomized study of patients with left sided valvular IE with severe mitral or aortic valve disease, and a vegetation >10 mm but no other indications for surgery were randomized to early-surgery within 48 h versus conventional care. Early surgery significantly reduced the composite end point of death and embolic events (3 % versus 23 %, p =0.03) and no differences in prosthetic valve IE recurrence was observed suggesting a possible benefit with early cardiac surgery [19].

Neuroimaging in IE
A reported 22–50 % of IE cases are complicated by a systemic embolization, with 65 % of these events involving the central nervous system [20, 21]. Cerebral emboli can cause strokes, mycotic aneurysms, and lead to hemorrhagic transformation. There are no guidelines for neuroimaging test selection; however we recommend the following approach: (1) All patients with new neurologic signs or symptoms should initially be evaluated with a non-contrast CT scan of the head. (2) Magnetic resonance imaging can be considered in symptomatic patients with a normal CT scan or to better define CT findings. (3) CT or magnetic resonance angiography can be used to evaluate mycotic aneurysms. Their role, however, in patients with early stroke symptoms to guide endovascular therapy is unclear in this population and should be made in conjunction with a neurologist [22, 23]. In neurologically asymptomatic IE patients, a small case series has reported that 79 % of patients had cerebral magnetic resonance imaging abnormalities and these findings upgraded the diagnosis of IE from possible to definite in 34 % of patients [24]. Pending further outcome based studies, we do not recommend routine neuroimaging in neurologically asymptomatic patients.

Timing of Surgery in IE with Septic Cerebral Embolic Strokes
Embolic events from IE are associated with an increase in-hospital mortality [25]. Patients who require cardiac surgery after an embolic stroke have a potential risk of hemorrhagic transformation with coronary artery bypass pump anti-coagulation. Given this additional risk, the optimal timing for surgery in patients with embolic complications remains unclear. An observational study compared early surgery (1–7 days after ischemic stroke) to late surgery (>7 days after ischemic stroke) and found no difference in in-hospital or 1 year mortality [26]. Other studies, however, have reported higher in-hospital mortality and cerebral exacerbation rates associated with early surgery [27]. Until adequately powered randomized trials are performed, the appropriate timing of surgery will remain uncertain and treatment timing decisions should be individualized.

Valve Repair Versus Valve Replacement
There is very little high quality evidence to guide the choice of valve repair versus valve replacement in the setting of IE. Valve repair is theoretically more appealing given that the lack of prosthetic material reduces the risk of recurrence of IE [28–30]. A systematic review and meta-analysis of 24 observational studies compared a total of 470 patients who underwent mitral valve repair while 724 patients underwent valve replacement. Patients who underwent mitral valve repair had lower in-hospital (2.3 % versus 14.4 %) and long-term (7.8 % versus 40.5 %) mortality [31]. However, this evidence is limited by the potential for residual confounding in observational studies and the lack of randomized studies.

Cardiac Device Related IE
The risk of IE in patients with pacemakers or implantable cardioverter defibrillators ranges from 1.82 to 1.90 per 1000-device years [32, 33]. The diagnosis of IE is more difficult in this population because blood cultures are negative in 23 %, the sensitivity of the Duke criteria is lower, and TEEs have a higher false negative rate [33]. Medical therapy alone has been associated with increased morbidity and mortality [34]. Accordingly, guidelines recommend that all patients with IE should have their devices removed and/or replaced; preferably percutaneous laser lead extraction techniques should be performed followed by a 4–6 week course of antibiotics [1, 2]. The optimal timing of both device removal and re-implantation remains unclear.
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Case Presentation
A 31 year old male with a history of diabetes mellitus type 1 and recent skin infection of the neck (for which he underwent incision and drainage and levofloxacin treatment) presented to the emergency department with a three day history of fever, cough productive of bloody sputum, and shortness of breath. He had recently returned from a trip to Asia. He was tachycardic but normotensive and had an oxygen saturation of 93 % on 3 L nasal cannula. WBC count was 21.8 K/UL with 90 % neutrophils, BUN and creatinine were 8 mg/dL and 1.0 mg/dL, respectively, and glucose >350 mg/dL. Suspicion of cavitary pneumonia on chest radiograph was confirmed by computed tomography (Fig. 20.1).[image: A329322_1_En_20_Fig1_HTML.jpg]
Fig. 20.1Representative image of the CT chest upon admission





Question
What would be the best empirical therapy for this patient?

Answer
Ceftriaxone, azithromycin, and linezolid.

Because of additional concern for meliodosis, the patient was started on ceftazidime, azithromycin, and vancomycin. He developed progressive hypoxemia and agitation, at which time he was intubated and started on mechanical ventilation. Bronchoscopic bronchoalveolar lavage (BAL) of the right lower lobe revealed 240 WBCs with 81 % neutrophils. Sampling of a rapidly progressing pleural effusion showed a pleural fluid pH 6.95, glucose 44 mg/dL and LDH 1842 IU/L. Gram stain of both fluids revealed clusters of gram positive cocci. Chest tube drainage of the right pleural space was performed. Urinary antigen testing for Streptocococcus pneumoniae and fungal serologies were negative. He was empirically switched from vancomycin to linezolid. BAL and pleural fluid cultures grew methicillin-resistant Staphylococcus aureus (MRSA). Serum immunoglobulins (IGs) were subsequently found to be very low and he was given IVIG. After a prolonged ICU course, he was ultimately discharged to an acute rehabilitation facility and subsequently returned to full functional status. He continues to receive intermittent outpatient IVIG.

Principles of Management
Site-of-Care Decisions
Patients admitted to the ICU with severe community-acquired pneumonia (CAP) generally fall into one of two categories: (1) those whose symptom severity or co-morbid conditions require ICU admission at presentation and (2) those who transfer to the ICU later because of progressive decline despite receiving inpatient therapy.
Patients in need of mechanical ventilation or vasopressor support because of septic shock automatically require intensive care. However, the decision to admit to the ICU is more difficult when such obvious needs are not present. Early identification of patients likely to deteriorate is important as increased mortality is associated with ICU transfer for delayed respiratory failure or onset of septic shock. Pooled analysis of four prospective CAP studies, of which 138 had delayed-transfer compared to 315 direct Emergency Department (ED) to ICU admissions, demonstrated that the delayed-transfer group had higher 28-day mortality (23.4 % vs. 11.7 %, p < 0.02) and hospital length of stay (13 days vs. 7 days, p < 0.001) in propensity-matched analysis [1].
While some delayed transfers to the ICU represent progressive pneumonia despite appropriate treatment, many patients have subtle clinical findings upon presentation that predict a more aggressive approach will lead to improved outcomes. Using the presence of ≥3 IDSA/ATS minor criteria (Table 20.1) [2] in the ED, a before/after quality improvement project demonstrated decreased mortality (adjusted odds ratio [OR] 0.24, 95 % confidence interval [CI] 0.09–0.670, p = 0.006), fewer delayed ICU transfers (14.8 % vs. 32 %, p < 0.001), and minimal increase in direct admissions to the ICU when an aggressive pre-ICU assessment and resuscitation protocol was utilized [3].Table 20.1IDSA/ATS minora criteria for severe community acquired pneumonia


	Respiratory rateb ≥ 30 breaths/min

	PaO2/FiO2 ratiob ≤ 250

	Multilobar infiltrates

	Confusion/disorientation

	Uremia (BUN level, ≥20 mg/dL)

	Leukopeniac (WBC count, <4000 cells/mm3)

	Thrombocytopenia (platelet count, <100,000 cells/mm3)

	Hypothermia (core temperature, <36 °C)

	Hypotension requiring aggressive fluid resuscitation


Modified and reproduced with permission from Oxford University Press on behalf of the Infectious Disease Society of America. Mandell et al. [2]

aOther considerations include hypoglycemia (in a non-diabetic patient), acute alcoholism/withdrawal, hyponatremia, unexplained metabolic acidosis, elevated lactate level, cirrhosis and asplenia

bNeed for noninvasive ventilation can substitute for a respiratory rate >30 breaths/min or PaO2/FiO2 < 250

cAs a result of infection alone




The Pneumonia Severity Index (PSI) and CURB-65 Score, while useful in predicting 30-day mortality and need for hospital admission, have limited ability to predict the need for intensive respiratory monitoring or vasopressor support initially. In addition to the IDSA/ATS minor criteria, several other scores such as SMART-COP [4] generally have very good sensitivity if the threshold is set optimally. However, such scoring tools will lead to a significant increase in ICU admissions if followed rigorously, and they require prospective validation.

Diagnostic Testing
Aggressive diagnostic testing is most useful in those with severe CAP requiring ICU admission and in those with risk factors for healthcare-associated pneumonia (HCAP). In such patients, the probability of finding a pathogen resistant to usual CAP empirical therapy (e.g. Staphylococcus aureus or Pseudomonas aeruginosa) is increased, and identification of a specific pathogen can lead to tailored antimicrobials, thus decreasing cost and exposure to unnecessary medications [5].
In a patient invasively ventilated, direct access to the lower respiratory tract provides the opportunity to perform an endotracheal aspirate or bronchoalveolar lavage (BAL). Moreover, bronchoscopic BAL can be useful in those where sputum or blood cultures do not yield a pathogen. In a prospective study of 262 patients admitted with CAP, fiberoptic bronchoscopic BAL provided additional diagnostic value in 49 % of patients who could not expectorate sputum and 52 % who had treatment failure 72 h after admission [6].
Blood and sputum cultures generally have low sensitivity but should still be performed upon transfer to the ICU, even in the non-intubated patient. Growth inhibition by antibiotics decreases the diagnostic yield of both tests but less so when S. aureus or gram-negative bacilli are the predominant pathogen [2]. Pleural fluid sampling is necessary in a CAP patient with a large pleural effusion (either upon admission or one which develops after empirical treatment for CAP), as a complicated pleural space requires adequate drainage.
Urinary antigen testing has reasonable sensitivity and excellent specificity for detecting Streptococcus pneumoniae and Legionella pneumophila serogroup 1. The test can stay positive for over 3 days in patients with S. pneumoniae and for weeks with L. pneumophila [2]. Although antibiotic sensitivity data cannot be obtained, the test is qualitatively important to verify that an antibiotic regimen adequately covers such pathogens.
Viral testing is important, especially in the appropriate season. A positive influenza test in a critically-ill patient should be an impetus for antiviral therapy, which can hasten disease resolution and decrease spread.

Microbial Culprits
Microorganisms responsible for CAP in the ICU mirror those of the outpatient setting, with the addition of gram-negative pathogens and MRSA. A review of 9 studies of patients with CAP admitted to the ICU showed that the most common typical bacterial pathogens were S. pneumoniae, L. pneumophila, Haemophilus influenzae, aerobic gram-negative bacilli, and S. aureus [7]. The relative frequency of atypical pathogens in the ICU setting is unclear because of heterogeneity in diagnostic technique but is approximately 20 % [2]. Respiratory viruses, either as a pure or co-infection, can be detected in up to 49 % of severe pneumonias. Common culprits include parainfluenza virus, human metapneumovirus, influenza A and B, respiratory syncytial virus, and adenovirus [8, 9]. Much less common viral pathogens include coronaviruses, such as the SARS virus and Middle East respiratory syndrome coronavirus (MERS-CoV), parechoviruses, and enteroviruses.
Epidemiologic risk factors are helpful to suggest less common etiologies (Table 20.2). Structural lung disease (e.g. COPD with repeated exacerbations or bronchiectasis), prior hospitalization and healthcare exposure pose an increased risk of Pseudomonas, chronic alcoholism is a risk for other gram-negative pathogens (Klebsiella pneumoniae or Acinetobacter species), and end-stage renal disease, injection drug use, prior influenza infection, and prior treatment with fluoroquinolones pose an increased risk of S. aureus [2].Table 20.2Epidemiologic conditions and/or risk factors related to specific pathogens in community-acquired pneumonia


	Condition
	Commonly encountered pathogen(s)

	Alcoholism
	
Streptococcus pneumoniae, oral anaerobes, Klebsiella pneumoniae, Acinetobacter species, Mycobacterium tuberculosis


	COPD and/or smoking
	
Haemophilus influenzae, Pseudomonas aeruginosa, Legionella species, S. pneumoniae, Moraxella catarrhalis, Chlamydophila pneumoniae


	Aspiration
	Gram-negative enteric pathogens, oral anaerobes

	Lung abscess
	CA-MRSA, oral anaerobes, endemic fungal pneumonia, M. tuberculosis, atypical mycobacteria

	Exposure to bat or bird droppings
	
                            Histoplasma capsulatum
                          

	Exposure to birds
	
Chlamydophila psittaci (if poultry: avian influenza)

	Exposure to rabbits
	
                            Francisella tularensis
                          

	Exposure to farm animals or parturient cats
	
Coxiella burnetti (Q fever)

	HIV infection (CD4 > 200)
	
S. pneumoniae, H. influenzae, M. tuberculosis


	HIV infection (CD4 < 200)
	The pathogens listed for early infection plus Pneumocystis jirovecii, Cryptococcus, Histoplasma, Aspergillus, atypical mycobacteria (especially Mycobacterium kansasii), P. aeruginosa, H. influenzae


	Hotel or cruise ship stay in previous 2 weeks
	
Legionella species

	Travel to/residence in southwestern United States
	
Coccidioides species, Hantavirus


	Travel to/residence in Southeast and East Asia
	
Burkholderia pseudomallei, avian influenza, SARS

	Influenza active in community
	Influenza, S. pneumoniae, Staphylococcus aureus, H. influenzae


	Cough >2 weeks with whoop or post tussive vomiting
	
                            Bordetella pertussis
                          

	Structural lung disease (e.g., bronchiectasis)
	
Pseudomonas aeruginosa, Burkholderia cepacia, S. aureus


	Injection drug use
	
S. aureus, anaerobes, M. tuberculosis, S. pneumoniae


	Endobronchial obstruction
	Anaerobes, S. pneumoniae, H. influenzae, S. aureus



Modified and reproduced with permission from Oxford University Press on behalf of the Infectious Disease Society of America. Mandell et al. [2]

CA-MRSA community-acquired methicillin-resistant Staphylococcus aureus, COPD chronic obstructive pulmonary disease, SARS severe acute respiratory syndrome





Empirical Versus Pathogen-Directed Therapy
With severe CAP, timely diagnosis and adequate empirical antimicrobial therapy are paramount. Retrospective analysis of 2731 adult patients with septic shock, the majority of whom had a pulmonary primary site of infection, demonstrated that each hour delay in initiation of appropriate antibiotic therapy after the onset of hypotension was associated with a mean decrease in survival of 7.6 % [10]. Consideration of the need to alter an empirical regimen to cover specific (and perhaps drug-resistant) organisms is a major consideration when a patient is transferred to the ICU while already on standard empirical antimicrobial coverage for CAP.
In the absence of risk factors for HCAP or drug-resistant pathogens, adequate coverage of S. pneumoniae and L. pneumophila is crucial. Combination antibiotics with a beta-lactam (cefotaxime, ceftriaxone, or ampicillin-sulbactam) and either a macrolide or fluoroquinolone is recommended. A recent prospective randomized trial demonstrated improved clinical outcomes for combination therapy compared to beta-lactam monotherapy, confirming multiple observational studies showing better clinical outcomes and decreased mortality with combination therapy, especially for bacteremic pneumococcal pneumonia [2].
For suspected Pseudomonas CAP, dual therapy is required and can take the form of one of three initial combinations:	1.anti-pneumococcal anti-pseudomonas beta-lactam (piperacillin-tazobactam, cefepime, imipenem, or meropenem) plus fluoroquinolone (ciprofloxacin or levofloxacin), or


 

	2.beta-lactam plus an aminoglycoside and azithromycin, or


 

	3.beta-lactam plus an aminoglycoside and an anti-pneumococcal fluoroquinolone


 





For MRSA pneumonia linezolid is superior to vancomycin, particularly if a toxin-secreting community-acquired strain is the culprit [2]. A randomized double-blind trial comparing linezolid to dose-adjusted vancomycin for treatment of MRSA-proven HAP or HCAP demonstrated eradication of MRSA and clinical cure were statistically better with linezolid, and linezolid had less incidence of nephrotoxicity [11]. In the setting of methicillin-susceptible S. aureus, beta-lactam therapy is still the treatment of choice.

Parapneumonic Effusions
In the presence of a CAP-related pleural effusion, thoracentesis can distinguish between uncomplicated parapneumonic effusion (UPPE), complicated parapneumonic effusion (CPPE) or empyema [12]. Frank pus or a positive pleural fluid gram stain or culture indicate an infected pleural space and need for immediate drainage. However, pleural fluid gram stain and culture can be negative in CPPE or empyema. In such situations, pleural fluid chemistry is the most efficient way to assess the effusion [12]. A meta-analysis showed pleural fluid pH to have the highest diagnostic accuracy in detecting a complicated effusion, followed by glucose and lactate dehydrogenase (LDH) [13]. While optimal thresholds are still a matter of debate, a pH <7.28, glucose <40 mg/dL and/or LDH level >1000 IU/L suggests CPPE or empyema and the necessity for pleural drainage to achieve a good outcome [12, 14].
If the pleural space is not evacuated in CPPE, fibrinous adhesions develop, and neutrophils and bacteria accumulate leading to empyema. Optimal therapy for CPPE and empyema hinges on adequate antibiotic coverage and pleural drainage [15]. If pleural loculations develop, multiple thoracostomy tubes may be needed along with intrapleural instillation of fibrinolytic agents [12]. A randomized controlled trial of intrapleural DNase with concomitant tissue plasminogen activator (TPA) in patients with empyema showed a lower rate of surgical referral and hospital length of stay compared with placebo and individual agents alone [16]. Lysis of adhesions or decortication via video-assisted thoracoscopic surgery (VATS) or thoracotomy may be necessary if less invasive measures fail. The timing of surgical referral and type of surgical maneuver, though, largely depend on the patient and severity of illness.
In contrast, uncomplicated parapneumonic effusions are usually exudates with pleural fluid pH >7.28 and normal glucose. As these effusions are reactive, they should resolve with continued antibiotic therapy.


Evidence Contour
Several aspects of severe CAP management remain without consensus, including the assessment of risk for multidrug resistant (MDR) pathogens, adjuvant assessment tools, and treatments.
Risk of Multidrug Resistant (MDR) Pathogens
Empirical antibiotic therapy for severe CAP hinges on the risk for drug resistant organisms. Over the last decade HCAP has been used to describe the entity wherein patients develop pneumonia outside the hospital yet have pathogens usually associated with HAP or VAP, such as MDR gram-negative bacilli and MRSA. Criteria for HCAP and the resultant number of patients who should get broad-spectrum empirical therapy remain subject to debate. Using any risk factor for drug-resistant pathogens (DRP) leads to antibiotic overtreatment, while ignoring risk factors is associated with undertreatment and adverse outcomes [5]. In a prospective observational study, Shindo et al. found six independent risk factors for pathogens resistant to the usual CAP antibiotics: (1) hospitalization ≥ 2 days during the previous 90 days, (2) antibiotic use during the previous 90 days, (3) non-ambulatory status, (4) tube feedings, (5) immunocompromised status, and (6) use of gastric acid suppression medications [17]. Presence of three or more risk factors should prompt a physician to consider broad-spectrum antibiotic therapy, as the frequency of drug resistant pathogens may be as high as 43 %. These criteria work equally well as the previous definition of HCAP, and a strategy for initial antibiotic selection based on these risk factors may result in far less empirical broad-spectrum therapy while still identifying the majority who need it.

Drugs to Suppress Toxin with MRSA
A community-acquired MRSA (CA-MRSA) clone, distinct from that usually causing HCAP, HAP or VAP, has emerged as a cause of pneumonia with striking necrotizing features. Methicillin resistance results from a different staphylococcal cassette chromosome type (SCCmec type IV), which also includes a gene encoding Panton-Valentine leukocidin (PVL) and other exotoxins. Presence of PVL may explain the associated neutropenia while other exotoxins, such as alpha-hemolysin, may result in the characteristic severe pulmonary hemorrhage of both the MRSA and MSSA infections [18]. Antibiotic therapy that also suppresses toxin production provides better outcomes and improved survival, as illustrated in a retrospective study of PVL-positive CAP [19]. Clindamycin and linezolid have been shown to suppress in-vitro formation of PVL, alpha-hemolysin, and toxic shock syndrome toxin 1, whereas vancomycin and beta-lactams have no effect [18]. The benefit of clindamycin combined with a beta-lactam for MSSA CAP is unclear, with a recent prospective analysis demonstrating that nearly 18 % of CA-MRSA isolates were clindamycin resistant; whether antibiotic growth inhibition detected by MIC-susceptibility tests correlates with toxin-suppression activity, though, is unclear [20, 21]. While the preferred treatment for PVL-positive MSSA CAP is still unclear, linezolid appears the most reasonable choice for CA-MRSA CAP in light of its potential to suppress exotoxin and offer faster eradication of other MRSA clones. The rapid bactericidal activity of ceftaroline, a cephalosporin with MRSA activity, may obviate the need to suppress exotoxin production, but data are still very limited.

Procalcitonin
Procalcitonin (PCT), a peptide released in response to bacterial infection but suppressed by interferons induced by viral infections, has the potential to distinguish between bacterial and viral causes of pneumonia and potentially guide antibiotic decisions. In a prospective study of CAP, clinicians were encouraged (PCT level >0.25 mcg/L) or discouraged (PCT level <0.1 mcg/L) from using antibiotics based on procalcitonin cutoffs. PCT guidance reduced total antibiotic exposure, antibiotic prescriptions on admission, and antibiotic treatment duration without adversely affecting clinical outcomes [22]. Further analysis has shown that persistently elevated PCT levels are associated with adverse outcomes such as the development of pneumonia complications and death [23]. A similar benefit on shortening antibiotic duration with a PCT-driven protocol has been found in several studies of severe sepsis. Despite these studies, PCT has not been FDA approved for this indication in the US.

Corticosteroids
Death in CAP may result from either failure to eradicate the microorganism or from inappropriate (and perhaps exaggerated) host response to the infection. This has led investigators to attempt modulation of the inflammatory response in severe CAP with corticosteroids.
While a small prospective study [24] and several retrospective studies [25] support corticosteroid administration in severe CAP, a larger randomized double-blinded trial evaluating the efficacy of prednisolone to placebo in patients with severe CAP (PSI IV or V) failed to show a beneficial effect of corticosteroids [26]. Conversely, in a highly selected group of patients with very high C-reactive protein levels on admission, use of corticosteroids was associated with less treatment failure [27].
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Case Presentation
A 53 year old woman with a history of alcohol abuse, pancreatitis, hypertension and COPD presented with 3 days epigastric pain, nausea, vomiting and decreased oral intake in addition to respiratory symptoms which included a week of cough with white sputum. At the time of presentation to the hospital her alcohol level was 207, lipase was 838, white blood cell count was 12.8 K. She was started on IV hydration and received benzodiazepines for incipient alcohol withdrawal when her mental status became delirious. Over the course of the next 12 h her oxygenation progressively deteriorated and she was intubated. Post intubation chest x-ray and a representative image from the CT scan performed are below (Figs. 21.1 and 21.2).[image: A329322_1_En_21_Fig1_HTML.jpg]
Fig. 21.1Chest x-ray of patient with ARDS from case study showing bilateral alveolar infiltrates




[image: A329322_1_En_21_Fig2_HTML.jpg]
Fig. 21.2Representative section of chest CT from patient in case study demonstrating bilateral alveolar infiltrates with mild compressive atelectasis in the dependent lung zones





Question
What approach should guide this patient’s ventilator management?

Answer
Lung Protective Ventilation

All patients with the acute respiratory distress syndrome should be treated with lung protective ventilation in order to avoid ventilator associated lung injury (VALI). This patient was started on assist control mechanical ventilation with a tidal volume of 350 ml and 100 % FiO2. Neuromuscular blockade with cisatracurium was initiated. The depth of paralysis was monitored with train of four nerve stimulation and the depth of sedation with midazolam and fentanyl was assessed via bi-spectral analysis. Over the next 12 h her PEEP was increased to 16 cm H2O and her FiO2 was decreased to 40 %. During this time the patients plateau airway pressure ranged between 26 and 28 cm H2O. She was treated with broad spectrum antibiotics, vancomycin, pip-tazo and azithromycin. Results of a culture obtained from a mini-BAL specimen failed to grow any pathogenic organisms. Cisatracurium was discontinued after 48 h. At that time, solu-medrol was begun at a dose of 1 mg/kg body weight. The patient had had already been on an insulin drip but the glucose target range was changed to less than 110 mg/dL from the usual less than 150 mg/dL at that time. Daily sedation holidays were instituted to assess mental functioning and a physical therapy consult was initiated to promote mobility. The patient remained hemodynamically stable with good renal function and diuresis with furosemide was initiated, resulting in a negative fluid balance of 2400 ml on the third ICU day and about 1–2 L/day subsequently. Gas exchange remained satisfactory such that on the fourth ICU day PEEP was decreased to 5 cm H2O. By that time the patient was able to march in place at the bedside and take a brief walk into the hall outside of her room. Later that day the patient was weaned and extubated. She was transferred out of the ICU to the general medical ward the following day.

Principles of Management
Risk Factors for ARDS and Diagnosis
Several risk factors for the development of ARDS have been identified. The lung injury prediction score (LIPS) is a model which incorporates know risk factors and predicts the likelihood of developing ARDS accordingly [1] (Table 21.1). Many patients with multiple risk factors do not develop ARDS as even patients with a LIPS score of more than 7 only develop ARDS less than half of the time. In the case presentation above the patient’s history of chronic alcohol ingestion was a predisposing risk factor for the development of ARDS in what was likely to have been an aspiration pneumonia, which itself in another risk factor.Table 21.1Lung injury prediction score (LIPS)


	 	LIPS points
	Examples

	Predisposing conditions
	 	(1) Patient with history of alcohol abuse with septic shock from pneumonia requiring Fi
O2 > 0.35 in the emergency room: Sepsis + shock + pneumonia + alcohol abuse + Fi
O2 > 0.35 1 + 2 + 1.5 + 1 + 2 = 7.5

	 Shock
	2
	 
	 Aspiration
	2
	 
	 Sepsis
	1
	 
	 Pneumonia
	1.5
	 
	 High-risk surgerya

	 	 
	  Orthopedic spine
	1
	 
	  Acute abdomen
	2
	 
	  Cardiac
	2.5
	 
	  Aortic vascular
	3.5
	 
	 High-risk trauma
	 	(2) Motor vehicle accident with traumatic brain injury, lung contusion, and shock requiring Fi
O2 > 0.35 Traumatic brain injury + lung contusion + shock + Fi
O2 > 0.35 2 + 1.5 + 2 + 2 = 7.5

	  Traumatic brain injury
	2
	 
	  Smoke inhalation
	2
	 
	  Near drowning
	2
	 
	  Lung contusion
	1.5
	 
	  Multiple fractures
	1.5
	 
	Risk modifiers
	 	 
	 Alcohol abuse
	1
	 
	 Obesity (BMI > 30)
	1
	(3) Patient with history of diabetes mellitus and urosepsis with shock Sepsis + shock + diabetes 1 + 2–1 = 2

	 Hypoalbuminemia
	1
	 
	 Chemotherapy
	1
	 
	 Fi
O2 > 0.35 (>4 L/min)
	2
	 
	 Tachypnea (RR > 30)
	1.5
	 
	 SpO2 < 95 %
	1
	 
	 Acidosis (pH < 7.35)
	1.5
	 
	 Diabetes mellitusb

	−1
	 

Reprinted with permission of the American Thoracic Society. Copyright © 2016 American Thoracic Society
From Gajic et al. [1]
The American Journal of Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society

Definition of abbreviations: BMI body mass index, RR respiratory rate, Sp

                        O2
                       oxygen saturation by pulse oximetry

aAdd 1.5 points if emergency surgery

bOnly if sepsis




The PaO2 to FiO2 (P/F) ratio, a measure of oxygenation impairment was part of the old American European Consensus Conference diagnostic criteria for acute lung injury and ARDS. Although easily calculated the P/F ratio did not account for the effect of mean airway pressure on oxygenation. The Berlin criteria for ARDS, published in 2012 [2], did away with the concept of acute lung injury (ALI) in favor of classifying ARDS as mild, moderate or severe. ARDS severity is based on oxygenation criteria which also accounts to some extent, for the application of positive airway pressure. The diagnosis of ARDS is based on clinical presentation and physiology. Diffuse alveolar damage is usually seen histopathologically, but may be absent even in cases of severe ARDS [3].
Berlin Definition of ARDS

                  	Timing	Within 1 week of a known clinical insult or new or worsening respiratory symptoms






	Chest Imaging	Bilateral opacities – not fully explained by effusions, lobar/lung collapse, or nodules






	Origin of Edema	Respiratory failure not fully explained by cardiac failure or fluid overload

	Need objective assessment (e.g. echocardiography) to exclude hydrostatic edema if no risk factor present






	Oxygenation	Mild ARDS – The PaO2/FiO2 is >200 mmHg, but ≤300 mmHg, on ventilator settings that include positive end-expiratory pressure (PEEP) or continuous positive airway pressure (CPAP) ≥5 cm H2O.

	Moderate ARDS – The PaO2/FiO2 is >100 mmHg, but ≤200 mmHg, on ventilator settings that include PEEP ≥5 cm H2O.

	Severe ARDS – The PaO2/FiO2 is ≤100 mmHg on ventilators setting that include PEEP ≥5 cm H2O









                


Lung Protective Ventilation
Avoiding over distension of the lung during mechanical ventilation of ARDS patients is called lung protective ventilation (LPV). LPV reduces hospital and 28 day mortality [4], presumably by decreasing lung inflammation and avoiding the fibrinoproliferative phase of this condition. The largest trial to date demonstrating this was done by the NIH sponsored ARDS Network, whose results were published in 2000 [5]. The approach undertaken in this trial, the utilization of a tidal volume of less than 6.5 cc/kg of ideal body weight (IBW) (but at least 4 cc/kg) and maintaining a plateau pressure of less than 30 cm of H2O has become the standard treatment to provide mechanical ventilation to patients with ARDS. The calculation of ideal body weight is based on height:[image: 
$$ \begin{array}{l}\mathrm{Male}\ \mathrm{IBW}\left(\mathrm{kg}\right)=50+0.91\left(\mathrm{cm}\ \mathrm{height}-152.4\right)\hfill \\ {}\mathrm{Female}\ \mathrm{IBW}\ \left(\mathrm{kg}\right)=45.5+0.91\left(\mathrm{cm}\ \mathrm{height}-152.4\right)\hfill \end{array} $$
]




Plateau airway pressure is not a threshold variable [6] and it should be maintained as low as realistically possible, even though in the ARDSNet trial tidal volume was allowed to increase up to 8 cc/kg as long as plateau pressure remained under 30 cm H2O. The ARDS Network approach is the standard approach to lung protective ventilation. However, multiple other approaches have been championed, each ostensibly offering a refinement of the basic lung protective ventilation approach of the ARDSNet. In a retrospective analysis of several of the large trials, a low driving pressure (ΔP) was found to be better correlated with ARDS mortality than tidal volume or plateau pressure [7]. Driving pressure is the pressure being applied by the ventilator to distribute gas to the recruited portion of the lungs which are not collapsed from compressive atelectasis caused by the weight of the lung in the dependent lung zones. In a patient not making spontaneous respiratory efforts ΔP can be estimated as plateau pressure minus PEEP in cm H2O.

Open Lung Ventilation
Avoiding alveolar overdistension with a low tidal volume is the established mechanism of avoiding ventilator-associated lung injury. In the supine ARDS patient delivered gas is distributed to non-dependent lung zones. Dependent lung zones are not ventilated due to the weight of the lung, i.e. compressive atelectasis. In between the two zones is an area of lung which distends and collapses with each delivered ventilator breath, a phenomenon termed cyclic atelectasis. In animal models cyclic atelectasis produces lung injury. Optimizing the recruitment of additional areas of collapsed lung with PEEP in order to mitigate the effect of cyclic atelectasis is the rationale behind open lung ventilation. Meta-analysis of several large clinical trials demonstrated a mortality benefit to open lung ventilation [8]. However, each of the three large trials used for this analysis individually failed to demonstrate a mortality benefit. To the extent that the large clinical trials did not demonstrate harm with higher levels of PEEP, such as an increased rate of pneumothorax, clinicians may choose to use the open lung approach in their patients. Several approaches to performing open lung ventilation are available. A study evaluating the effect of PEEP on lung recruitment, as evaluated by CT scan, suggested the best tradeoff between lung recruitment while simultaneously avoiding lung overdistension was obtained via a high PEEP strategy similar to that utilized in the Lung Open Ventilation Study (LOVS) [9] (Table 21.2).Table 21.2Example of open-lung high positive end-expiratory pressure (PEEP) strategy


	FIO2

	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	PEEP
	5–10
	10–18
	18–20
	20
	20
	20–22
	22
	22–24






Prone Ventilation
A large randomized, multi-center trial, PROSEVA, demonstrated an impressive mortality benefit to patients who underwent prone ventilation 18 h per day [10]. Prone ventilation can be considered to be a form of open lung ventilation. This trial addressed criticisms of earlier, negative trials of prone ventilation in that the study subjects with ARDS had a severe oxygenation defect, were proned for long periods of time daily and a protocolized lung protective approach was used in the control group, the original ARDS network approach [11]. Using the low PEEP ARDS Network approach in the control group, while appropriate, leaves open the question as to whether proning adds incremental benefit to patients who are already receiving higher levels of PEEP (see open lung ventilation, below). In addition, patients underwent neuromuscular blockade, which itself may have a beneficial effect on outcome. Despite these concerns, prone ventilation has assumed an important place as a rescue modality in the treatment of severe ARDS patients who have not responded to a conventional lung protective strategy.

Fluid Management
Volume removal via diuretic administration can shorten the duration of mechanical ventilation in patients who are recovering from ARDS. The Fluid and Catheter Therapy Trial of the ARDS Network demonstrated an average of 2.5 day increase in ventilator free days with a fluid conservative approach [12]. In addition, in patients in whom the total protein is less than 6.0 g/dL, the addition of albumin for 72 h helped promote fluid loss in ARDS patients and improved oxygenation [13].

Supportive Care
Other important aspects of care pertain more generally to the care of all patients receiving invasive mechanical ventilation. These include the early and successful use of enteral alimentation, a daily sedation awakening trial, delirium screening and management, early mobility, and treating the underlying illness such as pneumonia.


Evidence Contour
Several aspects of management in the patient with ARDS remain without consensus in the face of available clinical trials. Several of these are extensions of basic lung protective ventilation and essentially are attempts to find the optimal approach.
Additional Risk Factors
Vitamin D supplementation in critically ill patients who are severely deficient has been shown to decrease hospital mortality [14]. Low prehospital levels of vitamin D are associated with an increased risk of respiratory failure [15], and may be common in patients at risk for or having ARDS [16]. The NIH PETAL Network in conducting a randomized trial of high dose vitamin D in deficient patients at risk for ARDS.
Cytomegalovirus reactivation (CMV) is common in critically ill immunocompetent patients and portends a worse outcome in patients compared to CMV negative patients [17]. In one series, immunocompetent patients with ARDS were found to have a histologic evidence of CMV pneumonia on open lung biopsy in 18 of 37 cases of ARDS [18]. A NIH sponsored trial is examining whether the administration of ganciclovir improves outcomes in CMV antibody positive patients with acute respiratory failure and ARDS [19].

Subgroups and Subphenotypes
Because ARDS is a clinical syndrome, with an array of risk factors, and not a disease per se, attempts have been made to evaluate ARDS subgroups from several standpoints. Sepsis induced ARDS has a worse outcome than that due to other causes [20]. As is evident from lung biopsy and autopsy series clinical classification as either pneumonia or ARDS is frequently at odds with tissue findings [3, 21]. In addition the histopathology likely evolves over time, with pneumonia and/or diffuse alveolar damage yielding to fibrotic changes. Rather than determining which subcategory of ARDS a patient manifests on the basis of causal risk, more relevant to treatment and outcome may be subclassification based on clinical manifestations. ARDS patients demonstrate different amounts of recruitable lung with administered PEEP [22]. Patients showing improvements in oxygenation due to lung recruitment with PEEP may have a lower mortality than those who do not [23]. Additionally, ARDS patients with a hyperinflammatory subphenotype have a higher mortality regardless of the ascribed cause for ARDS [24]. It remains to be determined identification of subgroups based on recruitability or hyperinflammatory subphenotypes represent different histopathologies (pneumonia versus diffuse alveolar damage versus fibrosis) or will lead to improved outcomes by varying the approach to therapy on that basis.

Helmet Ventilation
Noninvasive ventilation with a helmet interface, rather than the more conventional face mask, was shown in a pilot randomized trial of ARDS patients to decrease the rate of intubation. This observation awaits confirmation in a larger trial [24a].

Transpulmonary Pressure
Plateau airway pressure, measured after a delivered tidal volume, reflects lung and chest wall compliance. The contribution of the chest wall, which includes the abdominal compartment, can confound the utilization of plateau pressure as a guide to lung protective ventilation by suggesting the lung is being overdistended when in fact this is not the case. By subtracting an estimation of pleural pressure made by readings taken by an esophageal balloon (Pes) from the measured plateau pressure (Pplat) an estimate of transpulmonary pressure (PL) may be determined and used to guide lung protective ventilation.[image: 
$$ {\mathrm{P}}_{\mathrm{L}}={\mathrm{P}}_{\mathrm{plat}}-{\mathrm{P}}_{\mathrm{es}} $$
]




A mortality benefit was observed in a single center randomized trial which used this approach [25]. The results may have been influenced by the enrollment of more than 60 % post abdominal surgery patients, a population in whom the abdominal compartment is likely to make a significant contribution to the chest wall and thereby Pplat. An accompanying editorial suggested, in reality, this approach was a means to justify the use of higher PEEP levels than customarily employed (i.e. > 22 cm H2O). Also, the validity of using esophageal pressure as an estimate of pleural pressure has been questioned [26]. A larger, multi-center trial is being conducted to confirm these results [27]. This approach can be considered in patients in whom the chest wall is likely contributing to alveolar pressure, such as patients who are post-operative from abdominal surgery, are morbidly obese, have ascites or have a chest wall deformity such as scoliosis, provided the necessary equipment and expertise are available.

Pressure Limited Mechanical Ventilation
Pressure-limited modes of mechanical ventilation, including airway pressure release ventilation (APRV), bi-level, and pressure-controlled inverse ratio ventilation are all ways of providing lung protective ventilation. Ostensibly, pressure limited modes offer an advantage of less variation in transpulmonary pressure and a lower tidal volume to functional residual capacity alveolar strain ratio, which would be offer a salutary effect on VALI [28]. Additionally, APRV and bi-level ventilation offer the additional putative benefit of allowing spontaneous breathing, which might help prevent ventilator-induced respiratory muscle weakness [29] and more completely ventilate lung zones near the diaphragm. Despite adherents, to date, the superiority of this approach to volume cycled ventilation has not been demonstrated [30].

Neuromuscular Blockade
A large, multicenter randomized trial demonstrated a mortality benefit in patients who received 48 h of neuromuscular blockade following the onset of ARDS [31]. Less barotrauma was observed in the paralysis group, whereas a greater incidence of neuromuscular weakness was not. Because the Kaplan-Meier survival curves did not separate until 14 days, the mechanistic benefit of this approach has been challenged. In addition this study has been criticized for lacking a more rigorous approach to the assessment of neuromuscular weakness. Some support is given to this study by a database analysis study which demonstrated a mortality benefit in patients with a pulmonary source of sepsis and respiratory failure who underwent neuromuscular blockade within the first 48 h for reasons other than intubation [32]. Additionally, in an animal model spontaneous breathing caused regional alveolar overdistension near the diaphragm due to Pendelluft ventilation which did not occur in paralyzed animals [33]. Hence the notion that spontaneous breathing provides “better” ventilation to lung zones near the diaphragm may not be valid. The NIH sponsored PETAL (Prevention and early treatment of acute lung injury) Network is conducting a clinical trial to re-evaluate whether neuromuscular blockade benefits patients with severe ARDS.

High Frequency Oscillatory Ventilation (HFOV)
Two large, randomized multi-center trials published in 2012, OSCILLATE and OSCAR, failed to show benefit to this clearly open-lung approach [34, 35]. Critics suggested that concerns regarding volume status and effects on the right ventricle may have contributed adversely to the findings. To the extent that the OSCILLATE trial showed an increased mortality in the HFOV group this approach cannot be recommended at present for adults with ARDS.

Extra Corporeal Membrane Oxygenation (ECMO)
A mortality benefit was observed in the British CESAR trial among patients randomized to be transported to the specialty center to receive ECMO on an intent-to-treat basis [36]. As the mortality benefit was accounted for by patients randomized to ECMO who did not receive ECMO, concerns regarding whether the benefit seen in this study represents the modality itself or the benefit of regionalization of care to a specialty hospital is a concern. Use of ECMO has been prevalent during recent H1N1 outbreaks, when young patients with few if any co-morbidities developed ARDS refractory to more commonplace ventilator approaches to oxygenation [37]. Another randomized trial of ECMO in ARDS patients is currently underway in Europe [38].

Corticosteroids
Most meta-analyses have not suggested confirmed a mortality benefit to the use of corticosteroids in patients with ARDS. The LaSRS study performed by the ARDS Network is the largest trial to date examining whether corticosteroids benefit ARDS patients [39]. No mortality benefit was ultimately observed although a significantly greater of patient days alive and off assisted breathing (“ventilator-free days”). An initial mortality benefit in favor of the steroids may have been lost among the 20 patients who returned to assisted breathing, as opposed to 6 in the control group. Whether this was due to tapering steroids after weaning or the development of neuromuscular weakness is unclear. Although an increased morality was seen in LaSRS among patients who were started on corticosteroids beyond 14 days of mechanical ventilation for ARDS the confidence intervals were large. This has resulted in some authors warning against starting corticosteroids beyond 14 days. If given, corticosteroids should be administered at a dose of 1 mg per kg body weight twice per day with a taper over 28 days. Tight glycemic control may play a role in minimizing the risk of neuromuscular weakness [40]. Corticosteroid administration may result in prolonged viral replication in patients with ARDS due to H1N1 influenza. A higher mortality has been reported in observational series in these patients and corticosteroid administration is best avoided early on in the care of influenza patients with ARDS [41].

Inhaled Vasodilators
Trials of inhaled nitric oxide have failed to yield positive results. Meta-analyses have suggested that while oxygenation improves not mortality benefit accrues from the use of this agent [42]. Iloprost (synthetic PGI2) also increases pO2. However, no large clinical trials have been performed to determine if improvements are also seen in a clinically meaningful outcome such as mortality or ventilator-free days [43].
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Case Presentation
A 73-year old male smoker with a past medical history of coronary artery disease, congestive heart failure and COPD on home oxygen arrived in the emergency department with difficulty breathing. He complained of gradually increasing shortness of breath on exertion for 1 week and cough with thick yellow sputum. He denied fever, chills, chest pain, orthopnea or paroxysmal nocturnal dyspnea. He had increased the use of his bronchodilators as directed by his primary care physician. This did not improve his symptoms. The morning of admission, he woke up and was unable to catch his breath. He called EMS. Upon arrival, he was afebrile with BP 160/80, HR 130, RR 36, sPO2 85 % on 4 L/min O2. Arterial blood gas (ABG) pH 7.24, pCO2 60, PO2 55, spO2 85 %. He was awake, yet lethargic, tachypneic and using accessory muscles of respiration. Chest auscultation revealed regular tachycardia, poor air movement, end-expiratory wheeze and no crackles. Chest x-ray demonstrated hyperinflation with no infiltrates.
Question
What is the immediate approach to this patient with acute respiratory failure?

Answer
Non-invasive positive pressure ventilation.

In the absence of absolute contraindication, all patients with acute hypercapnic respiratory failure due to an exacerbation of COPD should be treated with non-invasive positive pressure ventilation (NIPPV). This patient was initiated on NIPPV with pressure support of 12 cm H2O, PEEP 5 cm H2O, and FIO2 of 0.5 via a full face mask. Oxygen was titrated to maintain saturations of greater than 90 %. He was given two albuterol/ipratropium nebulized treatments in the first 30 min of his arrival, azithromycin 500 mg PO once, and solu-medrol 60 mg IV once. After 1 h, his respiratory rate decreased to 22 and he was no longer using accessory muscles. ABG on NIPPV demonstrated pH 7.33, pCO2 46, pO2 80, spO2 95 %. He was admitted to the intensive care unit for continued management. By hospital day 2, respiratory failure resolved and he was transferred to general care.

Principals of Management
Diagnosis
Acute exacerbations of COPD are characterized by sub-acute or acute worsening of chronic respiratory symptoms. Typical symptoms are dyspnea, cough, and increased sputum purulence and volume [1]. Severity of symptoms ranges from mild, which may improve without additional medical treatment, to severe resulting in respiratory failure or death. The hallmark of COPD exacerbations is airflow obstruction, dynamic hyperinflation and airways inflammation, often provoked by viral or bacterial infections or environmental triggers. COPD exacerbations are associated with reductions in quality of life, progression of lung disease, and increased risk of death. In a longitudinal study of 2138 COPD patients; mortality during follow-up was significantly higher in those with one or more hospitalized exacerbations during the first year of follow-up (15 %), as compared to 5 % in those without an event [2]. The predicted in hospital mortality of a COPD exacerbation is 10 % [3]. A severe exacerbation resulting in hypercapnic respiratory failure portends a 2-year mortality rate approaching 50 % [3]. Indications for ICU admission of a COPD exacerbation are given below [4]. The approach to treatment of an acute exacerbation of COPD with hypercapnic respiratory failure requiring intensive care unit admission follows.
Indications for ICU Admission

                  	Severe dyspnea that responds inadequately to initial emergency therapy

	Changes in mental status (confusion, lethargy, coma)

	Persistent or worsening hypoxemia (PaO2 < 5.3 kPa, 40 mmHg) and/or severe/worsening respiratory acidosis (pH < 7.25) despite supplemental oxygen and noninvasive ventilation

	Need for invasive mechanical ventilation

	Hemodynamic instability—need for vasopressors




                

Bronchodilators
Short-acting beta adrenergic agonists (albuterol, levalbuterol) are potent bronchodilators with rapid onset of action and are first line therapy for acute exacerbation of COPD [5]. Typically, these are combined with short acting anticholinergic agents such as ipratropium bromide. Both drugs can be administered with equal efficacy via metered dose inhaler or nebulizer; however nebulized delivery is often preferred during an acute exacerbation of COPD due to ease of administration for persons in respiratory distress. Albuterol should be dosed at 2.5 mg/ 3 mL via nebulizer every 1–4 h or 4–8 puffs (90 mcg per puff) via MDI. Ipratropium bromide is dosed at 500 mcg by nebulizer every 4 h or 2–4 puffs (18 mcg per puff) via MDI every 4 h. There is no advantage to increasing the dose of nebulized albuterol to 5 mg and continuous nebulized beta-agonists are not recommended [6]. Side effects of beta-adrenergic agonists include tachycardia, anxiety, tremors, hypokalemia, and rarely lactic acidosis. Side effects of short acting anti-cholinergic agents include dry mouth, urinary retention and exacerbation of narrow-angle glaucoma. There is no role for methylxanthines such as aminophylline for treatment of hospitalized patients with COPD exacerbations [7, 8].


Systemic Corticosteroids
When added to bronchodilator therapy, systemic corticosteroids improve lung function, decrease treatment failure rates, prevent relapse, and decrease length of hospitalization [9–11]. There is no significant difference in clinical outcomes in hospitalized patients with a COPD exacerbation treated with oral versus intravenous corticosteroids [12]. The dose of corticosteroids and length of treatment varies widely in clinical trials. A randomized controlled trial (RCT) in patients with acute exacerbation of COPD treated in the emergency department randomized patients to either a 5 day course or a 14 day course of prednisone 40 mg daily. The study concluded that patients randomized to 5 days of treatment had similar rates of relapse within 6 months and this was non-inferior to a longer course [13]. Given the short and long term side effects of systemic corticosteroids, a reasonable approach to treatment is a 5 day course of 40 mg of prednisone for most patients [5]. In critically ill patients clinicians often prescribe higher doses with little evidence to support this practice. In an observational study of ICU patients with COPD exacerbations, doses of methylprednisolone <240 mg daily compared to >240 mg daily resulted in a slightly shorter hospital and ICU length of stay and duration of mechanical ventilation [14]. There was no mortality difference. There is not enough data to recommend an optimal dose of corticosteroids in the ICU setting.

Antibiotics
The majority of COPD exacerbations are due to bacterial or viral infections. There is evidence that viruses and bacteria act synergistically to provoke airways inflammation and exacerbation [15]. Additionally, new strains of airway bacteria have been shown to trigger a significant inflammatory response and resultant exacerbation [16]. GOLD and European Respiratory Society guidelines recommend antibiotics for all patients with a moderate to severe COPD exacerbation and for those requiring hospitalization [5, 17]. Antibiotics reduce the risk of treatment failure and length of hospital stay in persons with severe exacerbations [18]. For example, in a RCT of patients requiring intubation and mechanical ventilation, ofloxacin was compared to placebo and was found to decrease mortality (4 % vs 22 %), duration of mechanical ventilation and length of hospital stay [19]. The antibiotic regimen prescribed should target common bacterial pathogens, local patterns of resistance and risk factors for P. aeruginosa infection should be considered [20, 21]. Treatment courses of 3–7 days are appropriate in most cases. A meta-analysis comparing 5 days to greater than 7 of antibiotics (beta-lactams, macrolides, and fluoroquinolones) demonstrated no difference in outcomes and fewer drug related adverse events in those with 5 day course [22].

Non-invasive Positive Pressure Ventilation (NIPPV)
NIPPV refers to positive pressure ventilation through a nasal or oral interface as opposed to endotracheal tube or tracheostomy tube. NIPPV can be delivered through standard ICU ventilators or a variety of portable devices. Indications for NIPPV in COPD exacerbations are given below [4]. The most commonly used mode of ventilation employed in acute hypercapnic respiratory failure associated with COPD exacerbation is bilevel positive airway pressure (BPAP) where an inspiratory positive airway pressure (IPAP) and expiratory positive airway pressure (EPAP) is set. Pressure support, assist control and proportional assist ventilation are other options depending on the available device. There are few studies directly comparing NIPPV modes in acute hypercapnic respiratory failure. The goals of NIPPV are to reduce work of breathing, improve minute ventilation, correct hypercapnia and avoid endotracheal intubation while maximizing patient comfort. There are several available patient interfaces, full face mask, oronasal mask, nasal mask, and nasal pillows [23]. In a randomized trial of 26 patients with COPD exacerbations, NIPPV via full face mask, nasal mask or nasal pillows were compared [24]. The nasal mask was best tolerated while the full face mask provided the greatest physiologic improvement. A larger study comparing the nasal to orofacial mask found that more than half of patients with the nasal mask needed to be changed to the face mask most often due to air leak [25]. Based upon these studies, when initiating NIPPV for acute hypercapnic respiratory failure, full face mask or oronasal mask are the preferred approach. NIPPV should be initiated as soon as possible as delays may increase the likelihood of failure and need for endotracheal intubation [26]. Indications for invasive mechanical ventilation are shown below and include: cardiac/respiratory arrest, altered mental status, inability to clear secretions and protect the airway, non-respiratory organ failure, facial deformity or trauma, high risk of aspiration, recent esophageal surgery, anticipation of prolonged need for mechanical ventilation [4, 27]. Need for emergent intubation is an absolute contra-indication to NIPPV. Altered mental status due to hypercapnia is an exception. These patients should be closely monitored. Improved pH and PaCO2 within 30 min to 2 h predicts NIPPV success [28, 29]. If there is no improvement in mental status or physiologic variables within this time frame, the patient should be intubated or consider withdrawing NIPPV to oxygen therapy alone. There is high quality evidence that NIPPV for the treatment of acute hypercapnic respiratory failure in COPD improves important clinical outcomes. A meta-analysis including 14 randomized controlled trials and greater than 700 patients comparing standard therapy to NIPPV plus standard therapy in acute COPD exacerbation concluded that NPPV decreased mortality (11 % vs. 21 %), intubation rate (16 % vs. 33 %) and reduced hospital length of stay and complications related to treatment [30].
Indications for Noninvasive Mechanical Ventilation

At least one of the following:	Respiratory acidosis (arterial pH < 7.35 and/or PaCO2 > 6.0 kPa, 45 mmHg)

	Severe dyspnea with clinical signs suggestive of respiratory muscle fatigue, increased work of breathing, or both, such as use of respiratory accessory muscles, paradoxical motion of the abdomen, or retraction of the intercostal spaces






Indications for Invasive Mechanical Ventilation

                  	Unable to tolerate NIV or NIV failure

	Respiratory or cardiac arrest

	Respiratory pauses with loss of consciousness or gasping for air

	Diminished consciousness, psychomotor agitation inadequately controlled by sedation

	Massive aspiration

	Persistent inability to remove respiratory secretions

	Heart rate, 50 min 21 with loss of alertness

	Severe hemodynamic instability without response to fluids and vasoactive drugs

	Severe ventricular arrhythmias

	Life-threatening hypoxemia in patients unable to tolerate NIV




                



Evidence Contour
NIPPV Use in Individuals with Do-Not-Intubate Orders
A majority of the randomized controlled trials demonstrating efficacy of NIPPV in acute respiratory failure excluded persons with do-not-intubate (DNI) orders. In clinical practice, NIPPV is routinely used in such individuals. Typically, this requires treatment in a high level care area such as an intensive care unit utilizing resources in persons where this therapy has unclear benefit. Observational studies have concluded however that many individuals with acute respiratory failure and DNI orders do survive hospitalization when treated with NIPPV, particularly in those with a primary diagnosis of COPD or cardiogenic pulmonary edema. Hospital survival rates vary from 35 to 43 % in published studies [31, 32]. One prospective, observational study of 37 patients with acute hypercapnic respiratory failure due to acute exacerbation of COPD, DNI orders, and NIPPV use demonstrated a 1-year survival of 30 % [33].

NIPPV After Extubation
In an unselected patient population, the use of NIPPV after extubation as a rescue therapy for respiratory failure did not prevent the need for re-intubation or reduce mortality [34]. Individuals with high risk of extubation failure, such as those with COPD and hypercapnia during spontaneous breathing trials do benefit from early use of NIPPV after extubation [35–37]. Compared to standard medical therapy, those receiving NIPPV at the time of extubation were less likely to require re-intubation and 90 day survival was greater. NIPPV should be applied routinely and immediately after extubation of COPD patients with hypercapnia. The benefits of NIPPV after extubation or as a weaning strategy have not been replicated in other conditions.
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Case Presentation
A 25-year-old woman with a history of well controlled asthma presented to the emergency department with shortness of breath, wheezing, and sore throat over 4 days. Her wheezing and shortness of breath had worsened despite the use of inhaled short acting beta agonist every 1–2 h. Typically, she had been maintained on high dose inhaled corticosteroids and a long acting beta agonist with good control. She had a history of exacerbations with upper respiratory tract infections. She was evaluated in pulmonary clinic where she was noted to have tachypnea and increased work of breathing despite administration of a nebulized short acting beta agonist. She was subsequently sent to the emergency department.
In the emergency department, she was found to be in respiratory distress. Continuous albuterol and intravenous corticosteroids were administered. Arterial blood pH measured 7.5 and partial pressure of carbon dioxide and oxygen while breathing ambient air were 30 and 65, respectively. Despite the above treatment, the patient’s respiratory status continued to worsen, and she required endotracheal intubation and mechanical ventilation. Initial ventilator settings were: tidal volume of 450 ml, respiratory rate of 20, fraction of inspired oxygen (FIO2) of 0.40 and a positive end expiratory pressure (PEEP) of 5 cm of water. Peak airway pressure during a passive breath measured at 65 cm of water; with a pressure during an end expiratory hold (plateau pressure) of 15 cm of water. Continuous infusion of benzodiazepines and opiates provided sedation. She was admitted to the intensive care unit for further management.
In the evening, the intensivist received a call regarding hemodynamic instability. The patient’s pulse rate was 150 beats per minute with a systolic blood pressure measuring 70 mm of Hg. Chest x-ray and thoracic ultrasound show no evidence of pneumothorax. Breath sounds were diminished but equal bilaterally with expiratory wheezing. Pressure measured at airway opening during end inspiratory and end expiratory holds are 45 and 25, respectively.
Question
What is the next step in the management of this patient?

Answer
Disconnect the ventilator to allow exhalation of trapped air.

The patient has life-threatening accumulation of air within the thorax, commonly referred to as “air trapping” or “auto-PEEP”. Pneumothorax would have a similar presentation, but it was excluded by chest x-ray and bedside ultrasound.
Due to the patient’s bronchospasm, she has an extremely prolonged expiratory phase, which leads to premature delivery of mechanical breaths prior to full exhalation of the previous breath (Fig. 23.1).[image: A329322_1_En_23_Fig1_HTML.gif]
Fig. 23.1Incomplete exhalation of delivered tidal volume. Above is a flow volume curve of an asthmatic patient on volume cycled mechanical ventilation. The patient is still exhaling the prior tidal volume at the time of the delivery of the next breath (see arrow). Ideally, the exhalation phase flow rate would return to 0 (complete emptying of tidal volume) prior to delivery of the next breath. The entrapped volume remains in the thorax and can accumulate and cause sequela of air trapping





Over time, air accumulates and becomes “trapped” within the relatively fixed thoracic cage volume. Eventually, residual air increases the intrathoracic pressure (see ideal gas law below for pathophysiologic explanation).
Ideal Gas Law

[image: 
$$ \mathrm{PV}=\mathrm{nRT} $$
]


P = pressure, V = Volume, n = gas amount (moles), R = constant, T = temperature.

From this relationship, if the amount of gas is increased (n) in a fixed volume (V, in this case the thoracic cage) at a constant temperature, pressure will increase. If left uninterrupted, the increase in thoracic pressure will overcome the venous return pressures in the superior and inferior vena cava. Preload insufficiency and decrease in cardiac output ensue, leading to a state of obstructive shock. This trapped air cannot be discharged while mechanical breaths continue to be administered; such as in this case with the timed volume supported setting of mechanical ventilation. Thus, disconnection of the ventilator tubing from the endotracheal tube and allowing the trapped air to passively escape via an open endotracheal tube remedies this emergency.
The presence of clinically significant air trapping can be determined by measuring the pressure at airway opening (i.e. the pressure detected in the ventilator) at the end of exhalation. The total positive end expiratory pressure, or PEEP, which is composed of the PEEP set on the mechanical ventilator in combination with the pressure exerted by trapped air, or “auto-PEEP”.[image: 
$$ \mathrm{Total}\ \mathrm{PEEP}=\mathrm{Ventilator}\ \mathrm{PEEP}+``\mathrm{auto}-\mathrm{PEEP}" $$
]




Any pressure measured above the ventilator set PEEP is evidence for some degree of air trapping.
Auto peep also elevates the pressure at airway opening during an end inspiratory hold (plateau pressure) by the below formula (simplified from Truwit et al. [1]).[image: 
$$ \mathrm{Peak}\ \mathrm{airway}\ \mathrm{pressure}=\left(\mathrm{F}\times \mathrm{R}\right)+\left(\mathrm{TV}/\mathrm{C}\right)+\mathrm{set}\ \mathrm{PEEP}+``\mathrm{auto}-\mathrm{PEEP}" $$
]




Furthermore, the volume of trapped air can be directly measured and is a sensitive indicator for risk of hypotension from air trapping [2] (see section “Monitoring for Hyperinflation” and Fig. 23.2).[image: A329322_1_En_23_Fig2_HTML.gif]
Fig. 23.2Air trapping during mechanical ventilation in an asthmatic patient. During tidal ventilation, the lung volume never returns its physiologic starting point, the FRC. Measurement of the volume of trapped air (VEE) has been studied in asthmatic patients while receiving mechanical ventilation and pharmacologic paralysis. At the end of a mechanical tidal breath, the respiratory rate is set to zero and the volume of expired air is measured until flow reaches zero. Williams and colleagues have shown that neither barotrauma nor hypotension occur when the volume of trapped air is less than 1.4 L or 15 cc/kg [2]. Note this has only been verified in the paralyzed patient. FRC functional residual capacity, V

                        EE
                       end-expiratory lung volume above FRC (i.e. the volume of trapped gas), V

                        EI
                       end inspiratory lung volume, V

                        T
                       tidal volume (Reprinted with permission of the American Thoracic Society. Copyright © 2015 American Thoracic Society. Williams et al. [2]. The American Journal of Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society)





Air trapping can be avoided by minimizing the tidal volume and/or increasing the gas flow rate from the ventilator. Additionally, minute ventilation can be further decreased by reducing the delivered respiratory rate, which may require heavy sedation or neuromuscular blockade. Any decrease in the amount of air that needs to be exhaled, or increase in the amount of time available for exhalation, is useful. When resuming mechanical ventilation in this patient after discharge of the trapped air, she should be treated with substantially lower minute ventilation either by a decreased respiratory rate and/or tidal volume.

Principles of Management
Inhaled Bronchodilators
Inhaled short acting bronchodilators are the mainstay of treatment of an asthma exacerbation. Most commonly, inhaled short acting beta-2 agonists such as albuterol, levalbuterol, or salbutamol are employed. These medications target the underlying physiologic cause of respiratory failure, bronchospasm. They do not, however, treat the underlying inflammatory insult which causes bronchospasm. Albuterol is the most commonly used short acting bronchodilator in the United States. In the most serious cases, it can be used as a continuous nebulized inhaled solution. No data exists in regards to withholding short acting bronchodilators during an asthma exacerbation and equipoise does not exist for such study given the presumed obvious benefit. A meta-analysis showed no advantage of continuous administration of beta agonists, as compared to intermittent administration, in acute asthma [3]. Likewise, a controlled trial in the subset of severe asthma failed to show benefit of continuous beta agonists as compared to treatments every 20 min followed by treatments every hour [4]. For the even smaller subset of life threatening asthma, no prospective data exists in adults to our knowledge.
Addition of inhaled short acting anticholinergic medications to administration of short acting beta agonists improve pulmonary mechanics [5] as well as decrease admission rates [6] in patients with severe asthma, and are recommended by a panel of experts [7]. No data exists in patients receiving mechanical ventilation, though use of anticholinergic may theoretically decrease hypersecretion of mucus and mucus plugging, a finding common in fatal asthma [8].

Corticosteroids
Corticosteroids are administered during an asthma exacerbation to decrease the inflammation that leads to bronchospasm. Meta-analysis has shown a benefit of steroid therapy in adults with acute asthma [9]. No good data exist for the optimal dose of corticosteroids, but 2 mg/kg of methylprednisolone or †he equivalent is recommended by an expert panel [7]. In a randomized trial, no benefit was demonstrated with high dose (500 mg methylprednisolone) versus standard dose (100 mg methylprednisolone) corticosteroids [10].

Monitoring of Arterial Blood Gases
Arterial blood gases are monitored during status asthmaticus in the spontaneously breathing patient. In a patient with adequate respiratory reserve during an asthma exacerbation, an arterial blood gas typically shows respiratory alkalosis. A normal pH and partial pressure of carbon dioxide with a high work of breathing, respiratory acidosis, or normalization of the pH after an initial respiratory alkalosis are all harbingers of impending respiratory embarrassment, and escalation of support with adjunctive treatments and/or invasive mechanical ventilation should be initiated.

Ventilator Strategies
Strategies for asthmatic patients on mechanical ventilation hinge on the avoidance of hyperventilation, or air trapping, as illustrated in our case. Indeed, hypotensive and mechanical complications are related to the volume of gas enclosed in the thorax above functional residual capacity (FRC) at end exhalation [2] (please see section “Monitoring for Hyperinflation”). Entrapment of supra-physiologic gas volumes is best avoided by allowing for full exhalation of tidal volumes and return to FRC. Unfortunately, with severe airway obstruction the exhalation time required to fully empty the lung to FRC can be extremely prolonged. To allow full exhalation, clinicians can either decrease the tidal volume of the inspired breath, or allow additional time for exhalation. In other words, maximization of expiratory time is key. Whatever isn’t inspiratory time is expiratory time.[image: 
$$ \mathrm{Single}\ \mathrm{breath}\ \mathrm{inspiratory}\ \mathrm{time}=\mathrm{Tidal}\ \mathrm{volume}/\mathrm{Ventilator}\ \mathrm{flow}\ \mathrm{rate} $$
]



[image: 
$$ \mathrm{Minute}\ \mathrm{ventilation}=\mathrm{Tidal}\ \mathrm{volume}\times \mathrm{Respiratory}\ \mathrm{rate} $$
]




To this end, clinicians can decrease tidal volume in order to decrease the air volume that needs to be exhaled, or decrease the respiratory rate, which increases the time of exhalation. Adjustment of the ratio of inspiratory time to expiratory time by adjusting the flow rate (i.e. 60–100 L/min) or shape (accelerating to square) also increase the amount of exhalation time, however the incremental benefit as compared to decreasing the respiratory rate is minimal at low tidal volumes [11]. Increased flows can also increase spontaneous respiratory rates in some mechanically ventilated patients, which would outweigh any incremental benefit [12]. As a starting setting, a minute ventilation of 10 L per minute or less and a respiratory rate of 10–14 breaths/minute are reasonable [13]. Vigilant monitoring for the efficacy of ventilator settings is needed and is discussed in the section “Monitoring for Hyperinflation”.

Permissive Hypercapnia/Hypoventilation
During permissive hypoventilation, hypercarbia often develops as the minute ventilation provided is not adequate to eliminate the produced carbon dioxide. In a patient with spontaneous respiration on the ventilator, hypercarbia will often lead to an increased respiratory rate, which may be detrimental (see ventilator strategies). Often, deep sedation or paralysis is needed to allow for permissive hypercapnia (or permissive hypoventilation). Elevation in carbon dioxide on arterial blood gas should be tolerated, with a goal arterial blood pH above 7.15 [14]. If the pH drops below 7.15, sodium bicarbonate or THAM infusions can be utilized. Minute ventilation can be increased cautiously if there is no significant hyperinflation. If life-threatening changes in pH continue, further strategies include deeper sedation or paralysis to minimize carbon dioxide production by muscular tissues. In the rare case that these treatments are inadequate, extracorporeal life support (ECLS) can be utilized for CO2 removal (see evidence contour).

Monitoring for Hyperinflation
A thorough understanding of respiratory pressures generated during mechanical ventilation is requisite to understand the pathophysiology of asthma during mechanical ventilation. Peak airway pressure is the combination of several components, as discussed below. These pressures can ONLY be measured in a mode with constant tidal volumes (i.e. not a pressure mode).
Determination of Components of Peak and Plateau Airway Pressure in the Absence of Patient Effort [1]

[image: 
$$ \mathrm{Peak}\ \mathrm{pressure}=\mathrm{Pressure}\ \mathrm{to}\ \mathrm{overcome}\ \mathrm{airways}\ \mathrm{resistance}+\mathrm{Pressure}\ \mathrm{to}\ \mathrm{inflate}\ \mathrm{lungs}+\mathrm{total}\ \mathrm{PEEP} $$
]


Ohm’s law, or Pressure needed to overcome airways resistance[image: 
$$ {\mathrm{P}}_{\mathrm{resistace}}=\mathrm{Flow}\times \mathrm{Resistance}\ \mathrm{of}\ \mathrm{airways} $$
]



[image: 
$$ \mathrm{Compliance}\left(\mathrm{definition}\right)=\mathrm{Volume}/\mathrm{Pressure} $$
]


(Note compliance is of respiratory system, which includes the lungs as well as external compliance from abdomen and chest wall)[image: 
$$ {\mathrm{P}}_{\mathrm{compliance}}=\mathrm{Tidal}\ \mathrm{volume}/{\mathrm{Compliance}}_{\left(\mathrm{lugs} + \mathrm{soft}\ \mathrm{tissues}\right)} $$
]


From previous PEEP discussion[image: 
$$ \mathrm{Total}\ \mathrm{PEEP}=\mathrm{Set}\ \mathrm{PEEP}+``\mathrm{Auto}-\mathrm{PEEP}" $$
]



[image: 
$$ \mathrm{Peak}\ \mathrm{airway}\ \mathrm{pressure}=\left(\mathrm{F}\times \mathrm{R}\right)+\left(\mathrm{TV}/\mathrm{C}\right)+\mathrm{set}\ \mathrm{PEEP}+``\mathrm{auto}-\mathrm{PEEP}"* $$
]


Plateau Pressures
During an inspiratory hold at the end of a full tidal volume (plateau pressure), the flow is zero, eliminating the first term in the equation so[image: 
$$ \mathrm{Plateau}\ \mathrm{pressure}=\mathrm{TV}/\mathrm{C} + \mathrm{set}\ \mathrm{PEEP} + ``\mathrm{auto}-\mathrm{PEEP}"** $$
]



Thus
[image: 
$$ \begin{array}{l}\mathrm{Peak}\ \mathrm{airway}\ \mathrm{pressure}-\mathrm{Plateau}\ \mathrm{pressure}=\mathrm{pressure}\ \mathrm{needed}\ \mathrm{to}\ \mathrm{overcome}\ \mathrm{airway}\mathrm{s}\ \mathrm{resistance};\hfill \\ {}\kern1.75em \mathrm{an}\mathrm{d}\ \mathrm{plateau}\ \mathrm{pressure}\ \mathrm{is}\ \mathrm{an}\ \mathrm{indicator}\ \mathrm{of}\ \mathrm{compliance}\ \mathrm{an}\mathrm{d}\ \mathrm{to}\mathrm{tal}\ \mathrm{PEEP}\hfill \end{array} $$
]





Respiratory causes of death from status asthmaticus often stem from circulatory collapse or mechanical complications of invasive mechanical ventilation, which are typically caused by air trapping and pneumothorax respectively. Avoidance of these complications requires monitoring for hyperinflation. Indeed, the volume of trapped air above functional residual capacity (FRC) at end exhalation correlates with risk for pneumothorax and hypotension (see Fig. 23.1) [2]. However, measuring this volume in clinical practice is difficult due to lack of familiarity with the technique needed (see Fig. 23.2 for full discussion).
Plateau pressure, Auto-PEEP, and analysis of flow volume curves are used as surrogates to directly measuring the entrapped air volume above FRC. Interestingly, plateau pressure and Auto-PEEP did not correlate with barotrauma or hypotensive complications in a single study of mechanically ventilated asthmatic patients [2], despite having some correlation with end inspiratory lung volume (VEi) [15]. However, monitoring of these parameters is advocated by experts as a surrogate for direct measurement of trapped air volume, with goals being auto-PEEP as low as possible and plateau pressures less than 30 cm H2O [11, 16].
Plateau pressure is reflective of the pressure “seen”, collectively as an average, by the alveoli and it is this increased pressure that causes alveolar rupture and pneumothorax. In pure asthma in the non-obese patient, lung and thoracic cage compliance is normal; therefore if plateau pressure is elevated it is likely secondary to air trapping and auto-PEEP or pneumothorax.
Auto-PEEP is the difference of the measured end-expiratory pressure and the set PEEP on the ventilator, which is measured with an end expiratory hold. Exhalation is usually passive, although a mechanically ventilated patient with asthma who is not paralyzed may attempt active exhalation and thereby falsely elevate auto-PEEP. If there is air trapped within the thorax, it will increase pressure due to the increased amount of gas within a fixed thoracic cage (see previous discussion of ideal gas law in case answer). Should this complication develop and cause hemodynamic deterioration, the best solution is transient disconnection of the mechanical ventilator to eliminate further inspired air and allow for full exhalation of the trapped air. Alternatively, these emergent complications are avoided by permissive hypoventilation and diligent monitoring for air trapping by regularly measurement of auto-PEEP and plateau pressures. Air trapping can be seen on a breath to breath basis when a mechanical breath is delivered without the expiratory flow returning to zero on a flow time curve (Fig. 23.1).
Peak airway pressures are often extremely elevated in patients with asthma during mechanical ventilation due to the resistive force of constricted airways (Ohm’s law: Pressure = Flow × Resistance). If increased flows are used to extend exhalation time, this will likewise raise peak airway pressure (see equation above).
However, this pressure is merely the pressure needed to overcome the airway resistance and is NOT transmitted to the alveolus. It is the plateau pressure, not the peak airway pressure, that is a marker of alveolar pressure and hence an indicator of risk for pneumothorax. Note that elevated plateau pressure will, by default, cause an elevated peak airway pressure. An elevated peak airway pressure with a normal plateau pressure in a patient with asthma is not worrisome and does not require specific intervention.

Recognizing Barotrauma
Pneumothorax can occur and will create similar hemodynamic instability and increased plateau airway pressures as an air trapping emergency such as seen in the clinical case above. A low threshold is needed for investigation or treatment of pneumothorax especially in an abrupt decline in clinical status or exam signs of pneumothorax (crepitus, deviated trachea, asymmetric breath sounds) develop. Pleural ultrasound can yield rapid bedside evaluation of suspected pneumothorax. Lung sliding, when seen at all intercostal spaces examined, essentially rules out pneumothorax [17]. Absence of lung sliding, while consistent with pneumothorax, is only 78 % specific for pneumothorax due to multiple false positives [17]. When seen, lung point is nearly 100 % specific, and therefore the most reliable confirmatory ultrasonographic sign for pneumothorax [17] (Video 23.1).
At the beginning of the video lung sliding is seen. When lung sliding is visualized, it rules out pneumothorax at the interspace examined. Absence of lung sliding does not confirm pneumothorax with acceptable specificity for intervention. Midway through the video, sliding can be seen to continue on the left-most part of the screen where it vanishes on the right of the screen. The point of transition of normal sliding lung (normal pleura opposing chest well) to that of no lung sliding (lack of pleural contact with chest wall) is referred to as a “lung point”. This ultrasonographic sign, when seen, is nearly 100 % specific [17] and a reliable bedside sign to justify tube thoracostomy if indicated.


Evidence Contour
Adjuvant Pharmacologic Treatments
Adjuvant pharmacologic treatments are used to stave off mechanical ventilation or salvage someone failing ventilator support such that they cannot be successfully oxygenated or hypercapnic acidosis has become profound.

Magnesium
Intravenous magnesium sulfate has been promoted for patients with life-threatening asthma. Meta-analyses have demonstrated an improvement in air flow [19, 20] and hospitalization rates in adults with acute asthma [19]. A recent randomized controlled trial in the subset of severe, acute asthma showed no significant clinical benefit for magnesium sulfate infusion or nebulized inhalation [21]. Trials for the even smaller subset of life threatening asthma or impending respiratory failure do not exist. It is noted nearly all trials involve a single administered dose in the emergency room. We advocate for the adjunctive use of intravenous infusion of 2 g magnesium sulfate given the supportive meta-analyses of airflow improvement in patients with impending or current respiratory failure because even small improvements in airflow can improve air-trapping and respiratory reserve in patients with extremely impaired obstructive physiology.

Intravenous Bronchodilators
Terbutaline and isoproterenol can be used as infusions for refractory asthma unresponsive to typical measures, if tolerated by the heart rate. Limited data exists for the use of these agents [22].

Lactic Acidosis from Beta Agonist
Type B lactic acidosis from inhaled beta agonists does occur, is common, and is related to serum albuterol level, and is NOT a predictor of worse clinical outcomes [23, 24]
Due to their efficacy, in patients with life-threatening asthma beta agonist medications cannot be avoided and the lactic acidosis this is simply tolerated.

Heliox
Helium decreases viscosity of air allowing it to travel more efficiently through small, constricted airways [25]. Heliox is a mixture of helium and oxygen which can be inhaled as a salvage maneuver for impending respiratory failure to prevent intubation as a temporizing measure. Routine use in adult asthma exacerbations is not supported by meta-analysis [26, 27]. In the subset of patients with status asthmatics, heliox has been shown to improve oxygenation presumably by improved V/Q matching [28], It is noted if there is concomitant hypoxemia such as from pneumonia, there is a limitation in the amount fraction of inspired oxygen (FiO2) which can be provided as the remaining fraction is needed for helium to exert is effect on the viscosity of ambient air. In a patient with impending respiratory failure, a short trial of heliox with frequent clinical monitoring can be attempted given the difficulties and potential complications of asthmatic patients during mechanical ventilation.

Noninvasive Positive Pressure Ventilation (NIV)
Noninvasive positive pressure ventilation in an asthmatic patient at risk of intubation may be useful to allow acute pharmacologic therapies to take effect, although data for this approach is limited [29]. Any asthma patient on NIV should be monitored in the intensive care unit with close clinical monitoring including serial measures of arterial blood gases. Trials of NIV should be short (1–2 h) and a low threshold for endotracheal intubation and mechanical ventilation is needed among patients who deteriorate or fail to improve.
Avoidance of mechanical ventilation, while desirable, must be balanced with the risk of waiting too long and developing an emergent airway, which ultimately may be more dangerous for the patient.

Anesthetics
Some inhaled and infusion anesthetics, such as halothane, isoflurane, enflurane, and sevoflurane, have bronchodilatory properties and have been used in refractory status asthmaticus [30, 31]. Intravenous ketamine may be useful if the patient is also mechanically ventilated as it can be used concomitantly as a sedative [32–34]. Familiarization with the contraindications and side effects of these medications are required if the Intensivist intends to use this medication, and may require local credentialing.
Inhaled anesthetics can be used as a salvage technique; however, the logistics needed for continuous delivery are not trivial; though in refractory cases this may be preferable to extracorporeal life-support (ECLS) especially if this technology is not available at the treating center. Consultation with an anesthesia provider is requisite if inhaled anesthetics are utilized in the ICU.

Bronchoscopy
Plugging of airways by mucus and cellular debris is a common finding in autopsy of fatal asthma [8]. Use of bronchoscopy for refractory asthma patients receiving mechanical ventilation has been described in case reports with favorable outcomes [35]. Creation of a one-way valve by mucus, such as a check valve phenomenon that can be seen in COPD, to our knowledge has not been reported in asthma. One case of unilateral asthma has been described, however it was not felt to be due to check valve mechanism [36]. Regardless, if regional air trapping is seen on a radiograph (such as seen in Fig. 23.3) bronchoscopy is indicated for secretion clearance.[image: A329322_1_En_23_Fig3_HTML.jpg]
Fig. 23.3Unilateral left lung asthma. If regional asthma or air trapping is seen, such as on the above radiograph, bronchoscopy is indicated for secretion clearance (From DiFrancia et al. [36]. Reprinted with permission from Elsevier Limited)






Extracorporeal Life Support (ECLS)
ECLS efficiently eliminates carbon dioxide from the blood. In patients failing mechanical ventilation with hypercarbia, ECLS can be a salvage technique for asthmatic patients with life threatening hypercarbia [37, 38]. Given the efficiency of extracorporeal carbon dioxide removal, new pumpless techniques of gas elimination have been developed [39] and have been used successfully in status asthmaticus [40, 41].
A myriad of complications can develop during ECLS and avoidance, if possible, is advised by maximizing adjuvant pharmacological treatments and ventilator strategies.
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Case Presentation
A 67 year-old man with no recent hospitalizations presents to the Emergency Department with shortness of breath. He has a history of ulcerative colitis and is currently treated with cyclosporine and prednisone 10 mg/day. He denies fevers, chills or sputum production. Pulse oximetry is 82 % on room air. Initial chest x-ray and high-resolution CT scan of the chest are shown (Figs. 24.1 and 24.2). Over the next 24 h, he experiences progressive hypoxemia and respiratory distress despite supplemental oxygen and empiric antibiotic therapy for community-acquired pneumonia (ceftriaxone and azithromycin). The patient undergoes endotracheal intubation and mechanical ventilation is initiated.[image: A329322_1_En_24_Fig1_HTML.gif]
Fig. 24.1Chest X-ray




[image: A329322_1_En_24_Fig2_HTML.gif]
Fig. 24.2High-resolution CT scan





Question
Should the patient’s antimicrobial regimen be changed? What diagnostic test should be performed?

Answer
The patient’s antimicrobial regimen should be expanded empirically to cover Pneumocystis jirovecii (e.g. trimethoprim-sulfamethoxazole) given (1) his risk factors (cyclosporine and corticosteroids), (2) his consistent CT scan (interstitial infiltrate with cystic changes), (3) his hypoxemia disproportionate to radiographic infiltrate, (4) his lack of clinical response to an empiric regimen adequate for community-acquired pneumonia, and (5) the fact that empiric therapy does not compromise the diagnostic yield of subsequent bronchoscopy in the diagnosis of Pneumocystis pneumonia [1]. A lower respiratory tract specimen should be acquired, via bronchoscopy or mini- bronchoalveolar lavage (BAL); lavage fluid should be tested for gram stain and culture, respiratory virus polymerase chain reaction (PCR), fungal culture, galactomannan, acid-fast stain and culture, and Pneumocystis PCR.

The patient underwent flexible bronchoscopy, and a positive Pneumocystis PCR assay confirmed the diagnosis. The patient received intravenous trimethoprim-sulfamethoxazole, and oxygenation gradually improved over the next 5 days. The patient was ultimately extubated and recovered full lung function. After 21 days of treatment, the patient’s trimethoprim-sulfamethoxazole was changed to the prophylactic dose (1 double-strength tablet [160/800] once daily) for the duration of his immunosuppression.

Principles of Management
Presentation
Pneumonia is a common and morbid complication of immunosuppression, whether due to primary immunodeficiency or, more commonly, secondary to a systemic disease process or its treatment. The presentation of pneumonia among immunosuppressed patients is often more subtle, indolent and atypical than among immunocompetent patients [2]; the same immune deficits that permit microbial reproduction in the lower respiratory tract can decrease the intensity of fever, sputum production, or radiographic infiltrates. Immunosuppressed patients are often vulnerable to competing or concurrent non-infectious lung processes such as cardiogenic edema (e.g. among patients receiving cardiotoxic chemotherapy or aggressive hydration with chemotherapeutic regimens), medication toxicity (e.g. among patients receiving bleomycin or methotrexate), radiation pneumonitis, or malignancy (e.g. Kaposi’s Sarcoma among patients with Human Immunodeficiency Virus [HIV]/Acquired Immunodeficiency Syndrome [AIDS]).

Etiology
The presence and persistence of microbes in the respiratory tract are determined by the balance of microbial immigration, elimination and local microbial growth conditions [3, 4], all of which are altered in immunosuppressed patients. The microbiota of the upper respiratory tract (the primary source community for migration of microbes to the lungs [4, 5]) are altered by systemic immunosuppression, whether by underlying disease (e.g. HIV/AIDS) [6] or immune-suppressing medications [7]. Impairment of innate and adaptive immunity decreases the elimination rate of transient microbes, increasing the likelihood of persistent reproduction, and makes the microbial growth conditions of the lung environment more hospitable to dysregulated reproduction [3]. Each patient’s specific constellation of immune deficits predisposes him/her to a select number of opportunistic pathogens (Table 24.1). Consideration of each patient’s candidate pathogen profile is critical to the appropriate selection of empiric antimicrobial therapy. Despite the wide breadth of potential pathogens in this population, the most common culprits remain the bacteria and viruses responsible for community-acquired pneumonia (e.g. Streptococcus pneumoniae) [9], which should be covered by any empiric regimen. Coverage for atypical organisms (Mycoplasma spp., L. pneumophila and C. pneumoniae) is warranted in community-dwelling patients until a specific pathogen is identified.Table 24.1Correspondence of immunodeficiency and susceptibility to respiratory pathogens


	Immune defect
	Disease examples
	Iatrogenic examples
	Organisms to suspect

	Innate immunity
	Neutrophil abundance
	Leukemia
Parvovirus infection
Agranulocytosis
	Chemotherapy
Methotrexate
Clozapine
	Gram-negative bacilli

Staphylococcus spp.
Fungi (e.g. Aspergillus spp.)

	Neutrophil function
	Chronic granulomatous disease
Cirrhosis
Uremia
	Anti-TNF agents [8]
	
                            Staphylococcus aureus
                          
Fungi (e.g. Aspergillus spp.)

	Adaptive immunity
	T-cell abundance and function
	HIV/AIDS
Lymphoma
Primary immunodeficiency
	Chemotherapy
Corticosteroids
Calcineurin inhibitors
Anti-T-cell antibodies
	
                            Pneumocystis jirovecci
                          

Cryptococcus spp.
Intracellular bacteria (e.g. Legionella spp.)

                            M. tuberculosis
                          
Viruses (CMV, HSV, VZV)


	B-cell abundance and function
	Multiple myeloma
Primary immunodeficiency
	Rituxumab
	Encapsulated bacteria: S. pneumoniae, H. influenzae







Diagnosis
Chest x-rays are of notoriously poor sensitivity in identifying pneumonia among immunocompromised patients; in one large series, the majority of neutropenic patients with infiltrates on thin-sliced CT scans had no detectable abnormality on chest radiograph [10]. High-resolution CT scan is often helpful for confirming the presence of infection, guiding site selection for bronchoalveolar lavage, and directing empiric therapy based on imaging characteristics. The presence of cavitation is associated with Mycobacterium spp., Nocardia spp., Aspergillus spp. and P. jirovecci.; interstitial infiltrates suggest viral (e.g. Cytomegalovirus [CMV]) pneumonia or Pneumocystis; dense consolidation implies either bacterial pathogens or Aspergillus spp.. Serologic tests are of decreased utility in immunocompromised patients, especially in patients with impaired T-cell and B-cell immunity (Table 24.1), whereas antigen-based testing (e.g. Streptococcus and Legionella urinary antigens, Cryptococcus serum antigen testing) can be useful. An aggressive approach to sampling the lower respiratory tract (via bronchoscopy or miniature bronchoalveolar lavage [“mini-BAL”]) is warranted, as the spectrum of potential pathogens usually exceeds any reasonable empiric antimicrobial regimen. Depending on the patient’s degree and type of immunosuppression, lower respiratory tract specimens should be tested for gram stain and bacterial culture, fungal culture, acid fast stain and culture, respiratory viral PCR, CMV antigen, galactomannan, Pneumocystis PCR. Recommended diagnostic tests by specimen site are listed in Table 24.2.Table 24.2Diagnostic testing in immunocompromised patients with suspected pneumonia


	Specimen
	Diagnostic tests

	Bronchoalveolar lavage fluid
	Cell count and differential

	Gram stain and bacterial culture

	Fungal stain and culture

	Acid-fast bacteria stain and culture

	Respiratory virus PCR

	
Pneumocystis jirovecci PCR

	CMV antigen

	Galactomannan

	Serum
	Bacterial culture

	Fungal culture

	Acid-fast bacteria culture

	
Cryptococcus antigen

	Galactomannan

	β-D-glucan

	Urine
	
Streptococcus antigen

	
Legionella antigen






Empiric Treatment
Antimicrobial therapy should be given promptly in patients with suspected pneumonia. Unless lower respiratory tract specimens can be acquired immediately, therapy should not be delayed for the sake of increasing diagnostic yield. Empiric treatment of Pneumocystis does not compromise the yield of lower respiratory tract testing [1]. No single empiric regimen exists for immunocompromised pneumonia, given the diversity of immunocompromised conditions and associated infections (Table 24.1). A reasonable approach is to start with a regimen for community-acquired or healthcare-associated pneumonia as appropriate [11, 12], then expand according to the patient’s specific immune deficits and past microbiological data. This regimen should then be routinely reassessed for effectiveness based on the patient’s clinical response and the results of invasive microbiological testing. Empiric treatment of fungal pneumonia is rarely indicated for initial regimens but should be strongly considered in patients with clinical risk factors (e.g. prolonged neutropenia), consistent imaging (Fig. 24.3, a CT scan of a patient with aspergillosis) and lack of response to antibacterial therapy.[image: A329322_1_En_24_Fig3_HTML.gif]
Fig. 24.3CT scan – aspergillosis






Supportive Care
Unless otherwise contraindicated, immunocompromised patients with hypoxemic respiratory failure should be given a trial of noninvasive positive pressure ventilation (NIPPV) [13–15]. Corticosteroids are indicated for patients with HIV/AIDS and P. jirovecci pneumonia with room air PaO2 under 70 or A-a gradient over 30 [16, 17], though data supporting their use in non-HIV patients with the same infection is weaker [18, 19]. Competing non-infectious diagnoses should be explored and potentially treated empirically (e.g. diuresis for infiltrates suggestive of cardiogenic edema).


Evidence Contour
Utility of Invasive Testing
Invasive sampling of the lower respiratory tract (by bronchoscopy with and without transbronchial biopsy, mini-BAL or open lung biopsy) is common in the diagnosis of pneumonia in immunocompromised patients, and wide practice variation exists among modalities used. Among intubated patients, mini-BAL performs comparably to flexible bronchoscopy with lavage [20]. Transbronchial biopsy increases the yield of bronchoalveolar lavage, generally by distinguishing invasive fungal disease from colonization [21, 22]. Transbronchial biopsy is associated with elevated rates of pneumothorax when performed on mechanically ventilated patients (14–24 %) [23, 24], though this risk must be weighed against those of alternative diagnostic maneuvers (e.g. open lung biopsy). BAL galactomannan has excellent sensitivity and specificity in the diagnosis of invasive aspergillosis [25], and it is undetermined what effect its adoption has had on the marginal yield of transbronchial biopsy. In one series of patients with hematologic malignancies and pulmonary infiltrates, open lung biopsy identified a diagnosis in 62 % of cases and changed management in 57 % of cases [26], though only 55 % of these patients had previously undergone bronchoscopy and only 13 % had undergone transbronchial biopsy.

Serum Indices of Infection
Serum tests for pneumonia in immunocompromised patients are an attractive arena for investigation, but no consensus exists regarding their utility, and in practice they rarely preclude invasive lung sampling. A serum galactomannan test is relatively specific (89 %) for invasive aspergillosis among immunocompromised patients but has poor sensitivity (71 %) [25]; a negative result does not exclude the diagnosis. By contrast, a commercially available beta-D-glucan assay is more sensitive than serum galactomannan but less specific [27]. A serum procalcitonin level below 0.5 ng/ml effectively excludes the presence of a bacterial infection in critically ill immunocompromised patients [28].

Noninvasive Ventilation
Though noninvasive positive pressure ventilation (NIPPV) is infrequently indicated for immunocompetent patients with pneumonia given the difficulty of managing secretions and the lack of rapid reversibility, two randomized controlled trials have demonstrated a clinical benefit to its use among immunocompromised patients. In a large (238 patient) study of patients immunosuppressed for solid organ transplantation with acute respiratory failure, patients who received NIPPV (as compared to standard treatment with supplemental oxygen) were less frequently intubated and experienced lower Intensive Care Unit (ICU) mortality [13]. In a second study of more broadly immunosuppressed patients with respiratory failure and clinical evidence of pneumonia, treatment with NIPPV resulted in less frequent endotracheal intubation and lower ICU mortality and overall mortality [15].
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Case Presentation
Case Scenario
A 72 year-old retired family physician with a history of hypertension and prostate cancer was admitted to the hospital with complaints of worsening dyspnea over 48 h. On presentation, he was tachycardic with a heart rate 112, tachypneic with a respiratory rate of 22, normotensive with a blood pressure of 110/70 and his pulse oximetry revealed an O2 saturation of 88 % on room air. He had 2+ left lower extremity edema (with trace edema on the right). A chest x-ray showed no acute cardiopulmonary disease, and his EKG revealed sinus tachycardia with non-specific T wave changes. Laboratory studies were within normal limits with the exception of a troponin I which was elevated to 1.5 ng/ml (reference < 0.30 ng/ml). A CT-pulmonary angiogram revealed bilateral central pulmonary artery emboli (Fig. 25.1) and an enlarged right ventricle. The patient was admitted to the intensive care unit and started on an intravenous (IV) heparin drip.[image: A329322_1_En_25_Fig1_HTML.gif]
Fig. 25.1Large central thrombi in the main bilateral pulmonary arteries (arrows) in a 72-year-old man who presented with submassive pulmonary embolism





Question
If the decision is made to administer thrombolytic therapy, how would this treatment alter the patient’s overall outcome? His survival?

Answer
Treatment with thrombolytic therapy would likely prevent hemodynamic collapse but would not affect his chances of survival.

In the PEITHO trial, 1005 patients with sub-massive pulmonary embolism, defined by right ventricular enlargement or dysfunction and myocardial injury as indicated by an elevated troponin I or troponin T, were randomized to receive IV heparin and placebo versus IV heparin and recombinant Tissue plasminogen activator (t-PA) [1]. The primary endpoint was a clinical composite of death or hemodynamic decompensation within 7 days after randomization. The investigators also assessed a safety endpoint of bleeding complications. The results of this study revealed that treatment with t-PA significantly reduced the primary endpoint of death or hemodynamic decompensation within 7 days after randomization (2.6 % versus 5.6 %, p = 0.02). The difference in the primary endpoint was driven by a reduction in hemodynamic collapse as mortality was not different between the two treatment groups. The benefit of a reduction in the primary outcome with t-PA treatment came with the expense of an increased risk of major bleeding events including extracranial bleeding (p < 0.001) and strokes (p = 0.003).


Standard Approach to Diagnosis and Management
Risk Factors
Pulmonary embolism is a consequence of thrombosis in the deeps veins of the lower extremities, pelvis, and less commonly, the upper extremities. The classic triad of risk factors for the development of deep venous thrombosis, known as Virchow’s triad, includes stasis of blood flow, hypercoagulability, and endothelial injury. Patients admitted to the intensive care unit frequently experience all of these risk factors and are therefore at a heightened risk for deep venous thrombosis (DVT) and, in turn, pulmonary embolism (PE). Specifically, mechanical ventilation, sedation, and the use of paralytic agents accentuate the immobility of critical illness and thereby contribute to stasis of blood flow. In addition, central lines inserted into the upper and/or lower extremity deep veins serve as a nidus for thrombosis secondary to local endothelium disruption. Central lines placed in the femoral and internal jugular veins are associated with a particularly high risk, and the likelihood of this complication increases with the duration of catheter placement [2, 3]. Finally, the clinical diagnosis that necessitates ICU admission can modify the risk of venous thromboembolism (VTE). For example, immobility secondary to infection was associated with a shorter duration until the onset of thromboembolism as compared to patients whose immobility was due to dementia (less than 4 weeks in 94.2 vs. 25.9 % of cases; p < 0.001) [4]. The clinical presentations of severe sepsis and septic shock are also associated with a high rate of VTE [5]. The mechanistic connection between infection and venous thrombosis is in part explained by inflammation-induced: (1) elaboration of tissue factor, (2) impairment of anticoagulant pathways, and (3) suppression of fibrinolysis secondary to the overproduction of plasminogen activator inhibitor-1 [6].

Epidemiology of VTE in the ICU
The presence of multiple risk factors for VTE in ICU patients confers a high risk of disease. Clinical studies demonstrate that both unfractionated heparin and low molecular weight heparin decrease the risk of DVT in the critical care unit [4, 7]. As a result of this evidence, current practice guidelines recommend the administration of thromboprophylaxis in the critical care setting. Therefore, it is not surprising that, in a multivariate analysis of risk factors for PE in a Tunisian ICU, the absence of pharmacologic prevention was identified as a significant predictor for PE [8]. However, even in the presence of prophylactic heparin treatment, the risk of VTE is significant. In the PROTECT study, the efficacy of low molecular weight heparin (LMWH) and unfractionated heparin (UFH) were compared in the prevention of DVT in critically ill patients [9]. Evidence for new DVT formation was determined by the performance of twice-weekly compression ultrasonography. Despite the administration of prophylactic anticoagulation, the rates of DVT were 5.1 % in patients treated with LMWH and 5.8 % in patients treated with UFH. The risk of DVT appears to be even greater in patients with acute decompensated COPD who undergo mechanical ventilation [10]. In this population, treatment with weight-adjusted LMWH was associated with a DVT incidence of 15.5 % while patients receiving placebo experienced a 28.2 % incidence of clot.
Although evidence indicates that the incidence of DVT in the ICU is high, it is less clear how often this complication results in pulmonary embolism. In the PROTECT trial, PE was evaluated when clinically indicated, and in patients treated with LMWH, there was a 1.2 % incidence of definite or probable PE as compared to a 2.1 % incidence in the group treated with UFH. While these incidences are low and reassuring, results from a 2012 study suggests that the diagnosis of PE may be frequently missed in the ICU [11]. In this investigation, 176 consecutive mechanically ventilated patients who required a CT scan for any indication underwent the standard imaging protocol for pulmonary embolism detection. The investigators discovered that the incidence of PE was 18.7 %, and in 61 % of these patients, there was no clinical suspicion of disease. Importantly, the study protocol called for the performance of lower extremity compression ultrasonography in all patients within 48 h of their CT scan, and only 33 % of individuals with a PE were found to have a concurrent DVT. Collectively, these studies demonstrate that both DVT and PE are relatively common in the ICU despite thromboprophylaxis. Perhaps even more concerning is the observation that the majority of patients diagnosed with a PE lacked clinical features of the disease.

Clinical Presentation
The clinical presentation in the accompanying case scenario is highly suggestive of pulmonary embolism. However, in the ambulatory population, the clinical features of venous thromboembolic disease are largely non-specific. The lack of specificity in both symptoms and signs of pulmonary embolism was highlighted in PIOPED II, a study in which patients with suspected PE were enrolled to evaluate the predictive value of Computed-tomography pulmonary angiography (CT-PA) [12]. As part of this study, the frequency of symptoms and signs in patients with confirmed PE were compared to enrolled patients who ultimately ruled out for thromboembolism. Surprisingly, this investigation revealed that the presentation of hemoptysis or pleuritic chest pain was more common in PE-negative patients than in the PE-positive group (56 vs 44 %, p < 0.01). Furthermore, there was no difference between the two groups in the frequency of presenting with circulatory collapse. The presence of uncomplicated dyspnea (i.e. dyspnea without accompanying symptoms of chest pain, hemoptysis or circulatory collapse) was more common in patients diagnosed with PE than the PE-negative group but the overall percentages were similar (36 % versus 26 %, P < 0.01). With respect to specific symptoms or signs, the complaint or clinical detection of calf or thigh swelling or pain was most discerning for those who did versus those who did not have a PE.
In the critical care patient, co-morbid conditions that are associated with hypotension and hypoxemia make it even more challenging to identify patients with VTE. In a single center study of 4408 ICU patients, 87 (1.9 %) were diagnosed with pulmonary embolism [8]. Abnormalities in this group that led to the evaluation and diagnosis of PE included hypotension (57.5 %), positive SIRS criteria (72.4 %), respiratory distress requiring mechanical ventilation (81.6 %), and clinical manifestations of DVT (17.2 %). These derangements, perhaps with the exception of clinical manifestation of DVT, are not specific for PE and can be observed in other conditions that commonly lead to ICU admission including septic or hemorrhagic shock, congestive heart failure, and pneumonia.
The low sensitivity and specificity of symptoms and signs for VTE motivated the development of clinical prediction tools including the Wells Criteria (Table 25.1) and the Geneva Scoring System (Table 25.2) to aid clinicians in the evaluation of VTE. The Wells criteria either dichotomizes or trichotomizes patients into VTE risk categories [13]. This prediction tool has been well validated in the outpatient setting, but in hospitalized patients, it was found to perform less well for the diagnosis of DVT [14]. The Wells Criteria and the Geneva Score have not been explicitly evaluated in the critical care setting. However, based on the challenge of evaluating symptoms in the ICU patient who may be intubated, sedated, and/or delirious and in the presence of concurrent critical illnesses that commonly result in tachycardia and lower extremity edema, it is likely that the predictive value of this tool, like the inpatient setting, is weak in the critical care population. The limitation of these tools in the ICU setting is supported by the findings of Bahloul and colleagues who calculated both the Wells and Geneva scores in 87 patients who were diagnosed with PE in the critical care setting [8]. In this study, only 5 (5.7 %) patients had a high probability score using Wells Criteria and only 6 (6.9 %) patients were classified as high probability according to Geneva Score. Based on these findings, it is crucial to maintain a high index of suspicion for VTE as a potential etiology of subtle (and not so subtle) physiologic changes in an ICU population.Table 25.1Wells criteria for pulmonary embolism risk


	Variable
	Points

	Clinical signs and symptoms of DVT
	3

	Alternative diagnosis less likely than PE
	3

	Heart rate >100/min
	1.5

	Immobilization (>3d) or surgery in the prior 4 wk
	1.5

	Prior PE or DVT
	1.5

	Hemoptysis
	1

	Malignancy (receiving treatment, treated in last 6 mo, palliative)
	1


	Score
	Clinical probability
	PE incidence

	
                            Trichotomized score
                          

	0–1
	Low
	0.2–7.0 %

	2–6
	Moderate
	12.4–26.6 %

	≥6
	High
	27.2–72.8 %

	
                            Dichotomized score
                          

	≤4
	Unlikely
	2.3–9.4 %

	≥4
	Likely
	27.6–51.6 %


From Wells et al. [13]



Table 25.2Revised Geneva Score for pulmonary embolism risk


	Variable
	Points

	
                            Risk factors
                          
	 
	Age > 65 y
	1

	Prior PE or DVT
	3

	Surgery (under general anesthesia) or fracture of the lower limbs within 1 mo
	2

	Active malignant condition (solid or hematologic, currently active or considered cured < 1 y)
	2

	
                            Symptoms
                          
	 
	Unilateral lower-limb pain
	3

	Hemoptysis
	2

	
                            Clinical signs
                          
	 
	Heart rate
	 
	 75–94 beats/min
	3

	 ≥95 beats/min
	5

	Pain on lower-limb deep venous palpation and unilateral edema
	4


	Score
	Clinical probability
	PE incidence

	0–3
	Low
	5.0–12.0 %

	4–10
	Intermediate
	24.6–32.8 %

	≥11
	High
	61.0–83.4 %


From Le Gal et al. [39]





Pulmonary Embolism Severity
Patients with pulmonary embolism can be categorized into low, intermediate, and high risk groups. Stratifying individuals into risk categories can be useful in decisions about disposition and treatment. The presence of hemodynamic collapse, which results from an acute increase in pulmonary artery pressure and associated right heart failure, readily classifies patients into a high-risk group with an estimated mortality of 30–50 % and mandates a treatment strategy that includes vascular reperfusion (see section “Treatment”). Hemodynamic stability in the presence of right ventricular (RV) dysfunction defines an intermediate risk category. Evidence of RV dysfunction can be detected on imaging studies including echocardiography (Fig. 25.2) and CT-PA and with elevated biochemical markers such as brain natriuretic peptide (BNP), N-terminal pro-brain natriuretic peptide (NT-proBNP), troponin-I, and troponin-T levels. Several systematic reviews reveal an increased risk of death in patients with pulmonary embolism who also have evidence of abnormal RV function by imaging or elevated biomarkers. For example, in a recent meta-analysis, CT-PA evidence of right heart dysfunction carried an odds ratio of death from PE of 7.4 (95 % confidence interval 1.4–39.5) [15]. A separate study found that either CT-PA or echocardiographic evidence of RV dysfunction was associated with an unadjusted risk ratio for death of 2.4 (95 % confidence interval 1.3–4.4) [16]. In this same systematic review, elevations in brain natriuretic peptide (BNP), N-terminal pro-brain natriuretic peptide (NT-proBNP), and troponin also predicted an increased risk of death, but the threshold values for these biomarkers varied considerably between studies. Because of the higher rate of death, patients in this intermediate risk group may hypothetically benefit from aggressive treatment to reestablish vascular reperfusion (see section “Treatment”).[image: A329322_1_En_25_Fig2_HTML.jpg]
Fig. 25.2(a) Right ventricular (RV) strain seen on parasternal short axis view with the intraventricular septum (arrows) bowing into the left ventricle (LV). The result is known as a “D-sign”. (b) Increased RV/LV ratio seen on apical four chamber view





Beyond categorizing patients based on the presence/absence of hemodynamic instability or RV dysfunction, several prognostic scoring systems have been developed to estimate the 30-day mortality in patients with PE. These tools primarily aid clinicians in their decisions about patient disposition. Individuals with low scores may be safely managed as outpatients while patients with high scores require hospitalization in an acute care bed or in the intensive care unit. The Pulmonary Embolism Severity Index (PESI) and the simplified PESI are examples of these risk predictor tools (Table 25.3). The PESI is comprised of 11 simple patient variables that are each independently associated with PE mortality [17]. The composite score assigns individuals to one of five risk categories. In class I and II, the lowest risk categories, 30-day mortality rates were between 0 and 3.5 % in the derivation and validation groups. In contrast, patients in the highest risk category (Class V) exhibited 30-day mortality rates ranging between 10.0 and 24.5 %. More recent data suggests that combining the PESI with echocardiographic and biomarker data can further refine risk stratification [18]. Whether these tools of risk prediction play any role in an ICU patient with VTE is unclear. However, for those individuals diagnosed with PE outside of the intensive care unit, it may be prudent to consider admission to a higher level of care such as a critical care unit if a patient is determined to be in the highest risk category for mortality.Table 25.3Pulmonary embolism severity index


	Predictors
	Points

	
                            Demographics
                          
	 
	Age, per year
	Age in year

	Male sex
	+10

	
                            Comorbid illnesses
                          
	 
	Cancer
	+30

	Heart failure
	+10

	Chronic lung disease
	+10

	
                            Clinical findings
                          
	 
	Pulse ≥ 100/min
	+20

	Systolic blood pressure < 100 mmHg
	+30

	Respiratory rate ≥ 30/min
	+20

	Temperature < 36 °C
	+20

	Altered mental status
	+60

	Arterial oxygen saturation < 90 %
	+20


	Score
	Risk class
	30-day mortality

	≤65
	I, very low
	0–1.6 %

	66–85
	II, low
	1.7–3.5 %

	86–105
	III, intermediate
	3.2–7.1 %

	106–125
	IV, high
	4.0–11.4 %

	>125
	V, very high
	10.0–24.5 %


From Aujesky et al. [17]





Diagnosis
With a few exceptions, the diagnostic approach to VTE in the ICU should not be fundamentally different than in the emergency department or on the general care wards. The initial step in evaluating an ambulatory patient (i.e. presenting to the emergency department or clinic) with suspected pulmonary embolism is to assess the clinical probability of disease. The implementation of a clinical probability tool such as Wells Criteria greatly facilitates this assessment. Those individuals determined to have a low likelihood of PE (Table 25.1) should be initially evaluated with a d-dimer. Patients with a high clinical likelihood of disease (or low clinical likelihood and a positive d-dimer) should undergo a diagnostic study for PE such as a ventilation-perfusion scan or a CT-PA. The latter imaging approach is often the preferred modality because it also allows for the detection of other abnormalities that might explain a patient’s clinical syndrome, and it can provide information about the status of the right ventricle. Based on the results of PIOPED I and PIOPED II, additional diagnostic studies such as pulmonary angiography should be entertained when the results of the CT-PA or ventilation/perfusion scan are discordant with the clinical probability of disease.
When evaluating a patient in the ICU with suspected PE, the clinical likelihood tools, as detailed previously, are not well validated. In addition, d-dimer levels are elevated by a variety of ICU conditions and, as a result, lack predictive value. Therefore, patients with suspected PE should preferably undergo a PE-CT (or possibly a ventilation-perfusion scan) to evaluate for disease. However, this imaging study necessitates patient transfer from the ICU to the radiology department, which may be challenging in the setting of clinical instability. In such a case, an alternative approach to the diagnosis is required. Compression ultrasonography to evaluate for the presence of DVT is one consideration, as a positive test would warrant treatment for VTE. However, as previously noted, DVT is only identified in approximately one-third of patients in the ICU with PE, so a negative test does not exclude the diagnosis and additional work-up is then required. Echocardiography, either transthoracic or transesophageal, offers alternative bed-side modalities for PE evaluation. In a prospective study, the sensitivity and specificity of an abnormal transthoracic echocardiography (TTE) (defined by two of the following criteria: RV hypokinesis, RV dilation, or tricuspid regurgitation) was compared to pulmonary angiography for the diagnosis of PE. This study determined that the sensitivity of TTE was only 56 % (with a specificity of 90 %), indicating that this study is useful only if abnormal [19]. In comparison, transesophageal echocardiography (TEE) offers the advantage of central pulmonary artery visualization and can thereby detect proximal PE. In a study of 49 consecutive patients with clinical suspicion of PE and unexplained right ventricular overload on transthoracic echocardiography, TEE detected pulmonary arterial emboli in 32/40 patients (80 %) who had centrally located disease (i.e. main or lobar arteries) [20]. Unfortunately, this test is not useful for peripheral emboli. A final diagnostic consideration for the patient who is too unstable for transfer is a bedside perfusion scan. A normal scan would provide reassurance that a PE is not responsible for a patient’s clinical instability. An abnormal scan, in the absence of a concurrent ventilation scan, will not define a probability of PE and should be interpreted with caution.

Treatment
Once the diagnosis of PE is made, the principles of treatment do not differ significantly between the ICU, emergency department, and general ward. In patients with an acceptable bleeding risk, anticoagulation should be administered promptly with the goal of achieving therapeutic dosing within 24 h. A failure to achieve therapeutic anticoagulation within this time period resulted in a much higher recurrence rate of VTE (23.3% vs 4 %) for those whose activated partial thromboplastin time exceeded the therapeutic threshold by 24 h (P = .02) [21]. Delays in instituting anticoagulation are also associated with an increased in-hospital (1.5 % vs 5.6 %; P = .093) and 30 day (5.6 % vs 14.8 %; P = .037) mortality [22]. Heparin is the preferred agent for initial anticoagulation. Based on more predictable dosing (usually without the need for monitoring), lower risk of drug-induced thrombocytopenia, and equivalent (if not superior) efficacy, low molecular weight preparations are often preferred over the intravenous administration of unfractionated heparin [23]. However, in the ICU, unfractionated heparin with utilization of weight-based dosing protocols (Tables 25.4a and 25.4b), is considered a better choice particularly in an unstable patient due in large part to its shorter half-life (45 min versus 4–5 h for LMWH). This shorter half-life is advantageous in the critical care patient population that may require invasive procedures and/or is at increased risk of bleeding. Also, close monitoring of the aPTT/anti-Xa is less of an issue in the ICU setting. In non-ICU patients, heparin is typically used as a bridge to long-term anticoagulation, and warfarin is started within the first 24 h of therapy after the patient is therapeutic on heparin. In the ICU, because of the bleeding risk and procedural requirements, it is prudent to delay the initiation of warfarin until the patient is ready to transition to a lower level of care.Table 25.4aUnfractionated heparin nomogram for VTE using aPTT


	Initial dose
	80 units/kg, followed by 18 units/kg/h

	aPTT, <35 s
	80 units/kg bolus, then increase rate 4 units/kg/h

	aPTT, 35–45 s
	40 units/kg bolus, then increase rate 2 units/kg/h

	aPTT, 36–70 sa

	No change

	aPTT, 71–90 s
	Decrease rate by 2 units/kg/h

	aPTT, > 90 s
	Hold 1 h, then decrease rate by 3 units/kg/h


Adapted from Garcia et al. [40]
Testing is repeated every 6 h until therapeutic range is reached for two consecutive tests, and then daily

aTherapeutic aPTT range is considered 46–70s and corresponds with an anti-Xa activity of 0.3–0.7 units/mL. Target range at institutions may vary depending on reagents/equipment used to perform assay



Table 25.4bUnfractionated heparin nomogram for VTE using anti-Xa


	Initial dose
	80 units/kg, followed by 18 units/kg/h

	Xa, < 0.2
	80 units/kg bolus, then increase rate 1.5 units/kg/h

	Xa, 0.2–0.29
	40 units/kg bolus, then increase rate 1 units/kg/h

	Xa, 0.3–0.7
	No change

	Xa, 0.71–0.8
	Decrease rate by 1 units/kg/h

	Xa, 0.81–0.99
	Decrease rate by 1.5 units/kg/h

	Xa Greater than or equal to 1
	Decrease rate by 3 units/kg/h


Adapted from University of Michigan Health Systems Heparin Dosing Nomogram
Testing is repeated every 6 h until therapeutic range is reached for two consecutive tests, and then daily




Patients with hemodynamically unstable disease (defined by a systolic blood pressure < 90 mmHg for greater than 15 min) require reperfusion therapy in addition to anticoagulation. Options include systemic thrombolysis, catheter-directed thrombolysis and embolectomy (surgical versus mechanical). Systemic administration of a thrombolytic does not require mobilization of the interventional radiology team and therefore avoids delays in treatment. Catheter directed thrombolysis, on the other hand, allows for the administration of a lower thrombolytic dose, which carries the potential to reduce bleeding complications. Otherwise, the decision should be dictated by local availability/expertise as there have been few head to head comparisons of the different modalities, and what data exists suggest equivalency. For example, in patients with acute massive pulmonary embolus (n = 25), a retrospective analysis of catheter-directed thrombolysis versus mechanical embolectomy with ultrasound-accelerated thrombolysis found no difference in mortality between the two approaches (9.1 % in the mechanical embolectomy group and 14.2 % in the catheter-directed thrombolysis group, p = NS). Notably, mechanical embolectomy did result in improved embolus removal (p < .02), more rapid thrombolysis (17.4 ± 5.23 versus 25.3 ± 7.35 h, p = .03), and fewer treatment-related hemorrhagic complication (0 % versus 21.4 %, p = .02) [24]. Therefore, if mechanical embolectomy is available, one could make the argument to use this modality preferentially, especially in patients at increased bleeding risk.
In patients with active bleeding (or deemed to be at a high risk of bleeding complications as a result of an intracranial neoplasm, recent (i.e., <2 months) intracranial or spinal surgery or trauma, hemorrhagic stroke, or a bleeding diathesis) anticoagulation is contraindicated. As a result, an inferior vena cava is required in these individuals to prevent further episodes of embolism.


Evidence Contour
Reperfusion Therapy in Patients with Hemodynamically Stable Pulmonary Embolism
Hemodynamically stable PE patients with evidence of right heart dysfunction (based on abnormal imaging or elevated biomarkers) are at increased risk of death (see section “Pulmonary Embolism Severity”). The worse prognosis in this subgroup has motivated several investigations to assess the efficacy of reperfusion strategies. As detailed in the section “Case Presentation”, in the PEITHO trial, patients with sub-massive pulmonary embolism as defined by RV enlargement or elevated cardiac biomarkers were randomized to receive IV heparin and placebo versus IV heparin and recombinant t-PA (as a reperfusion strategy). The results of this study revealed that t-PA significantly reduced the primary composite outcome of death or hemodynamic decompensation within the first week after randomization. However, there was no difference in survival between groups. The findings of this study are similar to two previous randomized controlled trials in which systemic thrombolysis was found to improve hemodynamic endpoints (as assessed by echocardiography or need for secondary thrombolysis) [25, 26]. Mortality was a component of the composite endpoint in only one of the two study protocols and, as was the case in the PEITHO trial, was not different between the two treatment arms. The failure of the hemodynamic benefits of thrombolysis treatment to translate into a survival benefit in these studies is at least in part due to the low event rates. Furthermore, in PEITHO, hemorrhagic complications led to four deaths in the t-PA group, and this complication offset any potential mortality benefit of reperfusion therapy. Subgroup analysis in the PEITHO trial suggests that patients less than 75 years of age have fewer bleeding complications, suggesting a more favorable benefit to risk ratio in these individuals.
Ultrasound-assisted catheter-directed thrombolysis in conjunction with low dose t-PA has also been evaluated as a reperfusion strategy in intermediate risk PE patients (n = 59) [27]. The primary outcome in this study was echocardiographic assessment of the right ventricle/left ventricle ratio from baseline to 24 h. Safety outcomes including death, and major and minor bleeding were also assessed. Catheter-mediated thrombolysis successfully reduced the mean right ventricle/left ventricle ratio by 0.30 ± 0.20 versus a minimal improvement (0.03 ± 0.16) in the heparin alone control group (P < 0.001). With respect to safety, there were no major bleeding events in this trial and only four episodes of minor bleeding (three in the catheter-mediated thrombolysis group; P = 0.61). Also, there was only a single death (in the placebo group). Several additional safety and efficacy trials have since been published demonstrating minimal major bleeding rates with significant improvement in pulmonary artery systolic pressure [28, 29]. Catheter-directed therapy may therefore be an option at capable centers for the patient with increased risk of bleeding, although long-term and comparative data are lacking.
A recent meta-analysis of thrombolytic therapy in submassive PE concluded that treatment did not significantly reduce the risk of mortality or recurrent PE, but does prevent clinical deterioration requiring escalation of care [30]. The failure to achieve a survival benefit may be a byproduct of inadequate power for this endpoint alone. As such, guidelines around this issue are nebulous but generally recommend therapy for the decompensating patient [31–33] (Table 25.5). Certainly, significant bleeding complications have countered the benefit of thrombolysis. In addition, we lack the ability to predict major bleeding with thrombolysis in patients with acute PE. Historically, contraindications to thrombolysis for patients with PE have been drawn from data collected in patients with myocardial infarction [33]. Several recent studies have identified bleeding risk factors specific to patients with PE, including age > 65–75, renal failure, INR > 1.7 and female gender which may contribute directly to bleeding risk [1, 34, 35] (Table 25.6). However, it is unclear how these risk factors should modify clinical practice. Therefore, until further data is available, it remains at the clinician’s discretion to determine whether the potential benefits of reperfusion treatment outweigh the risks of hemorrhagic complications in the individual patient.Table 25.5Guideline recommendations for systemic thrombolysis in hemodynamically stable acute PE


	 	ACCP 2016a

	ESC 2014b

	AHA 2011c


	Low bleeding risk
	Routine use of systemic thrombolysis not recommended (Grade 1B).
Close monitoring in patients with severe symptoms and marked cardiopulmonary involvement (Grade 2C).
Systemic thrombolysis suggested if cardiopulmonary deteriorationd occurs (Grade s2C)
	Routine use of systemic thrombolysis not recommended (Class III, level B).
Close monitoring in intermediate-high-riske PE. (Class I, level B).
Systemic thrombolysis should be considered in intermediate-high-risk PE if clinical signs of hemodynamic decompensation (Class IIa, level B)
	Routine use of systemic thrombolysis not recommended for low risk or stable submassive PE. (Class III, level B)
Consider for patients who have clinical evidence of adverse prognosisf (Class IIb, level C).

	High bleeding risk
	Mechanical catheter directed therapy with or without catheter directed thrombolysis recommended if hypotension (Grade 2C)
	Surgical embolectomy (Class IIb, level C) or catheter-directed treatment (Class IIb, level B) may be considered in intermediate-high-risk patients
	Surgical embolectomy or catheter embolectomy may be considered in those who have clinical evidence of adverse prognosis (Class II, level C)



aKearon et al. [32]

bKostantinides et al. [2]

cJaff et al. [33]

dCardiopulmonary deterioration includes shock, impending shock, progressive increase in heart rate, worsening gas exchange, progressive right heart dysfunction on echocardiography, increase in cardiac biomarkers

eIntermediate-high-risk PE defined as absence of shock or hypotension, PESI class III-V, signs of RV dysfunction on imaging test (Echocardiography: RV-LV diameter >0.9 or 1.0, hypokinesis of the RV free wall, increased velocity of the tricuspid regurgitant jet; Computed tomographic angiography: increased end diastolic RV/LV ratio > 0.9 or 1.0), positive cardiac biomarkers (troponin, natriuretic peptide)

fAdverse clinical prognosis includes new hemodynamic instability, worsening respiratory insufficiency, severe RV dysfunction, or major myocardial necrosis



Table 25.6Considerations for bleeding following systemic thrombolytic therapy


	
                            Absolute contraindications
                            a
                          

	Prior intracranial hemorrhage

	Known intracranial neoplasm, arteriovenous malformation, or aneurysm

	Ischemic stroke < 3 mo

	Recent surgery in proximity to brain or spinal canal

	Recent closed-head or facial trauma with radiographic evidence of fracture or brain injury

	Active bleeding or bleeding diathesis

	Suspected aortic dissection

	
                            Relative contraindications
                            a
                          

	Age >75

	Ischemic stroke > 3 mo

	Current use of anticoagulation

	History of poorly controlled hypertension

	Uncontrolled hypertension (systolic blood pressure > 180 or diastolic blood pressure > 110)

	Dementia

	Pregnancy

	Major surgery within 3 weeks

	Non-compressible vascular punctures

	Cardiopulmonary resuscitation for > 10 min

	Internal bleeding within 2–4 weeks

	
                            Other risk factors
                          

	INR > 1.7b


	Female genderc


	Age > 65d


	Renal diseased




aJaff et al. [33]

bCurtis et al. [34]

cMeyer et al. [1]

dStein et al. [35]





IVC Filter Placement
Beyond using IVC filters for patients who cannot be anti-coagulated due to a heightened bleeding risk, it has been hypothesized that the employment of these devices in conjunction with heparin might improve outcomes in high risk PE patients. This hypothesis was best addressed in a recent trial in which patients with acute pulmonary embolism, lower-extremity venous thrombosis, and at least 1 additional risk factor were randomized to treatment with a retrievable inferior vena cava filter plus anticoagulation (n = 200) or anticoagulation alone (n = 199) [36]. Retrievable filters were used in light of previous evidence demonstrating an increased risk of DVT in patients with permanent devices, and the study protocol called for removal at 3 months post-deployment (which occurred successfully in 153 of 164 attempts). The primary endpoint of this study was symptomatic recurrent PE at 3 months, and this event occurred rarely. Furthermore, there was no difference in this outcome between the two groups. Specifically, six patients who had received a filter experienced a recurrent PE (3.0 %, all fatal) while three patients (1.5 %, two fatal) in the control group received this diagnosis (p = .50). The results of this study are consistent with an investigation in cancer patients in which filter placement had no effect on the incidence of PE, but again the event rates were low (3 %) [37]. Whether temporary filter placement in hemodynamically unstable PE patients, particularly those individuals already undergoing catheter-directed thrombolysis in Interventional Radiology, is beneficial has not been adequately studied, and this approach is at the preference of the treating physician.

Direct Factor Xa and Thrombin Inhibitors
Recent studies indicate that direct factor Xa and thrombin inhibitors have equivalent efficacy to standard anticoagulation in stable patients with VTE (reviewed in [38]). These agents are attractive because they are administered at a fixed dose and do not require monitoring. However, to our knowledge, they have not been evaluated in hemodynamically unstable individuals and should therefore not be used in this population. In addition, the inability to reverse these agents renders them less attractive in the ICU, even in the individual who is diagnosed with a hemodynamically stable PE. With the advent of a monoclonal antibody to reverse dabigatran (one of the direct thrombin inhibitors), the comfort level with using these particular agents in the critical care unit may increase in the future. However, until more data is available in the ICU population, we recommend using these agents with extreme caution.
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Case Presentation
A 61 year old man presented to the emergency department reportedly vomiting blood. He was unable to speak due to blood flooding his oropharynx and severe respiratory distress. The airway was secured with tracheal intubation. Gastric lavage showed no active bleeding. The patient then coughed and filled the ventilator circuit with bright red blood. Laboratory testing revealed hemoglobin of 8 mg/dl, platelet count 260 × 103/μl, INR of 1.1 and PTT of 35 s. Chest X-ray revealed an area suspicious for bronchiectasis in the Left Lower Lobe (LLL) and infiltrates in the Right Lower Lobe (RLL) and Right Upper Lobe (RUL) (Fig. 26.1).[image: A329322_1_En_26_Fig1_HTML.jpg]
Fig. 26.1Arrows demonstrate Right lower lobe consolidation (wide arrow) and Left Lower Lobe bronchiectasis (thin arrow)





The patient was transferred to intensive care. Flexible bronchoscopy showed no active bleeding but blood was seen in the superior segment of the RLL. Another episode of hemoptysis estimated at 500 ml occurred. The patient was positioned with his right side down and aggressively suctioned through the endotracheal tube. Selective intubation of the left mainstem bronchus was unsuccessful because of poor visibility due to blood in the airway and endotracheal tube.
Multi-detector computed tomography with contrast demonstrated right lower lobe consolidation and associated atelectasis. There was narrowing of the right upper lobe bronchus by soft tissue density (Fig. 26.2).[image: A329322_1_En_26_Fig2_HTML.jpg]
Fig. 26.2Computed tomography image demonstrates dense right lower lobe infiltrate with broncholithiasis





Bronchial angiography was undertaken. The right and left bronchial arteries both arose from a single trunk. The left bronchial artery was relatively small with no abnormal vessels. On the right, the vessel divided into a branch to the upper lobe and a major lower lobe branch which was moderately enlarged with hyperemia in the lower lobe, associated with the area of consolidated lung. The right lower lobe bronchial artery was embolized and post embolization no flow in the right lower lobe bronchial artery was observed (Fig. 26.3).[image: A329322_1_En_26_Fig3_HTML.jpg]
Fig. 26.3Right Bronchial artery arteriogram demonstrates both upper lobe and lower lobe branch (arrow)





Soon thereafter, there was another episode of massive hemoptysis, which filled the ventilator circuit. This was associated with vasopressor-dependent hypotension, worsening hypoxemia and bradycardia.
A dual lumen endotracheal tube was placed, and both right and left sides were ventilated. The patient became more stable with decreasing vasopressor need. A right lower lobectomy was performed.

Principles of Management
Epidemiology
Massive hemoptysis occurs in about 5–15 % of all admissions for hemoptysis [1, 2]. Mortality was 7 % in a single center retrospective review of 1,087 patients [2] but has been reported as high as 75 % when the volume of hemoptysis exceeds 600 ml in 24 h. The wide range of mortality likely reflects the lack of a standard definition of massive hemoptysis as well as the variability in underlying etiology [3–5].
A scoring system to identify risk for mortality was derived from a 14 year experience of 1,087 patients admitted for hemoptysis, 717 of whom were admitted to the Intensive Care Unit (ICU), and 10 % of whom demonstrated massive hemoptysis with a mean cumulative volume of >200 ml. Risk factors include chronic alcoholism, ≥2 chest x-ray quadrants involved, pulmonary artery involvement, cancer, aspergillus infection or mycetoma, and initial mechanical ventilation. Two or more risk factors demonstrated a higher mortality [2]. (These risk factors are noted in the clinical algorithm, Fig. 26.4).[image: A329322_1_En_26_Fig4_HTML.jpg]
Fig. 26.4Clinical algorithm to massive hemoptysis






Sources of Hemorrhage
Hemoptysis, including massive hemoptysis, usually originates from pathology that involves the high pressure bronchial arterial supply (90 %) [6, 7]. The bronchial artery or arteries originate from the descending thoracic aorta (DTA) at thoracic vertebral level T3-8 most often T5-6. While the most common pattern is a right and left bronchial artery arising from the DTA, variability is extensive, and commonly involves a right bronchial artery arising from an intercostal artery (also-called intercostobronchial trunk) or 2 right bronchial arteries arising from the DTA and/or intercostobronchial trunk. Left bronchial arteries can also arise from intercostobronchial trunks [7]. The spinal artery of Adamkiewicz supplies the distal thoracic and lumbar spinal cord and originates from an intercostal artery at thoracic vertebral level T9-12 in 75 % of patients. However, it infrequently originates between T5-T8 and may be occluded during embolization of the bronchial artery resulting in spinal cord ischemia or infarction [8].
The pulmonary artery infrequently is the source of hemoptysis. Infection, malignant disease, traumatic injuries (e.g. Swan Ganz catheter balloon rupture of PA) and arteriovenous malformations are the most common causes for pulmonary arterial bleeding [6, 9–11]. Rarely hemoptysis may involve non-bronchial or pulmonary arteries. Non-bronchopulmonary arteries may enter the lung via transpleural adhesions as a result of chronic inflammation or congenital anomalies and may anastomose with the pulmonary artery circulation [9, 10]. Other potential nonbronchial arterial sources include the aorta (ruptured aneurysm), intercostal arteries, coronary, thyrocervical, pericardiodiaphragmatic, musculophrenic, and inferior phrenic arteries. Diffuse alveolar hemorrhage syndromes are rarely a cause of massive hemoptysis.

Diseases Associated with Massive Hemoptysis
Many diseases have been associated with massive hemoptysis and vary by geographic region. Tuberculosis continues to be a major cause of massive hemoptysis world-wide. Bronchiectasis, malignancy, trauma, pneumonia, and mycetoma are the most causes of massive hemoptysis in the USA [12, 13] (Table 26.1).Table 26.1Causes of massive hemoptysis


	Infectious
	Mycobacterial (TB), Fungal (mycetoma), Necrotizing Bacterial Pneumonia (Klebsiella, Streptococcus, Staphylcoccus, Actinomyces)

	Neoplastic
	Bronchogenic, Renal cell, melanoma, carcinoid, adenocystic, etc.

	Vascular
	Bronchial artery aneurysm, Pulmonary artery aneurysm, Cardiac and Pulmonary Malformations, Arteriovenous malformations, Airway vascular fistula, Dieulofoy’s Disease, etc.

	Pulmonary
	Bronchiectasis, Broncholithiasis, Diffuse alveolar hemorrhage, Crytogenic, Inhalation: crackcocaine, etc.

	Diffuse Alveolar Hemorrhage Syndromes
	Granulomatosis with Polyangitis, Microscopic polyangitis, Anti-GBM (Goodpastures), Isolated pulmonary capillaritis, SLE, Eosinophilic granulomatosis with polyangitis, Antiphospholipid antibody, toxin and drug induced lung injury, IgA deposition vasculitis, etc.

	Trauma
	High dose brachytherapy, Pulmonary artery rupture, Biopsy and Trauma

	Hematologic
	Coagulopathy and Platelet disorders





The etiology for hemoptysis will direct treatment decisions. Systemic diseases such as vasculitis will require anti-inflammatory or immunosuppression whereas coagulopathies will require reversal of coagulation abnormalities [13–19]. Focal lung or bronchial conditions causing massive hemoptysis may require either bronchoscopic intervention or bronchial artery embolization (BAE) as a first approach.

Imaging
Plain radiographs will not permit localization of bleeding site in upwards of 35 % of patients [20]. Multidetector CT angiography is capable of ascertaining the site of bleeding and/or suggesting a diagnosis in more than 80 % of patients and the yield may be higher with the use of reformatted image techniques [21]. Further, CT angiography is helpful to guide bronchial artery embolization [6, 7, 9, 20].

An Approach to Managing Life Threatening Hemoptysis (Algorithm, Fig. 26.4)
Several algorithms have been developed to provide guidance for an approach to severe or massive hemoptysis and most agree that an initial multidisciplinary approach is indicated with immediate evaluation by pulmonology, interventional radiology and thoracic surgery [22–25]. We propose the following:
The initial survey should include a simple “ABC” assessment: Airway, Blood loss, and Clinical condition.	
Airway: Does the volume of bleeding into the airway require emergent airway management?

	
Blood: Has there been a single bleeding event of large volume >100 cc or is the bleeding recurrent? Is the bleeding in excess of 100 per hour for >2 h?

	
Clinical Condition: Is there hemodynamic instability (signs of hypoperfusion, tachycardia, or hypotension)?





The decision regarding immediate airway management should be determined. Adequate intravenous access should be established with at least two large bore IV lines. Fluid resuscitation should be initiated, if indicated. A complete blood count, testing for coagulopathies, and cross match for transfusion should be obtained. In addition, perform electrocardiogram and obtain cardiac biomarkers.

Intubation: Options are dual lumen or single lumen endotracheal tube with the intent to protect the lung on the non-bleeding side. Single lumen endotracheal intubation is preferred when airway visibility is poor (see discussion of dual lumen endotracheal tubes below).

Position: The patient should be positioned with the presumed side of bleeding dependent (lateral decubitus) to reduce the likelihood of flooding of the unaffected lung with blood. However, lateral decubitus position with the bleeding side down may worsen hypoxemia (due to increased perfusion to poorly aerated lung) [26].

Assessment

                	
Active Hemorrhage and unstable: If transport is not considered safe, the initial evaluation to localize and treat would be with rigid and/or flexible bronchoscope. This may allow therapeutic endoscopic intervention (Cold Saline/ epinephrine [EPI], anti-diuretic hormone [ADH], argon plasma coagulation [APC], tamponade endobronchial blocker). (Table 26.2) [27, 30–33].Table 26.2Bronchoscopic and systemic treatments for massive hemoptysis


	Treatment
	Mechanism of action
	Procedure
	Complications

	Cold Saline
	Vasoconstriction with localized thrombosis
	50 cc aliquots at 4 °C
	Bradycardia [22, 27]

	Topical Epinephrine (Epi), terlipressin or ornipressin
	Epi, Terlipressin (5iu), Ornipressin (0.5 mg), vasoconstriction
	1:20000 Epi in cold saline
	Tachyarrhythmias [27]

	Balloon Tamponade
	Tamponade
	Double lumen occluding balloon with saline
	Post-obstructive Pneumonia

	Fibrinogen –thrombin
	Fibrinogen, fibronectin, factor III, plasminogen and aprotinin/thrombin
	 	[28, 29]

	Argon Plasma Coagulation
	High frequency electric current with dessication of surface
	Direct visualization
	Gas embolism [30–32]

	Tranexamic Acid
	
Endobronchial or Systemic. antifibrinolytic
	Endobronchial 500–1,000 mg or oral for chronic bleed
	Clotting disorders.
i.e. PE [17–19]

	Factor rVII
	
Systemic: coagulation in tissue damage. Activates IX then Xa then fibrin thrombin
	60–90 ug/kg
	CVA [14–16]






	
Active Hemorrhage and stable: In this setting bronchoscopy is limited due to poor visibility and proceeding to radiologic investigation maybe more informative.

	
Non-active hemorrhage and the unstable patient: ICU setting to stabilize the patient with possible bronchoscopic approach for localization and treatment.

	
Non-active hemorrhage and the stable patient: Multidetector Computed Tomography (MDCT) and 3D volume averaging provides the best detail for localization and selection of treatment options [11, 21, 23] (Table 26.2).




              
No localization of a culprit lesion via bronchoscopy is an indication for immediate multi-detector CT. This may indicate that embolization is needed.
If hemostasis cannot be achieved then urgent resectional surgery [34, 35] should be considered.


Evidence Contour
Rigid Versus Flexible Bronchoscopy
In massive hemoptysis, rigid bronchoscopy has several advantages: the large inner diameter and more effective suctioning capability improve clearance of blood from airways (especially in voluminous flooding); the ability to ventilate; and ancillary devices that are not available with flexible bronchoscopy e.g. laser. Disadvantages include the lack of availability and/or expertise for rigid bronchoscopy [24]. Flexible bronchoscopy has the advantages of ease of access, and wide availability of skilled individuals plus it may allow specialized techniques to control airway bleeding (i.e. APC, cryotherapy, electro cautery).

Dual Lumen Versus Unilateral Airway Intubation: Benefits and Limitations
Consideration should be given to placing a dual lumen endotracheal tube to isolate the side of hemorrhage and protect the contralateral lung from blood. Dual-lumen endotracheal tubes have various designs but all have two lumens, each of which can be ventilated, permitting both isolation of each lung and instillation of vasoactive agents or saline into the airway. Disadvantages: the lumens are small, potentially limiting flexible bronchoscopy and the removal of blood and secretions. During patient transport or turning, dual-lumen tubes can easily become displaced. Placement of dual lumen ET tubes can be difficult and requires considerable expertise and the ability to visualize the airway. If visualization of the airway is limited due to airway flooding then a single lumen ET tube may be directed into the main bronchus of the unaffected lung.

One Transport or Two?
The unpredictability of repeat hemorrhage heightens the need to quickly identify location and cause. In the stable patient (per Algorithm), multidetector CT with 3D volume rendering is the first choice. MDCT allows a noninvasive approach to arterial and pulmonary anatomy for potential identification of both the site and cause of hemorrhage in 77 % and 73 % of patients, respectively [20]. The stable patient could transfer to radiology for diagnostic CT followed by Interventional Radiology (IR) for possible BAE if a significant vascular pathology is identified (control of hemorrhage in 66–90 %). In the unstable patient, ICU transfer and immediate bedside bronchoscopy with control of the source when possible and supportive care [36] has been evaluated and is considered standard of care. ICU care limits diagnostic testing to bedside bronchoscopy and portable chest x-ray. Bronchoscopy may localize disease but frequently does not achieve hemostasis (up to 60 %) and a second transport to IR for BAE is required [37].

Recurrent Bleeding; Repeat Embolization or Surgery?
Recurrent bleeding or persistent bleeding occurs in 5–44 % of patients after initial BAE. For recurrent hemoptysis, a second BAE may be effective and avoid surgery; surgery for massive hemoptysis has a high risk of morbidity (25 %) and mortality (7–40 %) [38]. Generally, second attempt at embolization is favored if the anatomy suggests an amenable lesion but the uniqueness of each patient and pathology requires multidisciplinary decision making [37].
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Case Presentation
A 74-year-old man with a history of coronary artery disease, congestive heart failure, hypertension, and atrial fibrillation presented with 12 h of progressive shortness of breath, chest pressure, and cough. At the time of presentation, he was tachycardic (HR 148), tachyneac (RR 38), hypoxemic (SaO2 initially 78 % on room air), and struggling to breathe (demonstrated by use of accessory muscles and shallow breaths). Chest x-ray was consistent with bilateral pulmonary edema, B-type natriuretic peptide (BNP) was 8 times the upper limit of normal, and ECG showed rapid atrial fibrillation without ST segment changes. In addition to supplemental oxygen, furosemide, morphine, and aspirin, continuous positive airway pressure (CPAP) was initiated and SaO2 improved to 89 % on 100 % FiO2. The patient, however, became confused and agitated, which progressed after receipt of additional doses of morphine. In his confused state, the patient removed the CPAP mask on multiple occasions, with each event causing declines in SaO2, so the patient was intubated and invasively mechanically ventilated while being sedated with a continuous midazolam infusion. He was transferred from the Emergency Department to the ICU.
Question
What is the best approach to managing this patient’s sedation and delirium?

Answer
Close monitoring, minimizing sedation, and eliminating risk factors for delirium.

Critically ill patients, especially those who are mechanically ventilated, frequently experience pain, anxiety, and/or agitation, prompting treatment with analgesics and sedatives. Care should be taken when administering these medications since oversedation and delirium are common in the ICU, where they are associated with poor outcomes. After transfer to the ICU, midazolam was discontinued, and intermittent fentanyl boluses were used to treat pain in lieu of morphine after labs revealed acute kidney injury. Depth of sedation was monitored every 2 h (and when sedating medications were given) using the Richmond Agitation-Sedation Scale (RASS), and the patient was assessed for delirium every 8 h with the Confusion Assessment Method for the ICU (CAM-ICU). During the first 6 h after transfer to the ICU, the fentanyl dose and frequency were increased due to ongoing pain and agitation, and propofol was started and titrated with a goal of achieving a target RASS of −1 (drowsy) or 0 (alert and calm). By the next morning, RASS was consistently either −2 (light sedation) or −1 (drowsy), but the patient remained delirious (CAM-ICU positive). Ongoing treatment for acute exacerbation of congestive heart failure included volume control ventilation with low tidal volumes (6 mL/kg ideal body weight) and FiO2 and PEEP titrated to maintain SaO2 > 89 %. Intermittent furosemide was continued, leading to significant diuresis and improved oxygenation. Daily spontaneous awakening trials (SATs) were paired with spontaneous breathing trials (SBTs) each morning that safety screens were passed, and physical and occupational therapy were initiated early. One hour into an SAT on the first full ICU day, propofol was restarted at 1/2 the previous dose due to recurrence of agitation. Propofol was held again during an SAT on the second ICU day and was not subsequently restarted. Similarly, intermittent fentanyl boluses were held and no longer needed by the second ICU day. The patient remained comfortable without sedation through the third ICU day, when he passed an SBT, was alert, non-delirious (CAM-ICU negative), had a strong cough and minimal secretions, and was successfully extubated. The next day, he was transferred out of the ICU to the general medical ward.

Principles of Management
Monitoring Sedation and Delirium
Two sedation scales—the RASS [1, 2] (Fig. 27.1; used in this case) and the Sedation-Agitation Scale (SAS) [3]—are well-validated for use in the ICU and are therefore recommended in the 2013 Society of Critical Care Medicine (SCCM) guidelines for the management of pain, agitation, and delirium in the ICU [4] (Table 27.1). By giving ICU practitioners a reliable means by which to assess, describe, and document a patient’s level of consciousness, these tools can improve patient care. Multiple randomized trials have shown that a protocol guided by a validated sedation scale improves outcomes, including duration of mechanical ventilation [5, 6].[image: A329322_1_En_27_Fig1_HTML.gif]
Fig. 27.1Richmond Agitation-Sedation Scale (© Vanderbilt University)




Table 27.1The ICU pain, agitation, and delirium care bundle


	Component
	Pain
	Agitation
	Delirium

	Assess
	Assess ≥4×/shift and prn
 NRS if patient can report pain
 BPS or CPOT if patient cannot report
	Assess ≥4×/shift and prn
 RASS or SAS if not paralyzed
 Brain function monitor if paralyzed
	Assess delirium each shift and prn
 CAM-ICU or ICDSC

	Treat
	Treat pain then reassess
 Non-pharmacologic (relaxation)
 IV opioids +/− non-opioids for non-neuropathic pain
 Gabapentin or carbamazepine for neuropathic pain
	Targeted sedation and/or daily SATs to achieve goal of RASS −1 to 0 or SAS 3 to 4
 If undersedated, use non-benzodiazepine sedatives as needed
 If oversedated, hold sedatives
	Treat pain as needed
Reorient patients; provide eyeglasses, hearing aids as needed
Avoid benzodiazepines unless alcohol or benzodiazepine withdrawal
Avoid rivastigmine
Avoid antipsychotics if QTc is high

	Prevent
	Preprocedural analgesia
Relaxation therapy
	Treat pain before using sedation
Consider daily SBTs and early mobility unless contraindicated
EEG if high ICP warrants burst suppression or high risk for seizures
	Identify delirium risk factors
Avoid benzodiazepines
Early mobility
Promote sleep
Restart baseline psychiatric medications if indicated


This table modifies and summarizes the full bundle described in Barr et al. [4]
Abbreviations: BPS Behavioral Pain Scale, CAM-ICU Confusion Assessment Method for the Intensive Care Unit, CPOT Critical-Care Pain Observation Tool, EEG electroencephalogram, ICDSC Intensive Care Delirium Screening Checklist, ICP intracranial pressure, IV intravenous, NRS numeric rating scale, RASS Richmond Agitation-Sedation Scale, SAS Sedation Agitation Scale, SATs spontaneous awakening trials, SBTs spontaneous breathing trials




The SCCM guidelines (Table 27.1) also recommend monitoring ICU patients for delirium using one of two validated tools: the CAM-ICU [7] (Fig. 27.2; used in this case) or the Intensive Care Delirium Screening Checklist (ICDSC) [8]. Delirium, which is frequently hypoactive (i.e., characterized by somnolence rather than agitation) in the ICU, is easily overlooked when a validated assessment tool is not used. Use of the CAM-ICU or ICDSC, therefore, can improve detection and management of delirium.[image: A329322_1_En_27_Fig2_HTML.gif]
Fig. 27.2CAM-ICU (© 2002 Vanderbilt University)






Minimizing Sedation
Oversedation is common and harmful in the ICU, where heavily sedated patients remain on the ventilator longer and have higher mortality rates than their less sedated counterparts [9]. Patients who require sedatives during critical illness should therefore be managed with light rather than heavy sedation (barring a specific, time-limited indication for the latter, e.g., neuromuscular blockade, open abdomen, etc.). Use of a validated sedation scale (see section on “Sedative Choice”) is an important part of efforts to maintain light sedation, since frequent, reliable data regarding actual vs. targeted level of sedation can prompt changes in sedative choice, dose, and/or frequency. In addition to use of sedation scales, strategies that can improve outcomes by minimizing sedation include treating pain adequately before using sedatives [10], avoiding benzodiazepines in favor of other sedatives (e.g., propofol, dexmedetomidine, and/or an opioid) [11], using a sedation protocol [5], and interrupting sedatives on a daily basis with SATs [12, 13].

Risk Factors for Delirium
Though questions remain regarding the most effective strategies to prevent and treat delirium (see Prevention of Delirium and Antipsychotics sections), studies have identified a number of modifiable risk factors for delirium that should be addressed whenever possible when managing patients who are high risk as well as those already delirious. Numerous observational and interventional studies have found benzodiazepines (used initially in this case) increase delirium risk [14, 15], whereas dexmedetomidine does not [16, 17]. This may be because benzodiazepine pharmacokinetics make them prone to cause oversedation—drug-induced coma, regardless of which medication is the culprit, is a delirium risk factor—or because of their mechanism of action in the brain (GABA agonism). Infection, acute kidney injury, metabolic acidosis, mechanical ventilation, and high severity of illness are also risk factors for delirium that, in many cases, can be addressed [18].
In addition to the modifiable risk factors listed herein, many risk factors for delirium are not modifiable but an awareness of these factors may prompt clinicians to monitor high-risk patients more closely for delirium. These include advanced age and hypertension (both present in this case) as well as preexisting cognitive impairment, emergency surgery, and trauma.


Evidence Contour
This case highlights a number of evidence gaps and areas of controversy that remain despite the growing body of evidence regarding sedation and delirium in the ICU.
Sedative Choice
Dozens of randomized controlled trials have examined whether sedative choice affects outcomes in the ICU. Most compared a benzodiazepine (typically midazolam), the class of sedatives used most frequently in the ICU for several decades, with a non-benzodiazepine sedative, and the large majority of these trials found non-benzodiazepine sedation resulted in better outcomes (Table 27.2). A recent meta-analysis, in fact, found that benzodiazepine sedation (compared with sedation using propofol or dexmedetomidine) delays extubation and discharge from the ICU [11]. These data led the SCCM guidelines [4] to recommend non-benzodiazepines for sedation in the ICU, but questions remain regarding which drug(s) should be preferred. Dexmedetomidine has the benefit of facilitating light sedation and reducing delirium risk [16, 17], but costs remain high and the patient population that benefits the most from this agent has not yet been clearly defined. Propofol is less expensive than dexmedetomidine and less prone to cause oversedation than benzodiazepines but its use in some patients is limited by hemodynamic effects. Other drugs, including opioids, clonidine, haloperidol, and atypical antipsychotics are sometimes used to manage agitation in the ICU, but evidence of benefit in randomized trials is needed before use of these agents can be widely recommended.Table 27.2Randomized trials comparing benzodiazepines with alternative sedatives in the ICU


	First author
	Year
	Population
	Outcome(s) improved

	
                            Benzodiazepines vs. propofol
                          

	
                            Trials finding better outcomes with propofol
                          

	Grounds RM
	1987
	Cardiac surgery
	Faster awakening

	Aitkenhead AR
	1989
	General ICU
	More consistent awakening, faster weaning

	McMurray TJ
	1990
	Cardiac surgery
	Faster awakening

	Carrasco G
	1993
	General ICU
	More accurate sedation, faster awakening, lower costs

	Roekaerts PM
	1993
	Cardiac surgery
	Faster awakening, earlier extubation

	Ronan KP
	1995
	Surgical ICU
	Faster awakening

	Sherry KM
	1996
	Cardiac surgery
	Lower costs

	Chamorro C
	1996
	General ICU
	Better ventilator synchrony, faster awakening

	Barrientos-Vega R
	1997
	General ICU
	Earlier extubation

	Weinbroum AA
	1997
	General ICU
	Faster awakening

	Sanchez-Izquierdo-Riera JA
	1998
	Trauma ICU
	Faster awakening

	McCollam JS
	1999
	Trauma ICU
	Less oversedation

	Hall RI
	2001
	Mixed ICU
	More accurate sedation, earlier extubation

	Carson SS
	2006
	Medical ICU
	Fewer ventilator days

	
                            Trials finding no differences in outcomes
                          

	Searle NR
	1997
	Cardiac surgery
	None

	Kress JP
	2000
	Medical ICU
	None

	Huey-Ling L
	2008
	Cardiac surgery
	None

	
                            Trials finding better outcomes with the benzodiazepine
                          

	None
	 	 	 
	
                            Benzodiazepines vs. remifentanil
                          

	
                            Trials finding better outcomes with remifentanil
                          

	Breen D
	2005
	Mixed ICU
	Shorter duration of mechanical ventilation

	Muellejans B
	2006
	Cardiac surgery
	Earlier extubation and ICU discharge

	Rozendaal FW
	2009
	Mixed ICU
	Lighter sedation, shorter weaning time

	
                            Trials finding no differences in outcomes
                          

	None
	 	 	 
	
                            Trials finding better outcomes with the benzodiazepine
                          

	None
	 	 	 
	
                            Benzodiazepines vs. dexmedetomidine
                          

	
                            Trials finding better outcomes with dexmedetomidine
                          

	Pandharipande PP
	2007
	Mixed ICU
	More accurate sedation, more delirium/coma-free days

	Riker RR
	2009
	Mixed ICU
	Lower prevalence of delirium, earlier extubation

	Ruokonen E
	2009
	Mixed ICU
	Shorter duration of mechanical ventilationa


	Maldonado JR
	2009
	Cardiac surgery
	Lower incidence and duration of delirium

	Esmaoglu A
	2009
	Eclampsia
	Shorter ICU length of stay

	Dasta JF
	2010
	Mixed ICU
	Lower ICU costs

	Jakob SM
	2012
	General ICU
	Lighter sedation, fewer ventilation days

	
                            Trials finding no differences in outcomes
                          

	None
	 	 	 
	
                            Trials finding better outcomes with the benzodiazepine
                          

	None
	 	 	 

From Ely et al. [35]. Reprinted with permission from Elsevier Limited
Abbreviations: ICU intensive care unit

aAccording to post-hoc analysis adjusting for study center, sedative agent before randomization, and target sedation level





Spontaneous Awakening Trials (SATs)
Protocolized daily SATs (also known as daily interruption of sedatives), which were used in this case, were shown in two randomized controlled trials [12, 13] to improve outcomes, including long-term survival, but these trials were conducted at a time when heavy sedation was common so controversy exists regarding whether SATs are beneficial in ICUs that target light sedation. A recent multicenter randomized trial [19] sought to address this question by comparing a light sedation protocol alone vs. the light sedation protocol plus SATs and found no difference in outcomes. This trial, however, did not use a safety screen to identify patients likely to tolerate an SAT, and significantly higher sedative doses were delivered to patients in the SAT group. Whereas many ICUs continue to employ SATs and others do not, one thing is clear—SATs are most beneficial when they result in an overall reduction of sedative exposure.

Sedative-Related Delirium
Delirium can be caused by a variety of insults (e.g., both respiratory failure and sedatives were implicated in this case), but most studies to date showing that delirium is associated with adverse outcomes—including delayed extubation, prolonged hospitalization, increase mortality, and long-term cognitive impairment (see Delirium and Long-Term Outcomes section)—have not distinguished one type of delirium from another. Thus, it is not known if certain phenotypes of delirium are more injurious (or benign) than others. Sedative-related delirium has recently received attention because one study [20] found that patients whose delirium resolved within 2 h of sedative discontinuation (so called rapidly reversible, sedation-related delirium) had better outcomes than those whose delirium did not resolve quickly. More data on the effects of sedative-related delirium are needed before it can be concluded that this form of delirium is not harmful given that this study’s results were based on a very small number (N = 12) of patients who had rapidly reversible, sedation-related delirium.

Prevention of Delirium
Critically ill patients often develop delirium early during the course of their illness, so prevention of delirium in the ICU is a major challenge. In light of evidence from the geriatrics literature [21] suggesting that non-pharmacological prevention strategies, such as frequent orientation, sleep protocols, and early mobilization, are effective in some settings, similar strategies have been recommended in the ICU. One study, for example, found that ICU patients using earplugs to promote sleep had less confusion than those without earplugs [22], and another found that mechanically ventilated ICU patients managed with early physical and occupational therapy spent fewer days delirious than those in the control group [23]. No randomized trial to date, however, has examined whether a multicomponent prevention protocol, widely considered beneficial outside the ICU, can prevent delirium in the ICU. Though the risk of implementing such protocols is likely low, the cost may be high so evidence is needed to guide use of prevention protocols.

Antipsychotics
Though not used in the current case, antipsychotics (whether the typical agent, haloperidol, or any one of a number of atypical antipsychotics) are frequently used to treat delirium in the ICU despite a lack of evidence from randomized trials. Two placebo-controlled, randomized trials [24, 25] have now reported that haloperidol was no better than placebo in reducing delirium in the ICU, and one of these also found no benefit with ziprasidone, an atypical antipsychotic [24]. One small trial (N = 36) did suggest that quetiapine hastened resolution of delirium compared with placebo [26], but neither atypical nor typical antipsychotics were recommended in the recent SCCM guidelines [4] given the need for more evidence and the association between these drugs and adverse events in other settings. If used to treat delirium in the ICU, clinicians should consider discontinuing antipsychotics prior to ICU discharge to reduce the likelihood that patients will be unnecessarily discharged from the hospital with a new prescription for one of these medications [27].

Delirium and Long-Term Outcomes
Several observational studies have examined the relationship between delirium in the ICU and long-term outcomes in survivors of critical illness. Initially these studies focused on long-term mortality, finding that (compared with non-delirious patients) those with delirium in the ICU are more likely to die in the months to years after critical illness [28–30]. Though one recent negative study [31] generated some controversy regarding the relationship between delirium and mortality, studies examining delirium as a predictor of long-term cognitive impairment have been consistent—patients with delirium, especially over a prolonged period of time, are at highest risk for long-term cognitive impairment after critical illness [32–34], a poor outcome that is now recognized to affect up the one-third of survivors. It remains unclear whether delirium itself is injurious or is a marker of underlying brain injury, and the mechanisms of brain injury leading to delirium and long-term cognitive impairment have yet to be firmly elucidated. The answers to these questions are critically important given that the most effective prevention and treatment strategies are likely to be those directed at the mechanisms of injury.


References
1.
Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane KA, et al. The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients. Am J Respir Crit Care Med. 2002;166(10):1338–44.CrossRefPubMed

2.
Ely EW, Truman B, Shintani A, Thomason JW, Wheeler AP, Gordon S, et al. Monitoring sedation status over time in ICU patients: reliability and validity of the Richmond Agitation-Sedation Scale (RASS). JAMA. 2003;289(22):2983–91.CrossRefPubMed

3.
Riker RR, Fraser GL, Cox PM. Continuous infusion of haloperidol controls agitation in critically ill patients. Crit Care Med. 1994;22(3):433–40.CrossRefPubMed

4.
Barr J, Fraser GL, Puntillo K, Ely EW, Gelinas C, Dasta JF, et al. Clinical practice guidelines for the management of pain, agitation, and delirium in adult patients in the intensive care unit. Crit Care Med. 2013;41(1):263–306.CrossRefPubMed

5.
Brook AD, Ahrens TS, Schaiff R, Prentice D, Sherman G, Shannon W, et al. Effect of a nursing-implemented sedation protocol on the duration of mechanical ventilation. Crit Care Med. 1999;27(12):2609–15.CrossRefPubMed

6.
Treggiari MM, Romand JA, Yanez ND, Deem SA, Goldberg J, Hudson L, et al. Randomized trial of light versus deep sedation on mental health after critical illness. Crit Care Med. 2009;37(9):2527–34.CrossRefPubMed

7.
Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, et al. Delirium in mechanically ventilated patients: validity and reliability of the confusion assessment method for the intensive care unit (CAM-ICU). JAMA. 2001;286(21):2703–10.CrossRefPubMed

8.
Bergeron N, Dubois MJ, Dumont M, Dial S, Skrobik Y. Intensive Care Delirium Screening Checklist: evaluation of a new screening tool. Intensive Care Med. 2001;27(5):859–64.CrossRefPubMed

9.
Shehabi Y, Bellomo R, Reade MC, Bailey M, Bass F, Howe B, et al. Early intensive care sedation predicts long-term mortality in ventilated critically ill patients. Am J Respir Crit Care Med. 2012;186(8):724–31.CrossRefPubMed

10.
Strom T, Martinussen T, Toft P. A protocol of no sedation for critically ill patients receiving mechanical ventilation: a randomised trial. Lancet. 2010;375(9713):475–80.CrossRefPubMed

11.
Fraser GL, Devlin JW, Worby CP, Alhazzani W, Barr J, Dasta JF, et al. Benzodiazepine versus nonbenzodiazepine-based sedation for mechanically ventilated, critically ill adults: a systematic review and meta-analysis of randomized trials. Crit Care Med. 2013;41(9 Suppl 1):S30–8.CrossRefPubMed

12.
Kress JP, Pohlman AS, O’Connor MF, Hall JB. Daily interruption of sedative infusions in critically ill patients undergoing mechanical ventilation. N Engl J Med. 2000;342(20):1471–7.CrossRefPubMed

13.
Girard TD, Kress JP, Fuchs BD, Thomason JW, Schweickert WD, Pun BT, et al. Efficacy and safety of a paired sedation and ventilator weaning protocol for mechanically ventilated patients in intensive care (Awakening and Breathing Controlled trial): a randomised controlled trial. Lancet. 2008;371(9607):126–34.CrossRefPubMed

14.
Pandharipande P, Shintani A, Peterson J, Pun BT, Wilkinson GR, Dittus RS, et al. Lorazepam is an independent risk factor for transitioning to delirium in intensive care unit patients. Anesthesiology. 2006;104(1):21–6.CrossRefPubMed

15.
Pisani MA, Murphy TE, Araujo KLB, Slattum P, Van Ness PH, Inouye SK. Benzodiazepine and opioid use and the duration of intensive care unit delirium in an older population. Crit Care Med. 2009;37(1):177–83.CrossRefPubMedPubMedCentral

16.
Pandharipande PP, Pun BT, Herr DL, Maze M, Girard TD, Miller RR, et al. Effect of sedation with dexmedetomidine vs lorazepam on acute brain dysfunction in mechanically ventilated patients: the MENDS randomized controlled trial. JAMA. 2007;298(22):2644–53.CrossRefPubMed

17.
Riker RR, Shehabi Y, Bokesch PM, Ceraso D, Wisemandle W, Koura F, et al. Dexmedetomidine vs midazolam for sedation of critically ill patients: a randomized trial. JAMA. 2009;301(5):489–99.CrossRefPubMed

18.
Zaal IJ, Devlin JW, Peelen LM, Slooter AJ. A systematic review of risk factors for delirium in the ICU*. Crit Care Med. 2015;43(1):40–7.CrossRefPubMed

19.
Mehta S, Burry L, Cook D, Fergusson D, Steinberg M, Granton J, et al. Daily sedation interruption in mechanically ventilated critically ill patients cared for with a sedation protocol: a randomized controlled trial. JAMA. 2012;308(19):1985–92.CrossRefPubMed

20.
Patel SB, Poston JT, Pohlman A, Hall JB, Kress JP. Rapidly reversible, sedation-related delirium versus persistent delirium in the intensive care unit. Am J Respir Crit Care Med. 2014;189(6):658–65.CrossRefPubMed

21.
Inouye SK, Bogardus Jr ST, Charpentier PA, Leo-Summers L, Acampora D, Holford TR, et al. A multicomponent intervention to prevent delirium in hospitalized older patients. N Engl J Med. 1999;340(9):669–76.CrossRefPubMed

22.
Van Rompaey B, Elseviers MM, Van Drom W, Fromont V, Jorens PG. The effect of earplugs during the night on the onset of delirium and sleep perception: a randomized controlled trial in intensive care patients. Crit Care. 2012;16(3):R73.CrossRefPubMedPubMedCentral

23.
Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ, Esbrook CL, et al. Early physical and occupational therapy in mechanically ventilated, critically ill patients: a randomised controlled trial. Lancet. 2009;373(9678):1874–82.CrossRefPubMed

24.
Girard TD, Pandharipande PP, Carson SS, Schmidt GA, Wright PE, Canonico AE, et al. Feasibility, efficacy, and safety of antipsychotics for intensive care unit delirium: the MIND randomized, placebo-controlled trial. Crit Care Med. 2010;38(2):428–37.CrossRefPubMedPubMedCentral

25.
Page VJ, Ely EW, Gates S, Zhao XB, Alce T, Shintani A, et al. Effect of intravenous haloperidol on the duration of delirium and coma in critically ill patients (Hope-ICU): a randomised, double-blind, placebo-controlled trial. Lancet Respir Med. 2013;1(7):515–23.CrossRefPubMedPubMedCentral

26.
Devlin JW, Roberts RJ, Fong JJ, Skrobik Y, Riker RR, Hill NS, et al. Efficacy and safety of quetiapine in critically ill patients with delirium: a prospective, multicenter, randomized, double-blind, placebo-controlled pilot study. Crit Care Med. 2010;38(2):419–27.CrossRefPubMed

27.
Rowe AS, Hamilton LA, Curtis RA, Davis CR, Smith LN, Peek GK, et al. Risk factors for discharge on a new antipsychotic medication after admission to an intensive care unit. J Crit Care. 2015;30(6):1283–6.CrossRefPubMed

28.
Ely EW, Shintani A, Truman B, Speroff T, Gordon SM, Harrell Jr FE, et al. Delirium as a predictor of mortality in mechanically ventilated patients in the intensive care unit. JAMA. 2004;291(14):1753–62.CrossRefPubMed

29.
Pisani MA, Kong SY, Kasl SV, Murphy TE, Araujo KL, Van Ness PH. Days of delirium are associated with 1-year mortality in an older intensive care unit population. Am J Respir Crit Care Med. 2009;180(11):1092–7.CrossRefPubMedPubMedCentral

30.
Shehabi Y, Riker RR, Bokesch PM, Wisemandle W, Shintani A, Ely EW, et al. Delirium duration and mortality in lightly sedated, mechanically ventilated intensive care patients. Crit Care Med. 2010;38(12):2311–8.CrossRefPubMed

31.
Klein Klouwenberg PM, Zaal IJ, Spitoni C, Ong DS, van der Kooi AW, Bonten MJ, et al. The attributable mortality of delirium in critically ill patients: prospective cohort study. BMJ. 2014;349:g6652.CrossRefPubMedPubMedCentral

32.
Girard TD, Jackson JC, Pandharipande PP, Pun BT, Thompson JL, Shintani AK, et al. Delirium as a predictor of long-term cognitive impairment in survivors of critical illness. Crit Care Med. 2010;38(7):1513–20.CrossRefPubMedPubMedCentral

33.
Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun BT, et al. Long-term cognitive impairment after critical illness. N Engl J Med. 2013;369(14):1306–16.CrossRefPubMedPubMedCentral

34.
Wolters AE, van Dijk D, Pasma W, Cremer OL, Looije MF, de Lange DW, et al. Long-term outcome of delirium during intensive care unit stay in survivors of critical illness: a prospective cohort study. Crit Care. 2014;18(3):R125.CrossRefPubMedPubMedCentral

35.
Ely EW, Dittus RS, Girard TD. Point: should benzodiazepines be avoided in mechanically ventilated patients? Yes. Chest. 2012;142(2):281–4; discussion 9–90.CrossRefPubMed




© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_28

28. Prolonged Mechanical Ventilation

Thomas Bice1   and Shannon S. Carson1
(1)Pulmonary and Critical Care Medicine, University of North Carolina Chapel Hill, Chapel Hill, NC, USA

 

 
Thomas Bice
Email: thomas_bice@med.unc.edu



Keywords
Prolonged mechanical ventilationChronic critical illnessTiming of tracheostomyEarly mobilitySurvivorshipLong term acute care hospital utilization
Case Presentation
A 55 year-old woman with a history of type II diabetes mellitus and hypertension was admitted for acute hypoxemic respiratory failure from acute respiratory distress syndrome (ARDS) secondary to pneumonia and septic shock. She was managed with lung protective ventilation, antibiotics, vasopressors, and supportive care. Her clinical course was complicated by delirium and shock, both of which subsequently resolved, and acute renal failure requiring hemodialysis. On day 14 of mechanical ventilation she followed commands on intermittent analgesic for comfort, but she continued to fail all spontaneous breathing trials. She was scheduled to undergo tracheostomy the next day to facilitate prolonged mechanical ventilation.
Question
What approach should guide this patient’s ventilator management?

Answer
Daily tracheostomy collar trials as long as tolerated


Principles of Management
Diagnosis
Prolonged mechanical ventilation (PMV) is defined as requiring mechanical ventilation for greater than 14–21 days for acute illness or injury. This population comprises 5–10 % of mechanically ventilated patients; their long-term mortality, hospital lengths of stay, and resource utilization are significantly higher than for other mechanically ventilated patients [1–3]. By definition, PMV patients have failed to be weaned from mechanical ventilation in a timely manner using standard approaches. They are often weak with skeletal muscle atrophy, prone to delirium and recurrent infections, and can develop metabolic complications and skin breakdown. Therefore, special consideration to the management of PMV patients is required.

Assess Expected Survival
Because PMV patients have survived the immediate phase of critical illness but often have poor long-term survival, the Provent14 score was developed to predict 1-year mortality in patients requiring PMV [4]. Using 5 simple clinical variables measured on day 14 of ventilation, the Provent14 score can accurately predict the 1-year mortality for this population (Table 28.1). The case patient would receive a score of 3 – 1 point for non-trauma, 1 point for hemodialysis, and 1 point for her age – and would have an expected 1-year mortality of 61 % (95 % CI 52–70). These data can help inform discussions with the patient or their surrogates about the patient’s values and preferences for care.Table 28.1ProVent14 score and associated mortality


	Patient characteristics
	Points
	Total score
	1-year mortality % (95 % CI)

	Non-trauma
	1
	0
	4 (0, 9)

	Requiring vasopressors
	1
	1
	28 (19, 37)

	Requiring hemodialysis
	1
	2
	43 (35, 51)

	Platelet count ≤100
	1
	3
	61 (52, 70)

	Age 50–64
	1
	4–6
	92 (84, 100)

	Age ≥65
	2
	 	 

Data from Hough et al. [4]





Place Tracheostomy
If it is consistent with the patient’s goals of care, placement of a tracheostomy is suggested for several potential benefits:	(a)Improve patient comfort


 

	(b)Reduce need for sedation or analgesia


 

	(c)Allow for easier oral care and suctioning


 

	(d)Improve weaning from mechanical ventilation


 

	(e)Facilitate earlier rehabilitation, communication, and oral nutrition


 

	(f)Facilitate transfer to lower level of care


 





Only one small study has addressed the impact of tracheostomy on patient comfort [5]. Among 13 responders, 100 % felt the tracheostomy was more comfortable than an endotracheal tube. Tracheostomy use is increasing over time, likely as a result of accepted consensus recommendations and more convenient bedside approaches [6]. Despite this increase, the best approach to performing a tracheostomy remains unclear. The two most common approaches are percutaneous dilational tracheostomy, using a wire and a series of dilators (Fig. 
                  28.1
                ), and open surgical tracheostomy. There is little convincing data for the superiority of either approach, but a recent meta-analysis suggests that most outcomes favor percutaneous placement [7].[image: A329322_1_En_28_Fig1_HTML.gif]
Fig. 28.1Components of a percutaneous dilational tracheostomy kit (Permission for use granted by Cook Medical, Bloomington, Indiana)






Daily Tracheostomy Collar Trials
In the only randomized clinical trial of weaning approaches in PMV patients, patients admitted to a long-term acute care hospital (LTAC) were evaluated for readiness for weaning or liberation from mechanical ventilation [8]. On arrival, patients were placed on tracheostomy collar for up to 120 h. The 316 who developed respiratory distress during this screening time were randomized to either daily tracheostomy collar for up to 12 h with assist-control ventilation at night, or gradual reduction of pressure support ventilation. The group randomized to daily tracheostomy trials was liberated from mechanical ventilation 4 days faster than the daily pressure support reduction group (15 days vs 19 days, respectively). Based on this evidence, the best approach to ventilator management for PMV patients is to perform daily tracheostomy trials for as long as the patient can tolerate, with full ventilator support at night, until the patient remains off for 12 h for 2 consecutive days. Then, proceeding with longer tracheostomy collar trials is appropriate.

Early Mobility
All mechanically ventilated patients benefit from efforts to limit sedatives and facilitate early mobility during mechanical ventilation [9, 10]. Implementing protocols to institute early physical therapy is critical to improving outcomes for PMV patients. The ABCDEF bundle, supported by The Society of Critical Care Medicine’s ICU Liberation Collaborative, is an example of an approach to bundling evidence-based interventions for limiting sedation, preventing pain and delirium, and facilitating early mobility and communication with patient’s families [11–13].

Speaking Valve Trials
One of the most frustrating symptoms for PMV patients is difficulty with communication [14]. Lack of verbal communication causes frustration, powerlessness, and apathy. The design of some speaking valves (Fig. 28.2) permits them to be used in-line with mechanical ventilation, allowing for earlier initiation of communication. In the first study to date, the safety of in-line speaking valves was assessed compared to historical use of speaking valves after weaning from mechanical ventilation [15]. Patients were able to resume verbal communication an average of 9 days earlier, with no impact on duration of mechanical ventilation and no deleterious effects on patient care. Consideration should be given to earlier adoption of speaking valve placement with in-line compatible valves and ventilators.[image: A329322_1_En_28_Fig2_HTML.gif]
Fig. 28.2The Passy-Muir® speaking valve for use with tracheostomy, either in-line with the ventilator, or with an aerosol tracheostomy collar (Image courtesy of Passy-Muir, Inc. Irvine, CA)






Tracheostomy Removal
No data exists on the safest process of tracheostomy decannulation, so timing and methods vary by institution. Common techniques include gradual downsizing and use of fenestrated tracheostomy tubes (Fig. 
                  28.3
                ). In the gradual downsizing method, after the patient is successfully weaned from mechanical ventilation, the tracheostomy tube is downsized to a size 4 or 6 cuffless tube, and the tube is then capped with a speaking valve or other cover. Using a fenestrated tracheostomy tube, one can proceed directly from the initial tracheostomy tube to a fenestrated tube, and then proceed with capping trials. However, the fenestrations can become obstructed, either by secretions or against the posterior wall of the trachea. In this case, one would need to proceed as with a non-fenestrated tube.[image: A329322_1_En_28_Fig3_HTML.gif]
Fig. 28.3Fenestrated tracheostomy tube This image has been released as part of an open knowledge project by Cancer Research UK. If re-used, attribute to Cancer Research UK/Wikimedia Commons







Evidence Contour
Timing of Tracheostomy
One of the most controversial topics in caring for the critically ill is the timing of tracheostomy placement. Given the proposed benefits, clinicians might favor placing the tracheostomy as early as possible, but this should be balanced by limiting unnecessary tracheostomy placement. Despite more than 20 randomized controlled trials, there has yet to be a demonstrated benefit of early tracheostomy on mortality, and minimal to no benefit on duration of mechanical ventilation, ICU length of stay, or sedation use. In the largest clinical trial to date, nearly 1000 patients were randomized to either tracheostomy in the first 4 days, or after 10 days. While there was no difference in mortality in the study, the most remarkable outcome was that less than half of patients randomized to late tracheostomy ever received a tracheostomy. This suggests that half the tracheostomies placed in the early group were potentially unnecessary. The available evidence suggests that, despite our inclinations, there is little to no benefit to tracheostomy prior to 10 days of mechanical ventilation. Therefore, we suggest evaluation of the patient’s prognosis by the ProVent14 score at day 14, followed by a discussion with the patient and/or their surrogates regarding the expected outcome and the patient’s preferences and goals. That sets the appropriate stage for discussions of whether a tracheostomy is indicated.

Benefit of Transfer to LTAC
The use of LTACs has increased dramatically over the last two decades; nationally nearly 5 % of PMV patients are transferred to an LTAC [16, 17]. This practice can lead to a significant reduction in costs and length of stay for the hospital, but it is unclear whether LTAC transfer yields significant savings for the healthcare system as a whole [18, 19]. In one observational study, the costs of an episode of illness — counting time in the referring hospital and referral LTAC — was nearly 50 % higher for patients referred to LTACs compared to those not referred. Total hospital length of stay was also increased by at least 20 days for those referred to an LTAC. In another study that also included time in skilled nursing facilities, LTAC referral resulted in lower actual healthcare costs due to fewer acute hospital readmissions [20]. However Medicare payments were higher for patients referred to LTACs because of the different payment systems. While appealing to hospitals, discharge to LTAC can result in cost-shifting rather than cost reduction, with little change in patient outcome. Yet the goals of LTAC care for this patient population are appropriate. Through coordination of aggressive physical therapy, weaning of mechanical ventilation, nutrition, and nursing care, many LTACs demonstrate a broad patient-centered strategy that should be utilized in all acute care hospitals.

Survivorship Clinics and Symptom Burden
Over the last few years, there has been increased focus on the long-term physical, cognitive, and mental health effects after critical illness – the post-intensive care syndrome (PICS) [21]. Given the longer period of critical illness for PMV patients and their known poor long-term functional outcomes, the impact of PICS is significant and warrants consideration of post-ICU clinics. Some recommendations exist for organization of these clinics, as well as their potential for improvement of posttraumatic stress disorder symptoms. However there are as yet limited data on how they impact clinical outcomes and they are currently not widely utilized [22, 23]. There remains great potential for research into the organization, structure and effectiveness of post-ICU clinics.
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Case Presentation
A 55-year-old woman with a history of type 2 diabetes mellitus, chronic obstructive pulmonary disease, obesity hypoventilation syndrome, and sleep apnea, along with coronary artery disease with a 3-vessel bypass five years prior, developed new onset shortness of breath and fever after babysitting her 3-year-old grandchild. She arrived at the emergency room with worsening respiratory status. Her ventilation rapidly deteriorated despite the use of noninvasive positive pressure ventilation and she became minimally responsive, prompting endotracheal intubation and admission to the medical intensive care unit. A chest x-ray at that time showed a lobar infiltrate. Cultures from endotracheal aspirates were negative. After three days of management of her COPD with intravenous steroids, antibiotic coverage with levofloxacin, and inhaled bronchodilator therapy, her oxygenation continued to improve. She continued to fail her spontaneous breathing trial, however, and remained intubated. On ICU day 5, however, she developed a new fever and her oxygenation worsened. Having previously been down to an FiO2 of 0.3, this fraction was increased to 0.5, and her PEEP was increased to 10 cm from 5 cm of water to maintain adequate oxygenation. A chest xray now shows diffuse, bilateral infiltrates (Fig. 29.1).[image: A329322_1_En_29_Fig1_HTML.gif]
Fig. 29.1Chest xray on ICU day 5





Question
What is this patient’s diagnosis?

Answer
Ventilator-Associated Pneumonia (VAP)

Despite aggressive and supportive management, pneumonias that arise from hospital settings remain a challenging and enduring clinical entity. Ventilator-associated pneumonia is defined as pneumonia in those patients who have been intubated for at least two to three days, with worsening radiographic features, increasing secretions, bronchospasm, or hemoptysis, or with worsening status on the ventilator. While early treatment is essential, rapid de-escalation of antibiotics in the face of negative culture results is also important. Sampling of the respiratory tract is necessary to further guide management and noninvasive sampling is preferred [1]. Samples may be obtained either through tracheobronchial aspiration, bronchoalveolar lavage, mini-BAL, or protected specimen brush (PSB). Careful observation of individual hospitals’ bacterial antibiogram is essential to provide treatment targeted to the resistance profile of each institution. The most common MDR pathogens include P. aeruginosa, Escheriochia coli, Klebsiella pneumonia, and Acinetobacter species as well as methicillin-resistant S. aureus [2].

Principles of Management
Rapid Identification and Empiric Treatment of VAP Is Essential
A high suspicion for VAP followed by rapid diagnosis and treatment is critically important. Zilberberg and colleagues found that among nearly 400 patients alive at 48 h with HCAP, inappropriate empiric antibiotic therapy was associated with a significant increase in mortality (30 % versus 18.3 %, p = 0.013; OR 2.88 95 % CI 1.46–5.67 in multivariable logistic regression). Treatment escalation did not change the risk of death in this single-center study [3]. Unfortunately, treatment is often delayed. In one study among 107 patients, 30.7 % of patients had their therapy for VAP inappropriately delayed, defined as ≥ 24 h passing between VAP onset and providing the appropriate antimicrobial treatment. A delay in writing the antibiotic orders was the primary reason for delay in therapy in 75 % of cases [4].

Treat Patients with VAP Broadly for Multidrug Resistant Organisms
Patients with VAP should universally initiated on therapy for (1) MRSA (for example, with vancomycin or linezolid) and for (2) resistant gram-negatives, such as Pseudomonas aeruginosa, Klebsiella pneumoniase, and Acinetobacter species. Treatment options could include: antipseudomonal cephalosporins (cefepime or ceftazidime), antipseudomonal carbapenems (imipenem or meropenem), β-Lactam/β-lactamase inhibitor (piperacillin-tazobactam). For patients for whom combination therapy is considered (see Evidence Contour below), addition of an antipseudomonal flouroquinolone or an aminoglycoside should be considered. The dominant pathogens in one’s local ICU should also contribute to decision making for appropriate choices of therapy but should be guided by the overall principles of the ATS/IDSA guidelines, as demonstrated by the IMPACT HAP collaboration [5, 6].
In addition to MDR risk factors, appropriate antimicrobial therapy should consider the patient’s risk factors for: (1) extended-spectrum beta-lactamase-producing Enterobactereriaceae; (2) Legionella; and (3) anaerobes. If ESBL Enterobactereiaceae is suspected, a carbapenem should be used. Concerns about Legionella should prompt use of a macrolide or fluroquinolone over an aminoglycoside. Some providers would treat patients with recent aspiration events for anaerobes, using clindamycin, β-Lactam/β-lactamase inhibitors, or a carbapenem.
For all other patients for whom the suspicion of VAP is low, appropriate therapy should be guided by the patient’s risk factors for multidrug resistant organisms. In the absence of risk factors for MDR organisms, the ATS/IDSA guidelines recommend antibiotic therapy that targets Streptococcus pneumonia, Haemophilus influenza, Methicillin-sensitive Staphylococcus aureus, and antibiotic-sensitive enteric gram negatives: ceftriaxone or levofloxacin, moxifloxacin, or ciprofloxacin, ampicillin/sulbactam or ertapenem [2]. While not all patients with HCAP have MDR organisms, distinguishing between the two may be difficult with recent residence in a nursing home or hospitalization for more than 48 h in the past 3 months appearing to increase the patient’s risk the most [7, 8].

Duration of Therapy – 8 or 15 Days
Patients with ventilator-associated pneumonia should have the duration of antimicrobial therapy guided by type of organism. In a study of 401 patients using a randomized controlled design, there was no difference in mortality in the arm treated for 8 days versus 15 days, although patients with Pseudomonas spp. had higher rates of recurrence [9]. A subsequent meta-analysis demonstrated patients with lactose non-fermenting gram-negative bacilli had nearly a 2-fold increased odds of recurrence with shorter therapy courses [10]. However, more recent systematic reviews and the ATS/IDSA 2016 guideline [2] has challenged this distinction. The current recommendation for all VAP, including non-fermenting gram-negative bacilli, is to treat for a short course (7 or 8 days) [11].

Rapidly De-Escalate Antimicrobial Therapy
It is critical to de-escalate antimicrobial therapy when a specific pathogen has been identified, or when cultures are negative at around 72 h. This helps prevent over-use of antibiotics and the development of resistance. Observational data provide a strong safety signal. In a study of surgical patients, neither mortality (34 % versus 42 %) nor recurrent pneumonias (27 % versus 35 %) differed between patients with VAP who underwent de-escalation versus those who did not [12]. Among 398 patients with VAP in Kollef et al., de-escalation of therapy occurred for 22 % of patients. These patients had a lower mortality rate (17 %) than those patients who underwent escalation (43 %) or who had not change to their regimens (24 %) [13].
Another possible guide to safely de-escalate antibiotic therapy may be procalcitonin levels. In subgroup analyses of the PRORATA trial, investigators found that patients with ventilator-associated pneumonia assigned to the study arm (where antibiotics were discontinued after procalcitonin levels reached <0.5 μg) had 3.1 fewer days (95 % CI 0.7 days – 5.6 days) than those patients assigned to the control arm, without a difference in mortality found in the overall study [14]. Other studies that have looked at procalcitonin to guide therapy for undifferentiated septic shock or in broader settings have replicated that mortality does not appear to be affected when procalcitonin is used to guide therapy, although the findings on duration of antibiotics is more heterogeneous [15, 16]. Current recommendations, however, are to continue to use clinical evidence rather than biomarkers [2].

Clinicians Should Remain Vigilant for Other Causes of Fever in the ICU
Not all fevers are pneumonia, even in ICU patients with radiographic infiltrates. If patients are not improving at 48–72 h and respiratory cultures taken before antibiotics are negative, be vigilant for other causes of fever (such as central line infections, etc.) and for complications of pneumonia (such as empyema). This scenario should also prompt reconsideration of the potential presence of resistant pathogens, and it may warrant consultation with infectious disease specialists.


Evidence Contour
Invasive Versus Noninvasive Sampling Strategies
In all patients with suspected VAP, obtain an endotracheal aspirate for culture at minimum. Whether to pursue bronchoscopic sampling (or other invasive techniques) is more controversial. Endotracheal aspirates are very sensitive – a negative result is quite helpful because it has a high negative predictive value. Positive results can be harder to interpret. In one study, in 52 episodes of pneumonia, endotracheal aspirate was found to have a sensitivity of 97.7 % and specificity of 50 % as compared with protected brush specimen [17]. Other studies have employed the Clinical Pulmonary Infection Score (CPIS) with a cut-off of 6 as a noninvasive method of identifying patients with VAP, using autopsy findings of pneumonia as the gold standard (Table 29.1) [18]. Fabregas et al. found a score of greater than 6 had a sensitivity of 77 % but a specificity of 42 % [19]. Conversely, bronchoscopic sampling may be less sensitive but is more specific for pneumonia. Randomized controlled trials are mixed. An RCT of 413 patients found no benefit to invasive sampling in unadjusted analyses, but did after adjustment for baseline factors [20]. A more recent RCT of 740 patients found no benefit to bronchoalveolar lavage over endotracheal aspirate [21]. Our practice is to perform immediate endotracheal aspirate in all patients with suspected VAP, but to reserve bronchoalveolar lavage or protected brush for selected cases.Table 29.1Calculation of the clinical pulmonary infection score (CPIS)


	Parameter
	Points

	Temperature
	36.5–38.4
	0

	38.5–38.9
	1

	≥39.0 and ≤36.0
	2

	Blood leukocytes/mm3

	4000–11,000
	0

	<4000 or >11,000
	1

	Above + band forms ≥500
	2

	Tracheal secretions
	<14+
	0

	≥14+
	1

	Above plus purulence
	2

	Oxygenation, PaO2:FiO2, mmHg
	>240 or ARDS
	0

	≤240 and no ARDS
	2

	Pulmonary radiograph finding
	No infiltrate
	0

	Diffuse or patchy infiltrate
	1

	Localized infilitrate
	2

	Culture of tracheal aspirate specimen
	Pathogenic bacteria cultured ≤1 or growth
	0

	Pathogenic bacteria culture >1+
	1

	Above plus same bacteria on gram stain >1+
	2


The score may be calculated as a noninvasive method of determining whether a patient is a low-risk for pneumonia. A score of more than 6 has a 77 % sensitivity and 42 % specificity to identify VAP [19]





Effective Treatment Strategies for MRSA VAP
The current recommendation from the ATS/IDSA is for coverage with either (1) 15 mg/kg of vancomycin every 12 h with a target serum trough between 15 and 20 mg/kg OR (2) 600 mg of linezolid. One major prospective trial of 1184 patients, however suggested that linezolid may be superior to vancomycin. In this study, 46 % of patients treated with vancomycin had cultures persistently positive for MRSA, while only 17 % of patients treated with linezolid did. At 60 days, however, there was no difference in mortality rates, although nephrotoxicity did occur at greater rates with vancomycin [22]. As research in this space continues to evolve, linezolid may be a particularly good option among patients with renal failure, although current guidelines suggest either therapy for treatment.

Utility of ATS/IDSA Recommendations for Dual Gram-Negative Coverage
Coverage with a second agent for gram-negative bacilli may be warranted based on local microbiologic patterns and was recommended by the 2005 recommendations for VAP treatment by the ATS/IDSA [2]. Current recommendations from the 2016 update are to prescribe 2 antipseudomonal antibiotics when patients have risk factors for antimicrobial resistance, when the prevalence of gram-negative isolates resistant to the proposed monotherapeutic agent exceds 10 %, and when antimicrobial susceptibaility rates are unavailable [2]. However, it is worth noting that synergy of medications has only been demonstrated in vitro and in neutropenic or bacteremic patients and one randomized controlled trial did not demonstrate differences in clinical outcomes between monotherapy and combination therapy groups [6, 23, 24]. An observational cohort study in Lancet suggested combination therapy may be harmful, as the cohort of patients with ATS/IDSA-compliant antimicrobial therapy had a higher risk of death at 28 days than the noncompliant group [25]. This remains controversial, whether these individuals were at higher risk of death from the medications, the infections, or misidentification of them as at higher risk for MDR infection. Further research will be necessary to identify who, if anyone, should be receiving such broad antibiotic coverage from the outset.

Evolving Surveillance Definitions
While clinical suspicion and identification of ventilator-associated pneumonia should remain high, significant controversy has revolved around establishing a reliable epidemiological surveillance definition. Prior to January 2013 the Centers for Disease Control’s surveillance reporting definition the included several subjective components, including the change in the “character of sputum” and in radiographs [26–30]. As a result, several studies identified little agreement either across infection control experts at a single institution [31] or across multiple institutions [32]. Other definitions that sought to identify episodes of VAP either through greater invasive strategies or through other scoring mechanisms fared equally poorly [33].
In response, an effort of many professional societies and the CDC generated an alternative approach with the creation of the entity Ventilator Associated Event (VAE) [34]. Intended to cast a broader net, this newly-defined condition is intended to identify the majority of iatrogenic harm from mechanical ventilation, including but not limited to pneumonia [35, 36]. Further, it is designed to be reliable as it is solely based on any changes made to the ventilator that would indicate worsening oxygenation after a period of stability and at least three days into the course of mechanical ventilation. Review of radiology has been removed from the definition. There are subsequent sub-categories of harm, including probably or possible pneumonia, which are based on antibiotic changes and evidence of positive qualitative or quantitative cultures. (Table 29.2) [34].Table 29.2National Health Safety Network definition of Ventilator-Associated Event


	Type of ventilator-associated event
	Definition

	Ventilator-associated condition (VAC)
	Either:
 1. An increase in daily minimum FiO2 ≥ 0.20

                            OR
                          
 2. An increase in daily minimum PEEP values of ≥3 cm H2O
Either must be sustained for 2 or more calendar days

	Infection-related ventilator-associated condition (iVAC)
	VAC

                            PLUS
                          
 1. Temperature >38° or <36° OR WBC ≥12,000 cells/mm3 or ≤4,000 cells/mm3


                            AND
                          
 2. A new antimicrobial started and continued for 4 or more days

	Possible ventilator associated pneumonia
	iVAC

                            PLUS
                          
 1. Purulent respiratory secretions

                            OR
                          
 2. A positive qualitative, semi-qualitative, or quantitative culture of sputum, endotracheal aspirate, bronchoalveolar lavage, lung tissue or protected specimen brushing

	Probable ventilator associated pneumonia
	iVAC

                            PLUS
                          
 1. Purulent respiratory secretions AND a positive semi-quantitative, or qualitative culture of sputum, endotracheal aspirate, bronchoalveolar lavage, lung tissue or protected specimen brushing

                            OR
                          
 2. A positive pleural fluid culture, positive lung histopathology, a positive diagnostic test for Legionella spp., a positive test on respiratory secretions for influenza virus, respiratory syncytial virus, adenovirus, parainfluenza virus, rhinovirus, human metapneumovirus, coronavirus


A patient must be intubated with stable ventilator settings for 2 or more days before this may be applied




While several studies have shown that this definition does lead to a reliable identification of individuals at higher risk of in-hospital mortality, it remains unclear the breadth of true disease states captured by definition [37, 38]. Lilly and colleagues found that the new VAE definition captured neither pneumonias nor hospital-acquired complications 93 % of the time [39]. In contrast, Boudma and colleagues found ventilator-associated condition to be reasonably sensitive at identifying episodes of VAP (0.92) but not specific (0.28) [40]. Further, Adult Respiratory Distress Syndrome is likely to be captured alongside VAP under the larger label of VAE [39, 41]. The first major intervention study to date designed to attempt to reduce rates of VAE demonstrated found spontaneous awakening trials and spontaneous breathing trials to be effective [42]. However, this remains a significant area of evolving science.

New and Old Strategies to Prevent VAP
Other modifiable risk factors for patients with VAP should be considered, in an effort to minimize the likelihood of developing VAP at the outset. These were described in a recent update on preventing ventilator associated pneumonia by the Society for Healthcare Epidemiology of America (SHEA) and the Infectious Disease Society of America (IDSA) and are summarized in Table 29.3 [36].Table 29.3Recommendations from the Society of Healthcare Epidemiology of America and the Infectious Disease Society of America’s 2014 updated recommendations for VAP prevention [36]


	Recommendation
	Level of recommendation

	Minimizing sedation and assessing readiness to extubate daily through pairing spontaneous breathing trials and spontaneous awakening trials, which have been shown in two randomized control trials and one meta-analysis to reduce length of stay and duration of mechanical ventilation [43–46]
	HIGH

	Instituting early mobilization and physical therapy, which has been shown to decrease length of stay and improve earlier return to independent function [47]
	MODERATE

	Implementing strategies to reduce pooling of secretions above the endotracheal tube cuff, such as using endotracheal tubes with subglottic suctioning for patients requiring mechanical ventilation of 48 h or more [48–50]. A meta-analysis demonstrated reduction in VAP rates and length of mechanical ventilation [51]
	MODERATE

	Changing ventilator circuits only when needed rather than on a schedule, which does little to decrease VAPs but does reduce costs [52]
	HIGH

	Making use of noninvasive positive pressure ventilation (NIPPV) whenever possible, but only in the populations which have been shown to have some benefit (e.g. in chronic obstructive pulmonary disease or cardiogenic pulmonary edema) [53]. This recommendation, however, cautions use of NIPPV that may delay intubation, such as profound hypoxemia, acute respiratory distress syndrome or impaired consciousness [54]
	HIGH

	Keeping the head of the bed elevated to at least 30°, which has only been shown to decrease VAP rates in one of three randomized control trials, but has little downside [55–57]
	LOW
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Case Presentation
A 65 year old gentleman with Idiopathic Pulmonary Fibrosis (IPF) diagnosed 2 years prior by imaging and surgical lung biopsy is evaluated for acute on chronic shortness of breath. Previously he was able to take care of his activities of daily living with supplemental oxygen administered by nasal cannula at 4 l/min. One day prior to presentation his breathlessness rapidly escalated over the course of a day, with inability to ambulate or bathe, prompting evaluation. He had no fevers, sick exposures, change in his baseline cough, or lower extremity edema. He is on no treatment other than oxygen for his condition.
Upon evaluation in the emergency room he is noted to require 100 % oxygen to maintain his oxygen saturation, although saturation continued to fall with minimal movement. Arterial blood gas showed a pH of 7.5, PCO2 of 44, PaO2 of 65 with saturation of 91 % on 100 % oxygen by face mask. His hypoxemia continued to worsen and he required invasive mechanical ventilation. He was admitted to the intensive care unit (ICU).
On evaluation, beta naturetic peptide and echocardiogram were normal and he was without signs of volume overload. White blood cell count was elevated to 14,000 per mm3 (normal 4,000–10,000 per mm3). A computed tomography of the chest was completed and lung windows are shown in Fig. 30.1 alongside his baseline CT scan. Contrast to enhance the pulmonary vasculature showed no evidence of venothromboembolism. Bronchoscopy is completed and alveolar lavage was negative for infectious organisms including respiratory virus polymerase chain reaction (PCR).[image: A329322_1_En_30_Fig1_HTML.jpg]
Fig. 30.1(a) Baseline CT scan of patient with basal predominant interlobular septal thickening and traction bronchiechtasis and mild (lower right lung) honeycombing typical of IPF. (b) CT scan of the same patient after presentation for acute on chronic dyspnea and worsened hypoxemia





Question
What is the likely diagnosis?

Answer
The patient has most likely suffered an acute exacerbation of IPF (AE-IPF).

The triggers as well as etiologies for AE-IPF are not known. The cardinal features are acute clinical worsening (<30 days) in a patient with known or newly diagnosed IPF with acceleration of dyspnea and/or hypoxemia and new radiologic changes, typically ground glass opacities, on a background of fibrotic disease (example Fig. 30.1) [1, 2]. The underlying pathologic insult is classically described as diffuse alveolar damage [3], the histologic finding of ARDS, which has been superimposed on usual interstitial pneumonia. Common concomitant symptoms mimic a viral lower respiratory tract infection with fever, malaise, flu like symptoms and cough; though these symptoms are not needed to make the diagnosis [1, 2]. Infection is the chief differential diagnosis. Ideally, infection is excluded by bronchoalveolar lavage (BAL) as in the case presentation; however given the worsening hypoxemia in addition to typical poor baseline pulmonary health a BAL may precipitate a life-threatening impairment in gas exchange. If the lower airways cannot be sampled by BAL, treatment for typical bacterial organisms or hospital acquired organisms if applicable are employed presumptively. If structural lung disease exists (as most patients usually have traction bronchiectasis) it may be worthwhile to treat Pseudomonas on an empiric basis. Other conditions that need to be excluded are pneumothorax, pulmonary hypertension, left ventricular failure from systolic or diastolic dysfunction, pulmonary embolism, or acute respiratory distress syndrome of other known causes (i.e. sepsis, pancreatitis, trauma, pneumonia. For more detail see Chap. 21). Cross-sectional imaging is used to rule out small pneumothorax not seen as well as to confirm radiologic changes, which usually are ground glass in appearance, but dense infiltrates can also be seen. A CT pulmonary angiogram has the advantage of evaluating for pulmonary embolus in patients without renal failure.
In sum, AE-IPF is diagnosed when a patient with IPF has acute worsening of dyspnea and/or hypoxemia as well as new ground glass opacities on CT after exclusion of the conditions below. Diffuse alveolar damage is the typical underlying histopathology.

Principles of Management
Incidence and Prognosis
Based on prospective trials of IPF the incidence of AE-IPF can be estimated. The incidence of acute exacerbation and IPF is approximately 2–14 % per year [4–6]. Acute exacerbations are often devastating. If patients require mechanical ventilation, mortality has been reported to be 78–86 % [7, 8]. Some authors have proposed that this condition is futile and these patients should not receive critical care intervention such as mechanical ventilation [9, 10]. Others have argued and shown that even short term survival allows a window for pulmonary transplantation [8]. An accurate diagnosis is of utmost importance to exclude reversible causes.
Pathologic insult: The classical description of pathologic insult due to acute exacerbation of IPF is diffuse alveolar damage [3], which is the same as ARDS, but here is superimposed on the pathological findings of idiopathic pulmonary fibrosis: usual interstitial pneumonia.

Corticosteroids
As idiopathic pulmonary fibrosis is a rare condition, and acute exacerbations occur spontaneously and abruptly, large prospective randomized trials evaluating treatment are lacking. Expert consensus recommends treatment with corticosteroids though recommended dosage has not been established [11]. Dosing ranges from Solu-Medrol of 1 mg/kg up to “pulse” doses of 1000 mg per day [1]. It is our practice to use 2 mg/kg/day of Solu-Medrol in divided doses similar to what has been used in ARDS [12], given the similar underlying histopathologic insult.

Supportive Care
Supportive care is essential for treatment of idiopathic pulmonary fibrosis given the lack of evidence-based therapies. Mechanical intubation is typically needed but, noninvasive ventilation can be attempted (see below). While evaluation for conditions listed in Table 30.1 is suggested, this is not always possible in a given patient. Presumptive treatment with antibacterial agents and diuretics in conjunction with systemic corticosteroids are typically administered unless significant contraindications exist. Heparin can also be considered if pulmonary embolism cannot be adequately excluded.Table 30.1Conditions to be excluded in the diagnosis of AE-IPF


	Pneumothorax

	Cardiogenic pulmonary edema

	Pulmonary embolus

	Identifiable cause of acute lung injury or ARDS

	Lower respiratory tract infection

	Pulmonary hypertension






Palliative Care
Acute exacerbation of idiopathic pulmonary fibrosis is often in terminal event. Patients and family should be made aware of this poor prognosis to allow appropriate decisions about possibly limiting intensive care interventions. Ideally, goals of care planning would occur in the outpatient setting prior to clinical worsening. In patients who are not transplant candidates, palliative care is often a valid choice [9].

Ensure Correct Diagnosis
The diagnosis of acute exacerbation of IPF is in the domain of the intensivist. However diagnosis and management of idiopathic pulmonary fibrosis is usually the realm of the pulmonologist. Ensuring that the patient has an accurate diagnosis of idiopathic pulmonary fibrosis is critical to determining prognosis for the underlying condition. Fibrotic lung disease associated with collagen-vascular disease, such as polymyositis, has also been associated with acute exacerbations, and may have a better prognosis [13]. Many pulmonologists who are less familiar with interstitial lung diseases often incorrectly attribute all types of lung fibrosis to idiopathic pulmonary fibrosis [14]. Given the disparate outcomes, accurate discrimination of IPF from other fibrotic lung diseases is critical. Clues on CT scan suggesting the diagnosis of IPF are lower lung, subpleural predominance of interlobular septal thickening with honeycombing and traction bronchiectasis (see Fig. 30.1) [11]. In IPF patients without an acute exacerbation, ground glass infiltrates should be minimal [11]. Clinical findings should include a conspicuous absence of inhalational exposures and rheumatologic conditions as well as presence of “velcro” rales. If the diagnosis is in doubt, consultation with a pulmonary specialist with experience in interstitial lung disease is recommended.

Exacerbation During Surgical Procedures
Often, patients with undergo a biopsy to establish a diagnosis of IPF. Additionally, patients with IPF are at higher risk of lung cancer which may require surgical treatment. Thoracic surgery for lung cancer resection or surgical lung biopsy can precipitate an acute exacerbation of IPF [15–18]. Interestingly the insult is often radiologically worse in the nonoperative lung [17]. This may be due to the ventilator-associated lung injury from excessive stretch from single lung ventilation during the operation to de-gas the operative lung. Some have suggested restrictive intraoperative fluid management may minimize post-operative AE-IPF risk (see evidence contour) [15]. AE-IPF after non-pulmonary operation has only been reported once [19].


Evidence Contour
Noninvasive Ventilation
Given the poor prognosis of patients who require mechanical ventilation, some have suggested that noninvasive ventilation would be a good strategy for patients with clinical deterioration and idiopathic pulmonary fibrosis. Small, retrospective studies have shown improved outcomes in patients supported with noninvasive positive pressure ventilation (NIPPV) [20–22], however a selection bias may account for the better prognosis as patients who can be successfully supported with NIPPV are likely less ill. Of the patients in these studies who failed NIPPV, mortality was reported as 85–100 % [20–22].

High Flow Nasal Cannula
High flow nasal cannula has been shown to have salutatory affects in idiopathic pulmonary fibrosis patients without an acute exacerbation, specifically decreased minute ventilation, respiratory rate, capillary carbon dioxide were seen [23]. Additionally, small increases in airway pressure were reported, suggesting a partial “PEEP” affect [23]. Use of high flow nasal cannula in AE-IPF has not been reported. Anecdotally, we have used high cannula with great success in patients with IPF and clinical worsening.

Ventilator Settings
Higher levels of PEEP have been associated with higher mortality in single retrospective analysis [24]. A selection bias for patients with worse hypoxemia requiring higher levels of mean airway pressure is one explanation; however multiple variables were accounted for in the analysis. It may be true that patients with acute exacerbation of IPF have a different physiology and those with ARDS where higher levels of PEEP are felt to be beneficial. The optimal ventilator settings for acute exacerbation of IPF are not known, however to the extent possible we adhere to lung protective ventilation similar to ARDS (see ARDS Chap. 21).

Anticoagulation
A single, unblinded prospective study has shown a benefit in patients admitted with clinical worsening of idiopathic pulmonary fibrosis treated with anticoagulation [25]. Anticoagulation was initiated at the time of clinical worsening, which may or may not have been an acute exacerbation. Coumadin was used in the outpatient setting and low molecular weight heparin was used if the patient was admitted, such as with AE-IPF. All patients were treated with corticosteroid as well. In the subset of patients who had AE-IPF, anticoagulated patients had a lower mortality (18 % vs 71 %). However, 30 % of patients randomized to the treatment arm dropped out of the study, in this unblinded study. Additionally, pulmonary embolism was not excluded as a cause of clinical worsening, and may have played a role in some patients [11].
A large, double blind prospective trial of coumadin in the treatment of IPF was stopped early due to increased mortality in coumadin arm [26]. No difference in incidence of AE-IPF observed.
Use of anticoagulation in IPF patients without thromboembolic disease was recommended against by a panel of experts [11]. Anticoagulation specifically used to treat AE-IPF does not have sufficient data to support its use.

Cyclophosphamide
Cyclophosphamide has been used in case series for treatment of AE-IPF. Morawiec and colleagues described 10 patients who were treated with cyclophosphamide and pulse dose solu-medrol during acute exacerbations with 100 % and 72 % 1 month and 3 months survival rates, respectively [27]. Patients were treated with a methylprednisolone pulse (1,000 mg) at days 1–3 and on day 4 placed on an escalating regimen of cyclophosphamide with an initial dose of 500 mg intravenously. The dose of cyclophosphamide was increased by 200 mg every 2 weeks, provided the total white blood cell count remained at >3,000 cells · mm−3. The maximum single administered dose was 1,500 mg of cyclophosphamide. Lack of randomization significantly limits the utility of this study. In patients who do not respond to corticosteroids, we consider a trial of cyclophosphamide 2 mg/ kg IV daily on a patient by patient basis.

Cyclosporin A
Inase and coworkers retrospectively analyzed 13 patients after AE-IPF. All patients received pulse solu-medrol followed by oral prednisone, and 7 received cyclosporine A titrated to serum levels of 100–150 in addition to steroids [28]. In the patients treated with cyclosporine A none experienced a re-exacerbation of IPF. All patients with steroids alone died of respiratory failure within 66 weeks, whereas four out of the seven treated with cyclosporine A survived for over 2 years after their exacerbation.
Sakamoto also evaluated the use of cyclosporine A in AE-IPF retrospectively [29]. Similar to Inase, all patients were treated with pulse solu-medrol followed by prednisone. Two out of 11 patients treated with cyclosporine A died during their initial exacerbation, compared to 6 out of 11 patients who were treated with steroids alone. Prevention of re-exacerbation was not observed with five patients experiencing repeat exacerbations while on cyclosporine A.
Similar to cyclophosphamide, lack of randomized prospective trials limit widespread adoption of cyclosporine for treatment of AE-IPF

Restrictive Operative Fluid Balance
Mizuno retrospectively evaluated 52 patients with IPF after pulmonary resection of non-small cell lung cancer and found that higher positive intraoperative fluid balance was associated with AE-IPF after multivariate analysis [15]. Prospective use of restrictive fluid practices towards the prevention of postoperative AE-IPF has not been established.

Pulmonary Transplantation
In patients without other medical comorbidities or of advanced age, pulmonary transplantation can be performed in patients with idiopathic pulmonary fibrosis. In patients who are already listed for transplant and develop acute exacerbation, extracorporeal life-support or mechanical ventilation are not contraindications to pulmonary transplant; though vigilance and of maintaining a robust functional status and avoiding critical care weakness are major challenges.
De Novo evaluation of patients with acute exacerbation for pulmonary transplantation is difficult as the typical pre-operative studies, such as colonoscopy, heart catheterization etc. become much more perilous in a patient with severe respiratory failure or on extracorporeal life-support. However, this has been reported successfully [30].

Extracorporeal Life Support
To our knowledge, extracorporeal life-support has not been used to support patients with acute exacerbation of idiopathic pulmonary fibrosis other than to provide a bridge to transplant. In patients who are not candidates for pulmonary transplantation, we suggest against extracorporeal life support given the overall poor prognosis of the condition. In patients whom ECLS is used as a bridge to transplant (IPF and non-IPF patients), ECLS longer than 14 days has been associated with worse post-transplant survival [31].

Anti-fibrotic Medications
Early studies suggested use of pirfenidone lowered the rate of acute exacerbation of idiopathic pulmonary fibrosis [4], though this was not seen on subsequent studies [32]. Nintedanib did not reduce the incidence of AE-IPF [6]. Both pirfenidone and nintedanib were both recently approved for treatment of IPF. The initiation of pirfenidone or nintedanib as a treatment specifically for AE-IPF has not been an established and is not recommended.
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Case Presentation
A 68 year old woman with a history of hypertension, diabetes, asthma, congestive heart failure (CHF) and end stage renal disease was intubated and admitted to the ICU for respiratory failure and hypotension following a one week history of fever, dyspnea, anorexia and cough productive of yellowish-green sputum. At initial presentation to the ICU, she received a bolus of intravenous crystalloid, and was commenced on vasoactive support with norepinephrine, vasopressin and phenylephrine infusions. White blood cell count was 15K and she was commenced on broad-spectrum IV antibiotics. Respiratory and blood cultures subsequently grew Pseudomonas aeruginosa and antibiotics were narrowed to IV cefepime. Over the next 72 h she became afebrile, her white blood cell count dropped to 8.5K and her vasoactive support was weaned off. Her most recent CXR, vital signs and mechanical ventilator settings are shown in Fig. 31.1.[image: A329322_1_En_31_Fig1_HTML.gif]
Fig. 31.1(a) Chest x-ray of index patient on admission day 3. (b) Telemetry monitor showing the patient’s vital signs on admission day 3. (c) Mechanical ventilator parameters of the index patient on admission day 3





Question
What approach would best determine her readiness for liberation from the mechanical ventilator?

Answer
Spontaneous breathing trial (SBT)

All intubated patients should be assessed with a SBT to determine their readiness for liberation from the mechanical ventilator after the underlying cause for intubation has been addressed and is improving. The patient had been ventilated on small tidal volumes (6 ml/kg ideal body weight) and her plateau airway pressures ranged between 20 and 24 cmH2O. Her PaO2/FiO2 ratio remained >200 with a PEEP of 5cmH2O and FiO2 of 40 %. Her hemodynamic status remained stable with no requirement for vasopressor support. She received an analgesic infusion of fentanyl, which was interrupted on a daily basis to assess her mental function. Physical and occupational therapy were commenced within 24 h of her ICU admission and she was maintained on a daily negative fluid balance of 1–2 L per day. Her most recent arterial blood gas was 7.32/42/75/98 and she had minimal airway secretions. Continuous sedation was discontinued and while she was awake, a 30-min spontaneous-breathing trial was performed with CPAP of 5 cm of water and her observed vital signs afterwards are depicted in Fig. 31.2.[image: A329322_1_En_31_Fig2_HTML.gif]
Fig. 31.2Telemetry monitor showing the patient’s vital signs after a 30-min spontaneous breathing trial






Principles of Management
Strategies to Minimize the Requirement for Mechanical Ventilation
Various disease states predispose patients to respiratory failure ultimately requiring mechanical ventilation for respiratory support. In patients with sepsis, the need for mechanical ventilation may be prevented by instituting early aggressive resuscitative measures [1]; however, this protocol-based care may not result in improved outcomes [2, 3]. Similarly, instituting non-invasive ventilation in patients with acute cardiogenic pulmonary edema or acute exacerbation of chronic obstructive pulmonary disease could reduce the need for intubation and mechanical ventilation in these patients [4–7].

Strategies to Reduce the Duration of Mechanical Ventilation
Once a patient has been intubated, several strategies which could speed up readiness for liberation from mechanical ventilation include the use of lung protective ventilation in ARDS [8], interruption of sedatives on a daily basis [9], implementing physical and occupational therapy early [10], conservative fluid management in ARDS [11] and the prevention of ventilator-associated pneumonia [12].

Evaluation of Patient’s Readiness for Spontaneous Breathing
Patients determined to be ready for a trial of spontaneous breathing should exhibit improvement in the underlying factors that led to respiratory failure and be hemodynamically stable with a ratio of partial pressure of arterial oxygen to the fraction of inspired oxygen (PaO2/FiO2) that exceeds 200 on a positive end-expiratory pressure (PEEP) of 5 cmH2O or less [13].

Perform a Spontaneous Breathing Trial in Patients Deemed Ready
An SBT is performed to demonstrate the patient’s ability to breathe on minimal or no ventilator support for at least 30 min. Usually, this is performed on continuous positive airway pressure, low-level pressure support or utilizing a T-piece. The occurrence of oxygen saturation ≤90 %, heart rate >140/min, respiratory rate >35/min for more than 5 min, a sustained variation of 20 % or more in the heart rate, systolic blood pressure below 90 mmHg or exceeding 180 mmHg, increase in anxiety or diaphoresis all portend failure [13].

Assess Patient’s Ability to Protect the Airway
A successful trial of spontaneous breathing will lead to an evaluation of the patient’s ability to effect airway protection upon removal of the endotracheal tube. This assesses the patient’s mentation, strength of cough and quantity of airway secretions. Demonstration of adequate unassisted breathing and airway protection should prompt immediate removal of the endotracheal tube. Otherwise, if SBT is unsuccessful, re-initiation of mechanical ventilation at the prior support level should be ensured while a careful investigation is performed to determine and treat the underlying reason for failure before repeating an evaluation for a trial of spontaneous breathing again [13].


Evidence Contour
Assessing the Need for an Artificial Airway
Demonstration of some capability to interact with the health care team is required prior to removal of the patient’s endotracheal tube. However, the exact significance and the degree to which it plays a role in successful extubation remain controversial [14]. It has been suggested that in patients capable of protecting their airway, a Glasgow coma scale score of ≥8 predicts successful extubation [15]. Prolonged mechanical ventilation, female sex and traumatic or repeated intubation have all been associated with post-extubation upper airway obstruction [16] leading to suggestions for the use of the cuff leak test (air leak detection during mechanical ventilation with a deflated endotracheal tube balloon) in these patients to assess the patency of the upper airway prior to extubation [17]. Patients at high risk of post-extubation stridor were identified in a single study of intubated medical patients using a cuff leak of <110 ml within 24 h of extubation [18]. Steroids and/or epinephrine may be used during this period to reduce the risk or for treatment in those patients who develop stridor afterwards [19]. The use of NIPPV and/or heliox has also been advocated [19].

Weaning Protocols
The use of weaning protocols enforces daily evaluation of readiness for extubation by using pre-specified criteria and implementing trial of spontaneous breathing in a structured form. The WEAN study, a multicenter, randomized controlled trial which compared automated weaning with the use of a standardized protocol demonstrated significantly faster liberation from mechanical ventilation and fewer cases of protracted ventilation or tracheostomies [20]. Similarly, a large Cochrane meta-analysis of ten trials compared automated weaning protocols and non-automated weaning strategies and demonstrated a decrease in the duration of mechanical ventilation, time to successful extubation, ICU length of stay and proportion of patients on mechanical ventilation for more than 7 days in patients on a protocolized weaning strategy [21]. Though yet to be widely adopted, this automated strategy possibly ensures all mechanically ventilated patients are given a fair chance to demonstrate their ability for spontaneous breathing at the earliest time (Figs. 31.3 and 31.4).[image: A329322_1_En_31_Fig3_HTML.jpg]
Fig. 31.3A high resolution 13–6 MHz ultrasound linear probe (SonoSite Edge, SonoSite, Inc., Washington USA) held perpendicular to the chest was used to evaluate real-time movement of the diaphragm in the zone of apposition. Measurements obtained were recorded in B mode (two dimensional) ultrasonography by placing the transducer along the line of an intercostal space between the right anteroaxillary and midaxillary lines to ensure the zone of apposition is visualized ~0.5–2 cm below the right costophrenic sinus. Air in the lungs facilitates easy detection of the inferior border of the sinus and the two bright parallel lines of its peritoneal and pleural membranes identify the diaphragm with an intervening muscular layer during maximal expiratory effort (a) and maximal inspiratory effort (b). Ultrasonographic measurements of diaphragmatic thickening (black crosses) and hepatic displacement (white crosses) during spontaneous breathing trials have been demonstrated to be useful in predicting extubation outcomes [22–24]
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Fig. 31.4Sample weaning protocol. Readiness for spontaneous breathing evaluated and patient meets the following criteria: (1) Demonstrates hemodynamic stability. (2) Sedative infusion discontinued. (3) Tube feedings stopped. (4) PaO2/FiO2 > 200; PEEP ≤ 5cmH2O






Sample Ventilator Liberation Pathway
Procedure to be implemented by physician or appropriately certified healthcare professional after eligibility has been determined following collaborative daily assessment by nursing and respiratory therapist. Necessary equipment and personnel confirmed to be available and responsible physician notified.	1.Initiate FiO2 Wean Protocol:	Monitor pulse oximetry (SpO2) during FiO2 weaning (once determined to correlate with arterial blood gas)

	Post-intubation, decrease FiO2 by 10–20 % every 30 min till FiO2 < 0.5 while SpO2 > 95 % and/or PaO2 > 75 mmHg

	At target SpO2, obtain ABG to confirm adequate oxygen saturation

	PEEP may be increased (after discussion with the physician) to ensure FiO2 ≤ 0.7







 

	2.Daily Assessment for Eligibility for Liberation:	Respiratory therapist screens all ventilated patients daily by asking these questions between 5:00–7:00 am. Assessment performed on all post-operative/post-procedure patients as needed upon awakening from sedation.

	Response must be “yes” for ‘a – c’; or “yes” for ‘a – d’ in the presence of neuromuscular disease.	(a)PaO2 ≥ 60 mmHg on FIO2 ≤ 0.5, PEEP ≤ 7.5, SpO2 ≥ 88 %


 

	(b)Hemodynamically stable, absence of vasoactive support except for Dopamine/Dobutamine ≤5 mcg/kg/min or norepinephrine ≤2 mcg/kg/min


 

	(c)Patient triggers ventilator spontaneously


 

	(d)Vital capacity >15 ml/kg; maximum expiratory pressure >40 & negative inspiratory force >25


 












 

	3.Spontaneous Breathing Trial (Fig. 31.4):	Patient to be placed in semi-fowlers position.

	Switch ventilator to spontaneous mode with pressure support of 8–10 or CPAP of 5 for 30 min on the same FiO2.

	If patient does not tolerate SBT, resume full ventilator support immediately and reassess daily or every 4 h for post-op/post-procedure patients; if patient tolerates SBT, screen for extubation readiness.







 

	4.Screen for Extubation Readiness:	Awake & responsive to verbal commands?

	Can Patient protect his/her airway? (Intact & adequate cough reflex)

	Cough strength: (Weak/Satisfactory/Strong)

	No concerns about frequency of suctioning

	No concerns about upper airway patency?

	For patients with neuromuscular disease – can sustain head lift against moderate resistance?





(If patient passes, extubation can be performed and new supplemental oxygen modality instituted; else go to Step 2. If repeated failure and intubated for >10–14 days – consider tracheostomy).


 

	5.Extubation Procedure:	Request anesthesiologist or senior critical care physician for ‘difficult to intubate patients’ or ‘prior airway trauma’ prior to extubation

	Ensure gastric feeds have been held for ≥2 h

	Place mask for non-invasive ventilation at bedside

	Perform oropharyngeal and ETT suctioning

	Encourage patient to breathe in maximally

	Extubate to nasal cannula at 4–6 l/min with close observation for at least 30 min

	Ensure SpO2 ≥ 92 % by titrating FIO2 accordingly

	For impending respiratory failure, expedite management of stridor with racemic epinephrine (0.5 q20 min up to 3× prn); humidified O2 ± dexamethasone. Consider non-Invasive ventilation prior to reintubation

	Deep breathing and cough maneuvers every 1–2 h

	Maintain NPO for 4 h; evaluate for aspiration risk – if high: consult speech therapy; if minimal: resume tube feeds

	Assessment by patients nurse every 4 h for signs of respiratory distress during ICU stay







 






Diaphragmatic Ultrasound as an Index for Discontinuation of Mechanical Ventilation
Ventilator induced diaphragm atrophy has been shown to occur even with short periods of mechanical ventilation and may delay liberation from the ventilator. Diaphragm dome motion as visualized by ultrasonography has limited utility and success in predicting extubation outcomes [25]. A recent prospective study of 63 subjects demonstrated that ultrasonographic measurement of diaphragm muscle thickening (Δtdi%) ≥30 % in the zone of apposition using a 7–10 Mhz ultrasound transducer is an effective predictor of extubation success or failure with a sensitivity and specificity of 88 % and 71 % respectively; a positive predictive value (PPV) of 91 % and a negative predictive value (NPV) of 63 % (area under the receiver operating characteristic curve for Δtdi% was 0.79) [26]. A similar prospective study of 43 subjects and Δtdi% >36 % had a PPV of 93 % and a NPV of 88 % [27]. The increasing use of ultrasonography in intensive care and the non-invasive approach with no special effort required of the patient makes it appealing in the evaluation of extubation outcomes.

Pressure Support Versus T-Tube for Weaning from Mechanical Ventilation
Low-level pressure support and spontaneous breathing through a T-Tube are optional modes of ventilator support used in liberation from mechanical ventilation. It was recently shown in a small prospective study of 28 patients undergoing cardiac surgery that either method did not confer a significant difference in the lung function or post-operative hospital course [28]. However, a large Cochrane review of >1200 patients suggests that pressure support ventilation may be more effective than a T-tube in facilitating successful spontaneous breathing trial. The evidence was insufficient to demonstrate superiority to T-tube in successful weaning, rapid shallow breathing index, reintubation risk, ICU mortality and length of stay [29].

Tracheostomy for Prolonged Transition
Patients who require prolonged weaning are increasingly being subjected to tracheostomy [30]. The optimal time for performing tracheostomies in these patients remains controversial. Multiple studies have reported conflicting results on the effect of early tracheostomy on short-term mortality, incidence of pneumonia and ICU length of stay [31–34]. A meta-analysis of the available studies concluded that the evidence remains insufficient to recommend the early performance of tracheostomy in mechanically ventilated patients [35].
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Case Presentation
A 60 year-old man with a history of tobacco use and diabetes mellitus was admitted to the hospital with community acquired pneumonia. His course was complicated by hypoxemic respiratory failure requiring 5 days of mechanical ventilation in the Intensive Care Unit (ICU). After 13 days in the hospital, including 5 days of delirium, he was discharged to an acute rehabilitation facility. Upon returning home to live with his wife, he described a frequent fear that his breathing will worsen and that he may have to return to the hospital. He kept a bag of his possessions ready for an emergency return to the hospital. His wife reported that his thinking “isn’t quite the same” as prior to the acute illness. He slept on the first floor as he had difficulty climbing the flight of stairs to his bedroom. He also reported developing depression secondary to his dependence on others’ for his activities of daily living and his inability to return to work as an accountant.
Question
Which features are characteristic of the Post-Intensive Care Syndrome?

Answer
The Post-Intensive Care Syndrome (PICS) describes a constellation of symptoms, which includes impairment in neuropsychological and physical well-being that occurs following an episode of critical illness [1, 2].

This recently recognized entity lies at the core of critical care survivorship. Patients who have experienced shock, respiratory failure, and prolonged sedation and mechanical ventilation are most at risk for development of PICS. Furthermore, pre-existing impairment in one or more of these domains may worsen after critical illness, a fact that warrants obtaining a history that captures physical function, mental health and cognitive function pre-illness. A longitudinal, coordinated effort is required to mitigate the risk of PICS development and rehabilitate new or more severe impairments (Table 32.1).Table 32.1Post-intensive care syndrome: diagnosis, prevention, and rehabilitation strategies that can be paired with educational efforts to prepare out-patient providers, survivors, and their caregivers about the potential long-term consequences of critical illness


	Domain
	Diagnosis
	Prevention
	Rehabilitation

	Cognition
	Use a validated, screening test at time of discharge or initial follow-up (e.g., Montreal Cognitive Assessment)
	ABCDEF bundle to minimize delirium and preserve physical function
	1. Compensation and rehabilitation therapy through consultation with expert providers
2. Cognitive exercises
3. Prioritize early occupational and physical therapy

	Mental health
	Use validated screening tests to identify symptoms of depression, anxiety (Hospital Anxiety and Depression Scale), or post-traumatic stress disorder (PTSS-10) [3, 4]
	1. ABCDEF bundle
2. ICU diary
3. Avoid hypoglycemia and sustained, severe hypoxemia as potential strategies to prevent long-term psychological distress
	1. Consultation with psychologists and/or psychiatrists based on symptoms
2. Consideration of pharmacologic treatment

	Physical function
	Physical examination, including use of standardized scoring systems, and ancillary testing if necessary
	ABCDEF bundle, with a focus on early occupational and physical therapy
	1. Continued occupational and physical therapy


Abbreviations: PTSS-10 post-traumatic Stress Syndrome 10-Questions Inventory





Principles of Management
Diagnosis
Survivors of critical illness are at risk for PICS development, and in particular those who experience shock and respiratory failure requiring mechanical ventilation. Risk factors associated with long-term physical and/or neuropsychological impairment include sepsis, acute respiratory distress syndrome (ARDS), multi-system organ failure, prolonged ICU length of stay, duration of delirium, glucose dysregulation, and the use of corticosteroids [2, 5–9].
Physical and neuropsychological impairment should be screened for at the time of hospital discharge to guide the procurement of post-acute care services (Table 32.2). Physical impairment is common following critical illness, can be measured using a standardized scale, and frequently contributes to the need for skilled care or acute rehabilitation facility placement. Several validated options exist to examine functional status, and specific areas of functional abilities, clinically. Cognitive impairment is an under-recognized consequence of critical illness. In a prospective study of survivors of shock and respiratory failure, Pandharipande et al. revealed that 40 % of survivors performed at a level consistent with moderate traumatic brain injury at 3 months, 26 % performed at a level consistent with mild Alzheimer’s disease, and these impairments frequently persisted [8]. Given its prevalence, providers should screen for cognitive impairment in ICU survivors with suspected PICS. A number of validated screening tools exist to identify cognitive impairment, including the Mini Mental Status Exam, the Mini-Cog, and the Montreal Cognitive Assessment (MoCA). As a simple, highly sensitive, and validated test, the MoCA is arguably the best screening tool to detect mild cognitive impairment in ICU survivors [10]. Psychiatric illness seen in PICS manifests as symptoms of anxiety, depression, or post-traumatic stress disorder (PTSD) [14].Table 32.2Clinical strategies to screen for neuropsychological and physical impairment after critical illness


	Domain
	Test
	Range
	Score interpretation

	Cognition
	Montreal Cognitive Assessment (MoCA) [10]
	0–30
	Normal (>25)
Impairment:
 Mild (18–25)
 Moderate (10–17)
 Severe (<10)

	Depression
	Hospital Anxiety and Depression Scale [3]
	0–21
	Normal (0–7)
Abnormal (≥8)

	Anxiety
	Hospital Anxiety and Depression Scale [3]
	0–21
	Normal (0–7)
Abnormal (≥8)

	Post-traumatic stress disorder
	Post-Traumatic Stress Syndrome 10-Questions Inventory (PTSS-10) [4]
	0–70
	Normal (0–34)
Impaired (≥35)

	Physical function
	Activities of Daily Living [11]
	0–6
	Independence for activities of bathing, dressing, toileting, transferring, continence, and feeding would sum to 6

	Physical function, strength
	Medical Research Council examination [12]
	0–60
	ICU-acquired paresis defined as sum score less than 48

	Physical function
	Timed Up and Go Test [13]
	Time required to stand, walk 3 m, return, and sit
	Longer times (>14 s) associated with adverse outcomes, including falls


Abbreviations: PTSS-10 post-traumatic Stress Syndrome 10-Questions Inventory





Prevention and Rehabilitation
A growing body of literature supports the use of the “ABCDEF” bundle as a potential means to mitigate the risk of PICS [15]. The components of the ABCDE bundle include the coordination of sedation minimization and standardized ventilator weaning [16], delirium monitoring, prevention, and management, and early occupational and physical therapy [17]. When coupled with family engagement and empowerment, the bundle is transformed to the ABCDEF bundle. The benefits of an ABCDE bundle include reduced duration of delirium, reduced incidence of ventilator-associated events, increased ventilator-free days, and improved functional outcomes at discharge with increased likelihood of return to functional independence [16–20].


Components of the ABCDEF Bundle
A Recommended Strategy to Mitigate the Risk of Post-intensive Care Syndrome

                	
Assess, Prevent, and Manage Pain	Daily assessment with validated scales, such as the behavioral pain scale

	Prevention and management with goal-directed treatment for pain






	
Both Spontaneous Awakening Trials (SAT) and Spontaneous Breathing Trials (SBT)	Daily safety screen

	Daily sedation interruption and/or minimization of sedation use to target

	Use of sedation scales in goal-directed delivery of medications

	Daily ventilator weaning attempt






	
Choice of Analgesia and Sedation	Choice of agent and delivery modality, continuous versus intermittent






	
Delirium: Assess, Prevent, and Manage	Daily assessment in all ICU patients

	Avoidance or minimization of medications that exacerbated delirium

	Active management with non-pharmacologic and appropriate pharmacologic treatment






	
Early Mobility and Exercise	Daily exercise regimens, including ambulation as tolerated






	
Family Engagement and Empowerment	Engage and communicate with families on rounds as active participants in patient care

	Facilitate family participation with care tasks in the ICU (e.g. cleaning, feeding)









              

To complement the ABCDEF bundle, an effective strategy to reduce psychological distress in survivors is the use of the ICU diary [21]. The ICU diary has been shown to reduce post-ICU PTSD symptoms. Used widely throughout Europe (www.​icu-diary.​org), yet with limited use in the United States given traditionally uncoordinated care between acute care and post-discharge care, an ICU diary is a notebook within which doctors, nurses, family members, and patient visitors can record, in patient-friendly language, information about the patient’s hospital course and messages from friends and family. The ICU diary may also include pictures of the patient during the course of their illness. Post-discharge, patients review the content of the diary with a health care provider as a strategy to fill gaps in their memory regarding the hospitalization and to realign delusional memories with an accurate depiction of the illness narrative. Beyond the positive effect that the ICU diary can have on the patient’s psychological condition, its use also appears beneficial to family members. Because it is increasingly recognized that family members of survivors also experience lasting psychological effects, known as Post-Intensive Care Syndrome- Family (PICS-F) [1], the ability to mitigate long-term psychological distress in caregivers is an important one.

Evidence Contour
Effective strategies for use in the ICU and post-discharge are urgently needed to reduce the burden of PICS.
ICU Follow Up Clinic
While conceptually appealing, the benefits of an ICU follow-up clinic have yet to be demonstrated [22]. Following discharge from the ICU, primary care physicians were historically responsible for all follow-up care. Increasingly, however, ICU follow-up clinics staffed by pulmonary and critical care specialists are being established to screen for and address symptoms related to PICS. These specialized clinics employ a multidisciplinary approach with extensive care coordination between physical and occupational therapists, psychologist and psychiatrists, physical medicine and rehabilitation physicians, pulmonary physicians and neurologists. Given the resources required to staff such a clinic, systematic research is required to identify the optimal staffing structure and processes that lead to better patient-centered outcomes.
In the absence of compelling data regarding the optimal approach to longitudinally follow survivors after critical illness, the following “best practice” principles can be applied. First, to address the informational needs of survivors and their caregivers [23], it is critical to increase awareness of PICS so as to inform providers of the anticipated challenges faced by many patients after a critical illness. Second, this knowledge should facilitate discussions between health care providers and the patient and their family regarding what they may encounter following discharge from an ICU. The patient described in the above case may have followed up in an intensive care follow-up clinic or with his primary care physician. Regardless, during clinic visits, a manual to guide and chart the progress made during recovery should be developed and consultations placed with experts to attend to the symptoms and impairments identified (e.g., physical and occupational therapy, psychologists and/or psychiatrists, etc.) (Table 32.1).

Cognitive Rehabilitation
The potential for cognitive rehabilitation as a means to improve the lives of survivors of critical illness exists, yet requires further study. In a small randomized trial of ICU survivors with cognitive or physical impairment at discharge, subjects randomized to receive cognitive and physical rehabilitation in their homes experienced improved executive function at three month follow-up compared to control subjects [24]. More proximally, cognitive rehabilitation initiated in the ICU appears to be feasible [25]. In addition to timely referral to rehabilitation experts, strategies during the ICU stay and beyond should consider incorporating cognitive exercise, given the potential for neural plasticity, and coping and compensation strategies (e.g. memory aids) as means to potentially prevent and remediate neuropsychological impairment. Last, given the relationship between physical and cognitive function [26, 27], physical therapy has the potential to be the most effective means to preserve cognitive function and/or rehabilitate cognitive impairment.
Because long-term impairment may be challenging to effectively rehabilitate, urgent investigation is also needed to understand how ICU practice can impact long-term health. For example, traditional ventilator strategies in ARDS protocolize oxygenation targets far below normal levels. Because hypoxemia has been associated with long-term cognitive impairment [6], it is plausible that targeting normoxemia in ARDS could result in improved long-term outcomes [28]. Through careful design of future clinical trials, the opportunity exists to better understand the long-term effects of critical care interventions so as to optimize both short- and long-term outcomes and reduce the burden of PICS.
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Case Presentation
A 64 year old woman with a history of COPD (FEV1 of 1.1 L, 35 % predicted) on supplemental oxygen of 2 L/min by nasal cannula, obesity hypoventilation syndrome, and hypertension, was admitted with a 3-day history of worsening shortness of breath, increased productive cough, and pleuritic chest pain. On admission the patient had an increased white blood cell count (14.5 K), increased oxygen requirement to 6 L/min, and evidence of right lower lobe consolidation on computed tomographic pulmonary angiography (CTPA) (Fig. 33.1). No evidence of pulmonary embolism was seen. Twenty-four hours after admission, the patient developed increased work of breathing, worsening hypoxemia, and bilateral infiltrates on chest radiograph. She was intubated and transferred to the intensive care unit for mechanical ventilation and hemodynamic monitoring.[image: A329322_1_En_33_Fig1_HTML.gif]
Fig. 33.1CT scan demonstrating pneumonia in the left lower lobe a Pulmonary to Aorta ratio greater than 1





In the intensive care unit, a central venous catheter was placed which demonstrated central venous pressure (CVP) of 3 cm H2O and a mixed venous oxygen saturation (ScvO2) of 65 %. She was begun on intermittent sedation, and initial ventilator settings of FiO2 60 %, tidal volume 450 cc (8 cc/kg ideal body weight), respiratory rate of 16 breaths per minute, and PEEP of 5 mmHg. At these settings, plateau pressure was 24 mmHg and there was no detectable autopeep. A point-of-care ultrasound performed by the intensivist demonstrated preserved left ventricular systolic function, however enlarged right ventricle and septal flattening were noted (Video 33.1). A plethoric inferior vena cava was noted to be discordant with the low CVP.
Question
What approach should guide this patient’s fluid management?

Answer
Proper fluid management is critical for successful management of RV failure.

In this case, given the ongoing infection, vigilance for a decreased intravascular volume must be maintained. With the increased vascular permeability, decreased oral intake and insensible losses related to fever, our patient is at high risk of hypovolemia and ensuing shock. This is accentuated by use of analgesics and sedative medications that are utilized for ventilator synchrony, which contribute to decreased venous tone and reduced right-sided preload [1]. Adequate right-sided filling pressure is a prerequisite for adequate cardiac output and in this patient volume resuscitation should be instituted as quickly as possible, with strict attention to RV parameters and end-organ perfusion.
Review of the patient’s outpatient records revealed that she had undergone a work-up for pulmonary hypertension the year prior to presentation, when an echocardiogram performed in the evaluation of worsening lower extremity edema revealed a pulmonary artery systolic pressure (PASP) of 55 mmHg and dilated right ventricle. She subsequently underwent a V/Q scan, which was negative for chronic thromboembolic disease. Screening autoimmune serology was negative. Following diuresis, a right heart catheterization in euvolemic state was reported as: mean right atrial pressure (mRAP) of 14 mmHg, pulmonary artery pressure (systolic/diastolic/mean) 65/22/32 mmHg, PCWP 15 mmHg, cardiac output/cardiac index by Fick of 4.2 Lmin/1.8 L/min/m2. The patient’s pulmonary hypertension was judged to be primarily Group 3 in nature, related to chronic lung disease and hypoxemia and efforts focused on optimizing underlying comorbid conditions. Her baseline hemodynamics were useful in establishing her mRAP or right-sided filling pressures as being elevated. This gave a target for resuscitation, namely a CVP > 14 mmHg. Given the addition of positive pressure mechanical ventilation, an increased right-ventricular afterload, a target filling pressure of 16–18 mmHg would be an appropriate initial target, though multiple endpoints of perfusion should still be monitored.

Principles of Management
Diagnosis
This patient is manifested clinical and echocardiographic evidence of right ventricular dysfunction, which given the patient’s history and negative CTPA is likely acute on chronic. Determining the causes of RV failure, specifically whether it is the result of established pulmonary vascular disease and secondary to concomitant disease states or a result of an acute increase in RV afterload versus RV ischemia is a critical step for patients presenting to the ICU with evidence of RV dysfunction. Also critical, though often difficult, is differentiating pressure overload from volume overload. If echocardiographic and CT imaging indicate an acute pulmonary embolism as a cause, relieving the increase in pressure/afterload attributed by the PE is the first and most critical treatment. If RV ischemia is identified, the treatment algorithm similarly shifts to reperfusion strategies. In situations where RV failure is acute on chronic as is the case with this patient, the conditions responsible for the chronic RV failure cannot be readily reversed and management options are limited to optimizing RV function.
In order to optimize RV function, it is necessary to first have accurate assessment of filling pressures and baseline hemodynamics. The utility of invasive monitoring for this purpose is controversial and will be addressed below. In addition to bedside echocardiography performed by the intensivist [2], formal assessment with transthoracic echocardiography (TTE) offers added utility [3]. In addition to assessing filling pressures, TTE can contribute to the quantification of degree of contribution of LV dysfunction and valvular heart disease. Estimates of pulmonary artery systolic pressure PASP on TTE are not indicative of severity of dysfunction as PASP falls with fall in cardiac output and attention is best directed at other surrogates of severity. RV systolic function can be assessed via the tricuspid annular plane systolic excursion (TAPSE) by measuring the systolic displacement of the RV base toward the RV apex [4]. This has been shown to correlate well with RV ejection fraction, and values below 1.8 cm indicate a low RV stroke volume index with high sensitivity, though utility in acute settings is not well validated [5]. In addition to low TAPSE, prognostic indicators of poor prognosis in pulmonary hypertension are right atrial enlargement, pericardial effusion [6], and septal displacement, but this is not well studied in critically ill patients [7]. Though TTE estimates of PASP generally correlates with invasive measurements, the frequency of variance increases in patients with chronic lung disease [8], and similarly positive pressure ventilation can contribute to inaccurate assessment of pressure.
CTPA, though often obtained to exclude other causes of respiratory failure, may suggest the presence of right ventricular dysfunction. A ratio of main pulmonary artery to aortic diameter of greater than 1 correlates with elevated pulmonary artery pressure generally (Fig. 33.1) [9]. Alternatively, a pulmonary artery with a diameter greater than 2.9 cm has a high specificity for the presence of PH [9]. Other radiographic signs include increased right ventricular wall thickness (>4 mm), right ventricular dilation defined as right ventricle ventricle–to–left ventricle diameter ratio of more than 1:1 at the midventricular level on axial images, dilatation of the inferior vena cava and hepatic veins; and pericardial effusion [10, 11].

Monitoring of End-Organ Perfusion
Monitoring of endpoints of perfusion in patients with RV failure is critical, as acidemia that results from hypoperfusion and elevated lactate can worsen hypoxemic vasoconstriction in the pulmonary vascular bed, thus increasing afterload [12]. That said, monitoring for these patients can be accomplished by modalities utilized in the care of any critically ill patient. A central venous catheter that allows serial measurement of ScvO2 and CVP is a valuable tool. By accurately assessing ScvO2 and monitoring for values lower than 70 %, the SvO2 can be both an indicator of reduced cardiac output and provide a measure of current filling pressure. Superior vena cava central access is favored for this, as it is felt to be a more reliable surrogate of SvO2 if well-positioned [13]. Similarly, serum lactate and urine output remain important indicators of tissue perfusion.
Serial point-of-care ultrasound may also be helpful, both for assessing hypovolemic states as well as identifying optimal timing to offload the RV [14]. For example, if TTE reveals RV dilation and impingement on LV filling this would suggest reduction in preload through diuresis may be needed. However, with hypovolemia, the inferior vena cava may not collapse, as pressure overload can predominate, even in settings of low intravascular volume (Video 33.2).
Pulse pressure variation (PPV) and stroke volume variation (SVV) are well-established modalities in the ICU, however the utility in pulmonary hypertension is not well established [15]. Small studies have demonstrated that PPV is in fact not predictive of increased stroke volume in patients with pulmonary hypertension [16, 17]. This is likely because in pulmonary hypertension, PPV and SVV are related to an inspiratory increase in RV afterload rather than a decrease in RV preload, and thus do not reliably indicate fluid responsiveness. Conceptually, lack of response to a volume challenge in the setting of high PPV or SVV may actually serve as an indicator of RV dysfunction.

Optimization of Right-Sided Filling Pressures
The CVP is a reliable surrogate of right atrial pressure [18]. The CVP pressure tracing consists of three positive waves (a, c, and v) and two descents (termed x and y) (Fig. 33.2). The CVP is measured immediately prior to the c wave when there is continuity with the right ventricle and gives an accurate estimate of preload. Optimally, the CVP is measured at end-expiration, when there is a net neutral pleural pressure and respiratory effect on central pulmonary vasculature is minimized [19]. Patients with chronic compensated RV dysfunction generally have higher CVP at baseline and tend to be dependent on higher right-sided preload. Though there is considerable variation not only between individual patients, but also in varying states of afterload, in general preload goals should be targeted to maintain a moderately elevated filling pressure. Initial targets of 8–12 mmHg, with adjustment for observations of surrogates of low cardiac output or hypoperfusion are prudent. Should one have access to baseline hemodynamics for any individual patient, whether mRAP from right heart catheterization or estimate of CVP from TTE in a steady-state, these values can guide fluid management in a far more individualized way, allowing of course for variability and progression over time.[image: A329322_1_En_33_Fig2_HTML.jpg]
Fig. 33.2The CVP is measured directly before the c wave (arrow)






Reversal of Conditions that Heighten Pulmonary Vascular Tone
Many of the diseases that affect patients in the intensive care unit can worsen pulmonary vascular resistance (PVR). These conditions must be aggressively addressed in the setting of acute on chronic RV failure as they have a deleterious effect on the RV by increasing afterload. Perhaps most commonly implicated is hypoxic pulmonary vasoconstriction that occurs as a response to decreased oxygen saturation. Though the vasoconstriction is most pronounced in the setting of low alveolar oxygen tension, it is also affected by hypoxemia in the pulmonary and bronchial artery beds. Standard intensive care monitoring adequately assesses systemic oxygenation, but pulmonary arterial oxygenation is less easy to assess without invasive monitoring device. Measuring ScvO2 can be a useful surrogate. Situations that worsen the vasoconstrictive response and PVR include hypercapnea and acidemia, and efforts to avoid each must be made [20, 21]. This is difficult when patients progress to ARDS and standard of care would mandate low-tidal volume ventilation and permissive hypercapnea. This unique situation will be elaborated upon below.

Ventilation Strategy
In general, when faced with RV dysfunction, attention to avoiding exposure to hypoxemia primarily and secondarily to hypercapnea and ensuing acidosis is prioritized [22]. As high lung volumes and associated distending pressures can worsen RV afterload, ventilating near functional residual capacity is favored [23, 24]. Though respiratory therapist driven ventilator liberation protocol is still relevant in this group, the presence of higher degrees of hypoxemia may be tolerated as many will have right to left shunting through patent foramen ovale (PFO). Should worsening hypoxemia be noted with increasing levels of PEEP, a dedicated bubble study for identification of occult PFO should be obtained for confirmation. Generally, high levels of PEEP should be avoided as autopsy studies suggest greater than 30 % of the population has PFO [25] and in the setting of right ventricular dysfunction and increased afterload there may be increased right to left shunting. APRV is discussed below.

Supportive Care
Early, broad-spectrum antibiotics, adherence to proven ventilator bundle strategies to minimize risk of ventilator associated events and complications are of equal importance in patients with RV dysfunction. Additionally, compliance with ABCDE protocol to ensure timely liberation of patients from mechanical ventilator support is essential [26].


Evidence Contour
Several aspects of management in the patient with acute decompensated RV failure remain without consensus in the face of available clinical trials. There are theoretical benefits to certain therapeutic options, and animal models support pathophysiologic rationale behind these choices.
Pulmonary Artery Catheter Use in Decompensated RV Failure
When reliable measurement of pulmonary hemodynamics is needed, pulmonary artery catheterization (PAC) provides valuable information on cardiac output, pulmonary artery pressure and filling pressures. Although the routine use of a PAC has not been well studied in the management of RV failure in the intensive care unit, serial measurement of hemodynamics can add value particularly in complex cases [24]. For example, in situations in which RV function is highly variable and dependent on small changes in volume or preload, then having serial measurements of cardiac output as fluid resuscitation is effected can be critical. Should the patient progress to require inotropic support, a PAC may be of value in titration of effect. Because of the complexity and small but real risk of complications such as pulmonary artery rupture, the benefit of PAC placement should be felt to outweigh the risks when used [27].

Choice of Vasopressor
Patients with chronic RV dysfunction often tolerate infection poorly, as systemic vasodilation and decreased preload impair already compromised RV function [28]. As such, even with appropriate fluid management and optimization of filling pressures, they may progress to shock and require vasopressor support. There is no ideal vasopressor, as none increases systemic pressure and RV contractility without increasing PVR [18]. However, norepinephrine is favored for patients with RV dysfunction who require pressor support [29]. Norepinephrine has predominantly α1 effects, with limited β1 receptor stimulation. In a small study of patients with sepsis with right heart failure, norepinephrine use was associated with improved RV myocardial oxygen delivery. Phenylephrine is not favored as it can cause reflex bradycardia, which is especially troubling for patients in whom tachycardia may be their sole means of increasing cardiac output, when stroke volume is relatively fixed [30]. Epinephrine is a mixed α/β receptor agonist that can induce vasoconstriction and increase inotropy [31]. Vasopressin at high doses causes pulmonary and coronary artery vasoconstriction [32]. Taken in aggregate, norepinephrine is a reasonable choice in these difficult clinical scenarios.

Selective Use of Inotropic Agents
Inotropic agents should be considered only when there is clear evidence of inadequate tissue perfusion despite optimization of volume status, preload and afterload. The risk of all inotropes is the incidence of tachyarrhythmias. Low-dose dopamine is a reasonable option to improve cardiac output without increasing PVR in patients with RV failure [33]. Dobutamine acts via β1 receptor, but can cause vasodilatation due to β2 effects and as such, higher doses should be avoided [34]. Milrinone is often the agent of choice, as it is the only non-adrenergic inotrope, and can improve inotropy while promoting pulmonary arterial vasodilatation [35].

Use of Selective Pulmonary Vasodilators
There are situations in which a patient has met endpoints in terms of preload, volume status, and oxygenation but there is not an appreciable improvement in RV function. Though vasodilating agents are an appealing choice, it is important to remember that no pulmonary vasodilator has been approved for the treatment of RV failure in critically ill patients [18]. In the setting of associated lung disease, administration can worsen gas exchange by blunting hypoxic pulmonary vasoconstriction and impairing V/Q matching. In the setting of left heart disease, the influx of volume accomplished through pulmonary vasodilation may be poorly tolerated by the LV and result in worsening of hypoxemic respiratory failure [36].
Despite the inherent risks, there are times when attempting to offload the RV is the last best option. There is variability in the risks of each vasodilating agent. Inhaled nitric oxide (iNO) is a potent pulmonary vasodilator with an extremely short half-life, making it an appealing option. Importantly, because it preferentially affects the areas of the lung that are well ventilated, it can improve oxygenation by decreasing shunt fraction. There is evidence that iNO improves RV function and mixed venous oxygen saturation in patients with acute RV failure, though again it is difficult to extrapolate to acute on chronic RV failure [37]. Similarly, there are prostacyclin derivatives available by inhalation, but little is known about their use in critical illness.
Phosphodiesterase 5 (PDE5) inhibitors reduce PVR and may improve RV contractility, but little is known about their use in critical illness. These agents increase pulmonary vasodilation via the nitric oxide pathway. There is evidence in animal models that these agents may improve RV function in patients with chronic pulmonary hypertension who develop acute RV failure [38]. In contrast to the inhaled agents, PDE5 inhibitors can cause systemic hypotension and must be used cautiously in patients who are hemodynamically unstable [39]. This combined with their longer half-life makes their use particularly best suited for a pulmonary hypertension specialist. And this is true of the remainder of the available agents including intravenous prostacyclin analogues.

Ventilatory Considerations in the Face of ARDS
Principles surrounding the ventilator management of these patients are confounded in the face of ARDS. Acute hypoxia as a cause of pulmonary vasoconstriction is well described and is worsened by many factors, including acidosis and hypercapnia [40]. The evidence for benefit for a low tidal volume strategy is sound, and should be undertaken in a manner so as to avoid permissive hypercapnia, which will worsen pulmonary vasoconstriction. More straightforward perhaps is the recommendation that in refractory hypoxemia, a high PEEP strategy should be avoided. First, high PEEP leads to RV dilatation and reduced cardiac output in severe ARDS. Second, as many patients have occult PFO, which in the setting of chronic RV dysfunction manifest right to left shunting, increasing levels of PEEP can worsen shunting. Both atelectasis and ventilation at high lung volumes should therefore be avoided in patients with RV dysfunction as both worsen RV afterload. Prone ventilation may also reduce plateau pressures and pCO2 sufficiently to improve acute RV failure, but evidence is limited [41, 42].
Airway pressure release ventilation (APRV) is sometimes employed for refractory hypoxemic respiratory failure [43]. As such, the setting required to successfully oxygenate a patient who has been refractory to conventional mechanical ventilation involve relatively high pressure settings. In patients with PH, APRV can increase PVR by prolonging the time exposed to high distending pressures. This increases afterload through compression of the alveolar vessels and likely outweighs the benefits conferred by reversing hypoxemia.

Extra Corporeal Membrane Oxygenation (ECMO)
Patients with refractory RV failure may benefit from support with ECMO as a bridge to transplantation. At centers with the expertise in this modality of support, the decision to proceed hinges upon whether the patient has been optimized with medical therapy and whether the patient is a reasonable candidate for lung or heart-lung transplantation. In order to provide hemodynamic and ventilatory support veno-arterial ECMO is preferred [44]. Use of this modality is contingent upon the patient’s ability to tolerate intense anticoagulation and the possibility to achieve transplant within a reasonable amount of time.
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Case Presentation
A 43-year-old Hispanic male originally from Honduras presented to the Emergency room with cough producing yellow sputum for 1 month, with recent change to blood tinged over the previous days. His past medical history was pertinent for hypertension and end stage renal disease requiring thrice weekly hemodialysis. He had missed dialysis for the previous week prior to presentation due to bad weather. He also reported fever, chills, and sore throat with the onset of hemoptysis. Of note, the patient had presented to another local hospital 2 months prior with similar symptoms of hemoptysis. He was evaluated by gastroenterology and otolaryngology and an endoscopy and laryngoscopy were performed. There were no obvious signs of bleeding but endoscopy did note blood emanating from the larynx. At presentation, his physical exam was notable for bilateral inspiratory rales with normal vital signs including oxygen saturation of 98 % on room air.
He was initially diagnosed with end-stage renal failure 18 months prior following a motor vehicle accident. The patient was uninjured but was noted to have a serum creatinine of 21 mg/dl. A renal ultrasound showed moderate to marked cortical hyperechoic texture suggesting renal parenchymal disease attributed to long-standing hypertension. He was started on hemodialysis and remained compliant despite some logistical challenges regarding his immigrant status. The patient had lived in the United States for the previous 10 years with no recent travel or sick contacts. He denied any use of tobacco, alcohol, or illicit drug use. He previously worked as a roofer, but was currently unemployed due to his dialysis dependence.
At the time of presentation, his laboratory data was notable for anemia with hemoglobin of 5.9 g/dl, Potassium 6.6 mmol/L, BNP 2092 pg/ml and serum creatinine 23 mg/dl. A chest x-ray showed multifocal bilateral alveolar opacities (Figs. 34.1 and 34.2). The patient was initially treated with hemodialysis, broad spectrum antibiotics, and placed in respiratory isolation for evaluation of tuberculosis. The patient reported that his hemoptysis improved significantly following serial sessionsof dialysis, yet chest imaging remained unchanged. Sputum culture, respiratory viral antigen panel, and AFB smears were negative. A bronchoscopy was performed 4 days after admission and revealed a progressively bloody bronchoalveolar lavage (Fig. 34.3) consistent with a diagnosis of diffuse alveolar hemorrhage. Serologic analysis confirmed the diagnosis.[image: A329322_1_En_34_Fig1_HTML.jpg]
Fig. 34.1Chest X-ray at initial presentation showing multifocal bilateral alveolar opacities
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Fig. 34.2(a, b) Chest CT images performed after hemodialysis showing diffuse bilateral alveolar opacities




[image: A329322_1_En_34_Fig3_HTML.jpg]
Fig. 34.3Sequential bronchoalveolar lavages starting left to right showing progressively bloody return





Question
What is the diagnosis?

Answer
Capillaritis with diffuse alveolar hemorrhage

This patient presented with hemoptysis confirmed to be diffuse alveolar hemorrhage and chronic renal failure. The initial suspected etiology was volume overload due to missed dialysis sessions due to the elevated BNP level. The patient was treated conservatively with dialysis and while his reported hemoptysis improved, his chest x-ray showed persistent alveolar infiltrates. The serologic analysis that confirmed the diagnosis included Antinuclear Antibody of 1:360, P-ANCA positivity, and antibody to Myeloperoxidase of greater than 8.0 units. The constellation of diffuse alveolar hemorrhage, renal involvement, and p-ANCA/MPO positivity confirmed a diagnosis of Microscopic Polyangiitis. Imaging of the sinuses showed no signs of inflammation of the upper respiratory tract. The patient was treated with prednisone and cyclophosphamide pulse dosing for six doses. He had one subsequent episode of hemoptysis requiring hospitalization 1 month after initial presentation. In general, he responded well to treatment and was weaned from corticosteroids over the next 3 months after completion of cyclophosphamide with improvement on chest imaging (Fig. 34.4).[image: A329322_1_En_34_Fig4_HTML.jpg]
Fig. 34.4(a, b) Chest CT images performed after 1 year of immunosuppressive treatment showing resolution of alveolar opacities






Principles of Management
Differential Diagnosis
The differential diagnosis for diffuse alveolar hemorrhage can be quite extensive ranging from autoimmune to coagulopathy to medications. Three characteristic patterns have been identified: Capillaritis, ‘Bland’ pulmonary hemorrhage, and alveolar bleeding due to another process [1, 2]. Capillaritis is the most common cause of DAH and is typically a result of antibody-mediated cell damage. Autoimmune conditions associated with DAH include antineutrophil cytoplasmic antibody (ANCA) associated vasculitides, Goodpasture Syndrome, Systemic Lupus Erythematosus (Table 34.1). Initial evaluation of a patient with hemoptysis and suspected diffuse alveolar hemorrhage typically includes fiberoptic bronchoscopy to identify a source of bleeding, identification of potential infectious etiologies, and serologic workup for autoimmune conditions.Table 34.1Causes of diffuse alveolar hemorrhage


	
                            Capillaritis
                          

	Granulomatosis with polyangiitis (GPA)

	Churg-Strauss syndrome

	Microscopic polyangiitis (MPA)

	Isolated pauci-immune pulmonary capillaritis

	Idiopathic pauci-immune glomerulonephritis

	Primary immune complex-mediated vasculitis

	Goodpasture’s syndrome

	Henoch-Schonlein purpura

	Systemic lupus erythematosus

	Rheumatoid arthritis

	Antiphospholipid antibody syndrome

	Mixed connective tissue disease

	Polymyositis/dermatomyositis

	Essential cryoglobulinemia

	Behcet’s disease

	Acute lung transplantation rejection

	Autologous bone marrow transplantation

	
                            Bland Pulmonary Hemorrhage
                          

	Idiopathic pulmonary hemosiderosis

	Coagulopathy: anticoagulants, anti-platelet, thrombolytics, DIC

	Mitral stenosis, pulmonary veno-occlusive disease

	Infection: human immunodeficiency virus infection, infective endocarditis

	Toxin or inhalation injury: isocyanates, crack cocaine, retinoic acid

	Drug-associated disease: propylthiouracil, diphenylhydantoin, amiodarone, mitomycin,

	D-penicillamine, sirolimus, methotrexate, haloperidol, nitrofurantoin, gold,

	all-trans-retinoic acid (ATRA), bleomycin, montelukast, zafirlukast, infliximab

	
                            Alveolar bleeding due to another condition
                          

	Diffuse alveolar damage

	Pulmonary embolism

	Sarcoidosis

	High-altitude pulmonary edema, barotrauma

	Infection: invasive aspergillosis, cytomegalovirus infection, legionellosis, herpes simplex virus infection,

	mycoplasma, hantavirus infection, leptospirosis, other bacterial pneumoniae

	Malignant conditions

	Lymphangioleiomyomatosis

	Tuberous sclerosis

	Pulmonary capillary hemangiomatosis

	Lymphangiography






Classification
Microscopic Polyangiitis (MPA) is a member of the group of ANCA-associated vasculitides. This group also includes granulomatosis with polyangiitis (GPA) and eosinophilic granulomatosis with polyangiitis (EGPA or Churg-Strauss Syndrome). These diseases are characterized by pauci-immune necrotizing inflammation of small vessels [3]. MPA has previously been described as a subgroup of Polyarteritis Nodosa (small vessel form) and is distinguished from GPA by the absence of granuloma formation. MPA is most commonly associated with rapidly progressive glomerulonephritis, although alveolar hemorrhage has been reported in up to 12–29 % of cases [4].

Diagnosis
The diagnosis of ANCA-associated vasculitides is usually based upon findings of pulmonary and/or renal abnormalities with small-vessel necrotizing inflammation with the presence of auto-antibodies directed against neutrophilic antigens. Previously, ANCA directed antibodies were classified as cytoplasmic-pattern and perinuclear-patter, c-ANCA and p-ANCA, respectively. The two ANCA antigens commonly identified are proteinase 3 (PR3) and myeloperoxidase (MPO). MPO is more commonly associated with microscopic polyangiitis with a sensitivity of 50–70 %, although PR3 has been identified in cases of MPA with a sensitivity of 26 % [5–7]. Specificity of the combination of P-ANCA and MPO for ANCA-associated vasculitides is significantly greater at 99.8 % [8]. In a review of patients with MPA and alveolar hemorrhage, 14 out of 27 patients revealed p-ANCA positivity while 11 out of 27 patients were c-ANCA positive [4]. Among those with p-ANCA antibodies, 12 out of 12 patients were positive for MPO specific antibodies. The requirement of biopsy for the diagnosis of ANCA associated vasculitides remains controversial. In the correct clinical setting with rapidly progressive glomerulonephritis, radiographic abnormalities, and serologic confirmation of antibody, the diagnosis of ANCA-associated vasculitis can be determined. Given the relapsing nature of disease and requirements for prolonged immunosuppression, it is suggested that confirmation of diagnosis by histopathology be determined whenever possible.

Treatment
Historically, initial management of ANCA-associated vasculitides has centered on immunosuppression with corticosteroids and cyclophosphamide. The goal of treatment is induction of remission and maintenance of disease suppression. Therapy is typically tailored to severity of disease, notably mild vs. moderate to severe. These determinations are based upon organ-threatening or life-threatening manifestations. Pulmonary involvement, and specifically alveolar hemorrhage, is considered moderate to severe disease. Plasmapheresis has been shown to be beneficial in patients with diffuse alveolar hemorrhage and ANCA-associated vasculitis [9].


Evidence Contour
Rituximab
Recently, there have been alternative treatment options identified in the treatment of ANCA-associated vasculitides. Cyclophosphamide carries several adverse reactions including cytopenias, infertility, bladder injury, and risk of malignancy. It has been identified that B lymphocytes play an integral in role in the pathogenicity of auto-immunity [10]. Rituximab, an anti-CD20 monoclonal antibody, has been successfully used to reduce B-lymphocyte populations. Since 2010, there has been growing evidence that Rituximab can be used as an alternative to cyclophosphamide in the treatment of ANCA-associated vasculitides. When compared with cyclophosphamide, Rituximab was found to be non-inferior at induction of remission and maintenance of remission [11, 12]. In fact, Rituximab was found to be more effective for inducing remission of relapsing disease (67 % vs. 42) [11]. Rituximab has been found to be superior to azathioprine in disease remission over 2 years [13]. Thus, rituximab has been shown to be a viable option for treatment of ANCA-associated vasculitides. While the patient in the case report was treated with cyclophosphamide, the use of rituximab could have been entertained.

Recombinant Factor VII
Refractory diffuse alveolar hemorrhage can present a therapeutic dilemma. Systemic recombinant Factor VII has been successfully used in a case of massive hemoptysis due to community acquired pneumonia [14]. Case reports and observational studies have shown a beneficial effect of intrapulmonary administration of activated recombinant factor VII in cases of refractory diffuse alveolar hemorrhage [15, 16]. Primarily, this practice has been shown to be beneficial in cases of DAH in allogeneic hematopoetic stem cell transplant recipients. Limited case reports, however, have reported successful cessation of bleeding in cases of ANCA-associated vasculitis [15, 17]. At this time, use of recombinant Factor VII is considered “off-label” but further study is warranted for general use in cases of diffuse alveolar hemorrhage refractory to standard therapy.


References
1.
Ioachimescu OC, Stoller JK. Diffuse alveolar hemorrhage: diagnosing it and finding the cause. Cleve Clin J Med. 2008;75(4):258–80.CrossRefPubMed

2.
Park MS. Diffuse alveolar hemorrhage. Tuberculosis Respir Dis. 2013;74(4):151–62.CrossRef

3.
Jennette JC, Falk RJ, Bacon PA, Basu N, Cid MC, Ferrario F, et al. 2012 revised International Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum. 2013;65(1):1–11.CrossRefPubMed

4.
Lauque D, Cadranel J, Lazor R, Pourrat J, Ronco P, Guillevin L, et al. Microscopic polyangiitis with alveolar hemorrhage. A study of 29 cases and review of the literature. Groupe d’Etudes et de Recherche sur les Maladies “Orphelines” Pulmonaires (GERM“O”P). Medicine. 2000;79(4):222–33.CrossRefPubMed

5.
Kallenberg CG. Pathogenesis of ANCA-associated vasculitides. Ann Rheum Dis. 2011;70 Suppl 1:i59–63.CrossRefPubMed

6.
Frankel SK, Schwarz MI. The pulmonary vasculitides. Am J Respir Crit Care Med. 2012;186(3):216–24.CrossRefPubMed

7.
Brown KK. Pulmonary vasculitis. Proc Am Thorac Soc. 2006;3(1):48–57.CrossRefPubMedPubMedCentral

8.
Choi HK, Liu S, Merkel PA, Colditz GA, Niles JL. Diagnostic performance of antineutrophil cytoplasmic antibody tests for idiopathic vasculitides: metaanalysis with a focus on antimyeloperoxidase antibodies. J Rheumatol. 2001;28(7):1584–90.PubMed

9.
Klemmer PJ, Chalermskulrat W, Reif MS, Hogan SL, Henke DC, Falk RJ. Plasmapheresis therapy for diffuse alveolar hemorrhage in patients with small-vessel vasculitis. Am J Kidney Dis. 2003;42(6):1149–53.CrossRefPubMed

10.
Martin F, Chan AC. Pathogenic roles of B cells in human autoimmunity; insights from the clinic. Immunity. 2004;20(5):517–27.CrossRefPubMed

11.
Stone JH, Merkel PA, Spiera R, Seo P, Langford CA, Hoffman GS, et al. Rituximab versus cyclophosphamide for ANCA-associated vasculitis. N Engl J Med. 2010;363(3):221–32.CrossRefPubMedPubMedCentral

12.
Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of remission-induction regimens for ANCA-associated vasculitis. N Engl J Med. 2013;369(5):417–27.CrossRefPubMed

13.
Guillevin L, Pagnoux C, Karras A, Khouatra C, Aumaitre O, Cohen P, et al. Rituximab versus azathioprine for maintenance in ANCA-associated vasculitis. N Engl J Med. 2014;371(19):1771–80.CrossRefPubMed

14.
Macdonald JA, Fraser JF, Foot CL, Tran K. Successful use of recombinant factor VII in massive hemoptysis due to community-acquired pneumonia. Chest J. 2006;130(2):577–9.CrossRef

15.
Heslet L, Nielsen JD, Levi M, Sengeløv H, Johansson PI. Successful pulmonary administration of activated recombinant factor VII in diffuse alveolar hemorrhage. Crit Care. 2006;10(6):R177.CrossRefPubMedPubMedCentral

16.
Heslet L, Nielsen JD, Nepper-Christensen S. Local pulmonary administration of factor VIIa (rFVIIa) in diffuse alveolar hemorrhage (DAH)–a review of a new treatment paradigm. Biolog Targ Ther. 2012;6:37.

17.
Dabar G, Harmouche C, Jammal M. Efficacy of recombinant activated factor VII in diffuse alveolar haemorrhage. Rev Mal Respir. 2011;28(1):106–11.CrossRefPubMed





Part IV
Neurologic Disease

© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_35

35. Acute Stroke Emergency Management

Pravin George1, 2   and Lucia Rivera Lara1
(1)Neurocritical Care, Anesthesia Critical Care Medicine, The Johns Hopkins Hospital, Phipps 455, 1800 Orleans Street, Baltimore, 21287, MD, USA

(2)Neurocritical Care, The Cleveland Clinic, Cerebrovascular Center, Mailcode S-80, 9500 Euclid Avenue, Cleveland, 44195, OH, USA

 

 
Pravin George
Email: ccf.georgep2@gmail.com
Email: DoctorPGeorge@gmail.com



Keywords
Acute Ischemic StrokeEndovascularThrombectomyAcute Stroke ManagementStent-retrieverTissue Plasminogen ActivatorStroke Imaging
Case Presentation
A 53-year-old woman with a history of atrial fibrillation, smoking, arterial hypertension, diabetes mellitus, and previous transient ischemic attack (TIA) with left lower extremity weakness; presented within 30 min of a sudden loss of right-sided motor function of both the upper and lower extremity, a profound global aphasia, a right facial droop and a gaze deviation to the left. Her presenting National Institutes of Health Stroke Scale (NIHSS) score was 18. At the time of presentation to the hospital her platelet count was 250 k, white blood cell count was 8.8 K, and coagulation factors (aPTT, PT/INR) were within normal limits. Her blood pressure was 170/90, heart rate was 110 and irregularly irregular and respiratory rate was 17. She was protecting her airway while in the emergency department. Her home medications were listed as lisinopril 20 mg and aspirin 81 mg, both of which her husband stated, “she hadn’t filled in years.” She was immediately taken for head computed tomography (CT) which was unrevealing except for a small hyperdensity at the location of the left middle cerebral artery origin (Fig. 35.1). She then underwent a CT angiography of the neck and brain vessels that revealed a cut off of the left middle cerebral artery (Fig. 35.2). She was immediately dosed with intravenous tissue plasminogen activator (IV tPA).[image: A329322_1_En_35_Fig1_HTML.gif]
Fig. 35.1Hyperdense LMCA sign




[image: A329322_1_En_35_Fig2_HTML.gif]
Fig. 35.2Acute LMCA cut-off





Question
What approach should guide the remainder of this patient’s acute stroke management?

Answer
Emergent endovascular thrombectomy

All patients with acute ischemic stroke (AIS) who present within 6 h of symptoms onset should be evaluated for IV tPA and/or acute endovascular therapy. IV tPA ideally should be dosed within 3 h of symptoms onset, with better outcomes directly correlated to shorter door to thrombolytic times. This patient, following a head CT that revealed no hemorrhage and not having any other contraindication, was started on IV tPA. The stroke and neuro-radiology teams reviewed her imaging and calculated an Alberta Stroke Program Early CT Score (ASPECTS) of greater than 7. She was taken expeditiously to the angiography suite where an NIHSS score by the stroke team was repeated, revealing little to no clinical improvement, and was subsequently started on conscious sedation with midazolam and fentanyl in preparation for endovascular thrombectomy. Neuro-endovascular specialists performed an emergent cerebral diagnostic angiogram (Fig. 35.3), which revealed a persistent left middle cerebral artery occlusion. A stent-retriever device was deployed in the area of occlusion for roughly 2–3 min (Fig. 35.4). Following the single pass attempt, the stent-retriever was pulled with intact clot noted, which was integrated within the stent mesh upon device removal. A confirmatory angiogram was shot immediately following the thrombectomy procedure showing complete recanalization of the left middle cerebral artery with no distal artery cut-off (Fig. 35.5). The patient was then brought to the neurological critical care unit where vital signs and comprehensive neurological assessments were completed every hour for 24 h. Her systolic blood pressure was kept below 180 mmHg and glucose checks were instituted every 4 h with a goal to maintain euglycemia (glucose 80–200 mg/dL). Within a few hours, the patient was able to move her right upper and lower extremity against gravity, her forced gaze deviation was resolved and she was able to follow simple commands. One day later, the patient began speaking more fluently and was able to sit in a chair and tolerate a regular diet. An MRI was completed within 48 h of the endovascular procedure that showed a very small ischemic stroke core on diffusion-weighted imaging and T2 fluid attenuated (FLAIR) imaging. She also underwent an echocardiogram that revealed a 65 % ejection fraction, moderate left atrial enlargement and no apical thrombus. Her CHA2DS2 -VASc was calculated as a 5, and she was started on a regimen of enoxaparin (1 mg/kg) twice daily for secondary stroke prevention as a bridge to the novel anticoagulant apixaban during an outpatient follow-up stroke appointment. The patient continued to make improvements in neurological status and was transferred out of the ICU 2 days after the endovascular therapy with full strength on the right side of her body and only minimal word finding difficulties.[image: A329322_1_En_35_Fig3_HTML.jpg]
Fig. 35.3Acute LEFT middle cerebral artery cut-off seen on digital subtraction angiogram
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Fig. 35.4Deployment of stent-retriever into the area of occlusion for roughly 2–3 min




[image: A329322_1_En_35_Fig5_HTML.jpg]
Fig. 35.5Confirmatory angiogram showing recanalization of the LEFT middle cerebral artery






Principles of Management
Diagnosis
Acute ischemic stroke remains a clinical diagnosis that should be made within the first minutes of a patient entering the emergency department. Tools such as the NIHSS (Table 35.1) help to assess and communicate stroke symptom severity, however in the presence of an acute, focal neurological change, stroke should always be strongly considered. Ideally an initial head CT should be completed as soon as possible and within 25 min of patient arrival to assess for acute intracranial pathology, such as intracranial hemorrhage [1, 2]. If the CT scan is negative for pathology, the patient meets time criteria, does not have a contraindication, and continues to have a neurological deficit suggestive of acute ischemic stroke, IV tPA should be administered [1]. A CT angiogram of the head and neck to assess vessel status, perfusion status and possible vessel occlusion can be completed at the time of the initial CT scan so long as it does not delay the delivery time of IV tPA [1]. An MRI with diffusion-weighted imaging (MRI-DWI) in the stroke patient can be used to show areas of restricted diffusion of water that correspond to areas of acute ischemia. Unlike the head CT for acute stroke imaging, findings on MRI-DWI generally appear within minutes of ischemia.Table 35.1NIHSS scoring


	1A – Level of consciousness

	 Alert; keenly responsive (score 0)

	 Arouses to minor stimulation (score 1)

	 Requires repeated stimulation to arouse or painful stimulation (score 2)

	 Unresponsive, only reflexic posturing (score 3)

	1B – Communication – Ask “What Month is it? How old are you?”

	 Both questions correct (score 0)

	 Only 1 question answered correctly or if the patients is intubated or has a language barrier (score 1)

	 No questions answered correctly/aphasic (score 2)

	1C – Command following – Ask patient to “Blink eyes” and “Squeeze Hands”

	 Performs both tasks correctly (score 0)

	 Performs one task correctly (score 1)

	 Performs none correctly (score 2)

	2 – Horizontal eye movements

	 No gaze deviation, palsy (Score 0)

	 Partial Gaze Palsy: Can be overcome (Score 1)

	 Forced Gaze Palsy: Cannot be overcome, even with oculocephalic reflex (Score 2)

	3 – Visual fields

	 No Visual Loss (Score 0)

	 Partial Hemianopia (Score 1)

	 Complete Hemianopia (Score 2)

	 Blind or Bilateral Hemianopia (Score 3)

	4 – Facial weakness

	 Normal symmetry (Score 0)

	 Minor paralysis, flattened nasolabial fold, smile asymmetry (Score 1)

	 Partial paralysis, Lower Face only (Score 2)

	 Complete paralysis, upper and lower face (Score 3)

	5a – Left arm: Ask patient to hold LEFT arm up for 10 s

	 No drift 10 s, or amputee (score 0)

	 Drift, but doesn’t hit the bed (score 1)

	 Drift, but it does hit the bed (score 2)

	 Is not able to effort against gravity (score 3)

	 No movement at all (score 4)

	5B – Right arm: Ask patient to hold RIGHT arm up for 10 s

	 No drift 10 s, or amputee (score 0)

	 Drift, but doesn’t hit the bed (score 1)

	 Drift, but it does hit the bed (score 2)

	 Is not able to effort against gravity (score 3)

	 No movement at all (score 4)

	6A – Left leg: Ask patient to hold LEFT leg up for 5 s

	 No drift for 5 s, or amputee (score 0)

	 Drift, but doesn’t hit the bed (score 1)

	 Drift, but it does hit the bed (score 2)

	 Is not able to lift against gravity (score 3)

	 No movement at all (Score 4)

	6B – Right leg: Ask patient to hold LEFT leg up for 5 s

	 No drift for 5 s, or amputee (score 0)

	 Drift, but doesn’t hit the bed (score 1)

	 Drift, but it does hit the bed (score 2)

	 Is not able to lift against gravity (score 3)

	 No movement at all (score 4)

	7 – Ataxia: finger to nose and heel to shin testing

	 No ataxia noted, patient aphasic, patient paralyzed (score 0)

	 Ataxia noted in 1 limb (score 1)

	 Ataxia noted in 2 limbs (score 2)

	8 – Sensation: testing pain, light touch, vibration sensation bilaterally

	 Normal sensation bilaterally (score 0)

	 Mild-moderate unilateral loss of sensation (score 1)

	 Complete unilateral loss of sensation or unresponsive (score 2)

	9 – Language: testing naming of objects, reading simple sentences, describing a scene

	 Normal (score 0)

	 Mild – moderate aphasia, decreased ability to communicate but is able to get most ideas out (score 1)

	 Severe aphasia – very difficult to communicate, unable to have effective communication (score 2)

	 Mute/global aphasia or coma – no speech or auditory comprehension (score 3)

	10 – Dysarthria: repeat or read words testing different parts of the tongue

	 Normal speech (score 0)

	 Mild-moderate dysarthria – slurred words, but understandable (score 1)

	 Mute or severe dysarthria – unable to comprehend speech (score 2)

	11 – Extinction: visual, tactile, auditory, or personal inattention to one side

	 No extinction noted (score 0)

	 Extinction to one extremity (score 1)

	 Profound unilateral extinction, more than one extremity or more than one modality (score 2)

	
                            Score is total out of 41 points
                          


From Daniel Runde, MD. NIH Stroke Scale/Score (NIHSS) [Internet] 2016 [Accessed 2016 Mar 02]. Available at http://​www.​mdcalc.​com/​nih-stroke-scale-score-nihss/​
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Acute Stroke Management, tPA Administration
The goal for AIS therapy focuses on revascularization with IV tPA ideally within 45 min of arrival and no later than 1 h after arrival [1, 2]. Once a negative CT result is obtained, the threshold for starting tPA falls to the treating clinician, taking into account the severity of stroke symptoms by NIHSS, the bleed risk of the patient and any known contraindications such as recent major surgery at a non-compressible site, recent myocardial infarction or stroke, or recent or active major gastrointestinal or brain hemorrhage. All patients suspected of AIS above the age of 18 who present within 3 h of known symptoms onset (or last known well time) and have no bleeding or allergic contraindication should receive IV tPA, if feasible to give under that time target [1]. Systemic tPA is dosed at 0.9 mg/kg with 10 % of the dose given as an IV bolus and the remaining 90 % given over the course of an hour [1, 3]. A select group of AIS patients (those not on anticoagulation, younger than 80 years of age and without a previous diagnosis of both stroke and diabetes) continue to have a higher benefit/risk ratio from IV tPA to a 4.5 h time target [1, 4]. Patients taking the novel anticoagulants (Apixaban, Rivaroxiban, Dabigatran, Edoxaban) within the previous 2 days, patients on warfarin with an INR > 1.7 and patients on a therapeutic dose of IV heparin or subcutaneous low-molecular weight heparin should not receive IV tPA [1].

Acute Stroke Management, Endovascular Thrombectomy
Immediately following IV tPA administration, all AIS patients with known large cerebral vessel occlusion per imaging (CTA or MRA) should be considered for endovascular recanalization therapy [1, 5–7]. Several randomized controlled trials published in 2014 and 2015 (i.e. MR CLEAN, SWIFT PRIME, EXTEND IA, ESCAPE, REVASCAT) showed that endovascular therapy is indicated for select patients suffering acute ischemic stroke who present within 6 h of stroke onset (or last known well time) and meet certain imaging and clinical criteria [8–13]. Each of the studies showed a high likelihood of favorable outcome with a number needed to treat of 4 or less. The ideal patients considered for endovascular therapy should have an NIHSS score of greater than 6 and/or a severe deficit such as hemianopsia or aphasia, a CT ASPECTS of greater than 6 [14], a baseline independence of function (modified Rankin score of less than 2 (Table 35.2), show an acute perfusion abnormality to a brain territory, and have no contraindication to contrast-dye administration [6, 13]. Patients who benefited from endovascular therapy in the recent trials were those with a large anterior territory (anterior cerebral artery/middle cerebral artery/carotid terminus) artery occlusion who presented within the first hours of deficit, had an NIHSS score of >6, and were less than 80 years of age (Table 35.1) [8–12]. Patients with posterior territory strokes were not studied. The CT ASPECTS is calculated off of CT source images comparing the stroke-affected side with the unaffected side in 10 separate brain regions [15]. For each region noticeably affected, the ASPECTS is decreased from total score of 10 (no regions affected) to a score of zero (all regions affected).Table 35.2Modified Rankin Score (can utilize the mRS-9Q scale [http://​www.​modifiedrankin.​com/​] for easy score determination)


	Patient has no symptoms of any disease process at all (score 0)

	Patient has mild symptoms of a disease, no disability, is independent (score 1)

	Patient has mild – moderate symptoms of a disease, some disability, is independent (score 2)

	Patient has moderate – severe symptoms of a disease, moderate disability, requires help with some activities of daily living, but is able to walk without assistance (score 3)

	Patient has severe symptoms of a disease, with moderately severe disability and is unable to walk without assistance and is unable to attend to bodily needs without assistance (score 4)

	Patient has severe symptoms of a disease, with severe disability, remains bedridden, incontinent and requires constant nursing care and attention (score 5)

	Patient has died (score 6)






Supportive Care
All AIS patients should ideally be monitored closely in a dedicated neurosciences ICU or in a stroke unit with continuous monitored telemetry and neurologic expertise for at least the first few days following an event. Patients under 60 years of age with large AIS (greater than 1/3 of a supratentorial hemisphere or a large cerebellar infarct) should be offered decompressive craniectomy within 48 h for definitive malignant cerebral edema management before cerebral herniation occurs and without taking into account which hemisphere (dominant or non-dominant) has infarcted [1]. The DECIMAL, DESTINY and HAMLET studies show strong evidence for an improvement in outcome for patients under 60 years of age with large anterior circulation AIS who undergo early hemicraniectomy [16–18]. Outcomes of “medical optimization” of intracranial pressure with hyperosmolar agents (e.g. mannitol) prior to hemicraniectomy have not been readily studied, and delay of surgery while utilizing these therapies is not recommended [1]. At the time of this manuscript, there are ongoing studies examining whether medications such as IV glyburide for the management of malignant cerebral edema is efficacious in preventing the need for hemicraniectomy [19]. Physical, occupational and speech therapies should be offered to patients as soon as feasible [1]. All AIS patients should undergo a swallowing function examination upon admission and enteral access should be placed if the patient is unable to cooperate [1]. Daily delirium and depression screening and complication management (deep vein thrombosis prophylaxis, secondary pneumonia prevention, urinary tract infection reduction, etc.) is essential for successful outcome [1].

Atrial Fibrillation, Heart Failure and Anticoagulation
Several risk factors for the development of AIS have been identified. Although hypertension, hyperlipidemia, diabetes, vascular diseases and smoking history contribute significantly to one’s stroke risk, atrial fibrillation is one of the most ubiquitous and greatest risk factors for stroke [20–22]. Recently, the CHA2DS2 -VASc scoring system was created and validated to stratify the yearly stroke risk in a patient with atrial fibrillation and compare it to the risk of bleeding from systemic anticoagulation (Table 35.3) [23]. Patients with a score higher than 2 are encouraged to start systemic anticoagulation so long as there are no additional contraindications or increased bleeding risks. Recently, novel anticoagulants (apixaban, edoxaban, dabigatran and rivaroxaban) have been FDA approved for use in patients with non-valvular atrial fibrillation. These novel oral anticoagulants (NOAC) were found to be superior to warfarin for stroke prevention in patients with atrial fibrillation with atrial fibrillation and in some cases (i.e. apixaban) with lower hemorrhage risk [24–27]. Patients with heart failure and an ejection fraction (EF) of <15 % are also at a higher risk for ischemic stroke. The WARCEF trial was completed which compared the efficacy of aspirin to warfarin in the prevention of heart failure related strokes [28, 29]. Among WARCEF patients with heart failure and EF of <15 % who were in sinus rhythm, there was no significant overall difference in the primary outcome between treatment with warfarin and treatment with aspirin.Table 35.3CHA2DS2 – VASc Score calculation for atrial fibrillation stroke risk


	
Congestive Heart Failure (score 1)

	
Hypertension - >140/90 (score 1)

	
Age > 75 years (score 2)

	
Diabetes mellitus (score 1)

	
Stroke, TIA or thromboembolism history (score 2)

	
Vascular disease (score 1)

	
Age 65 to 74 (score 1)

	
Sex Category– female gender (score 1)

	 Stroke risk/year in relation to score (off anticoagulation) is as follows:

	  Score 1: 1.3 % chance of stroke per year

	  Score 2: 2.2 % chance of stroke per year

	  Score 3: 3.2 % chance of stroke per year

	  Score 4: 4.0 % chance of stroke per year

	  Score 5: 6.7 % chance of stroke per year

	  Score 6: 9.8 % chance of stroke per year

	  Score 7: 9.6 % chance of stroke per year

	  Score 8: 6.7 % chance of stroke per year

	  Score 9: 15.2 % chance of stroke per year






Secondary Stroke Prevention in the Acute Stroke Setting
The SPARCL and JUPITER trials both found that certain HMG-CoA reductase inhibitors (“statins”) reduce the risk of strokes and cardiovascular events in patients with recent stroke or transient ischemic attack [30–32]. The conclusion of the SPARCL trial was that high-dose atorvastatin 80 mg should be used; however there was a slight increase in the incidence of hemorrhagic stroke. Current recommendations state that patients with a concerning lipid panel (increased LDL, increased cholesterol, decreased HDL) should at least be started on a statin and the dose titrated to an improvement in lipid numbers over time. Regarding blood pressure, the long-term management strategy is to maintain systolic blood pressures less than 130 mmHg, however as is further described below, acute blood pressure management is as of yet controversial [1, 33–35]. Diabetes also should be controlled in a patient’s long-term stroke management strategy, but clinicians should be careful to prevent hypoglycemia (glucose <60 mg/dL) and severe hyperglycemia (glucose >200 mg/dL) in the acute stroke setting [1, 36, 37]. ASA 81 mg with a single loading dose of 325 mg should also be started within 24–48 h of acute stroke as this was found to reduce rates of secondary stroke in both the CAST and IST studies [1, 38, 39]. Other antiplatelet agents such as clopidogrel and agents such as glycoprotein IIb/IIIa receptor antagonists have not been studied in acute secondary prevention of stroke, and their use is not currently recommended outside of clinical trials [1].


Evidence Contour
Several aspects of management in the patient with acute ischemic stroke remain without consensus in the face of available clinical trials.
“Wake-Up” Strokes
A number of patients (~25 % of all strokes) present to the emergency department with AIS symptoms noted only after awakening without knowledge of the exact time of onset [40]. In many of these patients the official “last-known well” time may have been several hours. There is some evidence to suggest that “wake-up strokes” may occur close to awakening and that these patients may also be tPA candidates, however the bleeding risk has not been assessed in this population. Clinical trials including WAKE-UP, SAIL-ON and EXTEND are ongoing to test the safety and efficacy of IV tPA on the wake-up stroke population.

Acute Cerebral Artery Dissection, Antiplatelets Versus Anticoagulation
Several studies have tried to address the question of whether anticoagulation or antiplatelet therapies are superior in the treatment of acute cerebral artery dissection. CADISS, a randomized controlled trial of 250 dissection patients (118 carotid, 132 vertebral) recently published in 2015 showed that there was no difference of efficacy between antiplatelet and anticoagulant medications at preventing the endpoints of stroke and death in those with symptomatic arterial dissection [41]. It should be noted however, that anticoagulant medications are associated with higher rates of both systemic and intracranial bleeding complications.

Blood Pressure Management in Acute Stroke Patients
Following AIS, the optimal blood pressure strategy was initially theorized to allow for permissive hypertension with a systolic goal of less than 180 to avoid countering the body’s natural autoregulatory compensation of ischemia while minimizing secondary hemorrhagic complications. The large, randomized 2014 CATIS trial did not show a significant difference in patients who underwent aggressive blood pressure reduction (10–25 % within the first 24 h) to a goal of 140/90 within 7 days from the control group of patients in which they discontinued all antihypertensive medications [42]. Many stroke clinicians now opt for a lower target blood pressure as long as there are no symptomatic changes in the patient’s neurological examination. Regarding exceptional conditions in which patients have symptomatic hypotension that leads to neurological worsening (“perfusion dependence”) there is some limited evidence that pharmacologically induced hypertension may be utilized for a short period under close monitoring [1]. There is however insufficient evidence to recommend volume expansion, prolonged pharmacologically induced hypertension, albumin infusions, and hemodilution for stroke patients.

Hemicraniectomy in Patients Older than 60 Years Old with Large Hemispheric Stroke
As previously discussed, several randomized control trials have shown a definite benefit in morbidity and mortality end-points to early hemicraniectomy for the reduction of malignant cerebral edema in patients under the age of 60 with large territory strokes within 24–48 h after onset of symptoms. DESTINY II a recent randomized trial showed that in patients over the age of 60, morbidity was marginally reduced by hemicraniectomy; however outcomes were complicated by significant morbidity [43]. Many of the patients who underwent hemicraniectomy in the trial improved only from a modified Rankin scale score of 6 (dead) to 5 (bed-bound with constant nursing care) and none of the patients in either arm became functionally independent. In the therapy of patients over the age of 60 with large stroke, the strategy to avoid mortality should largely center on medical therapy (osmotherapy) with family discussions on goals of care.

Early Rehabilitation in Stroke Patients
A number of hospital based studies, both in the ICU as well as on floor units have found that the early rehabilitation of patients is generally associated with better outcomes for patients across several pathologic processes, lower complication rates and fewer days spent in the hospital. The recent AVERT randomized controlled trial however showed that very early mobilization of AIS patients was associated with a reduction in the odds of a favorable outcome at 3 months and that early mobilization did not lead to fewer immobility related complications in these patients [44]. There was little to no harm caused by early mobilization and the study did not specifically speculate as to why there was a reduction in the favorable outcomes at 3 months. A number of stroke clinicians still advocate for early mobilization of stroke patients, as ongoing studies are pending. There is a randomized study published in 2011 utilizing Fluoxetine for motor recovery after acute ischemic stroke (FLAME study), which showed modest improvements in functional outcomes at 3 months post stroke in the Fluoxetine arm [45]. The mechanism for this improvement is unknown and it is speculated the medication may stimulate some degree of brain plasticity.

Basilar Artery Thrombosis, Therapy After 4.5 Hours
As with other strokes, if a patient arrives within the appropriate time window (<4.5 h) IV tPA should be initiated, if eligible, and the patient should be considered a candidate for endovascular therapy [1]. Basilar artery thrombosis is however an uncommon form of AIS and its consequences are often fatal [46]. There are a number of studies and case reports revealing improved outcomes following successful recanalization of the basilar artery even out to several hours post traditional timelines for anterior artery strokes, however due to the differences in management style and nature of these studies, recommendations regarding therapy are lacking. The prospectively collected BASICS registry indicates that about 1/3 of patients post recanalization with either IV tPA or intra-arterial therapy die, 1/3 lose functional independence and 1/3 regain function [47]. In general, for patients with limited symptomatology and suspected acute basilar occlusion, endovascular intervention may be warranted to limit the sequelae of the disease. The intra-arterial therapy can take place in some cases even up to 48 h post initial stroke symptoms with the potential for improved outcomes [47]. Studies are ongoing to determine safety and efficacy of endovascular recanalization in posterior circulation large vessel strokes.

Endovascular Therapy Without IV tPA, After 4.5 Hours
IV tPA is limited in its utility after 4.5 h as the statistical risk of hemorrhage becomes greater than the potential benefit [48]. Endovascular therapy alone has not been shown to be inferior to IV tPA for the recanalization of vessels, and utilizing the newer stent-retriever devices has shown a greater than 90 % success rate in some studies [12, 13]. Due to the success rate of these devices and the lack of necessity to utilize tPA, some stroke clinicians and endovascular specialists offer intervention to 6 h or longer based on imaging criterion and clinical expertise. Some newer trials are utilizing the CT ASPECTS score and/or CT perfusion studies to calculate the risk and benefits of the procedure while others utilize MRI-DWI and penumbra characteristics to guide the decision for intra-arterial therapy [15]. The current recommendation for intra-arterial therapy without tPA is based on clinical examination and should be reserved for patients that either have a small ischemic core on MRI-DWI or an ASPECTS score >7 at the time of intervention [13].

Stenting in Acute Stroke Therapy
Intracranial arterial stenosis (ICAS) is generally caused by a buildup of plaques on the vessel walls and occurs in patients with atherosclerosis. When the stenosis becomes severe enough, it can lead to stroke either through plaque rupture or by occlusion of the vessel. The mainstay of therapy for patients with ICAS has been a combination of antiplatelet medications, anti-hypertensives, lipid-lowering agents, smoking cessation, lifestyle modification and diabetic glucose management. The SAMMPRIS trial, published in 2012 studied stenting versus aggressive medical therapy for ICAS [49]. Patients in both groups received dual anti-platelet medication with aspirin and clopidogrel for 90 days in addition to the modifications as listed above. The experimental arm additionally included endovascular stenting of a symptomatic cerebral artery. The study was halted early due to the high risk of stroke following stenting and because the risk of stroke with aggressive medical therapy alone was lower than expected. Patients with recurrent stroke due to ICAS despite aggressive medical therapy are now rarely offered intracranial stenting and it is recommended that these patients enroll in medical device trials.
Patients with extracranial arterial stenosis (ECAS) in the carotid arteries are candidates for either stenting or carotid endarterectomy [50–52]. The CREST trial published in 2010 addressed which therapeutic management was recommended for patients with ECAS [53]. It was found that patients had a higher risk of stroke with stenting and a higher risk of myocardial infarction with endarterectomy, and the composite primary outcome of stroke, myocardial infarction or death did not significantly differ between groups. Carotid artery stenting tended to show greater efficacy in patients under 70 years old, while carotid endarterectomy showed greater efficacy in those greater than 70 years old. CREST-2 is now currently in progress to assess the efficacy of stenting in asymptomatic patients [54].
Stenting for acute dissection has not been readily studied however can potentially provide some benefit in select patients who can tolerate a short course of dual-antiplatelet therapy.

Dual Anti-platelet Therapy, Aspirin plus Clopidogrel for Secondary Stroke Prevention
In 1996, the CAPRIE study, in 2005, the CARESS trial and in 2010 the CLAIR study showed that in patients with symptomatic carotid stenosis, combination therapy with clopidogrel and aspirin was more effective than aspirin alone in reducing asymptomatic embolization [55–57]. The MATCH trial, a 2004 study of 7599 patients, found that adding aspirin to clopidogrel in high risk patients with recent ischemic stroke or TIA lead to greater bleeding risk than clopidogrel alone, and the combination was not associated with fewer ischemic events [58]. CHARISMA, a large 2006 study (15,603 patients), found that clopidogrel plus aspirin was not significantly more effective than aspirin alone in reducing the rate of myocardial infarction, stroke or death, and in 2012 the SPS3 study showed that the combination did not reduce the rate of lacunar stroke [59, 60]. A 2013 systematic review and meta-analysis later also found that dual-antiplatelet therapy lasting for more than 1 year did not reduce recurrent stroke risk and increased the risk for intracranial hemorrhage over clopidogrel monotherapy [61]. The CHANCE trial, also released in 2013, showed that among patients with TIA or minor stroke the treatment for the first 90 days with combination aspirin and clopidogrel followed by monotherapy reduced the risk of stroke and did not increase the risk of hemorrhage in the Chinese population [62]. A larger scale trial, POINT, is currently in progress to assess the efficacy and safety of short-term (90 day) dual-antiplatelet therapy [63]. In light of these studies, there is insufficient evidence to recommend long-term (>3 month) dual-antiplatelet therapy, however clinicians can consider short-term combination therapy for the treatment of recurrent stroke and micro-embolic events.
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Case Presentation
A 55 year old man with a history of recurrent bacterial sinusitis was brought to the emergency department for 1 day of progressive confusion. The patient complained of a severe, generalized headache and light sensitivity. On exam he was febrile to 102.1 °F, agitated and oriented to name only. Severe nuchal rigidity was present, but no obvious focal neurologic deficits were observed on exam. Papilledema was not visualized on fundoscopy although the exam was limited due to the patient’s significant photosensitivity.
Blood cultures were sent immediately and the patient was initiated on empiric IV antibiotic therapy with vancomycin, ampicillin, and ceftriaxone. A computed tomography (CT) of the brain without contrast did not reveal any mass lesions or obvious signs of increased intracranial pressure. A lumbar puncture (LP) was significant for an elevated opening pressure of 32 cmH2O and CSF analysis revealed a white blood cell (WBC) count of 3000 cells/μL with 88 % neutrophils, glucose of 30 mg/dL and protein of 250 mg/dL. A gram stain showed gram positive cocci in pairs and chains (Fig. 36.1).[image: A329322_1_En_36_Fig1_HTML.gif]
Fig. 36.1Gram positive lancet shaped diplococcic confirming Streptococcus pneumonia (Image courtesy of Dr. Valerie Ng at Alameda Health System)





During transfer of the patient from the ED, the patient developed a generalized tonic-clonic seizure and was urgently given IV lorazepam. Due to decreased level of consciousness after the seizure, the patient was intubated for airway protection and was admitted to the ICU.
Question
What additional inpatient precautions should be taken for the most likely diagnosis?

Answer
Droplet precautions for presumed acute community acquired bacterial meningitis.

This patient presented with the ‘classic triad’ for bacterial meningitis of fever, neck stiffness and altered mental status (AMS). Although the complete triad is present only 44 % of the time [1], nearly all patients with bacterial meningitis will present with one of the three findings [2]. The absence of all three of these signs in the classic triad essentially eliminates bacterial meningitis from the differential [2]. The classic physical exams for evaluation of meningeal irritation, Kernig’s and Brudzinski’s signs are not that useful as these only have 61 % sensitivity for bacterial meningitis compared to nuchal rigidity (difficulty with chin to chest or flexion of the cervical spine) which has 84 % sensitivity for bacterial meningitis [3]. While these physical exam signs may provide support in establishing the diagnosis, a lumbar puncture is still required for definitive diagnosis.
Until the specific pathogen responsible for community acquired bacterial meningitis has been identified, strong consideration should be given for initiating droplet precautions. Droplet precautions are recommended by the CDC to decrease the spread of infection caused by Neisseria meningitides and Haemophilus influenzae type b. A definitive diagnosis may be delayed for several days [4]. In addition, depending on the quality of the gram stain, differentiating between gram positive cocci and gram negative cocci may be difficult. For these reasons, a general recommendation is to keep patients with presumed community acquired bacterial meningitis in droplet precautions for at least the first 24h of therapy and until the etiology has been determined.
Although appropriate empiric antibiotics to cover the usual organisms implicated in community acquired bacterial meningitis were initiated, all adult patients with suspected or confirmed bacterial meningitis by lumbar puncture should also be treated with IV dexamethasone prior to or at the time of their first dose of antibiotics [1]. In our case, this patient should have be started on the standard dose of dexamethasone at 10 mg IV q6h, 15 min prior to initiation of his antibiotics to complete a 4 day course [1, 5]. The efficacy of steroids in bacterial meningitis is discussed further in the management section of this chapter.
It is critical to initiate empiric antibiotics promptly and without delay while awaiting CSF gram stain results or imaging of the brain. In this case, the patient did meet criteria for imaging prior to LP due to altered level of consciousness, (see below), still empiric antibiotics were given promptly. Initially, during selection of the antibiotics it is important to assume a high likelihood of antimicrobial resistance and select broad coverage. In this case, our patient’s empiric antibiotics included vancomycin and ceftriaxone to cover for the most common pathogens, Streptococcus pneumoniae and Neisseria meningitides. Because this patient was over age 50 years, ampicillin was also appropriately added to cover for Listeria monocytogenes.

Although the gram positive diplococci were seen on gram stain, suggestive of Streptococcus pneumoniae, the patient was continued on the recommended empiric antibiotics vancomycin 15 mg/kg IV q8h (15–20 ug/mL trough target) and ceftriaxone 2 g IV q12h until definitive culture results and sensitivities are available. See Fig. 36.1.
Our patient was also started on anti-epileptic therapy and had no additional seizure activity. Over the next few days the CSF cultures grew pansensitive Streptococcus pneumoniae and the patient was continued on ceftriaxone for a 14 day course. By the third day the patient was alert and able to follow commands and was extubated. Seizure medications were discontinued and no further seizures occurred.

Principles of Management
Early recognition and treatment is critical to survival from bacterial meningitis. The host inflammatory response to this infection can be devastating. Several host and pathogen related factors ultimately lead to this condition. Virulence factors allow bacteria to colonize host epithelium with seeding of the bloodstream, crossing of the blood brain barrier and subsequent multiplication in the CSF due to the relative paucity of humoral immunity in the CSF. This cascade of events can lead to both systemic and neurologic complications. Here we will discuss the basic epidemiology, diagnosis, and treatment of community acquired bacterial meningitis.
Epidemiology
In recent decades there has been a shift in the pathogens responsible for bacterial meningitis. With the development and standardization of childhood vaccines against H. influenza type b (Hib) in 1985, pneumococcal vaccines (pneumococcal conjugate vaccine [PCV13] and pneumococcal polysaccharide vaccine [PPSV23]) in 2000 and meningococcal conjugate vaccine (MCV4) in 2005 the burden of bacterial meningitis has shifted to predominately older populations [6, 7]. Despite vaccines, Streptococcus pneumoniae and Neisseria meningitidis still account for over 80 % of bacterial meningitis cases [7, 8]. Less common pathogens, Group B Streptococcus (GBS), Haemophilus influenzae Listeria monocytogenes make up the remaining approximately 17 % of cases [7]. Patients’ ages 16–50 are at greatest risk for Neisseria meningitidis or Streptococcus pneumoniae, however, patients over the age of 50 or immunocompromised patients have an increased risk for Listeria monocytogenes, GBS, and aerobic gram negative bacilli [7, 8].

Diagnosis
All patients with suspected bacterial meningitis should receive an LP unless contraindicated. See Fig. 36.2 for a management algorithm in all patients with suspected bacterial meningitis. Relative contraindications include elevated intracranial pressure, thrombocytopenia/bleeding diathesis or spinal epidural abscess [10]. If collection of CSF is delayed for imaging or other reasons, blood cultures should be collected prior to antimicrobial administration but antibiotics should not be delayed. Positivity of blood cultures for bacterial meningitis range from 50 to 90 % [1].[image: A329322_1_En_36_Fig2_HTML.jpg]
Fig. 36.2Management algorithm for adults with suspected bacterial meningitis [9] (From Tunkel et al. [9]. Reprinted with permission from Oxford University Press)





CSF results consistent with the diagnosis of bacterial meningitis include (1) elevated opening pressure (normal 20cmH2O), (2) pleocytosis of 1000 to 5000 μL with a >80 % neutrophil predominance, (3) glucose below 40 mg/dL (in adults glucose ratio CSF: serum ≤0.4), (4) mildly elevated protein level 100–500 mg/dL and (5) cloudy or turbid appearance.
Sensitivity for a positive gram stain ranges from 60 to 90 % with a >97 % specificity; greater likelihood of positive gram stains are seen in streptococcus pneumoniae, H. flu and Neisseria as opposed to gram negative bacilli [11]. See Table 36.1. CSF cultures identify an organism 70 to 85 % of the time [13]. Serum and urine bacterial antigens are not routinely helpful.Table 36.1Gram stain appearance for specific bacterial meningitis pathogens [12].


	Gram stain appearance
	Specific pathogen

	Gram positive diplococci ‘lancet-shaped’
	
                            Streptococcus pneumoniae
                          

	Gram positive cocci in clusters or tetrads
	
                            Staphylococcus aureus
                          

	Gram positive cocci
	
                            Streptococcus agalactiae
                          

	Gram positive rods
	
                            Listeria monocytogenes
                          

	Gram negative diplococci
	
                            Neisseria meningitidis
                          

	Pleomorphic gram negative rods (cocco-bacilli)
	
                            Haemophilus influenzae
                          

	Gram negative rods
	
                            E. Coli
                            or other
                            Enterobacteriaceae
                          

	Gram negative rods (bacilli)
	
                            Pseudomonas aeruginosa
                          





Notably, a traumatic tap, intracerebral or subarachnoid hemorrhage or recent seizure can all result in a falsely elevated WBC in the CSF. To correct WBC for a traumatic tap, subtract 1 WBC for every 500 to 1500 red blood cells (RBCs) in CSF to give the ‘Adjusted CSF WBC’ [14].
Select patients may be at risk for undergoing an LP and should receive imaging prior to LP. Antibiotic administration, however, should not be delayed [15]. See Fig. 36.2.
Repeat LPs are not indicated in patients with bacterial meningitis unless there has been no clinical improvement after 48 h of appropriate antibiotics. This is especially important if there is concern for pneumococcal meningitis with penicillin or cephalosporin resistance or when the patient has been treated with dexamethasone [1].

Antibiotics
A delay in administration of antibiotics of greater than 3 h from admission in bacterial meningitis has been associated with increased morbidity and mortality. Antibiotics should target the presumed pathogen identified by gram stain, or empirically started if the LP is delayed [1]. Antibiotics should be bactericidal and cross the blood brain barrier [16].
Empiric antibiotics for adults are vancomycin and a third generation cephalosporin (ceftriaxone or cefotaxime). In patients with risk factors for listeria (>50 years old, immunocompromised or alcoholism) the addition of ampicillin or penicillin G should be included. If there is a beta-lactam allergy: Vancomycin and moxifloxacin are considered empiric coverage with trimethoprim-sulfamethoxazole added for listeria. Consider the use of a fourth generation cephalosporin such as cefepime or a carbapenem such as meropenem in severely immunocompromised patients to cover for additional gram negative pathogens.
The duration of antibiotic therapy is usually from 7 to 14 days but should be guided by the specific pathogen identified, disease severity and antimicrobial agent selected [9, 17, 18] See Table 36.2.Table 36.2Recommended antibiotic duration for specific bacterial meningitis pathogens [1]


	Specific pathogen
	Antibiotics
	Duration

	
                            Strep pneumoniae
                          
	 	 
	 PCN
	 	 
	 MIC < 0.06 mcg/mL
	Penicillin G (monotherapy)
	10–14 days

	 MIC ≥ 0.12a

	3rd generation cephalosporinb

	 
	 If Ceftriaxone MIC > 1 mcg/mL
	Add Vancomycin
	 
	
                            Neisseria meningitidis
                          
	3rd generation cephalosporinb

	7 days

	
                            Haemophilus influenzae
                          
	 	7 days

	 Beta-lactamase NEG
	Ampicillin
	 
	 Beta-lactamase POS
	3rd generation cephalosporinb


	
                            Listeria monocytogenes
                          
	Ampicillin or Penicillin G
	21 days

	
                            Streptococcus agalactiae
                          
	Ampicillin or Penicillin G
	14–21 days

	Plus aminoglycoside

	
                            E. Coli
                            or other Enterobacteriaceae
                            a
                          
	3rd generation cephalosporinb

	14–21 days

	
                            Pseudomonas aeruginosa
                            a
                          
	Cefepime or ceftazidime
	21 days

	
                            Staphylococcus aureus
                          
	 	 
	 Methicillin susceptible
	Nafcillin or oxacillin
	10–14 days

	 Methicillin resistant
	Vancomycin
	 


MIC minimum inhibitory concentration

aAdd rifampin if MIC >2 mcg/mL for 3rd generation cephalosporin to maximize CSF penetration.

bCeftriaxone or cefotaxime





Steroids
Dexamethasone works via two routes: (1) reduction in meningeal inflammation (2) blunting a secondary inflammatory response to the bacterial products released from the first dose of antibiotics [17]. Optimal initiation of dexamethasone is 15 to 20 min prior the first dose of antibiotics, or alongside their first dose of antibiotics. The recommended dose of dexamethasone is 0.15 mg/kg IV every 6 h [4]. The administration of dexamethasone in patients with bacterial meningitis reduces unfavorable neurological outcomes. Notably, the reduction in mortality was only statistically significant in patients presenting with a moderate level of neurological impairment at admission (Glasgow Coma Scale [GCS] score of 8 to 11). No benefit to mortality was seen if the patients with GCS scores > 11. No proven benefit and a higher likelihood of poor outcomes have been identified if dexamethasone is given after antibiotics have been started [4].
The reduction in neurologic sequelae and mortality with adjunctive steroids are clearly seen with pneumococcal meningitis. Unfortunately these findings have not been proven in meningitis caused by other pathogens. Nevertheless, the Infectious Diseases Society of America (IDSA) recommends adjunctive dexamethasone in all adult patients with suspected or proven bacterial meningitis.

Long Term Neurologic Complications
The risk of developing any neurologic complications has been sited to be as high as 28 % overall in community acquired bacterial meningitis and depends on the pathogen involved, time to antibiotic administration, severity at presentation, and whether steroids were administered [19]. Neurologic complications include both early onset (altered mental status, elevated ICP, seizures, focal neurologic deficits) and more long term sequelae (permanent neurologic deficits, hearing loss, or cognitive impairment). One study examined a model for prediction for neurologic complications or death at discharge using hypotension, altered mental status, and seizures as criteria. The presence of 2 of the 3 criteria predicted a 56 % chance of adverse outcome, while the presence of only 1 of the 3 criteria predicted a 9 % chance of adverse outcome. It was also noted that neurologic events were seen more in pneumococcal meningitis [17].

Meningococcemia
It is important to briefly discuss additional specific details related to N. meningitidis and the development of meningococcemia. N. meningitidis can cause three major syndromes: meningitis alone; meningitis accompanied by meningococcemia (sepsis); or meningococcemia without meningitis. In these disease states caused by N. meningitidis, mortality is higher and timely antibiotics are crucial with an antibiotic delay of even 30 min considered unacceptable [20].
Meningeal signs and symptoms along with fever and petechial rash should immediately prompt a suspicion for N. meningitidis and the possibility of meningococcemia. An additional nonspecific clue includes the presence of myalgias which are not often seen with pneumococcal meningitis and are typically more severe than the myalgias seen with influenza. Neisseria infections often occur in outbreaks in the late winter and can present similarly to the flu with nonspecific URI symptoms preceding more serious symptoms which can develop within a matter of hours. A key clinical feature to be aware of with meningococcal infection is a rash which can be petechial or hemorrhagic and is seen in about half of all cases [21]. This rash usually is more prominent in the trunk and lower extremities and at sites where pressure is applied to the skin such as belts or elastic bands [22]. Mucous membranes of the soft palate and eye must also be examined for signs of hemorrhage. The lesions are usually 1 to 2 mm in diameter and can coalesce into larger patches. The severity of the rash is directly proportional to the overall severity of illness including the presence of shock and disseminated intravascular coagulation (DIC). The devastating complication of purpura fulminans is seen in 15–25 % cases [23]. See Fig. 36.3. The cascade of organ dysfunction seen in meningococcemia – coagulopathy, DIC, acute respiratory distress syndrome (ARDS), sepsis, purpura fulminans and adrenal shock (Waterhouse-Friderichsen syndrome) are initiated in large part by the lipooligosaccharide, a potent toxin in the bacterial meningococcal membrane [25].[image: A329322_1_En_36_Fig3_HTML.gif]
Fig. 36.3Examples of purpura fulminans (From Endo et al. [24]. Courtesy of Biomed Central (Open Access))





A key management principle in meningococcal infections is the prevention of spread to others. Importantly, droplet precautions should be started as soon as possible in all cases of community acquired bacterial meningitis and should be continued until meningococcal and/or haemophilus infection has been ruled out. In cases with confirmed meningococcal infection consideration for post-exposure prophylaxis should be given (see evidence contour section).


Evidence Contour
ICP Management
Elevations in intracranial pressure (ICP) are commonly seen in bacterial meningitis and are thought to be related to the development of permanent neurological problems such as deafness, epilepsy and poor cognition [26]. Reducing infection-induced swelling (vasogenic edema) is a goal to improve outcomes. In addition to antimicrobial therapy, initial medical management of elevated ICP from meningitis includes general measures (1) elevating head of bed >30° with head in neutral position to avoid jugular vein compression, (2) maintenance of normothermia, (3) avoidance of hypotension/hypovolemia (4) hyperventilation, and (5) mannitol [26]. While monitoring of ICP is not standard of care in bacterial meningitis, it may be considered in patients with a GCS < 8 and the gold standard for monitoring ICP involves the placement of an intraventicular catheter. Other osmotic therapies such as the use of glycerol have been evaluated for ICP management in bacterial meningitis but have not shown benefit in adults [27, 28].

Hypothermia
Therapeutic hypothermia has known neuroprotective benefits following cardiac arrest. Hypothermia as adjunctive therapy in the management of bacterial meningitis has yielded inconsistent and potentially harmful results in regard to both mortality and neurologic outcomes [29, 30]. The exclusion of patients who received dexamethasone in some of the studies leads to an unclear conclusion regarding the addition of therapeutic hypothermia in bacterial meningitis patients [29]. At this time we do not recommend therapeutic hypothermia in the setting of bacterial meningitis.

Gram-Negative Bacilli Meningitis
Gram negative bacilli (GNB) meningitis occurs most frequently in neonates and infants, however, there are two additional patterns of infection: nosocomial GNB meningitis (in the setting of head trauma or neurosurgery) and spontaneous, community acquired GNB meningitis, (typically from another source of infection, such as a urinary tract infection). The incidence of nosocomial GNB meningitis is on the rise secondary to more complex neurosurgical operations and routine prophylactic antibiotics given to prevent surgical site infections [31].
Patients who present with spontaneous GNB meningitis are typically elderly or have co-morbidities including cancer, diabetes, cirrhosis, immunosuppression, or splenectomy [32]. The most common pathogens are Escherichia coli (38 %) and Pseudomonas species [32]. GNB meningitis presents less often with the classic meningitis triad and is associated with more neurological and systemic complications than other causes of bacterial meningitis and carries a higher mortality rate [32].

Shunts and Other Intracranial Devices
CSF shunts increase a patients risk for bacterial meningitis. Internalized shunts (draining to the peritoneum, commonly ventriculoperitoneal or VP shunt) have an infection rate of 5–15 %, with an infection most common in the first month of placement. External devices such as a ventriculostomy catheter or an Ommaya reservoir (access for administration of chemotherapy or antibiotics) may also develop infections [33]. Clinical presentation may be subtle and result from obstruction of the shunt with symptoms consistent with elevated intracranial pressure (headache, nausea and vomiting, somnolence and altered mental status). In contrast to community acquired bacterial meningitis, nuchal rigidity tends to be absent, as there is no communication between the infected ventricles and the meninges.
Evaluation still requires blood cultures, CSF cultures and imaging. However, interpretation of the CSF is more complex and cannot be made on a single parameter. Repeated positive CSF cultures over several days will help confirm the diagnosis [34]. Shunt removal is indicated to ensure treatment success [9].

Post Exposure Prophylaxis
Not all bacterial meningitis pathogens require post exposure prophylaxis for contacts to minimize spread, however both Neisseria meningitidis and Haemophilus influenzae do.
Individuals who require prophylaxis for meningitis are (1) close contacts (household members, daycare workers, military), (2) travelers in direct contact with respiratory secretions or close proximity to index patient for >8 h flight, and (3) individuals in close contact with respiratory secretions (including kissing, mouth to mouth resuscitation and endotracheal intubation). Prophylaxis should occur in a timely manner, ideally within <24 h of exposure. Prophylaxis should be given to appropriate individuals several days after exposure, however the CDC does not recommend prophylaxis >14 days after exposure [35]. Eradication of nasopharyngeal carriage is performed in outbreak settings and for the index patient (if they did not receive ceftriaxone), prior to discharge to prevent further transmission [36].
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Case Presentation
A 67-year-old female with a history of uncontrolled hypertension and hyperlipidemia presents after sudden onset of headache followed by vomiting and progressive left hemiparesis over 2 hours. Vital signs were notable for a systolic blood pressure of 230 mmHg. Laboratory values upon arrival, including coagulation parameters and toxicology screen, were unrevealing. CT head imaging was performed on arrival and the pertinent images are shown below (Fig. 37.1).[image: A329322_1_En_37_Fig1_HTML.jpg]
Fig. 37.1Axial CT brain demonstrating right putaminal hemorrhage (From Brott et al. [1]. Reprinted with permission from Wolters Kluwer Health, Inc.)





Question
Would early surgical intervention be appropriate in the initial management of this patient?

Answer
Certain patients may benefit from early neurosurgical intervention in the setting of intracerebral hemorrhage [2].

However, the International Surgical Trial in Intracerebral Haemorrahage (STICH) did not demonstrate improved 6-month functional outcome or mortality with the early evacuation of supratentorial hematomas [3]. Furthermore, STICH II did not demonstrate any significant difference in combined death or disability in patients undergoing evacuation of supratentorial hematoma volumes of 10 to 100 cc without intraventricular hemorrhage (IVH) when compared with the maximal medical management group [4]. However, patients with cerebellar hemorrhages > 3 cm with 4th ventricular effacement and/or hydrocephalus should undergo urgent surgical intervention given elevated morbidity and mortality with conservative management in this group [2, 4, 5]. Younger patients with rapid neurological decompensation secondary to hematoma expansion, or with underlying lesions such as aneurysms, AVMs and tumors may also be surgical candidates [2, 4, 5]. The Minimally Invasive Surgery Plus Recombinant Tissue-Type Plasminogen Activator for Intracerebral Hemorrhage Evacuation II (MISTIE II) trial demonstrated a reduction in perihematomal edema and a trend towards improved outcomes in the hematoma evacuation group [6]. The MISTIE III trial is currently in progress. Phase 3 of Clot Lysis: Evaluating Accelerated Resolution of Intraventricular Hemorrhage (CLEAR III) IVH trial is a randomized control study, which aims to evaluate clearance of clot and outcome in patients with large intraventricular hemorrhage receiving scheduled injections of rt-PA through EVD [7]. Study results are expected in the near future.
This patient’s CT scan demonstrates a large right basal ganglia hemorrhage without intraventicular extension. Current guidelines would advocate for maximal medical management [2, 5].

Principles of Management
Clinical Presentation
The onset of acute severe headache, vomiting, seizure, significant hypertension (often > 220 mmHg), and rapid deterioration in consciousness with possible accompanying pupillary dilatation, posturing and abnormal respiratory pattern should provoke a high suspicion for intracerebral hemorrhage (ICH) [2].

Diagnosis
The rapid onset of focal neurological symptoms warrants brain imaging on an emergent basis [2, 5]. CT scans provide a rapid method of evaluating the head for acute pathology, including intracerebral hemorrhage (ICH). Brain CT imaging in the latter often demonstrates intra-axial, focal area(s) of hyperdensity with mass effect and effacement of the surrounding parenchyma [2]. Hemorrhage location(s) provide clues to the underlying pathology. In addition to trauma, multiple etiologies of non-traumatic ICH exist, and include hypertension, vascular malformations, trauma, cerebral amyloid angiopathy, brain neoplasm, infarction, vasculitis, illicit drug-related, bleeding diathesis, and anticoagulation [2, 5]. Hypertension is the most common cause of non-traumatic ICH. Typical locations suggestive of a hypertensive bleed include the basal ganglia (most commonly putamen) and thalamus, as well as the pons and cerebellum [2, 5]. Hematoma volume can be estimated using the ABC/2 method (Fig. 37.2) [9]. Large hematoma volumes and evidence of heterogeneous attenuation are predictive of subsequent hematoma expansion [1, 2, 5, 10].[image: A329322_1_En_37_Fig2_HTML.jpg]
Fig. 37.2Example of ICH calculation using ABC/2 formula. (a) Greatest hemorrhage diameter by CT. (b) Diameter 90° to A. (c) The approximate number of CT slices with hemorrhage multiplied by slice thickness (From Beslow et al. [8]. Reprinted with permission from Wolters Kluwer Health, Inc.)






Acute Management
In addition to emergent brain imaging, initial laboratory assessments should include coagulation parameters and toxicology screen, with elevations in the former requiring rapid normalization with appropriate reversal agents. Contrast-enhanced head imaging, often CT angiography, can provide additional information about the presence of underlying vascular malformations, aneurysms, as well as the presence of contrast extravasation within the hematoma [1, 10, 11]. The latter “spot sign” is suggestive of active bleeding and predicts hematoma expansion, as well as likely higher morbidity and mortality [1, 10, 11]. Demchuk et al. found a positive predictive value of 61 % for hematoma expansion in the presence of the spot sign [10]. Exacerbating factors for expansion also include antithrombotic and anticoagulation therapy, as well as persistent hypertension, and therefore aggressive management with anticoagulation reversal and antihypertensive therapy is warranted [1, 2, 5, 10].
Serial CT head imaging, usually within 4–6-h, is critical for the evaluation of hematoma expansion and obstructive hydrocephalus. Brott and Broderick found 38 % of hematomas expand by 33 % of original volume or at least 6 cc within 24-h of symptom onset, with most reaching significant expansion within 4 h [1]. Intraventricular hemorrhage is a risk factor for development of the hydrocephalus [12]. The initial presence or subsequent development of ventricular system enlargement warrants rapid neurosurgical intervention with external ventricular drain (EVD) placement and drainage of cerebral spinal fluid (CSF) [2, 5, 12].
Airway patency should be monitored carefully. Large or rapidly expanding hematomas, particularly with evidence of obstructive hydrocephalus, often result in depressed mental status and compromised airway protection [2]. Emergent intubation is warranted in these circumstances with utilization of agents such as propofol and lidocaine to blunt potential intraprocedural intracranial pressure crises [2].
Brain herniation is the most dreaded outcome of ICH, leading to increased morbidity and mortality, particularly in the absence of rapid intervention and reversal. Clinical manifestations include the development of new or worsening neurological deficits, including depressed mental status and pupillary abnormalities, thus mandating frequent monitoring of the patient’s neurological exam in acute setting [2, 5]. Rapid intervention is critical and includes elevating the head to 30°, hyperventilation (with rapid sequence intubation in the setting of an unsecured airway), and administration of hyperosmolar therapy [2, 5, 13]. Repeat head imaging is warranted when the patient is stabilized with insertion of an EVD if obstructive hydrocephalus is present [1–5, 11]. Ultimately the patient may require decompressive hemicraniectomy to improve odds of survival, even though the data for functional outcome amelioration amongst survivors is not nearly as robust as for large hemispheric ischemic strokes [2–6].

Natural History
The ICH score is a risk stratification scale using the Glasgow Coma Score (GCS), age, ICH volume, infratentorial location, and presence of IVH to predict 30-day mortality (Table 37.1 and Fig. 37.3) [14]. The tissue at the epicenter of the hematoma undergoes rapid destruction causing clinical neurological insult and is unlikely to be salvaged [15]. Hematoma expansion and perihematomal edema can worsen mass effect and may contribute to further injury and higher mortality. Edema develops early after ICH and peaks up to 2 weeks after onset, although the most rapid increase occurs in first 2 days on MRI imaging [16]. The degree of edema is predictive of poor outcome. Secondary injury as a consequence of blood–brain-barrier damage, inflammation, and reticulocyte lysis can further worsen injury to the surrounding parenchyma [15, 16].Table 37.1ICH score for predicting 30-day mortality


	Component
	ICH score points

	GCS

	 3–4
	2

	 5–12
	1

	 13–15
	0

	ICH volume (mL)

	  ≥ 30
	1

	  < 30
	0

	Intraventricular hemorrhage

	 Yes
	1

	 No
	0

	Infratentorial origin of ICH

	 Yes
	1

	 No
	0

	Age (y)

	  ≥ 80
	1

	  < 80
	0

	
                            Total ICH score
                          
	
0–6



From Hemphill et al. [14]. Reprinted with permission from Wolters Kluwer Health, Inc.
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Fig. 37.3ICH score and 30-day mortality (From Hemphill et al. [14]. Reprinted with permission from Wolters Kluwer Health, Inc.)






Complications
Damage or irritability of the cerebral cortex in the setting of ICH can manifest as seizures. Although occasionally a presenting symptom, seizures can develop at any point after the inciting event and therefore antiepileptic drugs are a mainstay in the initial treatment [2, 5, 17, 18].
ICP can be measured via an EVD or a dedicated ICP monitor. Persistent ICP elevations can further complicate the management of ICH, often manifesting as herniation events. ICP crises are treated algorithmically, as noted above, often beginning with raising the head of the bed, hyperventilation with a goal PCO2 of 30–35, and hyperosmolar therapy [2]. Additional iatrogenic interventions include the use intravenous agents to drive down the ICP, such as propofol and pentobarbital, as well as systemic body temperature cooling [2, 5].


Evidence Contour
Hyperosmolar Therapy
Urgent intervention is warranted in the setting of increased intracranial pressure as assessed by invasive monitoring techniques or changes in the neurological examination, such as the rapid development of pupillary dilation and absent reactivity. In addition to head elevation and hyperventilation, hyperosmotic agents are often utilized for rapid ICP reduction, effectively removing free water and dehydrating the brain parenchyma [2, 5, 13]. Mannitol and hypertonic saline are two commonly utilized agents. Mannitol, typically administered in 1 g per kilogram boluses, increases serum osmolality and induces an osmotic gradient between the serum and brain parenchyma, resulting in osmotic diuresis. Despite being widely available and easily administered through a peripheral line, caution should be used given the potential for hypotension, volume depletion and electrolyte disturbances [13]. Serum osmolality >320–340 mOsm/kg or poor renal function may be limiting factors. Mannitol can cross the blood–brain-barrier and extravasate into the damaged parenchyma especially given the lower reflection coefficient than hypertonic saline (0.9 and 1.0, respectively), posing the theoretical risk of “rebound” elevations in ICP secondary to a reversal of the osmotic gradient in the setting of recurrent use [13].
Alternatively, hypertonic saline, used in widely varying volume and tonicity, is also utilized for urgent ICP reduction [13]. The mechanism of action is similar to mannitol although without the accompanying diuresis and subsequent hypovolemia [13]. Hypertonic saline is less likely to cross the damaged BBB and cause worsening mass effect and shift with recurrent use. Given the risk of thrombophlebitis, solutions of 3 % or greater should be administered via central IV access [13].
Several randomized control trials evaluating various etiologies of increased ICP have compared the efficacy of hypertonic saline and mannitol, with a meta-analysis of these trials demonstrating marginally greater efficacy of hypertonic saline (16 % more likely to decrease ICP < 20 1 h post administration) in the management of elevated ICP, although clinical outcomes were not measured [13]. Current guidelines advise clinician discretion in the utilization of either agent and do not recommend one over the other [5, 13].

Seizure Prophylaxis
Brain injury involving the cortex increases the risk of epileptogenic activity. The incidence of electrographic seizures may be as high as nearly 1/3 of patients with ICH, with most occurring within 24-h of the inciting event [2, 5, 17, 18]. Vespa et al. reported a relatively high frequency of seizures after lobar (28 %) and deep (21 %) ICH [18]. Lobar location and small hematomas may be early predictors of early seizures. Although management often involves the use of seizure prophylaxis, current guidelines recommend otherwise [5]. Furthermore the agent of choice and duration of treatment remain areas of debate. One prospective review found phenytoin to be associated with a higher incidence of fever and worse outcomes [17]. The association of seizures with clinical outcomes remains unclear, however. Alterations in mental status incongruent with the degree of cerebral injury certainly warrant continuous EEG monitoring [2, 5, 18]. Seizures should be managed with anticonvulsant therapy, although the choice of anticonvulsant remains debatable. Prophylactic anti-epileptic medication is not recommended by current AHA guidelines [2, 5].

Hypothermia
Fever has been strongly associated with poorer neurological outcomes in patients with brain injury [2, 5, 19, 20]. Investigation into temperature reduction as a neuroprotective treatment began in the 1950s and has subsequently been most studied in the context of traumatic brain injury. Multiple studies have postulated the beneficial effects of mild to moderate hypothermia to be secondary to the reduction of cerebral metabolism and potential reduction of ICP and CBF [19, 20]. The attenuation of several secondary injury mechanisms, including free radical generation, excitotoxicity, and inflammation, may also be contributory [15, 19, 20]. However, limiting side effects of systemic cooling have included coagulopathy and cardiac arrhythmias [19, 20]. Furthermore, an optimal method of cooling, target core temperature, and duration of cooling has not been established [19, 20].
In comparison to standard medical or surgical treatment, hypothermia has not been shown to improve outcomes in patients with traumatic brain injury. The National Acute Brain Injury Study: Hypothermia II, a randomized control trial comparing normothermia and hypothermia in patients with traumatic brain injury, did not demonstrate a difference in functional outcome between the two groups at 6-months [20]. In 2015, the Hypothermia for Intracranial Hypertension after Traumatic Brain Injury study, a randomized control trial of elevated ICP management comparing standard care to hypothermia plus standard care, did not find better outcomes in the hypothermia group [19]. At this time, ensuring strict normothermia remains the standard in this patient population [5].

Hypertension Management
Elevated blood pressure, defined as SBP > 140 mmHg, is present in approximately 75 % of patients with acute ICH. Proposed mechanisms include stress activation of neuro-endocrine systems and damage to central autonomic centers, including the insular cortex. Hypertension is a strong predictor of early mortality in ICH [2, 5, 21]. However, the intensity of blood pressure control in this setting has remained a topic of debate. Proponents for aggressive control cite hematomal expansion, early neurological deterioration and higher mortality as the basis for targeting systolic blood pressures of < 140 mmHg. Conversely, rapid reduction and aggressive targeting of blood pressure may run the theoretical risk of perihematomal and perhaps more global ischemia [21]. The Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial 2 (INTERACT2) compared early intensive blood pressure lowering with SBP < 140 mmHg to target SBP < 180 mmHg and did not demonstrate any significant difference in death or major disability at 90-days between groups, but did demonstrate better 90-day modified Rankin scores [21]. Aggressive blood pressure strategies have not been found to reduce hematoma volumes or perihematoma cerebral blood flow [21, 22]. Furthermore, the Intracerebral Hemorrhage Acutely Decreasing Arterial Pressure Trial (ICH-ADAPT) study, did not find that intensive blood pressure reduction precipitated perihematomal ischemia [22]. The results of the Antihypertensive Treatment of Acute Cerebral Hemorrhage II (ATACH II) trial, which will randomize participants to target blood pressure goals of SBP <140 mmHg or SBP < 180 mmHg, are pending. Current AHA guidelines suggest that early aggressive blood pressure management strategies with target SBP < 140 mmHg appear to be safe and may maximize patient outcomes, especially in patients with smaller ICH volumes (<20 cc), admission GCS 12–15, and initial SBP < 220 [5]. In others, a more conservative approach may be reasonable.
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Case Presentation
A 35 year-old woman with a history of thyroid nodules, thyroidectomy and migraines presented with a feeling of chills and headaches in the primary care clinic and was diagnosed with a viral illness. She developed a fever up to 103 °F and then presented to the emergency department (ED) where she received antibiotics and underwent a Computed Tomography (CT) scan of the head which was normal. She continued to have headaches and was treated with antibiotics for presumed sinusitis. She then progressed to lethargy and developed convulsions that were witnessed by her husband. Initial management included ceftriaxone and acyclovir, a lumbar puncture (LP) and a magnetic resonance imaging (MRI) of the brain which were unremarkable. Herpes simplex virus PCR and cerebrospinal fluid (CSF) cultures were negative; hence, antibiotics and acyclovir were discontinued. She was sent home after 3 days. She returned 24 h after discharge with another convulsive episode that lasted 20 min but she did not return to her baseline mental status. Continuous electroencephalogram (EEG) was ordered and 19 subsequent electrographic seizures were recorded, four of which were associated with clinical generalized tonic-clonic seizures within the first 24 h. Figure 38.1 demonstrates electrographic status epilepticus in a different patient.[image: A329322_1_En_38_Fig1_HTML.jpg]
Fig. 38.1EEG of a different patient showing ongoing polymorphic, rhythmic, left-sided spike, polyspike and slow wave activity, waxing and waning consistent with focal status epilepticus (Figure courtesy of Dr Peter W Kaplan, Johns Hopkins University)





Question
What is the primary goal of status epilepticus (SE) management?

Answer
Emergent control of both clinical and electrographic seizure activity with simultaneous patient stabilization and prompt work up of etiology.

The primary focus of SE management is stopping the seizures, clinical and electrographic (seen only on EEG). The Neurocritical Care Society (NCS) consensus statement defines SE as seizures that continue for more than 5 min or recurrent seizure activity without return to baseline level of consciousness between seizures [1]. The patient’s airway, breathing and circulation should be assessed initially along with simultaneous administration of abortive treatment for SE. Neurology consult must be initiated at the same time for timely identification of non-convulsive SE (NCSE), SE mimics as well as guidance on further management should abortive treatment fail. In the ED, the evaluation of seizures usually is clinical, unless EEG is available.
The patient's convulsions stopped; however, she was confused, able to follow simple commands but remained lethargic, secondary to either post-ictal effect of seizures, sedative effect of the benzodiazepine or NCSE. EEG was performed when she was admitted to the ward, which showed multiple electrographic seizures along with recurrence of clinical seizures. She was started on intravenous (IV) fosphenytoin. Phenytoin peak level must be measured 2–4 h after the loading dose with a target free level of 1.5–2.5. An additional bolus may be given. As she continued to have electrographic SE, she was started on IV levetiracetam. Valproic acid was avoided due to competitive plasma protein binding with and subsequent decrease in protein binding of phenytoin. IV lacosamide was added the following day due to continuation of SE. She was then transferred to the neurointensive care unit for refractory SE, was intubated for airway protection, and started on continuous EEG monitoring and intravenous midazolam drip to achieve burst suppression pattern of 2–3 bursts per 10-s page. She was then in super-refractory SE (SRSE) and was transitioned to Pentobarbital infusion titrated to burst suppression pattern for 72 h with concomitant initiation of phenobarbital, which was titrated up to a level of 200 μg/mL. Ketogenic diet and other anti-epileptic drugs (AEDs) such as clonazepam, topamax and valproic acid were initiated while the pentobarbital infusion was weaned off.
The work-up for the etiology of her SRSE was continued simultaneously during the titration of her AEDs. Blood chemistries, CSF studies, viral PCRs and cultures, CSF and serum paraneoplastic studies, MRI brain, whole body CT and PET scan survey were all unrevealing. Her seizures are presumed to be likely autoimmune in etiology and she received a trial of empiric pulse steroids (1 g of IV methylprednisolone sodium succinate for 5 days) followed by plasmapheresis with improvement in electrographic seizures. However, the patient remained comatose, likely due to the high phenobarbital levels. Gradual downtitration of phenobarbital resulted in improvement in mental status with no recurrence of seizures. She was ambulatory but required some assistance and was discharged to a rehabilitation facility after 52 days of hospitalization.

Principles of Management
Diagnosis of SE and Underlying Etiology
SE is diagnosed when a clinical and/or electrographic seizure lasts more than 5 min or two or more seizures occur without return to baseline level of consciousness [1–3]. SE can be classified into convulsive (CSE) or nonconvulsive (NCSE) status epilepticus. CSE involves visually evident tonic, tonic-clonic, clonic or clonic activity of one limb, one side or the whole body with or without impairment of consciousness [6]. NCSE involves ongoing electrographic seizures without clinical convulsions [1, 4]. Most common causes of SE include subtherapeutic AED levels, stroke and remote brain injury/ congenital malformations [5]. The initial work-up should include glucose, complete blood count, toxicology testing, liver function tests, basic metabolic panel, urinalysis and AED levels (if applicable). Brain imaging, usually a CT scan of the head, should be done to rule out a structural lesion. Magnetic Resonance Imaging (MRI) of the brain with and without contrast and lumbar puncture should be pursued once patient has been stabilized. CSF studies should include cell count, cytopathology, gram stain, bacterial culture, viral titers, HSV PCR, and VDRL testing. Additional testing such as paraneoplastic or autoimmune panel, fungal and mycobacterial cultures can be sent depending on exposure and history (Table 38.1). An emergent EEG should be performed, especially for suspicion of NCSE, although it is not required for the early management of CSE [4]. A detailed history regarding the side and location of seizure onset, eye or head deviation, urinary or stool incontinence, recent sickness or behavioral changes, travel, illicit substance exposure, head trauma, past or family history of seizures must be elicited. If initial work-up is unrevealing, then additional testing to evaluate for occult malignancy must be pursued as SE can often be a presenting feature of a paraneoplastic or autoimmune condition. In spite of extensive evaluation, the etiology of SE is often not found.Table 38.1Cerebrospinal fluid studies to be sent for status epilepticus work-up


	Basic
	Other infectious
	Paraneoplastic or autoimmune anti-bodies

	Cell count
Differential count
Glucose
Protein
Gram stain
Viral culture
Bacterial culture
VDRL
HSV PCR
	Fungal culture
Acid fast bacillus stain
Acid fast bacillus culture
	Anti-NMDA
Anti-VGKC
Anti-Hu
Anti-CRMP5
Anti-Ma2
Anti-Ampiphysin






Pharmacologic Therapy of SE
SE is a neurologic emergency. The primary goal is rapid detection and early termination. The secondary goal is to achieve therapeutic level of an IV medication that will control the seizures as soon as possible. First line therapy for emergent SE treatment is benzodiazepines such as lorazepam and diazepam [6–8]. A recent randomized, controlled trial (RCT) in 2011 showed that intramuscular (IM) midazolam had a higher rate of seizure control as compared to IV lorazepam when used in the prehospital setting [9], which is important when IV access is unavailable. If the patient is still convulsing upon arrival in the ED, second-line treatment should be initiated for seizure cessation and maintenance of antiepileptic action [1, 4]. Second-line therapy includes valproate sodium [10], fosphenytoin [7], phenobarbital and levetiracetam. IV lacosamide has been increasingly used and was found to be as effective as phenytoin with lesser adverse effects [11]. Choice of agent is guided by patient factors such as hemodynamic stability, drug-drug interactions, side effect profile and prior AED. If seizures continue, another second-line medication can be considered; however, the use of a third-line agent such as continuous infusion of AEDs and IV anesthetics is strongly recommended. Table 38.2 provides a list of medications used in the management of SE.Table 38.2Medications used for the management of Status epilepticus


	Medications
	Dosages
	Significant adverse effects

	
                            Intermittent dosing
                          

	Diazepam
	L: 0.15 mg/kg IV up to 10 mg/dose (max rate 5 mg/min)
	IV contains propylene glycol

	Lorazepam
	L: 0.1 mg/kg IV up to 4 mg/dose (max rate 2 mg/min)
	IV contains propylene glycol

	Midazolam
	L: 0.2 mg/kg IM up to maximum 10 mg
	Respiratory depression, hypotension

	Fosphenytoin
	L: 20 mg PE/kg IV, may give additional 5 mg/kg (max rate 150 mg/min)
M: 100 mg Q8h (goal free level 1.0–2.0)
	Hypotension, arrhythmias

	Lacosamide
	L: 200–400 mg IV
M: 100–200 mg Q12h
	PR prolongation, hypotension

	Levetiracetam
	L: 1000–3000 mg IV (max rate 2–5 mg/kg/min)
M: 250–1500 mg Q12h
	 
	Phenobarbital
	L: 20 mg/kg IV, may give additional 5–10 mg/kg (max rate 50–100 mg/min)
M: 50–100 mg Q8h
	Hypotension, respiratory depression

	Phenytoin
	L: 20 mg/kg, may give additional 5–10 mg/kg, (max rate 50 mg/min)
	Arrhythmias, respiratory depression, purple glove syndrome, IV contains propylene glycol

	Topiramate
	L: 200–400 mg NG/PO
M: 300–1600 mg/day PO (divided 2–4 times daily)
	Metabolic acidosis

	Valproate sodium
	L: 20–40 mg/kg IV, may give additional 20 mg/kg (max rate 3–6 mg/kg/min)
M: Up to 60 mg/kg/day
	Hyperammonemia, pancreatitis, thrombocytopenia, hepatotoxicity

	
                            Continuous dosing
                          

	Midazolam
	L: 0.2 mg/kg (max rate 2 mg/min)
M: 0.05–2 mg/kg/h
	Respiratory depression, hypotension

	Pentobarbital
	L: 5–15 mg/kg (max rate ≤50 mg/min)
M: 0.5–5 mg/kg/h
	Hypotension, respiratory and cardiac depression, paralytic ileus, propylene glycol toxicity

	Propofol
	L: 1–2 mg/kg
M: 20–200 mcg/kg/min
	Respiratory and cardiac depression, (Propofol infusion syndrome: rhabdomyolysis, metabolic acidosis, renal failure)

	Thiopental
	L: 2–7 mg/kg (max rate ≤50 mg/min)
M: 0.5–5 mg/kg/h
	Hypotension, respiratory and cardiac depression


Adapted from Brophy et al. [1], with permission from Springer Science + Business Media LLC

L loading, M maintenance, IM intramuscular, IV intravenous, PO oral, NG nasogastric





Refractory SE (RSE)
RSE has been defined variably as SE requiring general anesthesia [12], persistent SE due to failure of emergent and urgent AED to control SE [1], or the failure of two or three AEDs [13–15] over a span of different time durations [15–18]. I V midazolam, propofol, pentobarbital or thiopental (not available in the US) can be used [19, 20]. Dosage and rate of infusion are titrated to achieve a therapeutic goal of either suppression of seizures or burst suppression on EEG. If a patient is on anesthetic therapy for 24 h and SE either continues, recurs or recurs as the anesthetic is weaned or stopped, the condition is termed malignant or super-refractory status epilepticus (SRSE). There are no RCTs evaluating the management of SRSE [18]. An example of an algorithmic approach to SE is presented in Fig. 38.2 [4].[image: A329322_1_En_38_Fig2_HTML.jpg]
Fig. 38.2Status epilepticus treatment algorithm from Yale University showing simultaneous status epilepticus and medical management (With permission: Amber Castle, PharmD, BCPS Yale-New Haven Hospital, New Haven, CT)






Medical Management of SE
Rapid assessment of medical stability of a patient in SE is important to prevent complications as pharmacologic therapy may compromise the airway and cause cardiac and hemodynamic abnormalities. Use of non-invasive ventilation during the administration of first-line therapy can be pursued. However, intubation and mechanical ventilation are often needed once second- and third-line therapies are instituted. Frequent monitoring of vital signs is mandatory as hypotension and arrhythmias are common, especially with phenytoin (infusion rate-dependent) and lacosamide. Common medical issues arising during the management of SE are presented in Table 38.3.Table 38.3Medical issues encountered among patients with status epilepticus


	Systemic complication
	Mechanism
	Management

	
                            Acid–base disorder
                            a,b
                          
	Respiratory acidosis from hypoventilation
Metabolic acidosis from recurrent muscular contraction
	Close monitoring
Fluid resuscitation for lactic acidosis
Endotracheal intubation if unable to compensate for respiratory acidosis

	
                            Pulmonary
                            a,b
                          
	 	 
	Hypoxia
Atelectasis
Pneumonia
Pleural effusions
	Aspiration, obstruction, apnea, mucus plugging, pulmonary edema
	Endotracheal intubation for airway protection
Bronchoscopy
Thoracentesis
Antibiotics

	
                            Cardiac
                          
	 	 
	Stress Cardiomyopathya,b,c

Arrhythmias
	Sudden catecholamine hyperactivity
Electrolyte imbalances
	Supportive care, hemodynamic monitoring, vasopressors; typically reversible.
Electrolyte replacement
Serial ECG, troponin monitoring and echocardiogram

	
                            Musculoskeletal injuries
                          
	 	 
	Cervical spine, skull and extremity fractures
Dislocations
Tongue lacerations
	Falls
Violent extremity movements
	Surveillance imaging
High index of suspicion
Orthopedic referral

	
                            Drug related
                          

                            See medications table
                          
	 	 
	
                            Long-term complications of prolonged ICU stay
                            a,b
                          
	 	 
	Thromboembolic disease
Recurrent pneumonia, atelectasis
Ventilator-dependence requiring tracheostomy
Dysphagia requiring feeding tube placement
Health-care associated infections such as UTI, clostridium difficile, blood stream infections
Critical illness myopathy and neuropathy
	Prolonged immobilization and sedation causes atelectasis, myopathy and neuropathy
Prolonged mechanical ventilator use can cause recurrent pneumonia
Prolonged urinary catheter use can cause UTI
Use of multiple antibiotics can contribute to development of clostridium difficile infection and other drug resistant bacteria
	Involvement of the rehabilitation team while in the ICU
Daily SBT (if possible)
Early discontinuation of urinary catheters
Rational use of antibiotics



ECG electrocardiogram, SBT spontaneous breathing trials, UTI urinary tract infection

aHocker [37]

bWijdicks [38]

cBelcour et al. [39]





Multidisciplinary Care
A multidisciplinary approach to the management of patients with SE must be pursued and must involve not only the neurologist, epileptologist, and neurointensivist but also include the nurses, respiratory therapists, pharmacists, therapists, nutritionist and if applicable, neurosurgeons and palliative care specialists. The prolonged ICU and hospital stay for patients with SE is often complicated by infections, hemodynamic instability, ventilator dependence, venous thromboembolism, skin ulcers, malnutrition and delirium.


Evidence Contour
Randomized controlled trials are lacking to support consensus statements or guidelines [1, 7, 9, 21] regarding the treatment of SE including newer AEDs beyond the use of benzodiazepine as the first-line therapy; and the same is true for RSE and SRSE. Although there is some agreement among experts regarding second-line therapy, there is a lack of consensus regarding subsequent management options, goals of treatment and the aggressiveness in management of NCSE.
Goals of Treatment
The control of SE is based on cessation of clinical as well as electrographic seizures, which requires several considerations. The goal of therapy can be cessation of electrographic seizures, burst-suppression or complete background suppression to an isoelectric pattern. There is no consensus on the electrographic end-point to guide addition of new agents and titration of medication dosages. In a systematic review comparing propofol, midazolam and pentobarbital for RSE, patients treated with EEG background suppression were less likely to have breakthrough seizures as compared to patients treated with seizure suppression goal (4 vs 53 %; p < 0.001) [20]. However, another study involving 47 patients in RSE did not show any difference in outcomes in patients achieving burst-suppression on EEG as compared to those who did not achieve burst suppression [22] . There is also lack of consensus on the intensity and duration of suppression. Bursts of less than 1 s with a suppression period of 10 s have been recommended; however, variable durations of bursts and suppressions have been tested, with some advocating isoelectric EEG as a therapeutic target [23]. Intensivists using anesthetics or barbiturates often maintain burst suppression for 24–48 h before attempting to withdraw the anesthetic agent. Recurrence of seizures during the withdrawal of an agent will prompt uptitration of the agent as well as addition of newer agents. Withdrawal of anesthetic agents should be done with EEG monitoring and initiation of other maintenance AEDs.

Non-convulsive Status Epilepticus (NCSE)
NCSE is a state of ongoing or intermittent clinical epileptic activity without convulsions for at least 30 min, with electrographic evidence of seizures [24]. It is classified into absence (generalized) and focal NCSE. NCSE constitutes about 20-25 % of SE cases. The incidence of NCS and NCSE is reported to be 8–56 % and 13–37 %, respectively [24–27] in patients with coma or altered mental status. NCSE may be underreported as it is usually diagnosed with EEG that is performed in the setting of high suspicion for NCSE. NCS has been noted in 48 % of patients after termination of generalized convulsive SE [27], 22 % with severe traumatic brain injury, 6 % with ischemic stroke, 28 % with intracerebral hemorrhage, and 17 % with CNS infections [26].
Patients may demonstrate confusion or varying degrees of alteration of consciousness and occasionally be noted to have subtle findings of eyelid blinking, ocular movements or facial twitching. Diagnosis of NCSE is made with prolonged EEG monitoring, often up to 24–48 h. EEG patterns can range from frequent or continuous, focal or generalized spike and wave discharges, periodic lateralized epileptiform discharges (PLEDs), bilateral periodic epileptiform discharges (BIPEDs), generalized periodic epileptiform discharges (GPEDs), or triphasic waves [28]. There is significant controversy regarding the occurrence of neuronal brain damage with NCSE [29, 30]. NCSE may be associated with neuronal loss, chronic atrophy and cognitive and behavioral consequences, although the evidence is based on animal studies or small case series [30]. Hence, there is debate about the level of aggressiveness in treatment of NCSE in comatose patients. Some experts recommend treating NCSE along the same algorithm as GCSE, while some others are reluctant to advocate for intravenous anesthetics for NCSE alone, reserving it for unusual cases [29, 31].
Mortality rates in NCSE range from 18 to 36 % [26, 32]. Death is usually secondary to underlying etiology and acute medical complications and rarely due to NCSE itself. Prognosis in NCSE depends on the etiology of the SE, complications of treatment, level of consciousness and EEG patterns [31].

Other Treatment Options in SE
There are several novel therapies used for RSE and SRSE that are gaining popularity but their use is not guided by large studies or randomized controlled trials. Therapies aiming a variety of treatment targets are now available [1, 18].
Ketamine is an intravenous anesthetic agent that binds to GABA(A) receptor as well as has antagonistic action at the N-methyl-D-aspartate receptor, with theoretical neurotoxic risk. Inhaled anesthetics such as isoflurane and desflurane can be used but are limited by their complications such as hypotension, infections, paralytic ileus and deep venous thrombosis. Corticosteroids and immunotherapy with intravenous immunoglobulins and plasmapheresis are being increasingly used based on the rationale of an occult immunological disease with yet unidentified antibodies and the role of inflammation in epileptogenesis. Ketogenic diet is gaining popularity in SRSE due to anti-epileptic as well as possible anti-inflammatory actions. It alters the primary cerebral energy metabolism from glucose to ketones and with possibly multiple mechanisms of anti-epileptic action [32, 33]. Hypothermia is known to reduce cerebral metabolic rate, oxygen utilization, ATP consumption, glutaminergic drive, mitochondrial dysfunction, calcium overload, free radical production, oxidative stress, permeability of blood–brain barrier and pro-inflammatory reactions [34]. Case reports have attempted to achieve hypothermia to 31–35 °C. Complications include acid–base disturbances, coagulation disorders, disseminated intravascular coagulation, thrombosis, infection, cardiac arrhythmia, bowel ischemia and paralytic ileus. Electroconvulsive therapy is a form of cerebral stimulation that increases presynaptic release of GABA and prolongs the refractory period after a seizure [35]. It is recommended as a daily treatment for 5–8 day course. Neurosurgical resection of the culprit lesion that is well-defined on radiologic and electrographic monitoring has been attempted. Other options such as corpus callosotomy and multiple subpial transactions have also been described. Other treatment options that have been explored are transcranial magnetic stimulation, vagus nerve stimulator, deep brain stimulation, cerebrospinal fluid drainage, intravenous magnesium sulfate, pyridoxine, and newer AEDs such as lacosamide, topiramate, and neurosteroid such as allopregnanolone [36].
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Introduction
Neuroleptic malignant syndrome (NMS) is a rare and potentially life-threatening drug-induced neurologic emergency characterized by fever, muscle rigidity, altered mental status, and autonomic dysfunction [1]. NMS is believed to be a result of dopamine deficiency from excessive dopaminergic blockade by antipsychotic medication and several anti-emetics, and less often by withdrawal of dopamine agonist therapy [2, 3]. Successful treatment requires prompt recognition, cessation of offending agents, aggressive supportive care, and administration of certain pharmacotherapies and interventions, such as dantrolene, bromocriptine and electroconvulsive therapy (ECT). While NMS is easily recognized in its severe form, early identification can be challenging because it is heterogeneous in onset and progression and several medical conditions exhibit similar symptoms [4–8]. The variability in NMS presentation makes controlled trials and collection of data difficult, and consequently, many aspects remain controversial, including pathophysiological mechanisms, risk factors, diagnostic criteria, prognosis and treatment [9].

Case Presentation
An 87-year-old man with atrial fibrillation on rivaroxaban (Xarelto) and mild dementia was admitted from the medical-behavioral unit (MBU) to the intensive care unit (ICU) with hypoxemia, fever and muscle rigidity. Six days prior, he presented to the emergency department (ED) with a scalp hematoma after an unwitnessed fall at home. Physical exam in the ED was otherwise normal and computed tomography (CT) scans of his head and cervical spine were negative for acute injury or pathological process. An episode of agitation in the ED was treated a 5 mg intramuscular (IM) injection of haloperidol and the patient was admitted for observation. Of note, the patient’s wife reported an acceleration in his dementia over the past few months and he was recently made DNR/DNI; he has been increasingly confused, with episodes of agitated behavior mostly at night, with restless legs while sleeping and periodic falls out of bed. The day after admission, the patient was appropriate and cooperative but in the evening, he became acutely agitated, confused and combative, grabbing and hitting staff. He ripped out his intravenous catheter and haloperidol, 3 mg, was again administered intramuscularly. The following day, the patient was admitted to the MBU under the care of a geriatric psychiatrist. He exhibited impulsive behavior and confusion with periods of restlessness and fidgety movements. At times, he was combative, requiring quetiapine (Seroquel) 12.5 mg every 6 h and olanzapine (Zyprexa) 1.25 mg IM daily over the course of three days. On the morning of the sixth day after his fall, the patient was noted to have poor appetite and was less interactive than previously. He appeared withdrawn and was not responding to verbal cues over the course of the day. In the afternoon he was noted to have increasing tremor in his arms and legs and diffuse muscle rigidity with new-onset coughing spasms. His blood pressure (BP) was 122/95 but his previously rate-controlled atrial fibrillation was now 171 beats per minute (bpm). His respirations at 20 breaths per minute were associated with a gurgling noise and his oxygen (O2) saturation was 86 % on room air. His axillary temperature was 98.9 °F. Repeat vital signs on 2 l per minute of O2 by nasal cannula improved saturation to 90–92 %, but BP had decreased to 82/33, and his temperature measured rectally was 103.2 °F. The patient was placed on a non-rebreather (NRB) face mask and transferred to the ICU. In the ICU, the patient was nonverbal, febrile to 104.1 °F and displayed lead-pipe rigidity. He remained with an O2 saturation above 95 % on NRB. Repeat CT head showed no new bleed or other intracranial process. A cooling blanket and ice packs were applied and 4 l of normal saline were given for hypotension and decreased urine output. Laboratory studies were remarkable for a white blood cell count of 9.2 × 103 μL, with 90 % neutrophils and creatine kinase (CK) level of 1273 U/L (Normal, 35–232 U/L). Urinalysis, electrolytes, thyroid function tests, liver enzymes and coagulation studies were normal. A lumbar puncture was performed with a normal CSF profile and all cultures and serologies were negative. EEG was within broad limits of normal.
Question
How do you make this diagnosis?

Answer
By exclusion. Neuroleptic Malignant Syndrome is diagnosed by eliminating other potential causal explanations for the typical clinical findings

After the exclusion of CNS infection, cerebrovascular abnormality, status epilepticus, and systemic conditions, a diagnosis of neuroleptic malignant syndrome (NMS) was made based on altered mental status, muscle rigidity, hyperthermia, hemodynamic instability and elevated creatine kinase in the setting of recent exposure to haloperidol, quetiapine and olanzapine. All antipsychotics were stopped. Benzodiazepines were considered to control the rigidity but were avoided given concerns for respiratory failure in this DNI patient. A nasogastric tube was inserted and the patient was given bromocriptine 2.5 mg every six hours. Strict volume status assessments and serial electrolyte and renal function laboratory testing were performed to guide IV hydration for a goal of euvolemia. Heart rate improved to the low 90s with fluid administration. Piperacillin/tazobactam was given for 3 days but was stopped once cultures were finalized. After four doses, bromocriptine was increased to 5 mg every 6 h. The patient’s symptoms slowly improved over the following week, with rigidity, hyperthermia and autonomic dysfunction resolving before his mental status returned to baseline.

Principles of Management
Diagnosis
In 2011, an international multispecialty expert panel published consensus recommendations for diagnostic criteria of NMS using a set of quantitative critical values and priority-scored clinical features [10]. While this criteria system has yet to be independently validated, it may help guide diagnosis. Clinical features were given a priority score by the panel for their relative importance in contributing to the diagnosis. The following features are listed in order of higher to lower scored values: recent dopamine antagonist exposure, or dopamine agonist withdrawal; hyperthermia; rigidity; mental status alteration; CK elevation; sympathetic nervous system lability; tachycardia plus tachypnea; and a negative work-up for other causes. The critical values were defined as hyperthermia > 100.4 °F or > 38.0 °C on at least 2 occasions, CK level at least 4 times the upper limit of normal, blood pressure elevation of ≥ 25 % above baseline, blood pressure fluctuation ≥ 20 mmHg diastolic or ≥ 25 mmHg systolic change within 24 h; tachycardia ≥ 25 % above baseline, and tachypnea ≥ 50 % above baseline.
This distinct set of clinical features and laboratory abnormalities are all highly associated with NMS yet no single test is specific to the diagnosis. A workup to rule out other serious neurological or medical conditions, including central nervous system (CNS) infections, toxic or metabolic etiologies, inflammatory or autoimmune conditions, status epilepticus and systemic conditions is an essential first step. The diagnosis of NMS is subsequently made based on positive clinical and laboratory findings after the exclusion of alternative causes [10]. In a clinical review of 153 published case reports of NMS, mental status change or muscle rigidity was the initial manifestation in 82.3 % of cases [11]. These early symptoms should prompt brain imaging studies and lumbar puncture to exclude intracranial pathology such as subarachnoid hemorrhage (SAH) and CNS infection [12], and electroencephalography can rule out status epilepticus. However, it may be difficult to distinguish NMS from other medication-induced movement disorders, toxin-induced hyperthermias and acute dysautonomias such as serotonin syndrome (SS), malignant hyperthermia (MH), malignant catatonia, and central anticholinergic syndrome (CAS).

Medication History and Temporal Clues
The patient’s medication history along with the temporal progression of signs and symptoms provide the most valuable clues to diagnosis (Table 39.1). Most cases of NMS present gradually within the first week of drug administration, and all usually within 30 days [13]. In contrast, malignant hyperthermia, anticholinergic syndrome and serotonin toxicity tend to present rapidly after exposure to causative agents [14, 15]. Nearly all dopamine antagonists have been implicated in NMS. Withdrawal of dopamine agonists has also been associated with a less severe form. Conventional, “typical,” or first-generation antipsychotic (FGA) agents pose greater risk than newer “atypical” or second-generation antipsychotic (SGA) drugs and certain antiemetic medications [6, 16–22]. NMS occurs within the therapeutic dosage range of antipsychotics and is not a dose-dependent phenomenon. Though recent or rapid dose escalation, higher doses, parenteral administration and a switch from one agent to another have been implicated as risk factors in case–control studies [5, 23–27]. Additional factors associated with a heightened risk of neuroleptic malignant syndrome include exhaustion, dehydration, and iron deficiency [24, 27, 28].Table 39.1Differential diagnosis for neuroleptic malignant syndrome


	 	 	Disorder
	Onset time
	Muscular symptom
	Other features
	Postulated mechanism
	Causative agents
	Possible treatments

	
                            Medication-induced movement disorder
                          
	 	Medication-induced acute dystonia
	Hours to a few days
	Sustained, involuntary muscle contraction, torticollis, retrocollis, oculogyric crisis, blepharospasm
	–
	Imbalance of dopaminergic/cholinergic transmission
	Neuroleptic dosage increase or decrease in dosage of medication to treat EPS
	Anticholinergics, benzodiazepines

	 	 	Medication-induced acute akathisia
	Hours to days
	Fidgety movements of the legs, rocking from foot to foot, pacing
	Complaints of restlessness and unease
	Mesocortical D2 antagonism
	 	Dose reduction, propranolol, benzodiazepines, anticholinergics

	 	 	Neuroleptic-induced parkinsonims
	Weeks
	Akinesia, bradykinesia, rigidity, shuffling gait, resting tremor
	Masklike facies, postural instability
	Postsynaptic striatal D2 antagonism
	 	Dose reduction, anticholinergics, dopamine agonists

	 	 	Tardive dyskinesia
	3 months to years
	Late onset involuntary athetoid or choreiform movements, buccolinguomasticatory movements
	–
	Excess dopaminergic activity
	Neuroleptic use for at least a few months
	Early recognition, stop offending antipsychotic, cholinergics

	 	
                            Toxin-induced hyperthermia
                          
	Neuroleptic malignant syndrome
	2–10 days
	Lead-pipe rigidity, bradyreflexia
	Altered mental status, hyperthermia, autonomic instability, catatonia, mutism
	D2 antagonism in striatum, hypothalamus and mesocortex
	FGAs (chlorpromazine, haloperidol, fluphenazine), SGAs (clozapine, risperidone, olanzapine, quetiapine), antiemetics (prochlorperazine, promethazine, trimethobenzamide, thiethylperazine, metoclopramide), amoxapine
	Early recognition, stop offending drug, cooling, fluid resuscitation, cardiopulmonary support, benzodiazepines, dantrolene, bromocriptine, amantadine, or other direct-acting dopamine agonist, ECT

	 	 	Serotonin syndrome
	Hours (<24)
	Clonus, hyperreflexia, fasciculation, tremor
	Anxiety, disorientation, psychomotor agitation, hyperalertness, hyperthermia, autonomic hyperactivity, gastrointestinal symptoms
	Excessive stimulation of serotoninergic receptors in the peripheral and central nervous system
	MAOIs, SSRIs, meperidine, dextromethorphan, TCAs, L-tryptophan, lithium, linezolid, valproate, ondansetron
	Cyproheptadine, active cooling

	 	 	Central anticholinergic syndrome
	1 to 2 h
	Myoclonus, choreoathetosis
	Hypervigilance, agitation, hallucinations, delirium, coma, mydriasis, hyperthermia, tachycardia, hypertension, tachypnea, dry flushed skin, dry mucous membranes, decreased bowel sounds, urinary retention
	Central cortical and subcortical muscarinic receptor antagonism
	Antihistamines, TCAs, cyclobenzaprine, orphenadrine, antiparkinson agents, antispasmodics, phenothiazines, atropine, scopolamine
	Physostigmine, supportive care

	 	 	Malinant hyperthermia
	Minutes to hours (<12 h)
	Rigor mortis-like rigidity
	Hypercarbia, tachycardia, tachypnea, mixed respiratory and metabolic acidemia, hyperthermia, rhabdomyolysis
	AD gene disorder of ryanodine receptor Ca+ channel, uncontrolled release of Ca+ with elevation of intracytyoplasmic Ca + levels, continuous muscle activation, and ATP breakdown. SR Ca+ pump unable to re-sequester Ca+. ATP breakdown further aggravates heat production
	Volatile anesthetic agents (halothane, isoflurane, sevoflurane, desflurane), depolarizing neuromuscular blocker (succinylcholine)
	Dantrolene, active cooling



D

                        2
                       dopamine type-2 receptor, AD autosomal dominant, Ca

                        +
                       calcium, SR sarcoplasmic reticulum, ATP adenosine triphosphate, EPS extrapyramidal signs, FGA first-generation antipsychotic, SGA second-generation antipsychotic, MAOI monoamine oxidase inhibitor, SSRI selective serotonin reuptake inhibitor, TCA tricyclic antidepressant, ECT electroconvulsive therapy




Drugs with anticholinergic activity, such as tricyclic antidepressants, antihistamines, phenothiazines, and antiparkinson agents can cause fever by disturbing central hypothalamic function and decreasing peripheral heat dissipation [29–32]. Marked hyperthermia and CAS can occur when these drugs are taken in combination. Anticholinergic medications are a common treatment for FGA extrapyramidal side effects; distinguishing between NMS and CAS by medication history can be difficult in these patients. Direct or indirect serotonin agonists lead to SS and diagnosis of NMS may be also be challenging in patients taking both serotonergic and neuroleptic agents [33]. On the other hand, exposure history is helpful in distinguishing between NMS and MH, a hypermetabolic crisis that occurs when a MH-susceptible individual is administered potent halogenated inhalational anesthetics or succinylcholine. When the history uncovers several possible offending drugs from multiple categories or in the absence of a reliable history, a detailed examination of clinical features can also be useful in differentiating among disorders [34] (Table 39.1).

The Clinical Tetrad of NMS: Clues to Diagnosis and Management Concerns
A review of 222 published cases revealed a common sequence of symptom development in 70.5 % of NMS patients, beginning with mental status changes, followed by muscle rigidity, then hyperthermia, and finally autonomic dysfunction [11]. Appearance of any of these four cardinal signs should prompt early initiation of supportive care with a low threshold for suspicion since NMS complications are severe and occur frequently. A recent analysis of the nationwide inpatient sample (NIS) database was performed, identifying rates of complications, mortality, and outcomes in 1346 patients with NMS from 2002 to 2011 [35]. In-hospital death occurred in 75 (5.6 %) patients and the most prevalent complication was rhabdomyolysis (30.1 %). Universal management of NMS includes immediate discontinuation of the offending drug, or reinstitution in the case of abrupt discontinuation of dopaminergic therapy, correction of dehydration and electrolyte imbalance, controlling the hyperthermia and rigidity, and preventing complications. The need for monitoring in an intensive care unit with expert and robust supportive care is undisputed.
Hyperthermia
Abrupt reduction in dopaminergic transmission in the hypothalamus alters the core temperature set point, leading to impaired thermoregulation in NMS [36]. Blockade of dopamine receptors in the corpus striatum causes muscular rigidity and secondary heat production. While fever is a defining symptom in NMS, many conditions in critically ill patients result in inflammation, tissue injury and a febrile reaction and it may be difficult to determine the etiology of a fever early in the clinical course. Leukocytosis, ranging from 10,000 to 40,000/μL, with or without a “left shift” is a consistent laboratory finding in NMS [37]. Obtaining appropriate cultures should not be avoided although approximately half of febrile patients in the intensive care unit (ICU) will have a non-infectious cause of fever, with most no greater than 38.9 °C (102 °F) [38]. A fever in excess of 38.9 °C (102 °F) is usually of an infectious etiology, though a transfusion reaction or a drug fever may also trigger temperatures exceeding 102 °F [39]. In patients with a temperature greater than 104 °F, however, NMS, SS, MH and SAH should always be considered. Hyperthermia should be aggressively treated with cooling blankets, ice packs and fans. The role of NSAIDs and acetaminophen in toxin-induced hyperthermia is not established but antipyretic agents can be helpful if an infection is a comorbid factor.

Altered Mental Status
A reduced or fluctuating level of consciousness typically precedes systemic signs in patients with NMS [11] but the onset of symptoms may be underappreciated given the psychiatric comorbidity of susceptible patients. Altered mental status is multifactorial and may reflect hypothalamic and spinal dopamine receptor antagonism, hyperthermia effects on the CNS, or direct effects of other drugs [40]. Individuals may appear alert but dazed and unresponsive. Catatonic signs and mutism can be prominent and patients may evolve into profound encephalopathy and eventual coma [41]. Malignant or lethal catatonia, a condition similar to NMS that some argue is on the same spectrum [42], can be distinguished by a several-week prodrome of psychosis, agitation, and catatonic excitement [43, 44]. Hyperactivity and agitation are common to SS and CAS, in contrast to the catatonic stupor more prevalent in NMS [12].

Muscular Rigidity
Interference with nigrostriatal dopamine pathways contributes to muscle rigidity and tremor in NMS, classically characterized by “lead pipe rigidity” or stable resistance through all ranges of motion when passively moving the extremities [1, 2, 45, 46]. The motor symptoms of malignant catatonia display more positive phenomena (dystonic posturing and stereotyped repetitive movements) than what is seen in NMS while the presence of myoclonus, ataxia, shivering and hyperreflexia is more indicative of serotonin syndrome [33, 47] (Table 39.1). Patients with anticholinergic syndrome have few muscular abnormalities because skeletal muscle contraction is effected by nicotinic rather than muscarinic transmission. The muscle rigidity seen in malignant hyperthermia, however, is quite similar to NMS and must be distinguished by the clinical setting. Tremor is often associated with NMS, and dystonia, trismus, chorea, opisthotonus, and other dyskinesias are present less commonly [5, 48]. Patients can also have prominent dysarthria, sialorrhea, and dysphagia and prophylactic intubation may be required. Acute respiratory failure was the strongest independent predictor of mortality (p < 0.001) in the NIS database analysis [35]. Creatine kinase concentration may be elevated before the onset of muscle rigidity and higher levels are consistent with a poor prognosis [48–50]. Muscle damage and necrosis from the metabolic inequality between energy consumption and production can progress quickly to rhabdomyolysis, with associated hyperkalemia, hyperphosphatemia, hyperuricemia, hypocalcemia and lactemia. Aggressive fluid resuscitation to maintain adequate urine output is imperative in preventing progression to acute myoglobinuric renal failure, compartment syndrome, cardiac dysrhythmias from electrolyte abnormalities, and disseminated intravascular coagulopathy [51, 52]. Sodium bicarbonate to alkalinize the urine and prevent breakdown of myoglobin into nephrotoxic metabolites is often used though it has not been shown to be superior to saline alone, and bicarbonate may worsen hypocalcemia [51].

Autonomic Dysfunction
Dysautonomia in NMS is likely due to hypothalamic dopamine type-2 (D2) receptor blockade. Removal of normal dopamine regulation of efferent sympathetic activity leads to autonomic activation while unregulated vasomotor and sudomotor activity causes labile blood pressure and heart rate [53]. Early clues of autonomic instability are urinary incontinence, pallor and profuse diaphoresis, with increased “insensible fluid losses.” Hypotension should be treated with generous isotonic crystalloid administration but vasopressors, antiarrhythmic agents or pacing may be required. Respiratory distress and tachypnea are common and result from hypermetabolism and subsequent metabolic acidosis. Chest wall restriction, autonomic dysfunction with loss of protective airway reflexes and aspiration pneumonia can lead to respiratory failure.



Evidence Contour
Treatment of NMS with pharmacological agents and electroconvulsive therapy (ECT) is controversial and large clinical trials investigating specific therapies are lacking. Recommendations for the use of single- or combination-therapy consisting of benzodiazepines, dantrolene, bromocriptine, amantadine and ECT are based upon case reports and anecdotal evidence and their benefit over good supportive care is debated [54, 55]. The lack of other proven treatments and high fatality rate of the disorder easily justifies their use in patients with severe NMS.
Benzodiazepines
Benzodiazepines are the most widely used pharmacologic adjuncts in management of NMS because of their rapid onset of action and usefulness in reversing catatonic symptoms and agitation. Benzodiazepines facilitate GABA-mediated chloride transport, producing neuronal hyperpolarization which attenuates the sympathetic hyperactivity characterized by NMS [40]. Several clinical reports suggest that lorazepam and other benzodiazepines may reduce recovery time and improve outcome [19, 56, 57] and a few cases found benzodiazepines to be effective when other medications failed [58]. A trial of lorazepam, starting with 1–2 mg parenterally, is a reasonable first-line intervention for acute NMS with difficulty in assessing mental status as the primary disadvantage.

Dantrolene
Because of its efficacy in reducing heat production, rigidity and oxygen consumption in anesthetic-induced malignant hyperthermia, dantrolene, a direct-acting skeletal muscle relaxant, has been used in the treatment of NMS. Dantrolene is believed to decrease skeletal muscle contraction by interfering with calcium ion release from the sarcoplasmic reticulum which uncouples the excitation-contraction process. In some meta-analyses, improvement of NMS occurred in approximately 80 % of patients treated with dantrolene monotherapy [59–61]. In contrast, a more recent meta-analysis of 271 published cases found that treatment of NMS with dantrolene as monotherapy was associated with a higher mortality, and complete time to remission was prolonged by combination therapy including dantrolene [54]. Dantrolene can be administered intravenously starting with an initial bolus dose of 1–2.5 mg/kg followed by 1 mg/kg every 6 h up to a maximum dose of 10 mg/kg/day [6, 60–63]. Effects are usually reported within minutes of administration. Due to a risk of hepatoxicity, dantrolene is typically discontinued once symptoms begin to resolve although some recommend continuing for 10 days followed by a slow taper with doses of oral dantrolene that range from 50 to 200 mg/d to minimize relapse [63].

Bromocriptine
Bromocriptine is a centrally acting synthetic dopamine agonist that stimulates D2 receptors and antagonizes type-1 receptors (D1) in the hypothalamus and the neostriatum of the CNS. Bromocriptine is used in NMS to reverse the hypodopaminergic state precipitated by the antipsychotic-related striatal D2 antagonism and therefore ameliorate the manifestations of NMS [2]. In a review of 67 published cases of NMS, Bromocriptine was found to significantly shorten time to clinical response compared to supportive treatment alone [60] and a larger review of 734 cases found that bromocriptine significantly reduced mortality rate compared with supportive care (10 % versus 21 %) [61]. In contrast, a small prospective study in 20 patients showed that dantrolene and/or bromocriptine use was associated with a more prolonged course (9.9 versus 6.8 days) and a higher incidence of complications compared with those receiving supportive care alone [55]. However, patients in the treated group of this nonrandomized study were sicker than those not treated. Bromocriptine is not available in an injectable form and therefore, can be given only orally or through a feeding tube, starting with doses of 2.5 mg, 2–3 times daily, increasing doses by 2.5 mg every 24 h until a response is obtained or until reaching a maximum dose of 45 mg/day. It is recommended that bromocriptine be continued for 10 days after symptoms are controlled and then tapered slowly to minimize the likelihood of recrudescence of NMS [6, 60, 61, 63].

Amantadine
Other dopamine agonists with anecdotal evidence of success include ropinirole, levodopa [64, 65], and amantadine [6, 66, 67]. Dopaminergic agents may be associated with exacerbation of underlying psychiatric illness but is usually well tolerated in psychotic patients. Amantadine has been used to treat Parkinson disease and has been tried in neuroleptic malignant syndrome because it increases synaptic dopamine activity. Its antiparkinsonian activity results from blocking reuptake of dopamine into presynaptic neurons and causing direct stimulation of postsynaptic receptors.

Electroconvulsive Therapy
Although there are no prospective, randomized, controlled data, the efficacy of ECT in treating malignant catatonia and improving Parkinsonism provide rationale for its use in NMS, especially in patients not responding to other treatments or in whom non-pharmacologic psychotropic treatment is needed. Clinical response, presumably by enhancing central dopaminergic transmission, was seen by the third or fourth treatment in a review of 5 patients treated with ECT, and after an average of 4.1 treatments in a comprehensive literature review of 55 patients [68, 69]. A review of published cases found a lower mortality rate in ECT treated patients compared with those receiving supportive care alone [70]. The interpretation of these results are limited by variable timing of ECT in relation to symptom onset and lack of randomization.
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Case Presentation
Forty two year old man is brought to the emergency department after he was hit by a car while crossing a street. Upon EMS arrival, he had normal vital signs and was awake and mumbling incomprehensible words. The patient deteriorated en route to the hospital and is now unresponsive with Glasgow Coma Scale (GCS) of 4 and extensor posturing. His blood pressure now is 205/120 mmHg with heart rate of 45 beats/min. Left pupil is fixed and dilated. CT scan of the head performed after endotracheal intubation showed large left temporal epidural hematoma with midline shift of 7 mm towards right and left uncal herniation. Additionally, there is evidence of bifrontal hemorrhagic contusions and thin layer of subarachnoid hemorrhage along cortical surface. Laboratory studies revealed normal hemoglobin and hematocrit and a Focused Assessment with Sonography in Trauma (FAST) study did not show signs of major extracranial bleeding. Bedside examination and imaging studies did not show any major cervical, extremities or thoracoabdominal trauma.
Question
What is the most appropriate treatment for this patient with severe traumatic brain injury at this time?

Answer
Emergent surgical evacuation of epidural hematoma.

This patient has suffered severe traumatic brain injury with no evidence of other significant extracranial injury. The patient is showing signs of increased intracranial pressure as evident from decreased level of consciousness and Cushing reflex caused by evolving epidural hematoma. Patient underwent emergent left temporal craniotomy and epidural hematoma evacuation. An intraparenchymal fiberoptic intracranial pressure monitoring device and a brain tissue oxygen tension (PbtO2) monitoring device were inserted in the right frontal region. A target driven protocol-based treatment of intracranial hypertension and brain tissue hypoxia was initiated with goal ICP <20 mmHg, CPP >60 mmHg and PbtO2 > 20 mmHg. On postoperative day 2, neurological examination improved slightly with patient withdrawing to painful stimuli on upper extremities, however still unable to follow commands. Patient had episodes of sustained elevations in intracranial pressure above 25 mmHg lasting longer than 15 min. Patient was treated with isotonic saline bolus to treat hypotension and Mannitol to treat intracranial hypertension. Sustained brain tissue hypoxia in the setting of normal CPP was treated with induced systemic hyperoxia by increase in FiO2 and blood transfusion to increase oxygen carrying capacity. Patient developed intracranial hypertension refractory to hyperosmolar therapy and propofol sedation. Patient was placed on intravenous pentobarbital coma. Continuous EEG monitoring was used to assess the depth of sedation with goal of achieving burst suppression. Patient did not respond to medical therapy for treatment of refractory intracranial hypertension and a bifrontal decompressive craniectomy was performed.

Principles of Management
Primary and Secondary Brain Injury
TBI results in two distinct phases of brain injury. The primary brain injury that occurs at time of trauma is physical tissue injury resulting in shearing or compression of brain parenchyma. Severity of primary brain injury is a major determinant of outcome; however, it is generally irreversible and non-modifiable. Secondary brain injury that occurs hours to days after the traumatic event is the result of complex interaction between various intracranial and systemic factors. Brain ischemia resulting from secondary injury caused by decreased cerebral perfusion pressure from elevated intracranial pressure or systemic hypotension, hypoxia, hypocapnia, and brain herniation can significantly impact outcome and therefore, management of TBI focuses on reducing this secondary injury.

Severity of Traumatic Brain Injury
Classification of TBI based on initial severity helps in predicting likely outcome as well as understanding natural history. Severity of TBI is defined based on findings on neuroimaging, GCS within first 24 h of presentation, presence or absence and duration of loss of consciousness, post-traumatic amnesia and change in mental status. Table 40.1.Table 40.1Classification of severity of traumatic brain injury


	Criteria
	Mild
	Moderate
	Severe

	Neuroimaging
	Normal
	Normal or abnormal
	Abnormal

	Initial GCS
	13–15
	9–12
	<9

	Loss of consciousness
	Absent or upto 30 min
	30 min to 24 h
	More than 24 h

	Post-traumatic amnesia
	Absent or upto 24 h
	1–7 days
	More than 7 days

	Change in mental status
	Absent or upto 24 h
	More than 24 h


Adapted from VA/DoD clinical practice guideline for management of concussion/mild traumatic brain injury





Prehospital and Emergency Department
Two major causes of secondary brain injury after TBI are cerebral hypoperfusion and hypoxia. Studies have shown that systolic BP < 90 mmHg and PaO2 < 60 mmHg are associated with poor outcomes after TBI [1]. The prehospital treatment is focused toward establishing and maintaining adequate circulation, patent airway and oxygenation. Securement of airway by endotracheal intubation should be considered in patients with GCS <9 while ensuring hemodynamic stability. Crystalloids are preferred over colloids for fluid resuscitation as use of albumin resulted in increased mortality in a randomized clinical trial [2]. All patients with suspected moderate to severe TBI or GCS <15 should undergo neuroimaging evaluation. Non-contrast CT of head is preferred modality due to rapidity, wide availability and high sensitivity for detection of intra- and extraparenchymal hemorrhage and fractures. Common findings on initial CT of head in severe TBI include one or more of cerebral contusion (frontal and temporal lobes are common location), subdural hematoma, epidural hematoma, subarachnoid hemorrhage, intraventricular hemorrhage, diffuse cerebral edema, skull fracture and extracranial hematoma. Frequently, initial CT scan in comatose patients with severe TBI and diffuse axonal injury may be largely unremarkable. A follow up CT done 6–12 h after the initial CT may show development of new lesions or expansion of previously seen contusions. Early detection and treatment of intracranial hypertension should begin in emergency department as both duration and severity of low cerebral perfusion are associated with worse outcomes. Patients with severe TBI should be transferred to a tertiary center with emergent neurosurgical services once hemodynamic stability is established [3] (Fig. 40.1).[image: A329322_1_En_40_Fig1_HTML.gif]
Fig. 40.1CT scan of the head showing different findings in severe traumatic brain injury. (a) Crescent shaped hyperdensity in the suggestive of left sided acute subdural hematoma with mass effect and left to right midline shift. (b) Lenticular hyperdensity suggestive of acute epidural hematoma with effacement of left lateral ventricle. (c) Bifrontal traumatic cerebral contusions






Mechanical Ventilation
Positive end-expiratory pressure should be kept to minimum to adequately oxygenate in patients with intracranial hypertension requiring mechanical ventilatory support. Prolonged hyperventilation induced hypocapnia increases risk of ischemia by cerebral vasoconstriction while permissive hypercapnia may lead to intracranial hypertension via cerebral vasodilation.

Analgesia, Sedation and Neuromuscular Paralysis
Inadequate pain control, agitation and anxiety may increase ICP and cerebral oxygen demand while unnecessary and excessive sedation results in inability to detect change in neurological exam. Therefore, judicious use of short acting opioids such as fentanyl, ramifentanyl or morphine is warranted for pain control and propofol or short acting benzodiazepine such as midazolam may be used to provide sedation. Non-depolarizing muscle relaxants should be used for patient-ventilator dyssynchrony causing refractory hypoxia and to treat intracranial hypertension caused by excessive coughing or straining.

Surgical Treatment
Epidural Hematoma
Patients with EDH and GCS score <9 should undergo surgical evacuation. Surgery is also recommended for patients with EDH volume ≥30 cc, thickness ≥15 mm or midline shift of ≥5 mm regardless of GCS. Patients managed nonoperatively should undergo serial CT imaging and frequent neurological monitoring where emergent neurosurgical treatment is available. Temporal location increases the risk of deterioration and therefore, threshold for surgery should be kept lower for patients with temporal EDH. Time from neurological worsening to EDH evacuation correlates more with outcomes than time from injury to evacuation. Therefore, in patients undergoing initial non-surgical treatment, neurological deterioration as defined by worsening level of consciousness, abnormal papillary reflex, and appearance of new focality or worsening of existing focal deficits should prompt urgent surgical evacuation.

Subdural Hematoma
The indications for surgery in acute traumatic SDH include clot thickness >10 mm or midline shift >5 mm on initial CT imaging regardless of GCS. In patients with smaller SDH, GCS <9 or decrease in GCS by 2 points or more since presentation, presence of papillary abnormality or persistent elevation of ICP >20 mmHg should prompt surgical evacuation.

Intraparenchymal Hematoma/Traumatic Cerebral Contusion
Patients with GCS of <9 with frontal or temporal hematoma of >20 cc with midline shift of ≥5 mm or cisternal compression and those with any hematoma of >50 cc should undergo evacuation. Also, patients with neurological deterioration thought to be related to intraparenchymal hematoma should also be treated surgically [4]. Neurologically stable patients with parenchymal contusion showing no significant mass effect on CT scan can be managed nonoperatively with close monitoring and serial imaging. Patients with medically refractory intracranial hypertension from diffuse cerebral edema may be treated with bifrontal or hemispheric decompressivecraniectomy.



Evidence Contour
Indication of Intracranial Pressure Monitoring and Pressure Threshold
Invasive ICP monitoring is not routinely indicated in all cases of TBI and the risks of monitoring such as infection and bleeding must be weighed against the benefit of additional information obtained by such monitoring. Patients with severe TBI with abnormal CT scan and GCS <9 should undergo ICP monitoring as they have high likelihood of transient or persistent elevation in ICP resulting in compromise in cerebral perfusion pressure and inability of serial clinical examinations to identify subtle changes related to intracranial hypertension due to poor baseline neurological status. Normal neuroimaging especially during early hours of TBI does not rule out intracranial hypertension. Patients with two or more of the following factors should undergo ICP monitoring in the absence of abnormal findings on CT scan of the head: age above 40 years, motor posturing, systolic blood pressure <90 mmHg. The ICP threshold above which interventions aimed at lowering the ICP should be implemented is unclear at this time. ICP of above 20 mmHg is generally recommended as the treatment threshold by several guidelines. Cerebral perfusion pressure (CPP = MAP-ICP) based threshold may provide for a more physiologically rational parameter and should be used in conjunction with ICP parameter with goal CPP >60–65 mmHg. Different devices used for ICP monitoring use any of available technologies such as fiberoptic sensor, microchip with internal strain gauge, air pouch or fluid filled catheter connected to pressure transducer. Devices also differ in terms of location of tip such as subdural, epidural, subarachnoid, intraparenchymal and intraventricular. Of these, fluid-filled transduced ventriculostomy catheter provides the most accurate ICP value and also allows for therapeutic CSF drainage and is therefore, preferred over other modalities.

Post-traumatic Seizures
Patients with moderate to severe TBI often have convulsive episode immediately after the impact. The issue of whether these ‘impact seizures’ represent true epileptic convulsion or convulsive concussion is not settled. Either way, these post-traumatic early seizures which can occur up to a week after the injury represent symptomatic events and have low likelihood of recurrence. Risk factors for early seizures are younger age, subdural hematoma, cortical contusions and penetrating head injury. Prophylactic use of AEDs in TBI is controversial. A pooled analysis of controlled trials showed that the use of prophylactic AEDs in selected TBI patients resulted in lower incidence of early posttraumatic seizures [5]. However, in a placebo controlled randomized trial, phenytoin did not reduce the rate of early posttraumatic seizures in young patients with blunt head injuries [6]. Early seizures may degenerate in to status epilepticus with associated high mortality and both convulsive and non-convulsive seizures can worsen intracranial hypertension. Therefore, use of AEDs for 1 week to prevent seizures in patients at high risk for early seizures is recommended. Phenytoin is preferred agent because of stronger evidence and availability of IV formulation. However, Levetiracetam is an acceptable alternative to phenytoin based on similar outcomes in a large prospective study [7]. Long term prophylaxis is ineffective in preventing late posttraumatic epilepsy and later treatment should be started or continued on occurrence basis.

Therapeutic Hypothermia
High quality randomized trials have failed to show benefit of induced hypothermia after TBI [8, 9]. Use of therapeutic hypothermia was associated with risk of medical complications and its routine use to improve neurological outcomes in TBI is not recommended.

Advanced Neuromonitoring
Brain Tissue Oxygen (PbtO2)
Partial pressure of oxygen in brain tissue can be monitored by an electrode placed in the brain region at risk for tissue hypoxia. Persistent brain tissue hypoxia defined as PbtO2 < 20 mmHg has been shown to be associated with worse outcomes after TBI. It is unclear whether this association is an indicator of severity of injury or a potentially modifiable parameter to change the outcomes. Several non-randomized studies have shown that a protocol based PbtO2 monitoring and interventions to minimize brain tissue hypoxia such as normobaric hyperoxia, elevation of CPP by reduction in ICP or hemodynamic augmentation and blood transfusion to increase O2 carrying capacity is associated with better outcomes [10, 11]. A phase II randomized trial (BOOST-2) also showed that PbtO2 monitoring and protocol based interventions are feasible, safe and associated with trend toward better outcomes compared to ICP monitoring based intervention alone [12].

Cerebral Microdialysis
Microdialysis consists of continuous sampling of the small molecules in the interstitial fluid via a small catheter placed within the tissue at risk for secondary injury. Analysis of various biochemical markers provides important information regarding metabolic milieu of the cerebral tissue. Tissue hypoxia leads to increased lactate production via anaerobic metabolism resulting in high lactate/pyruvate ratio and increase in glutamate due to decreased glial uptake as a result of ATP depletion. Advanced ischemia leads to increase in glycerol from decomposition of cell membrane. Tissue glucose concentration without parallel decrease in blood glucose may indicate a state of ischemia. These metabolic markers in microdialysis can aide in prognostication. Their role in interventions aimed at improving outcomes by affecting cerebral oxygenation, perfusion and glycemic state has not been established yet.

Jugular Bulb Oximetry
A popular monitoring technique in the past, Jugular bulb oximetry (SjvO2) helps in determining the balance between cerebral blood flow and metabolic demand. Reduction in SjvO2 indicates increase in oxygen extraction or decrease in cerebral blood flow as a result of decrease in CPP. The duration and the degree of abnormal SjvO2 are associated with worsened outcomes after TBI.


Prophylactic Antibiotics
Penetrating brain injury has high risk of intracranial infection. Presence of CSF fistulae, transventricular injury and air sinus wounds increases the risk of infection further. Therefore, broad spectrum prophylactic antibiotics are recommended in all cases of penetrating brain injury [13]. Antibiotic prophylaxis is not indicated in non-penetrating basilar skull fractures with or without CSF leak [14].

Steroids and Neuroprotective Agents
Use of high dose intravenous corticosteroids following moderate to severe TBI was associated with increased risk of deathwithin 2 weeks and is contraindicated [15]. A variety of neuroprotective agents have been studied in animals and humans for TBI. The results from early studies on use of Magnesium, Citicoline, progesterone and erythropoietin after TBI were promising, however, randomized clinical trials failed to show effectiveness of these strategies in TBI [16–21]. Effectiveness of routine use of hyperbaric oxygen and cyclosporine after TBI requires further confirmation by randomized clinical trials [22, 23].


References
1.
McHugh GS, Engel DC, Butcher I, Steyerberg EW, Lu J, Mushkudiani N, et al. Prognostic value of secondary insults in traumatic brain injury: results from the IMPACT study. J Neurotrauma. 2007;24(2):287–93.CrossRefPubMed

2.
Investigators SS, Australian, New Zealand Intensive Care Society Clinical Trials G, Australian Red Cross Blood S, George Institute for International H, Myburgh J. Saline or albumin for fluid resuscitation in patients with traumatic brain injury. N Engl J Med. 2007;357(9):874–84.CrossRef

3.
Suarez JI, Zaidat OO, Suri MF, Feen ES, Lynch G, Hickman J, et al. Length of stay and mortality in neurocritically ill patients: impact of a specialized neurocritical care team. Crit Care Med. 2004;32(11):2311–7.CrossRefPubMed

4.
Bullock MR, Chesnut R, Ghajar J, Gordon D, Hartl R, Newell DW, et al. Surgical management of traumatic parenchymal lesions. Neurosurgery. 2006;58(3 Suppl):S25–46; discussion Si–iv.

5.
Chang BS, Lowenstein DH, Quality Standards Subcommittee of the American Academy of N. Practice parameter: antiepileptic drug prophylaxis in severe traumatic brain injury: report of the Quality Standards Subcommittee of the American Academy of Neurology. Neurology. 2003;60(1):10–6.CrossRefPubMed

6.
Young KD, Okada PJ, Sokolove PE, Palchak MJ, Panacek EA, Baren JM, et al. A randomized, double-blinded, placebo-controlled trial of phenytoin for the prevention of early posttraumatic seizures in children with moderate to severe blunt head injury. Ann Emerg Med. 2004;43(4):435–46.CrossRefPubMed

7.
Inaba K, Menaker J, Branco BC, Gooch J, Okoye OT, Herrold J, et al. A prospective multicenter comparison of levetiracetam versus phenytoin for early posttraumatic seizure prophylaxis. J Trauma Acute Care Surg. 2013;74(3):766–71; discussion 71–3.CrossRefPubMed

8.
Sydenham E, Roberts I, Alderson P. Hypothermia for traumatic head injury. Cochrane Database Syst Rev. 2009;(2):CD001048.

9.
Andrews PJ, Sinclair HL, Rodriguez A, Harris BA, Battison CG, Rhodes JK, et al. Hypothermia for intracranial hypertension after traumatic brain injury. N Engl J Med. 2015;373(25):2403–12.

10.
Spiotta AM, Stiefel MF, Gracias VH, Garuffe AM, Kofke WA, Maloney-Wilensky E, et al. Brain tissue oxygen-directed management and outcome in patients with severe traumatic brain injury. J Neurosurg. 2010;113(3):571–80.CrossRefPubMed

11.
Narotam PK, Morrison JF, Nathoo N. Brain tissue oxygen monitoring in traumatic brain injury and major trauma: outcome analysis of a brain tissue oxygen-directed therapy. J Neurosurg. 2009;111(4):672–82.CrossRefPubMed

12.
Neurocritical Care Society 12th annual meeting. Neurocritical Care. 2014;21(1):1–285.

13.
Antibiotic prophylaxis for penetrating brain injury. J Trauma. 2001;51(2 Suppl):S34–40.

14.
Ratilal BO, Costa J, Pappamikail L, Sampaio C. Antibiotic prophylaxis for preventing meningitis in patients with basilar skull fractures. Cochrane Database Syst Rev. 2015;(4):CD004884.

15.
Roberts I, Yates D, Sandercock P, Farrell B, Wasserberg J, Lomas G, et al. Effect of intravenous corticosteroids on death within 14 days in 10008 adults with clinically significant head injury (MRC CRASH trial): randomised placebo-controlled trial. Lancet. 2004;364(9442):1321–8.CrossRefPubMed

16.
Zafonte RD, Bagiella E, Ansel BM, Novack TA, Friedewald WT, Hesdorffer DC, et al. Effect of citicoline on functional and cognitive status among patients with traumatic brain injury: Citicoline Brain Injury Treatment Trial (COBRIT). JAMA. 2012;308(19):1993–2000.CrossRefPubMed

17.
Nichol A, French C, Little L, Haddad S, Presneill J, Arabi Y, et al. Erythropoietin in traumatic brain injury (EPO-TBI): a double-blind randomised controlled trial. Lancet. 2015;386(10012):2499–506.CrossRefPubMed

18.
Temkin NR, Anderson GD, Winn HR, Ellenbogen RG, Britz GW, Schuster J, et al. Magnesium sulfate for neuroprotection after traumatic brain injury: a randomised controlled trial. Lancet Neurol. 2007;6(1):29–38.CrossRefPubMed

19.
Arango MF, Bainbridge D. Magnesium for acute traumatic brain injury. Cochrane Database Syst Rev. 2008;(4):CD005400.

20.
Wright DW, Yeatts SD, Silbergleit R, Palesch YY, Hertzberg VS, Frankel M, et al. Very early administration of progesterone for acute traumatic brain injury. N Engl J Med. 2014;371(26):2457–66.CrossRefPubMedPubMedCentral

21.
Skolnick BE, Maas AI, Narayan RK, van der Hoop RG, MacAllister T, Ward JD, et al. A clinical trial of progesterone for severe traumatic brain injury. N Engl J Med. 2014;371(26):2467–76.CrossRefPubMed

22.
Bennett MH, Trytko B, Jonker B. Hyperbaric oxygen therapy for the adjunctive treatment of traumatic brain injury. Cochrane Database Syst Rev. 2012;(12):CD004609.

23.
Mazzeo AT, Brophy GM, Gilman CB, Alves OL, Robles JR, Hayes RL, et al. Safety and tolerability of cyclosporin a in severe traumatic brain injury patients: results from a prospective randomized trial. J Neurotrauma. 2009;26(12):2195–206.CrossRefPubMedPubMedCentral




© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_41

41. Management of Anoxic Brain Injury

Maximilian Mulder1   and Romergryko G. Geocadin2
(1)Neurocritical Care Unit, Department of Critical Care, Abbott Northwestern Hospital, Minneapolis, MN, USA

(2)Neurology, Neurosurgery and Anesthesiology – Critical Care Medicine, Neurosciences Critical Care Division, Johns Hopkins University School of Medicine, Baltimore, MD, USA

 

 
Maximilian Mulder
Email: maximilian.mulder@allina.com



Keywords
Anoxic brain injuryHypoxic-ischemic encephalopathyCardiac arrestCardiopulmonary resuscitationTherapeutic hypothermiaTargeted temperature managementNeuroprognosticationNeurologic outcome
Case Presentation
A 46 year old male with a history of tobacco dependence and uncontrolled diabetes is brought in to the emergency department after a resuscitated cardiac arrest. He had been in his usual state of health and after waking up this morning collapsed at the side of the bed and was noted to be apneic by his wife. When the paramedics arrived, he had received no bystander CPR and he was in ventricular fibrillation and he ultimately regained return of spontaneous circulation (ROSC) after 7 shocks and was intubated in the field.
On arrival to the ED unresponsiveness was confirmed, he was connected to a ventilator after verifying endotracheal tube positioning and obtaining labs and 12 lead ECG. He was given a 30 mL/Kg bolus of chilled (4 °C) normal saline solution, packed in ice and rushed to the cardiac catheterization lab. There he was found to have no significant obstructive coronary artery disease but was noted to have biventricular failure with elevated filling pressures. Transthoracic echocardiography showed a severely reduced left ventricular ejection fraction of ~10 %. On his way to the Intensive Care Unit, he had a CT scan of the brain which was read as concerning for early loss of gray-white matter differentiation (Fig. 41.1). He arrives in the ICU intubated, sedated, paralyzed and ice packed.[image: A329322_1_En_41_Fig1_HTML.jpg]
Fig. 41.1A representative image from the CT of the brain is shown





Question
What approach should guide this patient’s management?

Answer
Targeted Temperature Management (TTM) with initial Mild Therapeutic Hypothermia followed by Maintenance of Normothermia.

Most adult patients, with few exceptions, that suffer anoxic brain injury should be treated with targeted temperature management in order to minimize secondary brain injury. On arrival to the ICU the patient was connected to an automated closed-loop intravascular cooling system. Target temperature of 33 °C was achieved within four hours from return of spontaneous circulation (ROSC). In order to facilitate cooling to goal temperature, shivering was countered by sedation with midazolam and fentanyl infusions as well as paralysis with cis-atracurium. Target temperature was maintained for 24 h, after which controlled active rewarming of 0.25 °C per hour was undertaken with the closed loop TTM system until the patient was rewarmed to the new target temperature of 37 °C. At this point the TTM system was set to maintain normothermia, cooling the patient if necessary to maintain a temperature of 37 °C for the next 72 h. During this entire time patient was monitored with continuous EEG; he had follow up MRI of the brain which did not demonstrate evidence of focal or diffuse damage, serum neuron specific enolase levels drawn at 48 and 72 h were 26 ng/mL and 19 ng/mL respectively. He remained comatose on minimal sedation for 118 h from ROSC prior to improvement in his neurologic examination. He was extubated on hospital day 8 and was quite delirious, but had a non-focal neurologic exam and was able to participate actively with physical and occupational therapy. He was transferred out of the ICU on hospital day 10 and discharged to home on hospital day 13. Neurocognitive testing at 90 day follow up showed normal function with very mild short term memory impairment that was not impacting his performance at work (Fig. 41.2).[image: A329322_1_En_41_Fig2_HTML.jpg]
Fig. 41.2A representative image from the MRI of the brain is shown






Principles of Management
Diagnosis
Anoxic brain injury, also known as hypoxic encephalopathy, ischemic-hypoxic encephalopathy is a fairly heterogenous entity. It best conceptualized as a spectrum of brain injury ranging from brain death, minimally conscious states, to recovery of consciousness with cognitive impairment and movement disorders to mild transient loss of consciousness with or without transient neurologic deficits. The diagnosis is made after loss of consciousness after an episode of global cerebral hypoxia or hypoperfusion. It is in essence a clinical diagnosis, as no radiological, laboratory or electrophysiologic test can fully diagnose it; these ancillary exams are often negative even in cases of severe anoxic encephalopathy.

Therapeutic Hypothermia
The use of hypothermia in the treatment of injuries dates back to antiquity, with one of the earliest applications being attributed to Hippocrates, who recommended covering wounded combatants in snow to enhance survival and recovery. In modern times, the observation that hypothermia mitigates acute neurological injury and improves outcomes was made decades ago. The first documented use of hypothermia for neuroprotection after in-hospital cardiac arrest consists of a 1958 case series of 4 patients [1]. One of the first human clinical studies on induced hypothermia for out-of hospital cardiac arrest survivors was a pilot safety and feasibility study performed by Bernard et al. in 1997 [2], this was followed in 1998, by another small study by Yanagawa et al. [3]. These two studies suggested a potential therapeutic benefit from induced hypothermia in comatose post-cardiac arrest survivors, and paved the way for subsequent definitive trials.
In the following two decades, there have been three landmark trials in TTM for hypoxic ischemic brain injury. In 2002 the two initial trials were published simultaneously, one in Australia and the other in Europe. The Australian study was Bernard et al.’s follow up study that enrolled comatose survivors of ventricular fibrillation arrests [4]. This study randomized 77 patients to receive mild therapeutic hypothermia of 33 °C or normothermia (no temperature intervention). The hypothermia arm included 43 patients while the normothermia arm had 34 patients. In this trial, cooling was initiated by paramedics prior to hospital arrival and cooling was achieved and maintained with ice packs. The target temperature was maintained for 12 h and patients were sedated and paralyzed with repeated boluses of midazolam and vecuronium as needed to prevent shivering, followed by active rewarming with a heated-air blanket beginning at 18 h after hospital arrival, with continued sedation and neuromuscular blockade to suppress shivering. Discharge to home or to a rehabilitation facility was regarded as a good outcome, whereas in-hospital mortality and discharge to a long-term nursing facility were regarded as poor outcomes. The study found that 21 of 43 patients (49 %) treated with hypothermia had good outcomes and were discharge to home or to a rehabilitation facility, compared with 9 of 34 (26 %) in the normothermia group (relative risk (RR) of good outcome, 1.85, 95 % confidence interval (CI) 0.97–3.49, number needed to treat (NNT) = 4). Mortality at discharge was 22 of 43 (51 %) in the hypothermia group and 23 of 34 (68 %) in the normothermia group (RR 0.76, 95 % CI 0.52–1.10, NNT = 6).
The second, larger trial by the European Hypothermia after Cardiac Arrest (HACA) group, randomized 273 comatose survivors of ventricular fibrillation arrests to mild therapeutic hypothermia (32–34 °C) beginning after hospital arrival versus normothermia [5]. One hundred and thirty-seven patients were randomized to the hypothermia arm, while 138 patients were randomized to the normothermia arm. Patients in the hypothermia group were cooled by via forced air mattresses and blankets, and were maintained at target temperature for 24 h. Patients were subsequently rewarmed passively over a period of 8 h. Sedation with midazolam and paralysis with vecuronium was administered to prevent shivering. Seventy-five of the 136 patients (55 %) in the hypothermia group had a favorable neurological outcome (able to live independently and work at least part-time) at 6 months compared with 54 of 137 (39 %) in the normothermia group (RR 1.40, 95 % CI 1.08–1.81, NNT = 6). At 6 months there were 56 deaths among the 137 participants (41 %) in the hypothermia group versus 76 of 138 (55 %) in the normothermia group (RR 0.74, 95 % CI 0.58–0.95, NNT = 7).
The third, largest and most recent trial is the Therapeutic Temperature Management (TTM 33–36) trial [6]. This prospective multicenter study undertaken in Europe and Australia randomized 939 comatose OHCA survivors to cooling to 33 or 36 °C, with protocolized sedation, rewarming and prognostic evaluation. In this study the method of cooling was left at the discretion of each study site; however the intention was to reach goal temperature as quickly as possible. Rewarming was initiated at 28 h from randomization and done with controlled active rewarming of 0.5 °C per hour. Mandatory sedation was only able to be stopped or tapered at 36 h from randomization. This study found no significant difference in outcomes or complications between the two temperature groups.

Maintenance of Normothermia
Active, controlled rewarming at a rate of 0.25 °C per hour is recommended until a core temperature of 36–37 °C is achieved [7]. Once the patient has been rewarmed, the therapeutic temperature management system should remain in place for a further 48–72 h to ensure normothermia, protecting the brain from the detrimental effects of hyperthermia [8]. Rebound pyrexia is a common phenomenon occurring in about 40 % of patients post therapeutic hypothermia only temperatures >38.7 °C appear to be associated with worse neurologic outcomes in patients who survive to discharge [9]. It must be noted that current guidelines suggest preventing hyperpyrexia >37.7 °C based on data from data from focal cerebral ischemia [7]. The mechanism for this common presentation of fever after therapeutic hypothermia is not well understood, however several factor are thought to contribute to its presence: altered thermoregulation from damage to thalamic structures, rebound hyperthermia, infection and pro-inflammatory states all are likely contributors.

Supportive Care
During targeted temperature management the prevention of shivering is a crucial intervention to allow for rapid induction of therapeutic hypothermia, and to avoid the metabolic stress required to generate body heat through shivering. The use of sedation, paralysis and other adjuvant measures is necessary for adequate TTM. Factors such as age, weight, hemodynamic status, renal and hepatic function, effects of hypothermia on pharmacokinetics and dynamics and the ability to preserve the neurologic examination are factors that weigh on the choice of drugs. At this time no definitive evidence supporting a particular drug regimen exists, however short acting and rapidly cleared drugs with neutral hemodynamic profiles are ideal. Adjuvant measure to control shivering include targeting serum magnesium levels of 3–4 mg/dL, the use of buspirone and meperidine, skin counter warming and heat applied to feet and hands can also be helpful.
Cerebral edema has been reported on the initial cranial CT in approximately 30 % of patients following cardiac arrest [10], however there is no evidence supporting the use of invasive measurement of intracranial pressure to manage this patient population [11]. Basic neurocritical care nursing measures such as maintaining the head of the bed elevated to 30° and in a neutral midline position should be maintained to improve cerebral venous drainage and minimize elevations in intracranial pressure. In HE secondary to cardiac arrest, the incidence of non-convulsive status epilepticus (NCSE) is estimated to be as high as 24 % [12, 13], and is associated with worse outcomes [14, 15]. Post hypoxic myoclonus occurs in roughly 20 % of patients, and traditionally the presence of seizures or myoclonus has been regarded as predictors for poor neurologic outcomes. However, this has been shown to not always be the case [16, 17]. There is insufficient evidence to recommend prophylactic use of antiepileptic drugs in patients with anoxic-ischemic encephalopathy; however if possible, continuous electroencephalographic monitoring provides the opportunity for early detection and aggressive treatment of NCSE which may impact outcomes and survival.
The ventilator management of patients undergoing therapeutic hypothermia for hypoxic-ischemic encephalopathy should follow a few simple parameters as outlined in current guidelines [7]: arterial partial pressure of oxygen should be approximately 100 mmHg and pulse oxymetry saturations should be equal or greater than 94 %; partial pressures of carbon dioxide should be 40–45 mmHg. The management of common respiratory problems following cardiopulmonary arrest is addressed elsewhere in this book. Cardiovascular care including management of myocardial ischemia, arrhythmias and shock are beyond the scope of this chapter. However, the following basic principles should be regarded: euvolemia should be targeted to accommodate cardiac, pulmonary and renal concerns. An adequate intravascular volume is crucial for cerebral perfusion and to allow for expected cold diuresis during hypothermia. Blood pressure goals should be individualized based on cardiac function, end organ perfusion and taking into account an approximation of the status of cerebral autoregulation. Usually a mean arterial pressure (MAP) of 65 mmHg is adequate and recommended by current guidelines [7]; however a MAP of 70–100 mmHg may be considered in particularly to augment cerebral perfusion pressure in cases of cerebral edema and elevated ICP. There is no quality data on hemodynamic parameters for this population. Empiric antibiotics are encouraged in situations when a clinical infection is suspected, as early initiation of antibiotic therapy has been associated with better outcomes following TTM for cardiopulmonary arrests [18].
Hypothermia causes alterations in endogenous insulin release as well as decreasing insulin sensitivity, therefore great care must be taken to avoid hypoglycemia during rewarming as insulin sensitivity increases back to baseline. As in other forms of brain injury, normoglycemia should be maintained with insulin infusions to avoid the potentially erratic absorption of subcutaneous insulin secondary to peripheral vasoconstriction with changes in temperature as well as the fluctuations of glycemia during therapeutic hypothermia. Current guidelines recommend keeping blood glucose levels between 144 and 180 mg/dL as well as aggressively correcting hypoglycemia <80 mg/dL [7].


Evidence Contour
The mainstay of management in patients with anoxic brain injury involves neuroprotective strategies and supportive critical care management. The only proven effective neuroprotective intervention is mild therapeutic hypothermia, though current evidence leaves questions regarding the optimal depth and duration of therapy. The prognostication of neurologic outcomes is a major area of focus for clinicians and researchers, as there is no optimal paradigm to date.
Therapeutic Hypothermia
Following the initial two landmark trials, the International Liaison Committee on Resuscitation (ILCOR), and the American Heart Association (AHA) published an interim scientific statement in 2003 with recommendations on the use of therapeutic hypothermia in comatose survivors of cardiac arrest [19]. This was followed in 2005 and updated in 2010 in the AHA Guidelines for CPR and Emergency Cardiovascular Care [7], which included the following treatment recommendations: (a) Unconscious adult patients resuscitated after in- or out-of-hospital cardiac arrest should be cooled to 32–34 °C for 12–24 h when the initial rhythm was ventricular fibrillation (Class Ib). (b) Similar therapy may be beneficial for patients with in-hospital cardiac arrest or out-of-hospital arrest associated with an initial rhythm other than ventricular fibrillation (Class IIb). To further assess the impact of hypothermia on neurologic outcomes, a Cochrane systematic review of hypothermia for neuroprotection after cardiac arrest was published by Holzer et al. [20], and concluded that with conventional cooling methods, patients receiving TTM were more likely to reach a good neurologic outcome (RR 1.55; 95 % CI 1.22 to 1.96) and were more likely to survive to hospital discharge (RR 1.35; 95 % CI 1.10 to 1.65) compared to standard care. It also showed no difference in adverse events between hypothermia and control patients. International guidelines have not been published or updated since the publication of the TTM trial, however ILCOR did issue a statement after the publication of the TTM trial urging clinicians to continue to guide themselves with the existing recommendations pending consensus on the implications of the TTM trial [21]. Some clinicians and institutions have interpreted the results of the TTM trial as evidence against mild therapeutic hypothermia, given the lack of difference in outcomes between the two groups and the fact that 36 °C does not constitute mild therapeutic hypothermia (defined as 32–35 °C). What remains as an unanswered question is how this data applies to populations where the rate of bystander CPR is far lower than the excellent rates reported in the TTM trial, and if more severe anoxic-ischemic injury derives a greater benefit than those with milder injury. Pending clarification of this crucial question, we recommend continuing to use temperatures of 32–34 °C, and reserving the use of temperatures of 36 °C for patients that cannot tolerate lower temperatures.
It is generally accepted that prompt initiation of hypothermia and rapid achievement of target temperature is ideal [22]. Clinical evidence in humans undergoing intra-arrest therapeutic hypothermia is limited, but has been shown to be safe [23–26], improve rates of return of spontaneous circulation, neurologic outcomes and survival [27]. Most evidence indicates that the sooner TTM is initiated, the better; however animal data indicates that initiating hypothermia after 12 h has no benefit [28]. This must be tempered with the realization that the most recent (and best) evidence for induction of pre-hospital therapeutic hypothermia, has shown that despite reaching target temperature sooner, this intervention failed to translate into improved survival or neurologic outcomes [29].

Rewarming and Maintenance of Normothermia
The recommendations for the speed of rewarming and avoidance of hyperthermia after rewarming are still somewhat controversial. They are based on assumptions and observations from both laboratory research and clinical studies indicating a correlation between worse outcomes, markers of neuronal damage or dysfunction and damage in the setting of pyrexia [30–34]. However, some limited clinical data do not support the notion of slower rewarming resulting in improved neurologic outcomes [35]. The recommendation to rewarm at 0.25 °C per hour is based more on pre-clinical data and the concept that there are no significant gains from rapid rewarming and there may be some clinical benefit.

Neurologic Prognostication
The 2006 practice parameters of the American Academy of Neurology provide specific recommendations for the prognostication of neurologic outcomes for cardiac arrest survivors; however these recommendations are based mainly on dated observations from the pre-therapeutic hypothermia era. This practice parameter is endorsed by both the 2008 ILCOR [36] and the 2010 AHA guidelines for CPR and emergency cardiovascular care [7] for use in patients not treated with hypothermia. They also caution on its use in patients treated with hypothermia as available parameters are less reliable for predicting poor outcome in these cases, and waiting at least 72 h before making prognostication attempts is recommended. Delayed neurologic recovery beyond 72 h has been well documented [37, 38].
Traditionally the clinical exam was the cornerstone of neuroprognostication. An exam with absent pupillary or corneal reflexes as well as extensor or absent motor response on post arrest day three is considered by the AAN guidelines to have a false positive rate (FPR) of zero with a 95 % confidence interval (CI) of 0–3 for predicting a poor neurologic outcome. However, in the post therapeutic hypothermia setting, several studies have challenged the reliability of clinical testing [16, 39–41]. It was also common to equate the presence of post anoxic status myoclonus in the first 24 h with a universally poor outcome; AAN guidelines assigned this finding a FPR of zero with CI of 0–8.8, however more recent studies have also questioned these values [16, 17].
Neuron specific enolase is the most commonly used and studied biomarker of brain injury for prognostication in the setting of hypoxic-ischemic encephalopathy. In the AAN guidelines, a NSE value >33 μg/L obtained within the first 72 h is assigned a FPR of zero with a CI of 0–3. Steffen et al. [42] have questioned the cutoff value in patients who have undergone hypothermia, where in order to have 100 % specificity the cutoff needed to be raised to 78.9 μg/L. They did however find a similar cutoff value to that quoted by the AAN guidelines for patients who were not treated with therapeutic hypothermia.
Electroencephalography (EEG) and SSEP are the most common electrophysiologic study modalities employed in neuroprognostication. EEG has been evaluated in the prognostication of cardiac arrest survivors [16, 43–45], and has also led to some important clinical discoveries and emerging data seems to support its growing utility [46]. The 2006 AAN practice parameters assign EEG a FPR of 3 % with a CI of 0.9–11; making it the least predictive method to predict neurologic outcomes. Abend et al. [47] pooled four existing studies [16, 43, 44, 48] on EEG in hypoxic-ischemic encephalopathy patients who had undergone therapeutic hypothermia and found that 29 % of these patients had acute electrographic non-convulsive status epilepticus (NCSE). This has important clinical repercussions and illustrates the need for continuous electroencephalographic (cEEG) monitoring of these patients until they recover consciousness, as aggressive antiepileptic treatment should be instated to avoid falling into self fulfilling prophecies equating NCSE to a poor outcome [49]. This is important, as 6 % of patients in Abend et al.’s [47] pooled sample recovered consciousness including several with minimal residual neurologic deficits.
In contrast to the established guidelines and practice where SSEP is considered the most accurate ancillary method to aid clinical diagnosis of poor neurologic outcome (FPR 0.7 % CI 0–3.7), a recent study comparing SSEP and cEEG by Cloostermans et al. [50] found EEG to be superior in terms of its sensitivity to predict poor neurologic outcomes in hypoxic-ischemic encephalopathy treated with therapeutic hypothermia. Leithner et al. [51] demonstrated that neurologic recovery is possible despite absent or minimally present median nerve N20 responses (>24 h) after cardiac arrest. In the study by Bouwes et al. [39], the absence of N20 responses on SSEP during the hypothermia therapy had a FPR of 3 %.
Imaging studies have also been employed for prognostication mainly in the form of brain computed tomography (CT) and Magnetic Resonance Imaging (MRI). The use of imaging has not yet been formally incorporated into any guidelines however, and has been used based on individual clinician practice. At this stage these tools simply can provide supporting information in an overall multi-modal prognostication strategy, no decisions should be made based on solely one modality, but particularly not based on imaging alone. With regards to a multi-modal prognostication algorithm, there is no clear international consensus regarding how to best implement such a process [52, 53]. At this time we recommend the use of a multimodal approach based on individual center experience, expertise and available resources taking into account the limitations of all existing methods.
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Case Presentation
A 58-year-old male with unknown past medical history was admitted to the intensive care unit after he had a witnessed seizure in a parking lot. When paramedics arrived, his blood pressure was 213/115 mmHg. He was unresponsive. CT scan of the head without IV contrast showed a large right parietal lobe hemorrhage with mild midline shift. Laboratory exam revealed a WBC count of 13.2 × 109/L, Hemoglobin 10.2 g/dL, Platelets 178,000 × 106/L. Serum creatinine was 1.8 mg/dL and blood urea nitrogen (BUN) 41 mg/dL. Baseline serum creatinine was unknown. BMI was 27.3. An indwelling urinary catheter was placed and yielded 50 cc of urine. He was intubated and treated with calcium channel blockers, anti-seizure medications and intravenous fluid resuscitation. Twelve hours after admission, he had produced 150 cc of urine, and his repeat labs showed a serum creatinine of 2.2 mg/dL and a BUN of 47 mg/dL. A renal ultrasound showed normal sized kidneys, with increase in echogenicity of the renal cortex compared to the liver parenchyma, but no hydronephrosis. Urinalysis and urine microscopy revealed 1+ protein, no blood or cellular casts.
Question
What establishes the diagnosis of Acute Kidney Injury in this case?

Answer
Increase in serum creatinine and oliguria.

Criteria for diagnosis of acute kidney injury (AKI) include a 1.5 fold increase in serum creatinine compared to baseline (within the prior 7 days), an absolute increase in serum creatinine (SCr) by 0.3 mg/dL (26.5 μmol/L) or more (within 48 h) or a decrease in urine output to less than 0.5 cc/Kg/h for 6–12 h. In this case, SCr was elevated on admission (1.8 mg/dL), but it was not clear whether this represented acute kidney injury or Chronic Kidney Disease (CKD). Low urine output through the indwelling urinary catheter initially and over the next few hours after admission was an important first clue to the diagnosis of AKI. Subsequent increase in SCr by ≥0.3 mg/dL (from 1.8 to 2.2 mg/dL) confirmed the diagnosis. When baseline creatinine is not known, both renal ultrasonography and urine sediment examination can provide useful clues on the acuity of kidney injury. In this case, the increase in renal cortex echogenicity and presence of mild proteinuria suggested the presence of some degree of chronic kidney dysfunction prior to admission. Therefore, this patient probably had acute kidney injury superimposed on CKD.

Principles of Management
Serum Creatinine and Urine Output
Despite having several limitations, changes in serum creatinine and urine output remain the backbone of diagnosis of acute kidney injury. In 2004, the RIFLE (Risk Injury Failure Loss End-stage renal disease) criteria were published [1], and included either change in serum creatinine (1.5 fold increase or more) or urine output (less than 0.5 mL/Kg/h for 6 h) as diagnostic criteria for AKI. Including both urine output and SCr in the definition of AKI increased the sensitivity of AKI diagnosis [2] but also recognized that AKI can be non-oliguric in 40–60 % of cases [3, 4]. Whether actual body weight or ideal body weight should be used to judge urine output is a subject of debate. Using actual body weight does increase the sensitivity of AKI diagnosis but will decrease specificity [5]. One shortcoming of the RIFLE classification was its inaccuracy in patients with preexisting CKD: a patient with a baseline SCr of 2.2 mg/dL would require an increase in SCr to 3.3 mg/dL in order to be at risk for AKI (RIFLE-R). For this reason, the AKI Network (AKIN) proposed a modification to RIFLE in 2007 that would also classify AKI when a small increase in creatinine (0.3 mg/dl or greater) is observed in a short period of time (48 h or less) [6]. The AKIN group indicated two important caveats: excluding urinary obstruction when urine output is the sole criteria used to define AKI, and application of diagnostic criteria only after volume status has been optimized [6]. In 2012, in an effort to harmonize RIFLE, AKIN and pRIFLE (a modification for pediatrics), Kidney Disease Improving Global Outcomes (KDIGO) proposed a unified version of these rules [7] (Table 42.1).Table 42.1Definition of AKI per KDIGO guidelines


	Stage
	Serum creatinine
	Urine output

	1
	1.5–1.9 times baseline
OR
≥0.3 mg/dl (>26.5 μmol/l) increase
	<0.5 ml/kg/h for 6–12 h

	2
	2.0–2.9 times baseline
	<0.5 ml/kg/h for ≥12 h

	3
	3.0 times baseline
OR
Increase in serum creatinine to ≥4.0 mg/dl (353.6 μmol/l)
OR
Initiation of renal replacement therapy

                            OR, In patients <18 years, decrease in eGFR to <35 ml/min per 1.73 m
                            
                              2
                            
                          
	<0.3 ml/kg/h for ≥24 h
OR
Anuria for ≥12 h


Minimum criteria for Acute Kidney Injury include an Increase in SCr by ≥0.3 mg/dl (>26.5 μmol/l) observed within 48 h; or an Increase in SCr to ≥1.5 times baseline, which is known or presumed to have occurred within the prior 7 days; or Urine volume <0.5 ml/kg/h for 6 h




Blood Urea Nitrogen (BUN) is commonly used as a marker for AKI, despite being affected by many non-renal factors (protein intake, catabolic state, volume status etc.). The ratio of BUN to SCr, similarly to urine chemistry (fractional excretion of sodium and urea) and urine microscopy are useful tools for workup of AKI. Nonetheless, BUN, urine studies and kidney biopsy are rarely helpful in establishing the diagnosis of AKI in clinical practice.
Despite the usefulness of RIFLE, AKIN and KDIGO criteria, clinical judgment remains a key component of AKI diagnosis. Diagnostic criteria provide a “frame of reference” for the clinician and are essential for large epidemiological studies and quality improvement projects. Nevertheless, those criteria do not take into account the patient’s clinical course and response to therapy, which are often key to establishing or refuting the diagnosis of AKI.

Relationship Between Serum Creatinine and Urine Output
Several studies have demonstrated that oliguric AKI carries a worse prognosis compared to non-oliguric AKI. In other words, the presence of the two components of the definition of AKI is associated with worse outcomes [3, 8]. Isolated oliguria without subsequent increase in SCr still appears to be associated with a decrease in 1-year survival [8]. These results further validate the role of urine output in diagnosing and staging of AKI (Table 42.2).Table 42.2Relationship between urine output and serum creatinine criteria and clinical outcomes
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Source: Kellum et al. [8]
Shown are the number of patients, % hospital mortality, and % renal replacement therapy (RRT) for patients by maximum acute kidney injury (AKI) criteria (UO, SC, or both). Colors denote similar outcome patterns





Differentiating Between AKI and CKD
Renal ultrasonography is a useful tool for differentiation of CKD from AKI. When no information about baseline renal function is available, findings such as a small kidney size and an increased echogenicity of the renal cortex compared to the liver parenchyma are good surrogates of chronic irreversible kidney disease [9]. The caveat here is that one cannot rule out superimposed AKI on CKD. Nevertheless, this remains useful information in diagnosing and classifying the severity of AKI. Oliguria and anuria are suggestive of AKI. Other parameters such as serum calcium and phosphorus, intact parathyroid hormone (iPTH) levels and hemoglobin are less helpful for differentiation between AKI and CKD. A group in Turkey suggested that setting the cutoff for intact PTH as 170 pg/mL or more could be a sensitive and specific way to distinguish CKD from AKI [10].

Clinical Use of Novel Biomarkers
There is currently a multitude of well-validated biomarkers that are able to predict, diagnose early, differentiate the severity and provide information on the course and outcomes of AKI. Despite reasonable performance, these biomarkers have yet to become established in clinical practice, despite their availability in certain regions of the world [11, 12]. The 10th Acute Dialysis Quality Initiative (ADQI) meeting in 2014 examined the discrepancy between the number of biomarkers that have been validated and their limited clinical application till this moment [13]. Ideally, “damage biomarkers” should be incorporated with “functional biomarkers” (such as urine output, SCr) to improve management of AKI. Incorporation of AKI biomarkers, or possibly a combination of those biomarkers, into clinical tools (such as the incorporation of cardiac troponins in the TIMI risk score for unstable angina and non-ST elevation myocardial infarction) that will guide management of AKI is the next step for those biomarkers. Cost is also a consideration, but the costs associated with current practice, which often includes testing such as urine chemistries, must also be considered. Finally, the costs associated with delayed recognition of AKI are also likely to be considerable. In late 2014, the US Food and Drug Administration announced the clearance of the first biomarker for AKI, urine [TIMP-2] [IGFBP7] (trade name NephroCheckTM). The extent to which this test changes the existing paradigm is still unknown but the test characteristics are superior to previous markers [10].


Evidence Contour
Some questions surrounding the diagnosis of AKI remain subject for debate and for further investigation.
Determining Baseline Serum Creatinine
KDIGO guidelines emphasize the use of relative changes in SCr rather than absolute numbers for diagnosis and classification of AKI. Determining baseline SCr is therefore a necessary step to the diagnosis of AKI. It is not uncommon that information about baseline renal function is not available, especially upon initial evaluation of critically ill patients. The ADQI group suggested that an estimated glomerular filtration rate (eGFR) of 75 ml/mn/1.73 m2 be assumed for such patients and calculating their baseline SCr using the Modification of Diet in Renal Disease (MDRD) formula [6]. The problem with this method is that CKD is one of the most important risk factors for AKI [14], and assuming that patients with AKI have a near-normal baseline eGFR will under-estimate their baseline SCr and therefore over-estimate the incidence of AKI [15]. Using this method in the case example would have resulted in overestimation of the severity of AKI by assuming a normal eGFR at baseline. Thus, this method should be avoided in patients with a suspicion of CKD. Conversely, using the minimum inpatient SCr or the admission SCr tends to underdiagnose AKI and is also suboptimal [15]. Multiple imputation is a commonly used method in statistical analyses that uses known patient characteristics to estimate missing data points. This method has shown promise in its ability to determine baseline SCr in a more accurate way [16], but is not widely used in clinical practice to this date. Currently the best method will depend on the patient in question and require clinical judgment.

Imaging Techniques for Diagnosis of AKI
Several studies have examined the utility of resistive indices (RI) through renal Doppler ultrasonography in diagnosing or predicting AKI prior to alteration of functional markers such as urine output and SCr [17–19]. Unfortunately, resistive indices are affected by a wide variety of factors [20, 21], which limits their specificity and usefulness in the clinical setting. Assessing kidney function or GFR through imaging is also an appealing idea, as information about the structure, perfusion and differential function of both kidneys may also be obtained. Functional magnetic resonance (functional MR) imaging is a promising tool for evaluation of glomerular filtration rate and renal oxygenation but is limited by need for exogenous contrast media and is still largely experimental [22]. Real-time GFR measurement using fluorescent markers is also a promising method but is still limited to animal models of AKI [23–25]. Contrast-enhanced ultrasonography (CEUS) is a new technique that can identify alterations in renal perfusion and has been applied in renal transplantation to differentiate between rejection and acute tubular necrosis. CEUS has yet to be validated for AKI in the ICU setting [26].

Emerging Role for Novel Biomarkers
Recognizing the poor sensitivity of functional markers (urine output and SCr) for early diagnosis of AKI, there has been a growing interest in identifying better biomarkers of AKI. Biomarkers can be divided into three categories: those that detect “functional changes” (SCr, urine output or serum cystatin C), those that detect “kidney damage” (urine and serum neutrophil gelatinase-associated lipocalin [NGAL], kidney injury molecule 1 [KIM-1] and liver-type fatty-acid binding protein [LFABP] among others), and those that detect “kidney stress” (urinary insulin-like growth factor-binding protein 7 [IGFBP7] and tissue inhibitor of metalloproteinases-2 [TIMP-2]). Measuring “kidney damage” while urine output and SCr (functional markers) are still within normal ranges allows detection of “subclinical AKI”. On the other side, “functional AKI” is when there is oliguria or elevation in SCr, but damage markers have not risen yet. This could well represent a normal adaptive mechanism by the kidneys in response to a certain stressor, such as hypotension, hypovolemia or changes in renal blood flow. Cell cycle arrest biomarkers (such as TIMP-2 and IGFBP7) have been suggested to detect “kidney stress” prior to the incurrence of “damage”. Cell cycle arrest is a protective mechanism that eukaryotic cells use in response to injury and stress to halt cell division. TIMP-2 and IGFBP7 are expressed in tubular cells in response to DNA and other signals, increasing the expression of p proteins, which block the effect of cyclin-dependent protein kinase complexes, thereby resulting in G1 cycle arrest. Prediction of moderate to severe AKI (KDIGO stage 2–3) 12 h after the sample was better using the [TIMP-2] [IGFBP7] product compared to previously described markers [27]. The “ideal biomarker” would be one that will rise very shortly after the episode of AKI, improve rapidly with resolution of AKI, have a high sensitivity and specificity, be highly reproducible, easily obtainable and most importantly be able to predict severity and affect management and outcomes. Since one single biomarker is unlikely to provide all this information, a combination of biomarkers has often been used in clinical trials [27, 28]. The extent of which current and future biomarkers will improve the existing algorithm for diagnosis of AKI has yet to be determined (Fig. 42.1).[image: A329322_1_En_42_Fig1_HTML.gif]
Fig. 42.1Proposed framework for evaluating AKI based on Biomarkers. A combination of kidney functional and damage markers simultaneously provides a simple method to stratify patients with AKI. At initial presentation, patients would be evaluated in terms of these two domains, and then could be assessed over time to monitor their transitions across the domains (Adapted from the 10th ADQI meeting report)
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Case Presentation
A 58-year-old female with a history of obesity, type 2 diabetes mellitus, essential hypertension and locally advanced uterine cancer was admitted to the intensive care unit with fevers, malaise, nausea and decreased urine output over the last 2 days. Her initial evaluation was relevant for a blood pressure of 87/48, pulse of 92/min and temperature of 101.3 F (38.5 C). She was alert, but appeared ill and confused. There was an implantable venous infusion ‘port’ in the right chest, no rales, costovertebral angle tenderness or lower extremity edema. Laboratory exam revealed a WBC count of 17.8 × 109/L, Hemoglobin of 8.8 g/dL, Platelets of 212,000 × 106/L. Serum sodium was 135 mEq/L, potassium 6.3 mEq/L, chloride 100 mEq/L, total carbon dioxide 12 mEq/L, blood urea nitrogen (BUN) 97 mg/dL and serum creatinine (SCr) 4.3 mg/dL. Serum glucose was 270 mg/dL and lactic acid 4.6 mEq/L. She had an indwelling urinary catheter placed which yielded 50 cc of urine. Blood and urine cultures were sent. She was started on broad-spectrum intravenous antibiotics and a continuous infusion of insulin.
Question
What are the basics of management of Acute Kidney Injury (AKI) in this case?

Answer
Ascertainment and treatment of the underlying cause together with prevention of further injury and supportive care including renal replacement therapy.

In this patient with septic shock the treating physician must simultaneously resuscitate and treat the source of sepsis while ruling out other treatable causes of AKI. This patient is in shock as evidenced by a low arterial blood pressure (made more profound by the history of hypertension) and hyperlactatemia which in a resting patient is evidence of cellular stress likely a function of inadequate tissue perfusion. The initial management involves the infusion of intravenous isotonic crystalloids and if necessary, vasopressors may be added to preserve tissue perfusion, if hypotension persists despite restoration of intravascular volume. Care should be taken to avoid fluid overload which is a significant risk in a patient with AKI. At the same time unresuscitated shock will injure multiple tissues including the kidneys.
Sepsis is a leading cause of AKI and the most likely etiology given the case presented. However, other etiologies need to be excluded. For example, what medications was the patient taking? In addition, timely detection and relief of urinary obstruction is important, especially in this patient with a history of locally advanced gynecologic cancer, which puts her at risk for ureteral obstruction.
Complications of AKI such as hyperkalemia, volume overload and metabolic acidosis are managed concomitantly. Attention must be paid to prevent further injury to the kidneys (discontinuation of angiotensin converting enzyme [ACE] inhibitors, aldosterone receptor blockers [ARBs], non-steroidal anti-inflammatory drugs (NSAIDs), avoidance of radiographic contrast media etc.) and to adjust dosage of renally excreted medications. Renal replacement therapy should be instituted when (or preferably before) complications from AKI arise despite medical management. This patient was treated with intravenous boluses of lactated Ringer’s (a physiologically balanced crystalloid solution), but her mean arterial pressure (MAP) remained low despite fluid resuscitation. She was started on norepinephrine with a goal to keep her MAP above 65–70 mmHg. Insulin and isotonic fluids were used to correct hyperkalemia. Repeat potassium was 5.2 mEq/L. A renal ultrasound showed normal kidney size with no hydronephrosis. Twenty-four hours after presentation, she became hypoxic (requiring 6 l of oxygen) with chest x-ray showing pulmonary edema. She was given IV loop diuretics, but remained oliguric, and her SCr increased to 5.1 mg/dL. A temporary hemodialysis catheter was placed and she was started on continuous venovenous hemodiafiltration (CVVHDF) at a dose of 25 cc/Kg/h. Five days after admission, she was no longer requiring vasopressor support and was no longer volume overloaded. Urine output progressively increased, renal replacement therapy was discontinued, and SCr returned to her baseline value of 1.1 mg/dL.

Principles of Management
Intravenous Fluids and Vasopressors
The classic paradigm that explains acute reduction in glomerular filtration rate (AKI) in critically ill patients is centered on decreased renal perfusion that exceeds the ability of kidneys to auto-regulate in the setting of shock. Septic shock, major surgery, hypovolemia and heart failure are the leading causes of AKI in the ICU setting [1] and are all characterized by hypotension and shock. Our understanding of the pathophysiology of AKI has markedly improved over the last decade, and factors in addition to decreased renal perfusion such as inflammation and microcirculation dysfunction – to name a few – have surfaced as important contributors to AKI. Few strategies are available in clinical practice to counteract those newly recognized factors, and reversal of shock while avoiding harm from fluid overload remains the most widely accepted first step in management of AKI in such settings. This is done through administration of isotonic intravenous fluids in hypovolemic conditions or in vasoplegic shock (septic shock, severe pancreatitis, anaphylaxis, burns). Several factors should be kept in mind when administering intravenous fluids to a patient with AKI. First, that vasoplegic shock might or might not be fluid-responsive. Second, that restoration of renal tissue perfusion might or might not reverse AKI, especially in the presence of established “damage” to the kidneys. In addition, once kidneys are injured, resuscitation milestones like resolution of oliguria may be unreliable [2]. Lastly, intravenous fluids can lead to fluid overload, which is a negative prognostic factor in AKI. This is especially true for elderly individuals, or when heart failure or cardiogenic shock is suspected.
Initial concerns that the use of vasoactive medications (such as norepinephrine and vasopressin) might cause further vasoconstriction and worsening AKI by reducing renal blood flow are not valid [3]. An increase in renal blood flow was demonstrated in experimental models of sepsis when dogs were infused with norepinephrine at clinically relevant doses. This is thought to be a result of an improvement in blood pressure, which through the baroreceptor reflex decreases sympathetic tone and improves renal blood flow [4]. Norepinephrine and vasopressin have also been used in conjunction with intravenous albumin for treatment of the hepatorenal syndrome, where splanchnic vasodilation is thought to play an essential role in the development of AKI. A meta-analysis including 154 patients with type I hepatorenal syndrome showed similar rates of resolution of AKI with norepinephrine plus albumin when compared to terlipressin (a vasopressin analogue) plus albumin, with lower cost and complication rates [5]. It is important to note that despite potential reversal of AKI, vasopressors have a questionable effect on mortality in patients with type I hepatorenal syndrome, and that liver transplantation remains the mainstay of therapy in this condition.

Consider Alternative Etiologies and Specific Treatments for AKI
While septic shock is the most likely etiology of AKI in this patient, care should be taken not to miss other important causes. Drugs and radiographic contrast media are among the most common causes of AKI, and nephrotoxicity from antimicrobial agents is an important contributor [6]. Obstructive uropathy is an uncommon cause of AKI in the ICU setting [1]. Nevertheless, it is a potentially reversible cause of AKI, and should be suspected and alleviated in the appropriate clinical setting (solitary kidney, active gynecologic, gastrointestinal or urological cancer, known nephrolithiasis). Systematic use of renal ultrasonography to detect hydronephrosis in patients with AKI is not recommended, as it is unlikely to change management or to be cost-efficient [7]. Primary or secondary glomerular diseases are also uncommon causes of AKI in the ICU. On the other hand, It is essential to suspect glomerular disease in the appropriate clinical setting (proteinuria, hematuria, multi-organ involvement), as specific treatments like immunosuppressive agents and plasma exchange can often alter the course of AKI [8]. Similarly, specific treatments may exist for other etiologies of AKI, such as the hepatorenal syndrome, cardiorenal syndrome or acute interstitial nephritis, but are beyond the scope of this chapter.

Prevention of Further Injury
The lack of effective therapies to reverse AKI makes prevention of further kidney damage an essential step in management. Radiocontrast agent use is avoided whenever possible. This can be done through use of alternate imaging modalities or use of non-nephrotoxic radiocontrast agents such as carbon dioxide if available [9]. In cases where use of radiocontrast agent is unavoidable, the dose of contrast agent administered is minimized, and isotonic intravenous fluids are given before and after radiocontrast administration. In patients with AKI, drugs such as NSAIDs, ACE inhibitors, ARBs, aminoglycosides, amphotericin B and intravenous acyclovir should be avoided whenever possible. Scleroderma renal crisis is an exception to this rule, as ACE inhibitors (captopril) are considered the treatment of choice despite the common presence of AKI. Failing to adjust dosage of renally eliminated medications in AKI is common and frequently leads to adverse drug events. Worsening AKI and hypotension appear to be the most common preventable adverse drug events [10]. Special attention to medication dosage is therefore essential in AKI, especially for certain medication classes such as antimicrobials, opiates and antithrombotics (Fig. 43.1).[image: A329322_1_En_43_Fig1_HTML.gif]
Fig. 43.1Stage-based management of AKI (From Section 2: AKI Definition. Kidney Int Suppl 2012;2(1):19–36. Reprinted with permission from Elsevier)






Diuretics
Loop diuretics have been hypothesized to improve AKI through washing the debris blocking renal tubules and decreasing oxygen consumption at the tubular level [11]. Those theories have been disproved by randomized controlled trials, and Kidney Disease Improving Global Outcomes (KDIGO) guidelines recommends against the use of diuretics for prevention or treatment of AKI [12]. Nevertheless, diuretics are still commonly used in patients with AKI14, usually to help manage volume overload. Patients with both AKI and acute lung injury, for example, might benefit from loop diuretics as part of a lung-protective ventilation strategy [14]. Another possible role for loop diuretics in AKI is in patients with decompensated heart failure or the cardiorenal syndrome. Response to diuretics in this syndrome varies, as SCr might increase, stay the same or improve. Two explanations have been proposed for the improvement in SCr in patients with decompensated heart failure and AKI that receive diuretics: reduction in intra-abdominal and renal venous pressure, and improvement of LV filling and therefore cardiac output through reduction of RV dilation (ventricular interdependence). The effect of diuretic therapy on survival in patients with the cardiorenal syndrome is not well established and requires further exploration. It is important to remember that judicious use of intravenous fluids will often avoid the need for diuretics.

Medical Management of Complications of AKI
Volume overload, hyperkalemia, metabolic acidosis, hyperphosphatemia, hypocalcemia and bleeding disorders are the main complications of AKI. Their management is an integral part of treating AKI. Volume overload is often managed with IV loop diuretics (see “Diuretics” above). Nevertheless, a trial of diuretics should not be viewed as a mandatory prerequisite prior to the initiation of renal replacement therapy. Prompt initiation of dialysis in an anuric patient with severe volume overload would be a good example. Hyperkalemia is commonly seen in oliguric patients with active tissue breakdown, such as tumor lysis syndrome and rhabdomyolysis. Because hyperkalemia is often asymptomatic, its first manifestations can often be ventricular dysrhythmias and death, which is why it should rapidly be recognized and promptly treated. Transient and rapidly acting therapies include intravenous insulin plus glucose (if serum glucose is less than 250 mg/dL) and beta-2 agonists such as high-dose nebulized albuterol (10–20 mg). A continuous infusion of intravenous bicarbonate can lower potassium levels after 4–6 h in patients with metabolic acidosis [15]. It is not efficacious in the first hour of infusion and is not recommended for rapid treatment of hyperkalemia [16]. A calcium infusion is administered to decrease the incidence of cardiac dysrhythmias when EKG changes such as prolonged QRS interval or absence of P waves are present. Metabolic acidosis often complicates AKI, but can also result from shock and lactic acidosis, or chloride administration, all of which are commonly present with AKI. Use of exogenous bicarbonate for the treatment of metabolic acidosis is very controversial, and is usually reserved for severe acidosis with an arterial pH < 7.1. Bicarbonate infusions can cause symptomatic hypocalcemia (decreased ionized calcium through increased binding of calcium to albumin) with potential cardiotoxicity, hypernatremia, volume overload and an increase in arterial and tissue capillary PCO2. The rationale behind the use of bicarbonate therapy is that severe acidemia (pH < 7.1) is associated with hemodynamic instability and impaired response to catecholamines [17]. Severe hyperphosphatemia can potentially cause symptomatic hypocalcemia through precipitation of calcium and phosphate. Use of oral phosphate binders to treat hyperphosphatemia in AKI is based on expert opinion as there is no clear evidence that such treatment improves outcomes.

Renal Replacement Therapy
Dialysis is the treatment of choice for severe AKI, or when complications of AKI fail to respond to medical therapy. Commonly accepted indications for initiation of renal replacement therapy (RRT) include hyperkalemia (potassium > 6.5 mEq/L or rapidly increasing despite medical therapy), metabolic acidosis (pH < 7.1 despite bicarbonate therapy), volume overload unresponsive to diuretics, uremic symptoms and signs (pericarditis, altered mental status without an alternative explanation to uremia) and AKI in the setting of certain intoxications (such as ethylene glycol, methanol or lithium). KDIGO guidelines recommend considering the clinical context and trend of laboratory exams rather than a single cutoff for BUN and SCr when making the decision to initiate RRT [12]. The two commonly used modalities for RRT in the ICU setting are intermittent hemodialysis (iHD) and continuous renal replacement therapy (CRRT). The use of hemofiltration in CRRT offers the theoretical advantage of “convective” clearance of middle-weight molecules, which is not well achieved with “diffusive” clearance of iHD. Inflammatory mediators and cytokines are examples of middle-sized molecules that are thought to have a deleterious role in septic patients. Randomized prospective trials have failed to show any superiority of CRRT to iHD in terms of survival and recovery of renal function [18, 19]. CRRT offers the potential advantages of less hypotension and more efficient volume removal in hemodynamically unstable patients [20], but this does not translate into increased survival compared to iHD. The choice of modality remains dependent on staff and equipment availability and differences in comfort level and expertise. Higher intensity hemodialysis does not seem to improve mortality or recovery of renal function and is associated with more electrolyte abnormalities such as hypophosphatemia [21]. A delivered effluent volume of 20–25 cc/Kg/h is recommended for CRRT (Fig. 43.2).[image: A329322_1_En_43_Fig2_HTML.gif]
Fig. 43.2Continuous renal replacement therapy circuits. (a) In continuous veno-venous hemofiltration (CVVH – blue), blood purification is achieved through “convection”. The blood pump generates a pressure that allows passage of plasma water through the filter. Water drags toxins and electrolytes (solvent drag). Replacement fluids are given before and/or after the filter to prevent volume and electrolyte losses. (b) In continuous veno-venous hemodialysis (CVVHD – green), blood purification is achieved through “diffusion”. A toxin-free fluid with appropriate amounts of electrolytes (dialysate) is pumped across the filter. Blood circulates inside the filter’s hollow fibers, while dialysate circulates countercurrently outside of those fibers. Toxins and electrolyte follow a concentration gradient across this semi-permeable membrane and are eliminated through diffusion. There is no need for replacement fluids as there is no water loss or hemofiltration (c) Continuous veno-venous hemodiafiltration (CVVHDF – blue and green) is a combination of both methods. Both diffuse and convection are used for blood purification







Evidence Contour
Choice of Intravenous Fluid Solution
The best type of intravenous fluids for management of AKI has been intensely investigated but remains controversial. KDIGO recommends using isotonic crystalloids rather than colloids for volume expansion, in the absence of hemorrhagic shock [12]. This is based on higher cost of intravenous albumin solutions and a randomized control trial of nearly 7000 patients that showed no difference in outcomes between resuscitation with 4 % human albumin and isotonic saline 28 days after randomization [22]. Other colloid formulations such as hydroxyethylstarch (HES) have no added benefit to isotonic crystalloids [23] and should be avoided, as there is a concern for increased risk of AKI and mortality when such solutions are used in sepsis [24]. Isotonic normal saline has supra-physiologic contents of chloride: normal plasma has roughly 100 mEq/L of chloride compared to 142 mEq/L of chloride added to the plasma when 1 L of 0.9 % sodium chloride is administered (only 92 % of plasma is water). In a prospective study, a chloride-liberal strategy was associated with higher rates of AKI and need for RRT [25]. Avoidance of hyperchloremia and chloride-induced metabolic acidosis is an argument used by proponents of more physiologic or “balanced” solutions. Lactated Ringer’s is a commonly used balanced solution (contains 109 mEq/L of chloride), but is slightly hypotonic, and is limited by the fact that it contains calcium, which prevents its co-administration with blood products. Non-calcium containing physiologic solutions such as plasmalyte are gaining popularity but have yet to show superiority compared to normal saline using hard outcomes such as mortality or need for RRT. A recent RCT that compared small volumes (approximately 2 L) of saline to plasmalyte in relatively low-risk patients failed to demonstrate any advantage with plasmalyte [26]. The amount of potassium that lactated Ringer’s or plasmalyte contain is too small to cause clinically significant increases in serum potassium values. In kidney transplant recipients for example, normal saline was found to be associated with more hyperkalemia compared to lactated Ringer’s [27]. This can be due to transcellular shifts of potassium associated with hyperchloremic acidosis (Table 43.1).Table 43.1Composition of commonly used crystalloid and colloid solutions


	 	0.9 % saline
	Lactated Ringer’s
	Plasmalyte
	Albumin (human) 5 %

	Sodium (mEq/L)
	154
	130
	140
	130–160

	Chloride (mEq/L)
	154
	109
	98
	 
	Acetate (mEq/L)
	 	 	27
	 
	Lactate (mEq/L)
	 	28
	 	 
	Gluconate (mEq/L)
	 	 	23
	 
	Calcium (mEq/L)
	 	3
	 	 
	Potassium (mEq/L)
	 	4
	5
	 
	Magnesium (mEq/L)
	 	 	1.5
	 
	Protein (g/L)
	 	 	 	50






Nutrition in AKI
Initial reports suggested that early enteral nutrition (within 48 h from illness) could be beneficial in critically ill patients, at least in decreasing the rate of infections [28]. This remains controversial, especially with a recent large randomized trial showing no difference in mortality or infections between early nutrition through the enteral or parenteral routes [29]. Patients with AKI, especially those who require RRT, have protein hypercatabolism, which is driven by inflammation, stress and acidosis. They frequently have protein-calorie malnutrition [30], which is why they have been thought to be a group that might particularly benefit from early nutrition. This was confirmed by a large prospective study examining predictors of mortality in AKI patients, where patients who received enteral nutrition had an increased chance of survival [31].

Tight Glycemic Control
Hyperglycemia is associated with worse outcomes in critically ill patients, including patients with AKI [32]. Whether hyperglycemia is a contributor to those outcomes or only a marker of disease severity is unclear. Initial reports indicating less need for RRT with intensive insulin therapy in patients with AKI [33] were disproved by a large randomized controlled trial [34]. Glycemic control is probably beneficial in patients with AKI, but blood sugar values of 140–180 mg/dL should be targeted rather than 80–110 mg/dL. The latter target is associated with a higher risk of hypoglycemia and death [35].

Vasodilators and Growth Factor Interventions
Use of agents that cause renal vasodilation has been attempted to treat AKI. Low-dose dopamine has been studied in patients with AKI in different clinical settings. A placebo-controlled randomized study confirmed previous findings that low-dose dopamine offers no benefit in the treatment of AKI [36]. Other agents such as fenoldopam, atrial natriuretic peptide (ANP) and growth factors (recombinant human IGF-1) do not appear to be beneficial neither, and KDIGO recommends against their use in clinical practice [12].

Early Initiation of Dialysis
Prophylactic dialysis is the initiation of RRT in critically ill patients with AKI prior the development of “life-threatening complications” such as hyperkalemia, volume overload and acidosis. The role of such practice remains controversial and has not been validated in well-designed and adequately powered prospective randomized trials. Retrospective analyses of large observational cohorts indicated that initiation of dialysis with a lower level of BUN (less than 76 mg/dL) provided a survival benefit [37]. Another report indicated that initiation of dialysis if urine output was less than 100 cc for 8 h after cardiac surgery was associated with better survival [38]. This contrasts to a randomized controlled trial that included 208 patients with AKI, and failed to show a survival benefit or a decrease in need for RRT after 3 months in the group that received early dialysis [39]. The small number of patients included in this trial does not make it powered enough to refute the potential benefit of early initiation of dialysis.
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Case Presentation
A 24-yo Hispanic female (gravida 3, para 2) was admitted to a community hospital in the 24th week of pregnancy with complaints of shortness of breath and hemoptysis for 3 days. Her past medical history was significant for hypertension, systemic lupus erythematosus (SLE), and lupus nephritis (WHO type 2). SLE was diagnosed 2 years prior to this admission and she was treated with a short course of oral prednisone and azathioprine which lead to complete remission. She did not have any history of nicotine, alcohol or illicit drug abuse. On physical exam she was found to have bilateral pleural effusions and distant heart sounds. Laboratory data were significant for hemolytic anemia with a hematocrit of 19 %, increased lactate dehydrogenase (LDH) levels, leukopenia, and mild acute kidney injury with a serum creatinine of 1.3 mg/dL. Echocardiogram revealed presence of pericardial effusion without any evidence of tamponade. SLE flare was suspected and she received intravenous methylprednisolone 250 mg/day. On the third day of admission, patient presented with respiratory failure and was intubated. Sedation was maintained by propofol infusion (ranging from 5.5 to 7.1 mg/kg/h) while patient was on mechanical ventilation. The following day she was transferred to a tertiary care hospital for further evaluation and management.
At the time of transfer, the temperature was 37.0 °C, the pulse was 98, and the blood pressure was 111/49 mmHg. The patient was receiving ventilatory assistance. Urinalysis revealed turbid and amber urine, with a specific gravity of 1.014, and 3+ for protein; the sediment contained greater than 100 RBCs and 30 WBCs, with numerous granular casts per low-power field. Laboratory tests are summarized in Tables 44.1 and 44.2. An electrocardiogram showed a normal sinus rhythm at a rate of 89, with non-specific T wave alterations in the precordial leads. Arterial blood gas while the patient was receiving 70 % oxygen revealed a pH of 7.41, a partial pressure of oxygen of 70 mmHg, and a partial pressure of carbon dioxide of 25 mmHg. Abdominal ultrasound was normal with an intrauterine pregnancy. Echocardiogram demonstrated moderate pericardial effusion (18 mm posterior) with no evidence of hemodynamic compromise. Left and right ventricular size and systolic function were normal. Serologic testing was positive for antinuclear antibodies, anti-native DNA antibodies, anti-ribonuclear protein antibodies and anti-smith antibodies. Complement CH50 was <10 U/ml and antineutrophil cytoplasmic antibodies were absent.Table 44.1Blood chemical values


	 	Day 1 3:30
	Day 1 18:30
	Day 2 3:30
	Day 2 16:15
	Day 2 23:30
	Day 3 1:00
	Day 3 2:38

	Blood Urea nitrogen (mg/dl)
	49
	53
	55
	61
	65
	 	68

	Creatinine (mg/dl)
	1.6
	1.4
	1.5
	2.7
	3.1
	 	3.4

	Albumin (g/dl)
	1.6
	 	 	 	 	 	 
	Glucose
	189
	193
	153
	151
	152
	 	192

	Sodium (mmol/l)
	134
	135
	135
	134
	134
	140
	134

	Potassium (mmol/l)
	4.3
	3.5
	3.4
	5.3
	7.1
	5.5
	7

	Chloride (mmol/l)
	109
	100
	100
	100
	104
	 	100

	Carbon dioxide (mmol/l)
	19
	26
	25
	19
	13
	 	19

	Calcium (mg/dl)
	6.1
	5.7
	6.6
	5.8
	10.3
	 	6.2

	Phosphorus (mg/dl)
	7.2
	5.2
	5.8
	9.8
	 	 	14.4

	Aspartate aminotransferase (U/l)
	14
	 	 	 	 	 	 
	Alanine aminotransferase (U/l)
	19
	 	 	 	 	 	 
	Lactate dehydrogenase (U/l)
	732
	 	1682
	 	 	 	 
	Alkaline phosphatase (U/l)
	73
	 	 	 	 	 	 
	Creatinine kinase (U/l)
	<25
	 	 	 	 	134756
	 
	Creatine kinase-MB (ng/mL)
	1.5
	 	 	 	 	545
	 
	Troponin T (U/l)
	<0.01
	 	 	 	 	 	 
	PH
	 	 	7.41
	 	7.27
	7.48
	7.42

	pCO2
	 	 	36
	 	27.8
	27.9
	26.4




Table 44.2Hematologic values


	 	Day 1 3:30
	Day 1 18:30
	Day 2 3:30
	Day 2 16:15
	Day 2 23:30
	Day 3 1:00
	Day 3 2:38

	Hematocrit (%)
	19
	23
	24
	40
	43
	 	43

	Mean corpuscular volume (μm3)
	93
	90
	84
	84
	83
	 	81

	Haptoglobin
	 	Normal
	 	 	 	 	 
	White-cell count (per mm3)
	19,600
	16,000
	11,000
	23,000
	21,000
	 	22,000

	Differential count (%)
	 	 	 	 	 	 	 
	Neutrophils
Band forms
Lymphocytes
Monocytes
Eosinophils
Basophils
	89
1
6
4
0
0
	84
14
2
0
0
0
	95
0
4
1
0
0
	 	 	 	91
0
5
4
0
0

	Platelet count (per mm3)
	175,000
	134,000
	119,000
	250,000
	227,000
	 	251,000

	Prothrombin time (s)
	11.8
	 	 	 	 	 	 
	Partial-thromboplastin time (s)
	29
	 	 	 	 	 	 




Based on the patient’s clinical presentation, coupled with her past medical history and serological data, the diagnosis of lupus flare was made. Treatment with intravenous methylprednisolone at the dose of 1000 mg/day was then initiated. Supportive therapy included blood transfusions, empirical antibiotics (ampicillin and sulbactam), and mechanical ventilation with sedation by propofol drip at a mean rate of 6 mg/kg/h. She was also receiving dopamine, aspirin, erythropoietin, and pantoprazole. On the third hospital day, she presented with sudden onset of hypotension and tachyarrhythmia necessitating initiation of vasopressors for hemodynamic support. Laboratory work-up revealed serum creatine kinase (CK) level rising to 134,756 U/L, severe hyperkalemia, new-onset high anion-gap metabolic acidosis, and worsening acute kidney injury (AKI) (Table 44.1).
Question
What is the evidence based approach to manage this patient’s acute kidney injury?

Answer
In the absence of any other etiology for rhabdomyolysis, the diagnosis rhabdomyolysis due to propofol was made and propofol drip was immediately discontinued.

Due to her metabolic abnormalities (hyperkalemia, metabolic acidosis) and worsening renal failure a decision was made to initiate renal replacement therapy. However, while preparing patient for renal replacement therapy, her hyperkalemia worsened in spite of medical treatment and within 2 hours (h) she developed ventricular tachycardia rapidly followed by cardiac arrest and death. Autopsy was performed and confirmed histologic evidence of rhabdomyolysis in skeletal muscles (Fig. 44.1).[image: A329322_1_En_44_Fig1_HTML.jpg]
Fig. 44.1Skeletal muscle biopsy revealed acute diffuse rhabdomyolysis with nuclear drop-out, hyaline-like myocytes with loss of striations, acute inflammation and edema






Principles of Management
There is a lack of level I evidence from which the best management plans for rhabdomyolysis may be derived. In fact, no randomized controlled trials studying treatment of rhabdomyolysis have been conducted, and most evidence is based on retrospective clinical studies, case reports and animal models.
Diagnosis
Rhabdomyolysis involves damage to the skeletal muscle fibers and the release of toxic intracellular contents into the circulation. The causes of rhabdomyolysis are summarized in Table 44.3. The clinical spectrum of Rhabdomyolysis is rather wide and variable. The classic triad of symptoms including muscle weakness, pain and reddish brown urine are present in less than 50 % of the patients [1, 2]. Most frequently, the involved muscle groups are the postural muscles of the thighs, calves and lower back [3]. Nonspecific systemic symptoms, such as malaise, fever, abdominal pain, nausea and vomiting may also be seen. Apart from history and physical examination a definitive diagnosis can be made by laboratory studies including serum creatine kinase (CK) and urine myoglobin levels. In some cases a skeletal muscle biopsy can also be used to confirm the diagnosis [4].Table 44.3Causes of rhabdomyolysis


	Trauma
	Any trauma leading to muscle damage
 Motor vehicle accidents especially crush injuries
 Physical torture/abuse
 Prolonged immobilization
 Overexertion (long distance running or prolonged exercise)
 Delirium tremens
 Epilepsy

	Vascular
	Any vascular occlusion
 Thrombosis
 Embolism
 Iatrogenic-Prolonged vessel clamping during surgery

	Sepsis
	 
	Hyperthermia
	Neuroleptic malignant syndrome
malignant hyperthermia

	Electric current
	Cardioversion,
high voltage electric current

	Electrolyte abnormalities
	Hypernatremia
Hypocalcemia
Hyponatremia
Hypokalemia
Hypophosphatemia

	Metabolic diseases
	Carnitine deficiency
Creatinine palmitoyl transferase deficiency
Myophosphorylase deficiency (McArdle disease)
Mitochondrial respiratory chain enzyme deficiencies
Phosphofruktokinase deficiency

	Infections
	Coxsackievirus
Falciparum malaria
Herpes viruses
Human immunodeficiency virus
Legionella
Salmonella
Streptoccocus
Tularemia

	Endocrine disorders
	Hyperaldosteronism
Hypothyroidism
Ketoacidosis
Hyperaldosteronism

	Toxins
	Heavy metals
Insect venoms
Snake venoms

	Autoimmune diseases
	Polymyositis

	Drugs
	Sedatives/ hypnotic drugs
 Benzodiazepines
 Diazepam
 Nitrazepam
 Flunitrazepam
 Lorazepam
 Triazolam
 Barbiturates
 Gluthetimide
Drugs of addiction
 Heroin
 Cocaine
 Amphetamine
 Methadone
 D-lysergic acid diethylamide (LSD)
Antidepressants and Antipsychotic drugs
 Amitriptyline
 Fluoxetine
 Fluphenazine
 Haloperidol
 Lithium
 Protriptyline
 Phenelzine
 Perphenazine
 Promethazine
 Chlorpromazine
 Loxapine
 Promazine
 Trifluoperazine
 Amoxapine
 Doxepine
Antilipemic drugs
 Lovastatin
 Pravastatin
 Simvastatin
 Bezafibrate
 Clozafibrate
 Ciprofibate
 Clofibrate
Others
 Alcohol
 Amphotericin B
 Azathrioprine
 Butyrophenones
 Epsilon-aminocaproic acid
 Halothane
 Moxalactam
 Oxprenolol
 Paracetamol
 Penicillamine
 Pentamidine
 Phencyclidine
 Phenylpropanolamine
 Propofol
 Quinidine
 Salicylates
 Strychnine
 Succinylcholine
 Theophyline
 Terbutaline
 Thiazides
 Vasopressin
 Diphenhydramine
 Doxylamine





CK rises in rhabdomyolysis within 12 h of the onset of muscle injury, peaks in 1–3 days, and declines 3–5 days after the cessation of muscle injury. Although various values of CK have been postulated to define rhabdomyolysis, the magnitude of elevation is rather arbitrary; and there is no cut-off value that conclusively diagnoses rhabdomyolysis. Abnormal CK levels are commonly seen in injured intensive care unit patients, and a level of 5000 U/l or greater is related to renal failure [5]. Myoglobin is normally bound to plasma globulins. During muscle injury the amount of myoglobin spilled in the circulation exceeds the plasma binding capacity (>1.5 mg/dl) and is excreted in the urine [6, 7]. It is the myoglobin, which imparts the reddish brown color to the urine in rhabdomyolysis. Serum myoglobin usually increases before a rise in CK and drops more rapidly than does the decline in CK concentration (in 1–6 h) [8]. Moreover, myoglobinuria may not be visible or may resolve early in the course of rhabdomyolysis. Due to these factors neither serum myoglobin nor urinary myoglobin levels can be used as reliable diagnostic indicators for rhabdomyolysis.
Muscle biopsy is not necessary, although it can be used to confirm the diagnosis of rhabdomyolysis. The histopathological findings usually include loss of cell nucleus and muscular stria with the absence of inflammatory cells [9].

Fluid Therapy
There is evidence to suggest early hydration is essential to prevent and limit the severity of renal failure in rhabdomyolysis [10]. There is no data to support or guide the amount of fluids that need to be administered. Most patients with rhabdomyolysis are hypovolemic, so fluid resuscitation to maintain a minimum urine output goal of 2 ml/kg/h is recommended [11]. A Foley catheter should be placed in order to monitor the urine output closely. In severe cases of crush injury, administration of blood products and intravenous fluids simultaneously is important to correct severe hypovolemic state [12].

Treating Reversible Causes of Muscle Damage
Underlying causes of muscle damage must be identified to prevent ongoing muscle destruction. Causes such as infections, trauma, hyperthermia, electrolyte abnormalities and medication induced muscle damage should be identified and addressed appropriately. In cases of drug induced rhabdomyolysis the offending agent should be identified and stopped immediately, if necessary drugs and toxins should be eliminated (e.g., gastric lavage, antidotes and/or haemodialysis) whenever possible [4].

Management of Complications
Complications of rhabdomyolysis include acute renal failure, acidosis, compartment syndrome, hepatic dysfunction, disseminated intravascular coagulation, arrhythmias and cardiac arrest.
Acute renal failure (ARF) develops in 33 % of patients [2] with rhabdomyolysis. Factors known to contribute to rhabdomyolysis-induced acute renal failure include hypovolemic, acidosis or aciduria, tubular obstruction, and the nephrotoxic effects of myoglobin. Aggressive rehydration is considered the standard of care in preventing acute renal failure in patients with rhabdomyolysis.
Hyperkalemia and hypocalcaemia occurring after muscle damage can predispose to cardiac arrhythmias. Hyperkalemia should be managed aggressively when present. Treatment can be initiated with insulin and dextrose. Intravenous calcium can be administered but becomes less effective when hyperphosphatemia is present since calcium and phosphorus can precipitate removing both of them from circulation [13]. Dialysis should be considered as a lifesaving procedure for patients with a rising or elevated potassium level, persistent acidosis, or oliguric renal failure with fluid overload.
Disseminated intravascular coagulation (DIC) results from complement activation of clotting cascade by components released after muscle injury. This usually occurs after severe rhabdomyolysis, leading to hemorrhagic complications [3]. DIC usually resolves spontaneously after several days if the underlying cause is corrected, but if hemorrhagic complications occur, therapy with platelets, vitamin K, and fresh frozen plasma may be necessary.
Compartment syndrome is another complication of rhabdomyolysis. Most skeletal muscles are confined to compartments formed by fascia, bones and other structures. When muscle fibers are ischemic and edematous, it raises the intra compartment pressure potentiating a vicious cycle of more ischemia and damage [2, 6]. Compartment syndrome requires immediate orthopedic consultation for fasciotomy.


Evidence Contour
Bicarbonate Therapy
Alkalinization of the urine is also a common intervention in rhabdomyolysis, but evidence of a clinical benefit is lacking. The concept of urine alkalinization derives from the precipitation of myoglobin in an acidic environment, and therefore, urinary alkalinization (pH. 6.5) theoretically can decrease the deposition of myoglobin in renal tubules. Animal studies and small retrospective studies have shown that alkalinization is better than using intravenous fluids alone in patients with rhabdomyolysis [14, 15]. However, subsequent retrospective studies have failed to establish this benefit. Based on available evidence, it can be concurred that alkalinization with sodium bicarbonate is not necessary and is not superior to giving intravenous fluids alone [16, 17].

Diuretics and Mannitol
In some experimental studies Mannitol is suggested to have a protective effect due to the diuresis, which minimizes intratubular heme deposition [11, 18, 19]. It has also been suggested that mannitol acts as a free-radical scavenger, thereby minimizing cell injury [20]. Loop diuretics have also been used to increase urine output in patients with acute renal failure secondary to rhabdomyolysis. While diuretics and mannitol have been used in preventing acute renal failure, there is little clinical evidence to support the use of these agents in rhabdomyolysis. While randomized controlled trials are lacking, the available evidence suggests that mannitol and diuretic therapy have no benefit over and above aggressive fluid resuscitation [16, 18, 21, 22].

Antioxidants and Free Radical Scavengers
Free radical scavengers have shown to reduce the ischemia reperfusion injury in rhabdomyolysis in experimental models [23]. Pentoxyphylline improves microvascular circulation, acts to decrease neutrophil adhesion and cytokine release [24]. Vitamin E (alfa tocopherol), vitamin C (ascorbic acid), lazaroids (21-aminosteroids) and minerals such as zinc, manganese and selenium all have antioxidant activity [25, 26]. These agents might have a role in the treatment of rhabdomyolysis, but further studies are needed to validate their use.

RRT for Prevention of Acute Kidney Injury
Attempts have been made to study myoglobin removal by renal replacement therapy. Based on the size of myoglobin protein, conventional hemodialysis is not effective in clearing myoglobin from the circulation. Evidence from isolated studies have shown that continuous venovenous hemofiltration or hemodialfiltration has some efficacy in removing myoglobin [27], but the effect of this removal on the outcome (acute kidney injury) is not known. Until further studies are done, renal replacement therapy cannot be recommended as a preventive method to avoid acute kidney injury in patients with rhabdomyolysis.
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Case Presentation
A 65-year-old librarian was admitted with a reduced level of consciousness (Glasgow Coma Scale (GCS) score of 7). Her husband related that 20 h previously she said she was tired and felt “strange” and went to bed early. The next morning, he could not wake her up. For 3 days she had been vomiting and drinking water/soda. On day 2 she went to an emergency department because she was feeling ill and had muscle cramps. She was advised to drink water. Her past medical history revealed intermitting bladder pains treated with nonsteroidal anti-inflammatory drugs, besides this she was healthy. At the time of presentation, pulse oximetry showed 100 % saturation (supplemental oxygen with a face mask was given), her respiratory rate was 25 per minute, blood pressure was 109/95 mmHg, with a heart rate of 77 beats/min. She had bilateral abnormal plantar responses (extension), was rigid in all extremities, with an extension/pronation pattern, and slowly reacting pupils. Arterial blood gas analysis was as follows: pH = 7.58, pCO2 = 2.8 kPa (21 mmHg), pO2 = 25.4 kPa (191 mmHg), Hgb = 8.7 mmol/l (14 g/dl), lactate = 1.5 mmol/l, BE = −2.2 mmol/l, P-[glucose] = 8.6 mmol/l (155 g/dl), P[Na] = 108 mmol/l and P[K] = 2.9 mmol/l. Body temperature was 37.7 ° C (99.9 ° F).
Question
What approach should guide this patient’s management?

Answer
Bolus therapy with 3 % NaCl and avoidance of overcorrection

All patients with severe cerebral symptoms (altered level of consciousness, seizures, rigidity) and hypotonic hyponatremia should be treated with bolus 2 ml/kg weight 3 % NaCl to reduce brain edema together with treatment/diagnosis of other potential causes of the cerebral symptoms. Next, overcorrection should be avoided to reduce the risk of osmotic demyelination (OD). Treatment with a bolus of 70 mmol NaCl was immediately instituted and within 15 min repeated twice as symptoms persisted. Treatment resulted in an increase in P[Na] to 114 mmol/l. The rigidity diminished, but she was still had a GCS score of 7–8. 10 mg of diazepam was given iv without effect. On a minor suspicion of meningitis, antibiotic therapy was initiated. To secure the airway, she was intubated before a CT scan of the cerebrum (CTC) was performed. The CTC showed discrete signs of brain edema (Fig. 45.1). The patient was transferred to the ICU for propofol sedation, frequent P[Na] measurements and avoidance of overcorrection (maximal 118 mmol/l 24 h after admission). Cerebrospinal fluid showed no signs of meningitis. An electroencephalogram was without paroxysmal activity. Blood tests showed slightly elevated CRP/leucocytes and normal creatinine/urea/albumin. P[Na] and urine production were measured hourly. A large urine flow (up to 500 ml/h) resulted in a rapid increase in P[Na]. This was counteracted by infusion of 5 % glucose, and desmopressin treatment was considered – but not given – to reduce the risk of OD. The next day, P[Na] was 121 mmol/l and she was extubated; the GCS score was 10. P[Na] continued to increase without sodium supplementation due to a large urine volume, with a high electrolyte-free water clearance (EFWC) (U[Na] = 42 mmol/l and U[K] = 15 mmol/l) (see next section for calculations). This was counteracted by giving sterile water and 5 % glucose. On day 2, P[Na] was 125 mmol/l, and on day 3, 132 mmol/l. Her consciousness level increased to a GCS score of 15, and she was transferred to the neurological ward. A MR scanning 14 days later showed no signs of OD (Fig. 45.2), and she was discharged with only a slightly impaired visual performance (homonym hemianopia), which gradually improved.[image: A329322_1_En_45_Fig1_HTML.gif]
Fig. 45.1CT scan of cerebrum after hypertonic saline bolus therapy




[image: A329322_1_En_45_Fig2_HTML.gif]
Fig. 45.2MR imaging, T2-weighted, 14 days after correction of hyponatremia without signs of osmotic demyelination






Principles of Management
ABCD Followed by Diagnosis
The first step in the approach to the patient with an altered level of consciousness is to ensure a patent airway, adequate breathing and circulation together with a brief evaluation of the patient’s neurological disability and measurement of blood sugar (ABCD approach). This is crucial to treat/rule out hypoxia, hypercapnia, hypotension and/or hypoglycemia as causes behind the altered consciousness level and to reduce secondary brain damage [1]. Next, swift determination of electrolytes must be prioritized in the patient with severe cerebral symptoms together with the diagnosis/treatment of other possible causes of the cerebral symptoms (e.g. meningitis). The diagnosis of hypotonic hyponatremia is based on a reduced P[Na] without hyperglycemia. In the presence of hyperglycemia, the measured P[Na] should be corrected/increased by 0.4 mmol/l per 1 mmol increase in P-[glucose] (or a correction of 2.4 meq/l per 100 mg/dl increase in P-[glucose]) [2]. Hyponatremia together with severe symptoms indicates brain edema/increased intracranial pressure (ICP). That is, ongoing brain damage and a substantial risk of herniation. Therefore acute treatment should normally not be delayed by performance of a CTC. On the other hand, if hyponatremia is present without severe symptoms, a more hesitant approach is appropriate.

Bolus Therapy
In hyponatremia with severe symptoms, immediate ICP reduction is best induced with one or more boluses of 2 ml/kg 3 % (0.5 mmol/l) NaCl (e.g. 100 ml in a patient weighing 50 kg (110 lbs) (or a corresponding amount of more hypertonic NaCl) given iv/intraosseously (Fig. 45.3) [3–5]. One 2 ml/kg 3 % NaCl bolus causes an increase in P[Na] of approximately 2 mmol/l and an immediate reduction in ICP. The bolus can be repeated at 5-min intervals. Cerebral symptoms/ICP decreases sufficiently when P[Na] increases 4–6 mmol/l, hence no more than three boluses should be given [3, 6]. Crucially, 0.9 % NaCl should not be used to acutely increase P[Na] in patients with severe symptoms. The resulting P[Na] is unpredictable, and the hyponatremia may worsen in the patient with syndrome of inappropriate antidiuretic hormone (SIADH) (see section “Mechanisms Behind the Hyponatremia/Lasting Correction”) [6, 7].[image: A329322_1_En_45_Fig3_HTML.gif]
Fig. 45.3Hyponatremia treatment algorithm. P-[Na
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] plasma sodium concentration, OD osmotic demyelination






Avoidance of Overcorrection
A rapid increase in P[Na] can result in osmotic brain damage and death, OD. In relation to hyponatremia, the course is bi-phasic: First, a reduction in cerebral symptoms followed by a gradual neurological worsening. OD is linked to the cerebral adaption to hyponatremia over time. Cerebral symptoms wane parallel with a reduced cerebral content of potassium, organic osmolytes and water. However, OD is also seen when a rapidly developed hyponatremia (Fig. 45.4) is swiftly corrected [8, 9] and in rapidly developed hypernatremia [3, 6]. Therefore, P[Na] should be corrected slowly in all patients. The increase in P[Na] should be of no more than 10 mmol/l in the first 24 h and less than 8 mmol/l every 24 h thereafter [3, 4]. In patients with additional risk factors of OD (very low P[Na], hypokalemia, malnutrition, alcoholism, and advanced liver disease), the increase should be maximally 6 mmol/l in every 24 h [3–5].[image: A329322_1_En_45_Fig4_HTML.gif]
Fig. 45.4MR imaging, T2-weighted, demonstrating osmotic demyelination in a 63-year-old woman after rapid correction of hospital-acquired hyponatremia (developed within 48 h)





Controlling the correction of hyponatremia can be a challenging task and needs a high level of observation. This is illustrated by the real-life case at the beginning of this chapter. First, it is crucial to state a maximal increase in P[Na]. Secondly, frequent measurements of P[Na] and urine volume are needed. Finally, practical measures should be instituted if P[Na] rises too quickly.
Understanding what determines P[Na] in the individual patient lies at the root of safe correction. Edelman demonstrated that P[Na] is determined by exchangeable sodium (eNa+), exchangeable potassium (eK+) and total body water (TBW) [10]. The relation is simplified in Eq. 45.1 [7]:[image: 
$$ P\left[ N{a}^{+}\right]=\frac{eN{a}^{+}+ e{K}^{+}}{TBW} $$
]

 (45.1)



The physiological fundament for Eq. 45.1 is that sodium is the principal extracellular osmolyte, potassium is the principal intracellular osmolyte, and they do not freely cross the cell membrane in contrast to water. According to Eq. 45.1, hyponatremia develops when the proportion between cations (eNa+ + eK+) and water decreases.
Equation 45.1 is not readily useful at the bedside. However, it was recently demonstrated that it is valid in the individual and that the changes in P[Na] (changes from P[Na]1 to P[Na]2) are determined by changes in the external cation balances (Δ(Na+ + K+)) and water balances (ΔTBW) according to Eq. 45.2 [7, 11]:[image: 
$$ \mathrm{P}-{\left[{\mathrm{Na}}^{+}\right]}_2=\frac{\mathrm{P}-{\left[{\mathrm{Na}}^{+}\right]}_1\times TBW+\varDelta \left( N{a}^{+}+{K}^{+}\right)}{TBW+\varDelta TBW} $$
]

 (45.2)



In other words, P[Na] is influenced by the water balance and equally by the sodium and potassium balances. The primary cause of overcorrection in the hyponatremic patient (and in the case related above) is the large volume of diluted urine (diuresis) [12, 13]. Hypotonic fluids like water given orally or 5 % glucose iv can be used to counteract the effect of the diuresis. Besides monitoring P[Na], calculation of EFWC based on the urine cation concentration (U[Na] + U[K]) is useful because it quantifies the kidney’s impact on P[Na] [7]:[image: 
$$ EFWC= uri{n}_{volume} x\left(1-\frac{\mathrm{U}-\left[ N{a}^{+}\right]+\mathrm{U}-\left[{K}^{+}\right]}{\mathrm{P}-\left[ N{a}^{+}\right]}\right) $$
]

 (45.3)



If electrolyte free water is excreted ((U[Na] + U[K]) < P[Na]), then the kidney counteracts the hyponatremia and will restore normonatremia. In this situation, a rapid increase in P[Na] may result. If the rise in P[Na] due to a large increase in urine volume (e.g. 300 ml/h)/high EFWC cannot be controlled, the V2-receptor agonist desmopressin is effective in reducing EFWC (e.g. 1–2 μg desmopressin iv every 6–8 h). The administration of desmopressin can also be necessary if P[Na] has increased too much, and a re-lowering to the desired level is needed [3–5].
However, it is important that the individual patient represents a dynamic system and urine volume can change dramatically in hours, leading to a rapid increase in P[Na] and making an exact prediction of P[Na] based on formulas uncertain [13, 14]. The safest way is close monitoring of P[Na] and urine output, especially if urine volumes are large, and adjustment of fluid treatment according to P[Na], EFWC and Eq. 45.2.
One special situation is the hyponatremic patient in need of acute dialysis. Here, measures must be taken to avoid rapid overcorrection, e.g. reducing the blood flow or diluting the fluids given [6].

Mechanisms Behind the Hyponatremia/Lasting Correction
When the initial therapy has stabilized the patient and measures to avoid overcorrection have been undertaken, mechanisms behind the hyponatremia must be identified. This can be challenging because (1) multiple combined causes are common [15, 16], (2) the initial mechanisms causing hyponatremia can be evanescent, and (3) hypovolemic and normovolemic hyponatremia (SIADH) can seldom be separated clinically but can be deduced from the response to treatment with 0.9 % NaCl [17]. Therefore, the diagnosis goes hand-in-hand with the treatment response and the causes of the hyponatremia may overlap.
To support the diagnosis, the patient’s history is important: current disease, exploration of thirst feeling, known comorbidities (e.g. heart failure, liver failure, and renal impairment), medications (Table 45.1) and a meticulous history of fluid intake (quantity/quality) and output (diuresis, gastrointestinal loss). The vital signs are determined together with the stigmata of chronic illness. A urine sample should be obtained as soon as possible – preferably before therapy is initiated – and analyzed for U[Na], U[K], osmolality to calculate EFWC and hence the kidneys’ contribution to the hyponatremia.Table 45.1Commonly prescribed drugs associated with hyponatremia


	Groups
	Drugs

	Diuretics
	Thiazides
Indapamide

	Antidepressant agents
	Selective serotonin reuptake inhibitors

	Tricyclic antidepressants (mirtazapine)

	Selective norepinephrine reuptake inhibitors Monoamine oxidase inhibitors

	Antipsychotic agents
	Phenothiazines,
Butyrophenones

	Anti-seizure drugs
	Carbamazapine, oxcarbazepine, valproate

	Lamotrigine
Clofibrate

	Antineoplastic agents
	Alkylating agents (e.g. cyclophosphamide, ifosfamide)
Platinium compounds (e.g. cisplatin)
Vinca alkaloids (e.g. vincristine)
Methotrexate

	V2-receptor agonist
	Desmopressin, vasopressin, oxytocin

	Miscellaneous
	Nonsteroidal anti-inflammatory drugs
Opiates
Voriconazole
3,4-methylenedioxy-methamphetamine (ecstacy)

	Hypotonic fluids
	 




Hyponatremia with Reduced ECV/Sodium
Loss of sodium (gastrointestinal, renal, blood, wounds, etc.) and thereby a reduction in extracellular volume (ECV) (sodium is the principal osmolyte in the ECV) results in hypovolemia and reduced perfusion with non-osmotic stimulation of antidiuretic hormone (ADH) secretion. ADH reduces renal water excretion (reduces EFWC). Ingestion/infusion of hypotonic fluids (e.g. water, 5 % glucose, KNaGlucose) in this situation can result in hyponatremia. With hypoperfusion, the renin-angiotensin-aldosterone system (RAAS) and the sympathetic nervous system are activated [18]. This results in reduced urine sodium excretion. However, a low U[Na] is not always present in patients on diuretic therapy or those with adrenal deficiency and/or metabolic alkalosis from vomiting. When the sodium/ECV deficit is restored (e.g. with 0.9 % NaCl/ringer-lactate), the ADH stimulus is abolished, and a high EFWC can result in a rapid P[Na] increase, with impending overcorrection.

Hyponatremia with Increased Extracellular Volume/Sodium
In conditions with increased ECV (e.g. congestive heart failure, cirrhotic liver failure) hyponatremia is caused by non-osmotic stimulation of ADH secretion and thirst due to hypoperfusion. In addition, RASS and the sympathetic nervous system are activated, resulting in low U[Na]. Optimizing the hemodynamics is the cornerstone of treatment in these situations.

Hyponatremia Despite Suppressed ADH
Normally functioning kidneys have an enormous capacity to excrete water (1 l/h), so excessive water input (e.g. polydipsia) must exceed this to produce hyponatremia. Much less water intake can produce hyponatremia when the kidney’s ability to excrete water is reduced. Low solute (protein, cations) intake in severe malnutrition (e.g. cancer, anorexia nervosa, beer potomania) reduces the kidney’s ability to excrete water because pure water cannot be excreted. Urine osmolality is low. Reduced glomerular filtration rate with increasing age puts the elderly at risk of hyponatremia [19]. Treatment should take into account any polydipsia, malnutrition and/or reduced renal function.

Syndrome of Inappropriate Antidiuretic Hormone
In SIADH, non-osmotic ADH secretion and thirst are present despite normal perfusion. The combination of non-osmotic ADH secretion and no hemodynamic activation of RASS/sympathetic nervous system can result in very low/negative EFWC (U[Na] + U[K]) >> P[Na]). This puts the patient at high risk of hyponatremia when hypotonic fluids (e.g. 5 % glucose, Darrow-glucose) are prescribed or ingested [20]. When U[Na] is high, infusion of 0.9 % NaCl can result in worsening of the hyponatremia because the sodium is excreted in a smaller volume than infused, with electrolyte-free water being retained (“desalination”). Failure to increase P[Na] with 0.9 % NaCl therapy is a practical way to distinguish SIADH from hyponatremia with reduced ECV.
In the critically ill, SIADH may be due to various drugs (Table 45.1), malignant disease, central nervous system disorders (infection, bleeding, thrombosis, space occupying disorders, psychosis and generalized disorders), pulmonary disorders (infection, asthma, respirator treatment) or other more non-specific causes (general anesthesia, postoperative nausea, pain and stress) [21]. SIADH may be divided into (1) self-limiting mechanisms (common in the hospitalized patient), with an inherent risk of overcorrection when ADH stimulus is abolished (e.g. nausea stops) and (2) persistent conditions (e.g. paraneoplastic phenomenon) that, in the absence of V2-receptor antagonist treatment, will rarely be overcorrected.
The conventional criteria for SIADH are plasma hypo-osmolality (P-Osm <275 mOsm/kg) without maximally diluted urine (U-Osm >100 mOsm/kg), high U[Na] (>40 mmol/l), normal circulation, normal renal, thyroid and adrenal function [21]. However, in the critically ill patient, other hyponatremia mechanisms are likely to co-exist (renal impairment, use of diuretics, low solute intake) and must be determined and corrected. When persistent SIADH is the likely diagnosis, the cornerstone is investigation and treatment of its underlying causes (e.g. cancer). In critical illness, correction of the hyponatremia is achieved primarily by restriction of hypotonic water and infusion of hypertonic saline (e.g. 0.1–0.4 mmol/kg/h). In the persistent form of SIADH, V2-receptor antagonist treatment may be the most effective option; however, treatment most be monitored to avoid overcorrection and dehydration. V2-receptor antagonists should not be used routinely in the victim of critical neurosurgical illness (e.g. subarachnoid hemorrhage, traumatic brain injury) because its use can result in dehydration and thereby secondary brain damage (e.g. delayed cerebral ischemia) [22].

Adrenal Deficiency
Adrenal deficiency can induce hyponatremia [23]. In the critically ill patient, a random plasma cortisol level above 700 nmol/l (25 μg/dl) virtually excludes adrenal deficiency [23]. If this value is inconclusive, low-dose adrenocorticotropic hormone stimulation should be performed. Treatment is hormone substitution.



Evidence Contour
Several aspects of management of the patient with hyponatremia are based on small studies (case studies/retrospective studies) and physiological extrapolations. Despite a growing consensus, controversies still exist and are partly explained by the fact that the hyponatremia patient population is very heterogenic with regard to time frame, co-morbidities and mechanisms behind the hyponatremia.
Rate of Correction/Risk of Osmotic Demyelination
Avoiding overcorrection is pivotal to diminish the risk of OD. However, no prospective randomized studies have established an absolutely safe and definitive speed for correction of hyponatremia. In a small clinical MRI study, OD lesions were observed in patients corrected with more than 10 mmol/l/day [8]. In retrospective studies, OD has been seen in patients corrected more than 12 mmol/l/day [24–26]. Therefore, one group advocates slow correction [24]. On the other hand, hesitation in the acute correction of hyponatremia with severe symptoms can be fatal, and one group found no correlation with OD [27]. Therefore, this group advocates rapid correction [27]. It appears that the conflict between these opposing standpoints is gradually giving way to an emerging consensus: Treatment of hyponatremia with severe symptoms should involve prompt, but small increase in P[Na] followed by slow correction [12, 28], a consensus which is also reflected in current guidelines [4, 5].

Acute Versus Chronic Hyponatremia
The distinction between “acute” hyponatremia (developed within 48 h) and “chronic” hyponatremia lies at the root of former treatment guidelines. Acutely developed hyponatremia could/should be corrected to normonatremia acutely to treat or prevent brain edema, and chronic hyponatremia should be corrected slowly to avoid OD. This is based on the brain’s adaption to hyponatremia [1]. However, the distinction is arbitrary and difficult to use in practice. First, the time-frame for development is often not known. Second, pre-existing hyponatremia is the greatest risk factor for the development of severe cerebral symptoms – acute worsening of chronic hyponatremia [29]. Third, rapid correction of acute hyponatremia just as the rapid development of hypernatremia from normonatremia [3] can result in OD (Fig. 45.4) [8, 9]. Therefore, the safest approach may be based on prompt bolus therapy with hypertonic saline in patients with severe cerebral symptoms combined with cautious correction in all patients [3, 4].

Hyponatremia and Association with Mortality?
Retrospective studies have documented that patients with hyponatremia have higher over-all mortality than patients with normonatremia [30–32]. Whether hyponatremia is the cause of death in these patients or merely an indicator of underlying illness has yet to be determined. Correction of hyponatremia with a V2-receptor antagonist in patients with heart failure showed no effect on mortality/morbidity [33]. However, it seems rational to aim for normonatremia in the critically ill with the use of appropriate fluid therapy.
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Case Presentation
A 51 year old woman with hypothyroidism, diabetes and hypertension presented with two weeks of progressive fatigue, weakness, and difficulty walking. In the emergency department she complained of lightheadedness and dizziness. Her initial blood pressure was 70/42. She was awake and alert, with 4/5 strength throughout. Her son had recently passed away and she reported decreased appetite, decreased oral intake, and weight loss. She had been smoking one pack of cigarettes per day since age 11. Initial serum sodium was 117 mmol/L, urine sodium 69 mmol/L, and urine osmolality 576 mOsm/kg. She was treated with 2 liters (L) of intravenous (IV) 0.9 % saline, and blood pressure improved to her baseline, 117/74.
Question
What is the cause of this patient’s severe hyponatremia, and with what urgency should it be corrected?

Answer
Evaluate volume status and sodium balance, and correct slowly.

Most patients with severe hyponatremia do not need urgent correction. Time should be taken to evaluate for underlying cause, treating slowly and monitoring sodium levels frequently. This patient was admitted with symptoms attributable to hyponatremia but no critical neurologic findings, so rapid sodium correction was not necessary. Initial IV fluids corrected blood pressure. At that point, the patient was euvolemic and still hyponatremic at 119 mmol/L. Urine sodium and osmolality were consistent with the syndrome of inappropriate antidiuretic hormone activity (SIADH), though measured serum osmolality results were not available. With SIADH the most likely diagnosis, fluids were restricted to 1 L per day and oral sodium chloride (NaCl) tablets begun. Serum sodium increased to 121 mmol/L by day 4 and the patient was transferred to the medical wards. Thereafter, she was found to be orthostatic and treated with IV normal saline. Serum sodium initially remained stable on IV fluids, and repeat studies demonstrated urine sodium 140 mmol/L, urine osmolality 389 mOsm/kg, and serum osmolality 256 mOsm/kg, consistent with SIADH. By hospital day 10, despite resuming fluid restriction and escalating oral NaCl doses, serum sodium had decreased to 113 mmol/L, and the patient remained neurologically intact. Tolvaptan was begun and serum sodium increased to 120 mmol/L within 24 h, remaining stable in the mid-120s. Chest imaging demonstrated a 2.5 cm left upper lobe nodule concerning for malignancy which proved to be the cause of her SIADH.

Principles of Management
Risk Stratification
Severely depressed mental status or seizures in acute onset hyponatremia (<48 h) suggest cerebral edema and mandate intensive care unit (ICU) admission and urgent correction of serum sodium concentration. All patients with acute onset severe hyponatremia (serum sodium concentration <120 meq/L), even those without symptoms, are at risk for cerebral edema and should receive urgent serum sodium correction in the ICU [1]. In most cases, asymptomatic patients with severe chronic hyponatremia benefit from ICU admission for monitoring of symptoms and rate of correction during initial management.

Evaluation
In patients not requiring emergent correction, the first step is clinical determination of volume status using history and physical exam. Physical exam findings for volume status are listed in Table 46.1. Table 46.2 presents common hyponatremia syndromes in the ICU by volume status. Serum osmolality less than 275 mOsm/kg water and urine osmolality greater than 100 in a hyponatremic patient with normal salt intake suggests renal free water retention which may be considered “inappropriate” if the patient is euvolemic. Spot urine sodium ≥40 mmol/L is further evidence of free water retention [2]. Once SIADH is diagnosed workup should begin for underlying cause. The most common causes of SIADH in the ICU are summarized in Table 46.3. Evidence of antidiuretic hormone (ADH) activity in a hypovolemic or hemodynamically unstable patient should be expected as a compensatory mechanism and not taken to represent SIADH. In cases of indeterminate volume status, it is acceptable to infuse 500 mL to one liter of 0.9 % sodium chloride. Improvement in serum sodium suggests an element of hypovolemia, whereas further reduction in serum sodium with increased urine sodium and urinary osmolality ≥100 suggest SIADH [3]. The discrimination between SIADH and cerebral salt wasting (CSW) is difficult. CSW occurs after brain injury or neurosurgical procedures. Urinary salt and chloride losses cause diuresis and hypovolemia which drives ADH secretion and free water retention. Diagnosis requires proof that urinary sodium losses and volume depletion preceded the development of hyponatremia [1].Table 46.1Physical exam findings for volume status


	Hypovolemic
	Euvolemic
	Hypervolemic

	Orthostasis
Poor skin turgor
Dry mucous membranes
	Normal heart rate and blood pressure
Normal skin turgor
Moist mucus membranes
	Lower extremity or sacral edema
Ascites




Table 46.2Common causes of hyponatremia in the ICU, by volume status


	Hypovolemic
	Euvolemic
	Hypervolemic

	Cerebral salt wasting
Excessive diuretic therapy
GI fluid losses
Hemorrhage
Burn
Adrenal insufficiency
Hyperglycemia
	SIADH
Large volume hypotonic fluid infusion during surgery
Primary polydipsia
Endurance exercise
Ecstasy use
Hypothyroidism
Adrenal insufficiency
Low solute diet
	Congestive heart failure
Cirrhosis
Nephrotic syndrome
Renal failure




Table 46.3Common causes of SIADH in the ICU


	ICU care-associated
	Malignant
	Pulmonary
	Neurologic
	Pharmacologic

	Anesthesia
Pain
Positive pressure ventilation
Nausea
	Small cell lung cancer
Head and neck cancer
Prostate cancer
Lymphoma
Brain tumor
	Cystic fibrosis
Pneumonia
	Head trauma
Intracranial hemorrhage
CNS infection
Stroke
Guillain Barré
Delirium Tremens
	Narcotics
Methylenedioxy-N-methamphetamine (Ecstasy)
Nicotine
Antipsychotics
NSAIDs
Vasopressin
Cyclophosphamide






Correcting Serum Sodium
If hypovolemia is present or suspected, 0.9 % saline infusion should be administered. For patients with severe acute or symptomatic hyponatremia, hypertonic (3 %) saline should be infused at a rate of 1–2 ml/kg actual body weight [2]. Correction of serum sodium concentration by 4–6 meq/L in the first 2–3 h is sufficient to significantly reduce intracranial pressure and increase cerebral perfusion pressure [4]. Serum sodium should be monitored hourly and infusion stopped when symptoms resolve. For patients who do not require emergent rapid correction of serum sodium concentration, management should be tailored to the underlying condition. Management of the hypervolemic hyponatremias requires addressing underlying organ dysfunction (Table 46.2). Glucocorticoid or thyroid hormone deficiency, discussed elsewhere, can be treated by supplementing these hormones. Severe hyponatremia from CSW may initially require hypertonic saline, though in most cases volume expansion with isotonic saline is sufficient [2]. SIADH is managed with fluid restriction and ensuring adequate dietary sodium and protein intake. In the ICU, total fluid intake should be limited to 500 mL less than daily urinary output, and should account for oral fluids, solid foods, and IV medications [5].

Monitoring Correction Rate
In patients with asymptomatic chronic hyponatremia, there is virtually no risk of death from cerebral edema. Accordingly, guidelines and expert opinion recommend that correction be limited to 6–8 meq/L per day, with serum sodium checks every 2–4 h. During correction of hypovolemic hyponatremia, urinary output must be monitored closely, for which a urinary catheter is helpful. Once the hypovolemic stimulus for ADH secretion has been relieved, ADH levels will drop, urinary output will increase, and serum sodium concentration will increase rapidly. At this point the isotonic saline solution should be stopped and serum sodium monitored carefully. If correction proceeds at a rate greater than 0.5 meq/L/h for more than 4 h, rate of rise can be slowed by administering hypotonic fluids or IV desmopressin 2–4 micrograms [5].

Osmotic Demyelination Syndrome (ODS)
In the setting of serum hyponatremia, brain cells extrude organic solutes, which prevents cerebral swelling. This process takes about 2 days, but when hyponatremia is corrected, it can take up to a week for cells to recapture lost osmolytes. If serum sodium correction outpaces solute recapture, central pontine or extrapontine myelinolysis results. ODS classically has a biphasic presentation: the patient’s neurologic status initially improves with serum sodium correction, but days later, pseudobulbar palsy and quadriparesis develop. Most described cases of ODS resulted from serum sodium correction greater than 10–12 mmol/L in 24 h or 18 mmol/L in 48 h, though slower rates of correction have been associated with this syndrome in high-risk patients including those with alcoholism, cirrhosis and severe malnutrition [5].


Evidence Contour
Diagnostics
Spot urine sodium concentration is used to support a diagnosis of SIADH but is less useful in patients on diuretics due to natriuretic effect. One study demonstrated that for patients on diuretics, the fractional excretion of uric acid performed just as well as urine sodium concentration in patients not on diuretics, with values over 12 % consistent with SIADH [6].

Spot urine sodium concentration is a fairly good stand-alone test for SIADH, with one study demonstrating a diagnostic accuracy of 0.82 for urine sodium 50 meq/L or greater [7].

Novel Treatments
Vasopressor receptor antagonists (vaptans) bind the vasopressin type 2 (V2) receptor in the distal nephron to cause excretion of free water. Four large studies of vaptans (conivaptan and tolvaptan) in patients with euvolemic or hypervolemic hyponatremia demonstrated significant short-term and lasting improvement in serum sodium concentration. In the SALT-1 and SALT-2 trials, average sodium levels increased from 129 to approximately 135 at days 4 and days 30. Adverse events included dehydration, renal dysfunction, hypernatremia, and overly rapid serum sodium correction [8–10]. Concerns regarding safety of vaptans in the ICU center on their ability to cause significant aquaresis and hypovolemia and the potential for overly rapid correction of serum sodium. Hyponatremia in ICU patients is often multifactorial, and patients with SIADH may have concomitant intravascular hypovolemia. For this reason, many experts recommend withholding vaptans even for strongly suspected SIADH until euvolemia is certain [5].

Urea has been described as a treatment for SIADH. It causes renal sodium retention and free water excretion but tastes very bad [11]. Excellent results have been reported for the administration of urea via enteric tubes along with moderate amounts of isotonic saline in ICU patients with hyponatremia [11–13].

Osmotic Demyelination Syndrome
Outcomes
Outcomes for ODS have historically been presumed to be very poor, but in a 2012 study of 36 patients with ODS, 14 patients survived without significant disability at one year. Patients with alcoholism were more likely to have poor outcomes [14].

Prevention
In animal models of chronic hyponatremia, rapid relowering of the serum sodium concentration after excessive correction can prevent ODS [15]. Two case reports have demonstrated success of this approach in patients who developed neurological symptoms after overly rapid correction [16, 17].
Patients with chronic renal failure rarely develop ODS despite large and rapid corrections of hyponatremia with hemodialysis [18, 19]. Induced renal failure and exogenous urea administration increase the rate of brain osmolyte reaccumulation and prevent ODS during rapid sodium correction in rats; no human studies of urea for ODS prevention exist [20, 21].
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Case Presentation
A 30 year old male with a past medical history of diabetes mellitus, hyperlipidemia, and alcohol abuse presented with 3 days of nausea, vomiting, diffuse abdominal pain and low urine output. He admitted to using his insulin inconsistently over the past week. His serum glucose was 796 mg/dL, sodium 124 meq/L, potassium 5.4 meq/L, chloride 80 meq/L, and bicarbonate 2 meq/L. An arterial blood gas obtained in the emergency department demonstrated a pH of 6.92, pCO2 9.8, and pO2 134 with the patient inspiring room air. His leukocyte count was 19,600, with 73 % neutrophils and 16 % bands. His chest X-ray was normal. His electrocardiogram showed sinus tachycardia. Urinalysis revealed 3+ ketones and was positive for leukocyte esterase.
On physical exam he was afebrile, his heart rate was 106 beats/min, respiratory rate 28 breaths/min, blood pressure 139/95 mmHg, and oxygen saturation 99 % while breathing room air. He weighed 74 kg. He was slightly cachectic, but alert and oriented to person, place, and time. His mucous membranes were dry. There was no lymphadenopathy or jugular venous distention. He was tachycardic with a regular rhythm and tachypneic with clear lung sounds bilaterally. His abdomen was diffusely tender to palpation without distention, guarding, or rebound tenderness. His skin was warm and dry.
Question
What is the most important initial intervention in treating this patient?

Answer
Fluid Resuscitation

After establishing that there is a patent airway and adequate oxygenation, the first intervention is to provide a 15–20 mL/kg fluid bolus of normal saline. Patients with diabetic ketoacidosis (DKA) are profoundly hypovolemic and often have a free water deficit as well. Administering intravenous (IV) fluids decreases the plasma osmolality thereby improving insulin responsiveness. After fluid resuscitation is initiated, insulin replacement therapy should be given.
The patient was given a 2 l fluid bolus of 0.9 % sodium chloride (NaCl) then placed on maintenance infusion of 0.45 % NaCl at a rate of 300 mL/h. After the initial fluid bolus, he was given 10 units of IV insulin then started on an infusion at 7 units/h. Once his serum potassium dropped below 5 mEq/L, potassium was added to his maintenance fluid. After several hours his serum glucose decreased to 204 mg/dl, however his serum bicarbonate was still low and the anion gap remained elevated. As a result 5 % dextrose was added to his IV fluids and the insulin infusion was continued until his serum bicarbonate and anion gap normalized. He was then transitioned to daily insulin glargine and pre-meal insulin lispro, with 4 h of overlap time between the first dose of insulin glargine and the discontinuation of the regular insulin infusion.
Broad spectrum antibiotics were begun empirically on admission. At 48 h, urine culture grew Group B Streptococcus and antibiotic coverage was narrowed. The patient was discharged home after 3 days in the hospital.

Principles of Management
Diagnosis
The diagnosis of DKA is made based on the triad of hyperglycemia (serum glucose > 250), metabolic acidosis (pH < 7.3, HCO3 < 18), and the presence of ketones either in the blood or urine [1, 2]. The anion gap = [Na+] – [Cl− + HCO3−] and is elevated (>10). In DKA, the increased anion gap reflects unmeasured keto-acids in the blood, although additional etiologies for elevated anion gap should always be considered.
Causes of Anion Gap Metabolic Acidosis

                  	Methanol

	Renal Failure

	Ketoacidosis (diabetic, starvation, alcoholic)

	Glycols (ethylene, propylene)

	Lactic acidosis (L-lactate, D-lactate)

	Salicylates

	Oxoproline (pyroglutamic acid)




                

The measured serum sodium level is often low, due to dilutional hyponatremia from a shift in fluids from the intracellular to the extracellular space. A normal or elevated serum sodium level results from a severe free water deficit. Serum potassium level may also be elevated, normal, or low depending on the degree of acidosis, the amount of osmotic diuresis, baseline kidney function, and the duration of the disease process. Despite a normal or high serum potassium level, patients with DKA almost always have substantial depletion of total body potassium due to extracellular shifts related to acidemia and urinary losses.
Initial evaluation of a patient with suspected DKA should include complete blood count with differential, electrolytes, blood urea nitrogen, creatinine, phosphorus, magnesium, urinalysis, and electrocardiogram [1, 3]. Amylase and lipase are often elevated in DKA despite the absence of any radiographic evidence of pancreatitis [4, 5]. A thorough search for infection should be made in all patients presenting with DKA, as moderate to severe infection is often a precipitating factor [6]. Other acute medical conditions which may precipitate DKA include myocardial infarction, cerebrovascular accident, pancreatitis, and arterial thromboembolism. In the developed world most deaths from DKA are seen in patients with concurrent illness, mainly myocardial infarction and serious infection [7, 8].

Fluid Replacement
The average fluid deficit in patients with DKA ranges from 6 to 10 l [9]. The free water deficit can be calculated using the patient’s total body water based on lean body weight times the gender based dosing factor and measured sodium:[image: 
$$ \begin{array}{c}\mathrm{Free}\ \mathrm{Water}\ \mathrm{Deficit}=\mathrm{Dosing}\ \mathrm{Factor} \times \mathrm{weight}\ \left(\mathrm{Kg}\right)\times \left[\right(\mathrm{Serum}\ {\mathrm{Na}}^{+}/140\left) - 1\right]\\ {}\kern4em \mathrm{Dosing}\ \mathrm{Factor}=0.6\ \left(\mathrm{Male}\right)\ \mathrm{and}\ 0.5\ \left(\mathrm{Female}\right)\end{array} $$
]




Fluid replacement therapy is usually initiated with isotonic saline. The initial infusion rate should be 15–20 ml/kg/h for the first 3–4 h (approximately 1.0 to 1.5 l/h for average sized adults), with a maximum of 50 ml/kg within the first 4 h.
After the initial fluid resuscitation, the choice of fluid replacement depends on the serum electrolytes, the serum glucose, and urine output. The sodium level should be adjusted for the serum glucose concentration [10].[image: 
$$ \mathrm{Corrected}\ \mathrm{Sodium} = \mathrm{Measured}\ \mathrm{sodium} + 0.024 \times \left(\mathrm{Serum}\ \mathrm{glucose}\ \hbox{-}\ 100\right) $$
]




If the corrected serum sodium level is normal or elevated, then 0.45 % NaCl should be used in place on 0.9 % NaCl to better correct the free water deficit. However, if the corrected serum sodium is low or the urine output is suboptimal, a persistent intravascular volume deficit is likely and 0.9 % NaCl should be continued. Once the serum glucose reaches 250 mg/dl, 5 % dextrose should be added to the IV fluids to maintain a serum glucose between 150–200 mg/dl until metabolic acidosis resolves.


Insulin
Insulin is typically administered as an IV bolus of 0.1-0.15 units/kg followed by an infusion of 0.1 units/kg/h. Prior to initiating insulin therapy, potassium must be repleted to at least 3.3 mEq/L, as insulin will shift potassium intracellularly, worsening hypokalemia and potentially causing cardiac arrhythmias. The target reduction in glucose levels is 50–70 mg/dL each hour. If the glucose does not fall by at least 50 mg/dL in the first hour, the insulin infusion should be doubled every hour until the desired rate of glucose decline is achieved. Insulin therapy should not be discontinued until metabolic acidosis resolves and the anion gap normalizes.
Electrolyte Repletion
If the initial serum potassium is 3.3–5.0 mEq/L, 20–30 mEq of potassium should be added to each liter of fluid. If the initial serum potassium is elevated, supplemental potassium should not be given and the serum potassium should be monitored every 2–3 h. The serum potassium should be maintained between 4–5 mEq/L.
Routine phosphate repletion is not recommended given the absence of clear benefit and its association with hypocalcemia and other electrolyte disturbances [11–13]. Most experts, however, recommend repletion when serum phosphate concentration falls below 1.0 mg/dl to prevent skeletal muscle weakness and respiratory failure.
Magnesium deficiency can result in cardiac dysrhythmias, seizures, muscle spasm, and paresthesia. Magnesium should be replaced when serum magnesium levels fall below 1.2 mg/dl.

Treatment of Precipitating Condition
While non-adherence to insulin therapy is often the precipitating factor in DKA, other causes such as infections and additional acute medical conditions (e.g., pancreatitis, myocardial infarction, etc.) should be actively considered [6, 14]. If a source of infection is suspected, concurrent treatment with appropriate antimicrobial therapy should not be delayed, especially if signs of shock are present.
Most patients with DKA will have a leukocytosis corresponding to the degree of acidosis; therefore the white blood cell count alone may not be a reliable predictor of infection. In one study of patients presenting to the emergency department with DKA, the presence of a significant number of immature band forms of leukocytes (i.e., bandemia) on the cell differential had a high sensitivity and specificity for the presence of serious infection [15]. Patients with significant bandemia should be considered to have a clinically relevant infection until proven otherwise.

Complications
The most feared complication of DKA is cerebral edema; however the vast majority of cases are seen in children. There have been case reports of adults developing cerebral edema after aggressive fluid resuscitation [16, 17]. Typical features include headache and lethargy followed by altered mental status, respiratory depression, seizures, and coma. Treatment is generally supportive. Mannitol and hypertonic saline have been used successfully to treat cerebral edema in DKA [18], although there are no controlled trials to support this practice.
Non-cardiogenic pulmonary edema is another potential complication of DKA treatment [19]. The pathophysiology may be related to decreased oncotic pressure and increased pulmonary capillary permeability [20–22]. Appropriate fluid resuscitation should not be withheld in patients with pulmonary edema as their intravascular volume may still be low (Fig. 47.1).[image: A329322_1_En_47_Fig1_HTML.gif]
Fig. 47.1Algorithm of DKA management (Data from: Kitabchi et al. [1])







Evidence Contour
Bicarbonate Infusion
Use of bicarbonate in DKA remains controversial [22]. Prospective trials have not demonstrated any benefit or harm with bicarbonate therapy in patients with moderate metabolic acidosis (pH > 6.9) [23, 24]. Nonetheless, severe metabolic acidosis can impair cardiac contractility, reduce oxygen delivery by shifting the oxyhemoglobin dissociation curve, and cause organ dysfunction. Although there are no controlled trials supporting bicarbonate administration, most experts recommend initiating bicarbonate therapy when the pH is less than 6.9. Bicarbonate should be given as an infusion of 100 mmol sodium bicarbonate in 400 ml sterile water with 20 mEq of potassium over 2 h. The pH should be monitored and bicarbonate stopped once pH is greater than 7.0 [1].

Site of Care
Classically DKA has been treated with intravenous insulin, often in an intensive care unit setting. With current pressures to reduce costs and lengths of stay while maintaining optimal outcomes, much attention has been focused on alternative sites of care for DKA. Several studies have demonstrated the safety and feasibility of treating mild to moderate DKA with subcutaneous insulin analogues. One randomized, prospective trial demonstrated a significant reduction in hospital charges with the use of hourly subcutaneous insulin lispro administered on the general medical floor when compared to the use of an insulin infusion in the ICU, without an increase in adverse outcomes [25]. Other trials have also demonstrated the safety and efficacy of this approach [26].

Form of Insulin Administered
American Diabetes Association (ADA) guidelines now allow for the use of subcutaneous (SC) or intramuscular (IM) insulin as an alternative to intravenous insulin for the treatment of DKA [1]. If SC or IM insulin is to be used, the initial dose of insulin should be 0.4 units/kg with half given as an IV bolus and half given SC or IM. Subsequent doses should be 0.1 units/kg SC or IM every hour. If the blood glucose does not fall by 50–70 mg/dL every hour, then additional IV insulin boluses (10 units) can be given hourly.

Euglycemic DKA
Sodium-glucose cotransporter 2 (SGLT2) inhibitors, a new class of oral hypoglycemic agents approved by the FDA for use in patients with type 2 diabetes, have been associated with an increased risk of DKA with unusually mild glucose elevations. These drugs act by increasing urinary glucose excretion, thereby keeping serum glucose low. Since glucose is the main stimulus for endogenous insulin release, plasma insulin levels decrease. Plasma glucagon levels increase due to the inhibition of SGLT2-mediated glucose transport into α-cells, leading to lipolysis and lipid oxidation. The result is a relatively “euglycemic DKA.” A high index of suspicion for this condition is warranted in patients who are taking SGLT2 inhibitors. Treatment remains the same with the caveat that early addition of dextrose to maintenance fluids may be necessary.
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Case Presentation
A 48 year old male with a history of chronic low back pain after involvement in a motor vehicle collision, tobacco dependence, and chronic obstructive pulmonary disease presented with a four day history of worsening respiratory symptoms. The patient complained of increasing shortness of breath, productive cough without hemoptysis, subjective fever and chills, nausea, and decreased oral intake. At the time of presentation the patient was cooperative, but disoriented to time and place, tachycardic and without pedal edema. Labored, coarse breath sounds were heard bilaterally. It was also noted on exam that the patient appeared to have bulging eyes or proptosis. Chest radiograph showed patchy interstitial opacities in the lingula. He was started on IV hydration and received empiric antibiotics for community acquired pneumonia. Over the course of the next 4 h his respiratory status progressively deteriorated and he was intubated. An EKG showed sinus tachycardia with a heart rate of 160 bpm with no ST-T wave changes. Initial laboratory values included a thyroid stimulating hormone (TSH) < 0.01 uIU/mL, free thyroxine (T4) 3.74 ng/dL, free triiodothyronine (T3) 5.71 pg/mL, venous lactic acid of 2.0 mmol/L, and pro brain natriuretic peptide (pro BNP) 1,583 pg/mL.
Question
What diagnosis best explains the patient’s laboratory abnormalities, EKG findings, and proptosis on exam?

Answer
Thyroid Storm

The patient’s presentation is most consistent with thyroid storm with an underlying respiratory infection as a triggering factor. This patient was started on IV corticosteroids along with oral methimazole and propranolol via a small bore feeding tube. He was also continued on IV hydration and antibiotics for community acquired pneumonia. Results of a sputum culture failed to grow any pathogenic organisms and rapid influenza A and B antigen testing was negative. Further laboratory testing revealed an elevated thyroid stimulating immunoglobulin level approximately four times the upper limit of normal. Ultrasound of the thyroid showed normal size and vascularity with no discrete nodules seen. Within 72 h the patient’s heart rate, respiratory status, and encephalopathy improved and the patient was successfully extubated. The patient was weaned off IV corticosteroids and maintained on lower doses of propranolol and methimazole. Repeat laboratory testing revealed improved levels of free T4 and free T3. He was able to be transferred out of the medical ICU on the fourth day, and discharged home on medical therapy one week later.

Principles of Management
Incidence
In patients with critical illness, thyroid function plays a significant role in maintaining the normal physiologic environment and any disturbance can adversely affect the outcome and prognosis in these patients [1]. Thyroid storm is defined as a rare, life-threatening augmentation of the manifestations of severe thyrotoxicosis.
Prevalence estimates for the condition are roughly 1 % of hospitalized subjects with hyperthyroidism, and less than 10 % of patients hospitalized for thyrotoxicosis [2]. The condition is more frequent in the female gender, with a female to male ratio of about 3 to 1 [3].
Prompt identification and adequate treatment is essential as prognosis is unfavorable in many cases [4]. Support of the patient in an intensive care unit is crucial, given the mortality rate of approximately 10–30 % [3, 5]. Death is attributed to multi-organ failure in about 25 % of patients and because of congestive heart failure in about 20 % of patients [3].

Etiology
The factors contributing to the development of thyroid storm have not been completely elucidated. Levels of serum free T4, the prohormone, and free T3, the active thyroid hormone, are approximately as high as in patients with uncomplicated thyrotoxicosis. The severity of presentation is not correlated with hormone levels [3]. The most agreed upon hypotheses concerning the development of thyroid storm include increased responsiveness to catecholamines, a rapid rate of increase in serum thyroid hormone levels, or enhanced cellular responses to thyroid hormone [5]. There are numerous known triggers of thyrotoxic storm, and the most common triggers are listed below in Table 48.1 [6].Table 48.1Triggers of thyroid storm


	
                            Common Known Triggers of Thyroid Storm
                            :
                          

	Withdrawal of anti-thyroid drug therapy

	Iodide compound intake or radioiodine (I131 or I123) therapy in patients with Graves’ disease or autonomously functioning thyroid nodules

	Major surgery, particularly thyroidectomy

	Trauma, especially in the neck area

	Systemic infections

	Pregnancy/parturition

	Diabetic ketoacidosis

	Severe emotional stress

	Cerebrovascular disease

	Pulmonary thromboembolism

	Intense exercise

	Use of tyrosine-kinase inhibitors (particularly sorafenib)

	Minor surgery (such as extraction of teeth)


Papi et al. [6]





Presentation
In many cases thyroid storm presents as multi-organ failure with the constellation of symptoms resembling an exaggeration of the usual symptoms of hyperthyroidism [7, 8]. The organs mainly affected by excess thyroid hormone are the heart, nervous system, gastrointestinal tract, and the liver [9–12]. Cardiovascular symptoms include atrial tachycardia to rates that can exceed 140 beats/min, congestive heart failure, and atrial fibrillation. Hypotension, ventricular tachycardia, arrhythmia, and death from cardiovascular collapse can also occur [13]. Fever is a frequent event, and hyperpyrexia of 104 °F to 106 °F is common. Altered mental status with agitation, anxiety, delirium, psychosis, stupor, or coma is often encountered and considered by many experts to be integral to the diagnosis [14]. Severe nausea, abdominal pain, vomiting, diarrhea, or hepatic failure with jaundice may occur [15]. Physical examination may show warm and moist skin, hand tremor, lid lag, goiter, and ophthalmopathy (in the occurrence of Graves’ disease) [15]. Clinicians should be aware that clinical symptomatology can pose difficulties in distinguishing thyroid storm from other medical emergencies, such as neuroleptic malignant syndrome, malignant hyperthermia, and pheochromocytoma [7].

Diagnosis
In critically ill patients the diagnosis of thyroid storm is essentially a clinical one with laboratory tests of thyroid function being confirmatory in the appropriate setting [14]. Clinicians may base the diagnosis of thyroid storm on several factors, which include a history of thyroid disease and potential triggering factors, typical signs and symptoms, and serum free T3 and free T4 concentrations exceeding the normal reference range and suppression of TSH levels [16]. In all patients with suspected thyroid storm, thyroid function tests (TSH, free T4, and free T3) should be assessed. Because hormone levels in thyroid storm patients are generally not higher than in patients with uncomplicated overt hyperthyroidism, the degree of hyperthyroidism is not a diagnostic criterion [17]. The clinical findings in suspected patients are frequently associated with elevation of serum bilirubin and transaminase levels, hyperglycemia, low total cholesterol values, leukocytosis or leukopenia, and electrolyte imbalances [18]. Hyperglycemia is due to a catecholamine-induced inhibition of insulin release and increased glycogenolysis. Hypercalcemia may be secondary to hemoconcentration and enhanced bone resorption [17]. Radioiodine uptake is not necessary for the diagnosis in suspected patients, and treatment should not be delayed for scanning in patients with clinical manifestations compatible with thyroid storm [15].

Treatment
Treating thyroid storm generally follows the same principles as treating those with uncomplicated hyperthyroidism, except that the medications are given more frequently and in higher doses [15]. Because the mortality rate of thyroid storm can be substantial, full support of the patient in an intensive care unit is considered essential [3, 5]. The specific principles of thyroid storm treatment are based upon case studies and clinical experience [15]. In addition to specific therapy directed against the thyroid, supportive therapy (e.g., supplemental oxygen, intubation and mechanical ventilation, fluid resuscitation, electrolyte correction) and recognition and treatment of precipitating factors are crucial components in optimizing the final outcome [15].
In general the therapeutic regimen typically relies on the following medications, with a recommended medication dosing guide shown below in Table 48.2.Table 48.2Medication dosing guide


	*Principles of medication dosing outlined below are based upon clinical experience and case studies

	
                            Beta-Blockers
                          

	Propranolol: 60–80 mg PO every 4–6 h; 1–2 mg IV every 4–8 h

	Esmolol: Loading dose of 250–500 mcg/kg followed by infusion at 50–100 mcg/kg per minute

	
                            Thionamides
                          

	Propylthiouracil (PTU): 200 mg PO every 4 h; PTU enema (eight 50 mg tablets of PTU dissolved in 90 mL of sterile water); PTU suppository (200 mg of PTU dissolved in polyethylene glycol base)

	Methimazole: 15–20 mg PO every 4–6 h

	
                            Iodine Solutions
                          

	Potassium iodide-iodine (Lugol’s) solution: 10 drops (8 mg iodide/iodine per drop [0.05 mL] every 6 h

	Saturated solution of potassium iodide (SSKI): 5 drops (50 mg iodide/drop [0.05 mL] every 6 h

	*Iodine solutions can be irritating and should be diluted in 240 mL or more of beverage

	
                            Iodinated radiocontrast agents
                          

	Sodium ipodate: 500–1000 mg/day PO

	Iopanoic acid: 500–1000 mg/day PO

	
                            Glucocorticoids
                          

	Hydrocortisone: 100 mg IV every 8 h

	
                            Lithium
                          

	Lithium carbonate: 300 mg PO every 6–8 h

	*Renal and neurologic toxicity limit lithium utility


Ross [15]
Papi et al. [6]

*No universally agreed upon doses and routes of administration for the medications used to treat thyroid storm




Beta-Blockers
These medications are cornerstones of treatment in most patients with severe hyperthyroidism. Caution is advised when using these medications in patients with heart failure; however it is important to note that improvement in cardiac function may be seen with control of tachycardia. Propranolol is often the drug of choice because it antagonizes the increased binding of catecholamines to beta-adrenergic receptors and it reduces the peripheral deiodination of T4 to T3, the process by which the majority of T3 is created [6]. An alternative to propranolol is to utilize the short-acting beta-blocker esmolol. Esmolol use permits rapid titration of the drug to achieve the desired effect while minimizing adverse reactions [19]. In patients with severe reactive airways disease, cardioselective beta-blockers may be considered, but should be used with caution [15].

Thionamides
Thionamides block de novo thyroid hormone synthesis roughly within 1–2 h after administration. However, it is noted that these medications have no effect on the release of preformed hormone from the thyroid gland. In the United States the thionamide drugs available are propylthiouracil (PTU) and methimazole.
No consensus data exist that show patients do better clinically with one thionamide over another. Some sources suggest starting treatment for life-threatening thyroid storm with PTU since it can be administered regularly every four hours in an intensive care unit, and because PTU, but not methimazole, blocks T4 to T3 conversion [20]. However, because methimazole has a longer duration of action and is less hepatotoxic than PTU it may be preferred for severe but not life-threatening hyperthyroidism. Patients who are started on PTU in the intensive care unit should be transitioned to methimazole before discharge from the hospital.
Both propylthiouracil and methimazole can be given orally via tablets or suspended in liquid. Both drugs can also be made up as a suppository or enema for rectal administration [17, 21, 22]. There are also case reports of PTU being given intravenously in order to attain euthyroidism [21].

Iodine Containing Solutions
These medications help block the release of T4 and T3 from the thyroid gland within hours and are traditionally used in the treatment of thyroid storm. Importantly, the administration of iodine should be delayed for at least one hour after thionamide administration in order to prevent the iodine from acting as substrate for new hormone synthesis [17]. Oral doses are potassium iodide-iodine (Lugol’s) solution or saturated solution of potassium iodide (SSKI). Iodine containing solutions can also be given rectally [21, 22]. Because these solutions may irritate the gastrointestinal tract, they should be diluted in 240 mL or more of beverage and taken with food. Local esophageal or duodenal mucosal injury and hemorrhage have been reported after oral administration of potassium iodide-iodine solution [23].

Glucocorticoids
Glucocorticoids reduce T4 to T3 conversion. They may also treat potentially associated adrenal insufficiency and have a direct effect on any underlying thyroid related autoimmune process [24]. Limited data suggest improved outcomes with the use of glucocorticoids for the treatment of thyroid storm [25]. Therefore, it is reasonable to consider administering hydrocortisone in patients with thyroid storm.

Patients Unable to Take a Thionamide
Some patients must discontinue thionamides because of side effects such as agranulocytosis, hepatotoxicity, or allergic reaction. In such patients who require urgent treatment of hyperthyroidism, thyroidectomy is the treatment of choice. Preoperative treatment of thyrotoxicosis is required in patients who are to undergo surgery, and this typically involves medications such as beta-blockers, glucocorticoids, and iodine containing solutions [26].



Evidence Contour
Several aspects involving the diagnosis and management in patients with suspected thyroid storm remain without clear consensus given limited data and clinical trials. These approaches should be considered attempts to find the optimal diagnosis and treatment for these patients in the face of the available medical literature. As such, caution should be taken when applying these approaches as novel risks and benefits may be revealed by the evolving medical literature.
Diagnostic Clinical Tools
Definitively diagnosing thyroid storm can be difficult as there are no universally accepted criteria or validated clinical tools for diagnosis [15]. However, in an effort to standardize and objectify thyroid storm Mazzaferri et al. introduced diagnostic criteria for thyroid storm in 1969 [25]. In 1993 Burch and Wartofsky delineated a point system assessing degrees of dysfunction in various systems to identify thyroid storm patients more definitively [17], as shown in Table 48.3. While the scoring system is likely sensitive, it is not very specific [15]. Alternative diagnostic criteria based upon clinical findings similar to that of the Burch and Wartofsky scoring system has been proposed [3]. More recently, Akamizu et al. reported diagnostic criteria for thyroid storm based on Japanese nationwide surveys. They utilized five symptoms, which included central nervous system manifestations, fever, tachycardia, congestive heart failure, and gastrointestinal-hepatic manifestations, to define diagnostic criteria for cases of thyroid storm, with “definite” having at least 4 and “suspected” meeting at least three criteria [6]. Overall, the diagnostic criteria for thyroid storm proposed by Akamizu et al. does not appear to offer substantial advantage over the prior Burch and Wartofsky scoring system. It is worth noting that in the Japanese nationwide survey series thyroid storm patients affected by Graves’ disease exceeded 95 %, whereas in some non-Asian series a higher incidence of patients with toxic nodular goiter, iodine induced hyperthyroidism, or destructive thyroiditis were seen [6]. Therefore, certain physical and clinical manifestations may be expressed to different degrees in different patient populations [6].Table 48.3Diagnostic criteria for thyroid storm


	Diagnostic parameters
	Point score

	
                            Thermoregulatory dysfunction
                          

                            Temperature
                          
99–99.9 °F
100–100.9 °F
101–101.9 °F
102–102.9 °F
103–103.9 °F
≥104.0 °F
	5
10
15
20
25
30

	
                            Central nervous system effects
                          
Absent
Mild (agitation)
Moderate (delirium, psychosis, extreme lethargy)
Severe (seizures, coma)
	0
10
20
30

	
Gastrointestinal-hepatic dysfunction

Absent
Moderate (diarrhea, nausea/vomiting, abdominal pain)
Severe (unexplained jaundice)
	0
10
20

	
                            Cardiovascular dysfunction
                          

Tachycardia (beats/min)
99–109
110–119
120–129
130–139
≥140
	5
10
15
20
25

	
                            Atrial fibrillation
                          
Absent
Present
	0
10

	
                            Congestive heart failure
                          
Absent
Mild (pedal edema)
Moderate (bibasilar rales)
Severe (pulmonary edema)
	0
5
10
15

	
                            Precipitating event
                          
Absent
Present
	0
10


Adapted from: Burch and Wartofsky [4]
Scoring system: A score of 45 or greater is highly suggestive of thyroid storm; a score of 25–44 is suggestive of impending storm; and a score below 25 makes thyroid storm unlikely





Iodinated Radiocontrast Agents
Sodium ipodate and iopanoic acid, two oral iodine-containing drugs marketed as oral cholecystographic agents, have been used in the treatment of hyperthyroidism and thyroid storm. However, at this time neither iopanoic acid nor ipodate are available in the United States, and it is unclear if they will ever again be marketed in the United States [27]. These agents are potent inhibitors of 5′-monodeiodinase, thereby impairing the extrathyroidal conversion of T4 to T3. Also, the release of iodine in pharmacologic quantities from these drugs is able to block thyroid hormone release. Doses in most studies have ranged from 500 to 1000 mg as a single daily dose. Both agents do have limitations to their use, as they are not as effective as methimazole or propylthiouracil in controlling the hyperthyroidism, and the relapse rate after therapy is discontinued is higher [27]. There are also additional problems with the use of these drugs. These problems include inducing hyperthyroidism that is resistant to conventional doses of thionamides and providing iodine substrate for de novo hormone synthesis by autonomous thyroid tissue, leading to more severe hyperthyroidism [28]. The agents should only be considered for use in the setting of toxic adenoma or toxic multinodular goiter if thyroid hormone synthesis is first blocked by the administration of a thionamide [27].

Extracorporeal Plasmapheresis
Plasmapheresis is an additional tool for removing circulating T4 and T3 in patients who do not respond quickly to conventional standard therapy [6]. This is possible because a significant proportion of thyroid hormone is bound to serum proteins and plasmapheresis is able to remove protein bound substances including thyroid hormones. Because one of the tenets of conventional treatment of thyroid storm is to subdue the effect of T4 and T3 on peripheral tissue, the removal of circulating T4 and T3 by plasmapheresis represents a possible therapeutic option [14]. There are multiple case reports highlighting the successful use of plasmapheresis in the treatment of patients with thyroid storm. In one report, a woman with Graves’ disease and methimazole induced agranulocytosis developed thyroid storm after methimazole was discontinued [29]. Treatment with plasmapheresis resulted in marked improvement in thyrotoxicosis within three days, allowing thyroidectomy for definitive therapy [29].

L-Carnitine
L-Carnitine is a quaternary amine ubiquitous in mammalian tissues. It is a key factor in energy production, and its cellular levels decrease in several diseases, including hyperthyroidism and thyroid storm [30]. L-Carnitine has been shown to inhibit thyroid hormone entry into cell nuclei, indicating that it is a naturally occurring inhibitor of thyroid hormone action [31]. Oral doses usually range between 1 and 4 g per day. L-Carnitine was able to reverse and prevent symptoms of hyperthyroidism in a single randomized, double-blind, and placebo-controlled clinical trial [31]. It has also been used effectively together with low doses of methimazole in successive thyroid storms [30].
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Case Presentation
A 54-year-old man with a history of alpha-1 antitrypsin deficiency complicated by cirrhosis, type 2 diabetes mellitus, and hypothyroidism presented after being found unresponsive at home. In the field, he had a heart rate of 44 beats per minute (bpm) in sinus rhythm, and a fingerstick blood glucose of < 30 mg/dL. He was administered 2 amps of 50 % dextrose in water.
On arrival to the Emergency Department, his fingerstick blood glucose was 164 mg/dL but again declined, and a 10 % dextrose drip was initiated. His heart rate ranged as low as 31 bpm with concomitant hypotension; systolic blood pressure was 75 mmHg. Atropine 1 mg was administered intravenously with minimal effect. A central line was placed, and vasopressors were initiated. He was afebrile. Glasgow Coma Score was 12 with ongoing snoring breaths and gurgling of secretions. Respiratory rate was as low as 9 breaths per minute. He was intubated. A head CT revealed no acute intracranial abnormalities. He was admitted to the intensive care unit (ICU).
According to family, he had not been experiencing fever or chills, but he had complained of fatigue, abdominal pain, and feeling cold over the last few months. He had chronic ascites and lower extremity edema controlled with paracenteses and diuretics. His medications at the time of admission included midodrine, rifaximin, lactulose, long-acting insulin, and levothyroxine.
Pertinent laboratory values included a white blood cell count of 8000, a normal ammonia level, a serum sodium of 136 mmol/L, a serum potassium of 3.8 mmol/L, an uncorrected anion gap of 11, and a serum albumin of 2.9 g/dL. Serum creatinine was 1.9 mg/dL, which was improving after a recent episode of acute kidney injury.
Question
What is the differential diagnosis?

Answer
The differential diagnosis for this patient presenting with altered mental status, hypotension, bradycardia, and hypoglycemia is broad.

Most likely diagnoses include septic shock, hypothyroidism with myxedema coma, drug overdose or ingestion (such as beta-blocker or calcium channel blocker), and adrenal insufficiency.
Given this differential, the patient was started empirically on broad spectrum antibiotics. Ongoing supportive care included dextrose and vasopressor infusion. Cultures of blood, sputum, urine, and ascitic fluid were all negative, and radiographic imaging did not reveal evidence of a specific infectious focus making septic shock unlikely. Free thyroxine and total T4 were within normal limits, ruling out hypothyroid-related crisis. Serum and urine toxicology screens were negative although these panels do not include beta-blockers or calcium channel blockers. Beta-blocker overdose can present with hypotension, bradycardia, hypoglycemia, and mental status changes. Calcium channel blocker overdose can also present with hypotension and bradycardia, but typically it causes hyperglycemia, although this can be masked in a patient taking long-acting insulin. This patient had not been prescribed and did not have access to either beta-blockers or calcium channel blockers, however, making overdose unlikely.
Adrenal insufficiency with acute crisis was thus considered the most likely diagnosis given symptoms of fatigue and abdominal pain, hypoglycemia and shock. The patient also has other endocrinopathies (i.e. diabetes and hypothyroidism) that increase his risk of coexisting adrenal disease [1]. He was started on intravenous hydrocortisone, which facilitated rapid weaning off of vasopressors. A random cortisol level was drawn and was reported as 7.8 mcg/dL. Sixty minutes after administration of 250 mcg of ACTH, a maximum value of 11 mcg/dL was obtained. His mental status also rapidly improved following the administration of intravenous hydrocortisone, and he was extubated the day after his admission. CT scan of the abdomen and pelvis showed no obvious hemorrhage or other pathology involving the adrenal glands.

Principles of Management
Presentation of Adrenal Insufficiency
The presentation of the patient with adrenal insufficiency will vary based on whether adrenal insufficiency is primary or secondary. Primary adrenal insufficiency, or Addison’s disease, is caused by deficiency of all cortical hormones (cortisol, aldosterone, and androgens) due to local adrenocortical disease. It is commonly caused by autoimmune or congenital disease, drugs, infection (e.g. tuberculosis), or adrenal hemorrhage [2]. The remainder of the hypothalamic-pituitary-adrenal (HPA) axis is typically intact. In primary adrenal insufficiency, cortisol levels are low and adrenocorticotropic hormone (ACTH) levels are high.
Secondary or tertiary adrenal insufficiency (commonly grouped together as secondary adrenal insufficiency) occurs due to pituitary or hypothalamic disorders, respectively. In secondary adrenal insufficiency, both cortisol and ACTH levels are low [3]. Broadly speaking, secondary adrenal insufficiency results from dysregulation of the HPA axis and constitutes the most common cause of adrenal insufficiency in the ICU population. Estimates of the incidence of adrenal insufficiency in critically ill patients range from 0 to 30 %, and as high as 40–60 % in septic shock [4–6]. Many drugs can contribute to adrenal insufficiency, including exogenous glucocorticoid therapy, ketoconazole, megestrol, antidepressants (e.g., imipramine), antipsychotics (e.g., chlorpromazine), etomidate, and mifepristone [1–3].
Acute adrenal crisis is a life-threatening medical emergency caused by insufficient levels of cortisol. In some cases, this may be the initial presentation of adrenal insufficiency [3]. Addisonian crisis refers to acute crisis from primary adrenal disease. Clinical features of an acute adrenal crisis can include fever, weakness and fatigue, orthostasis, abdominal pain, vomiting, hypotension refractory to fluid resuscitation and vasopressors, eosinophilia, electrolyte disturbances including hyponatremia, hypoglycemia, and shock. Additionally, in primary adrenal insufficiency (Addison’s disease), patients may exhibit salt craving, hyperkalemia with metabolic acidosis, and hyperpigmentation [4, 7].

Absolute Versus Relative Adrenal Insufficiency and Critical-Illness Related Corticosteroid Insufficiency (CIRCI)
“Absolute” adrenal insufficiency refers to decreased baseline production of adrenal cortical hormones, as in primary adrenal insufficiency. In the absence of acute stress, absolute adrenal insufficiency is diagnosed with a morning cortisol level < 3 mcg/dL that remains lower than 18–20 mcg/dl despite ACTH stimulation testing (see below for discussion of ACTH stimulation testing) [6].
Absolute adrenal insufficiency with acute adrenal crisis is seen less commonly in the ICU than CIRCI, sometimes referred to as “relative” adrenal insufficiency. CIRCI has no standardized diagnostic criteria, but it is defined as inadequate cellular corticosteroid activity for the severity of critical illness [8]. It is commonly seen in the critically ill population and can present much more subtly than acute Addisonian crisis. Patients may have cortisol levels within the normal range or above, but levels are inappropriately low for the acute stress of critical illness.
CIRCI occurs due to various pathophysiologic mechanisms including decrease in corticosteroid-binding globulin (CBG) by up to 50 %, down-regulation of steroid receptors, decreased translocation of receptors into the nucleus, end-organ resistance to cortisol, decreased synthesis of cortisol due to low levels of cholesterol substrates, and excess levels of inflammatory mediators and cytokines which in turn inhibit the HPA axis and adrenal activity [9–11]. CIRCI typically occurs in the setting of an exuberant inflammatory response temporarily blunting cortisol secretion during a severe illness; steroid resistance in tissues and other mechanisms may also contribute to its presentation [5]. While CIRCI is typically seen in ICU patients with diagnoses such as pneumonia, sepsis, acute respiratory distress syndrome (ARDS), trauma, and burns [3, 11], it has also been described after administration of certain medications such as etomidate [3, 5]. Patients with underlying severe liver dysfunction have higher rates of adrenal failure (“hepatoadrenal syndrome”), possibly due to lower lipoprotein levels for steroid synthesis [12].
Physicians should have a high index of suspicion for the occurrence of adrenal insufficiency including CIRCI in any ICU patient who has persistent hypotension requiring vasopressors. CIRCI can develop at any time during critical illness and is not always present at ICU admission. Adrenal insufficiency is known to increase mortality in critically ill patients [7].

Interpretation of Test Results in Critically Ill Patients
The two most common tests used to diagnose adrenal insufficiency in the non-critically ill population are measurement of morning cortisol and the ACTH stimulation test. Both tests are more challenging to interpret in critically ill patients.
Measurement of Serum Cortisol
Free unbound cortisol is the physiologically active form, but the serum cortisol does not distinguish free cortisol; it detects total levels of cortisol circulating in the blood, both protein-bound and unbound. Approximately 90 % of cortisol is protein-bound, either to CBG (70 %) or to albumin (10–20 %) [7]. In critical illness, the concentration of CBG can decrease by up to 50 %, and many ICU patients are also hypoalbuminemic, resulting in a higher percentage of free cortisol in circulation. Serum cortisol levels may thus underrepresent the level of active cortisol in these patients, especially when albumin levels are below 2.5 mg/dL [8, 13].
Measurement of serum free cortisol is possible, but testing is more costly, not widely available, and is difficult to interpret as there is no clearly defined normal range for ICU patients. Turnaround time is also longer, making it impractical when therapeutic decisions need to be made quickly in critically ill patients.
Random (non-morning) cortisol levels are commonly used in the ICU as the diurnal variation in secretion of cortisol is typically lost during critical illness.

ACTH Stimulation Test
The ACTH stimulation test is used to help confirm the presence of adrenal insufficiency, and to characterize the disorder as primary vs. secondary. The test starts by obtaining a baseline serum cortisol level after which 250 mcg of exogenous ACTH is injected intravenously or intramuscularly. Cortisol levels are then measured at 30 and 60 min after ACTH administration. The change in cortisol is calculated by subtracting the baseline level from the highest value measured after ACTH administration. An increase of greater than 9 mcg/dL is considered an adequate adrenal response based on studies in patients with septic shock [6, 8].
The ACTH stimulation test can be performed at any time of day. The major drawback of the test is that it does not measure the intrinsic function of the HPA axis, but merely detects the ability of the stressed adrenal cortex to produce additional cortisol. Thus, partial adrenal insufficiency as can be seen with acute ACTH deficiency, such as after acute hypothalamic or pituitary injury, can be missed [7, 14].

Interpretation of Random Cortisol and ACTH Stimulation Testing
Multiple diagnostic strategies have been studied for detecting CIRCI in ICU patients. Please see Table 49.1 for suggested diagnostic criteria stratified by serum albumin. More simplified criteria of a random cortisol of < 10 mcg/dL, or an increase in cortisol of < 9 mcg/dL after ACTH administration have been proposed in consensus guidelines as diagnostic criteria for CIRCI [8]. The random cortisol and ACTH stimulation tests may be employed to confirm suspected CIRCI; screening ICU patients for CIRCI is not recommended. Of note, there is no clear cutoff value for random cortisol above which ACTH stimulation is not indicated and CIRCI is definitively ruled out. However, some authors have suggested a random cortisol of > 34 mcg/dL as consistent with the absence of CIRCI [15]. See Fig. 49.1 for a diagnostic algorithm for CIRCI.Table 49.1Suggested diagnostic criteria for adrenal insufficiency by serum albumin status


	 	Albumin >2.5 g/dl
	Albumin <2.5 g/dl

	Total cortisol (μg/dl [nmol/l])

	Baseline
	15 (410)
	10 (275)

	Stimulated
	20 (550)
	15 (410)

	Free cortisol (μg/dl [nmol/l])

	Baseline
	1.8 (50)
	1.8 (50)

	Stimulated
	3.0 (85)
	3.0 (85)


From Marik [10]. Open Access. Creative Commons Attribution 4.0 International Public License



[image: A329322_1_En_49_Fig1_HTML.jpg]
Fig. 49.1Decision Tree for Investigation of CIRCI in Critically Ill Adults. CIRCI critical illness-related corticosteroid insufficiency,;ACTH adrenocorticotropic hormone, Δ

                            max
                           maximum change in cortisol level after ACTH stimulation. 1Routine screening for all patients with septic shock is not recommended. 2There is no firm cutoff in random cortisol above which CIRCI is ruled out, but some authors have suggested that a random cortisol of >34 mcg/dL rules out significant CIRCI, and thus ACTH stimulation would not be performed (see Cooper and Stewart [15])





In patients with septic shock, the routine use of either random serum cortisol or ACTH stimulation testing are not recommended for broad screening for hydrocortisone replacement therapy [5, 16]. (See “Steroid replacement in septic shock” below.)


Steroid Replacement Strategies
Choice of Steroid
Hydrocortisone is considered the steroid of choice for replacement therapy in patients with acute adrenal crisis and with CIRCI including septic shock with persistent hypotension despite fluid resuscitation [16]. There is no evidence to recommend routine mineralocorticoid (fludrocortisone) replacement for patients in the ICU, unless they have known or suspected primary adrenal insufficiency. Even in Addisonian crisis, hydrocortisone along with saline resuscitation is probably sufficient for initial treatment in the acute setting because hydrocortisone does have some mineralocorticoid activity. A study evaluating hydrocortisone alone vs. hydrocortisone plus fludrocortisone in patients with septic shock failed to show any significant differences in outcomes with the addition of the mineralocorticoid [17].
Steroid administration for treatment of presumed adrenal crisis should never be delayed in order to perform random cortisol and ACTH stimulation testing. Dexamethasone may be useful in such patients because, unlike hydrocortisone, it does not interfere with measurements of serum cortisol. Dexamethasone can cause long-term suppression of the HPA axis, however, and thus it is not generally recommended for ongoing steroid replacement [8].

Dose and Duration
In suspected acute adrenal crisis, an initial dose of 100 mg hydrocortisone IV followed by 100–200 mg daily is generally adequate [1, 18]. For CIRCI in the setting of severe sepsis and septic shock, 200 mg of hydrocortisone divided into 3–4 intermittent doses daily has been recommended [16]. Hydrocortisone is typically not tapered until patients are no longer requiring vasopressors. Tapering can occur over several days to prevent rebound hypotension and adverse immunologic effects. Discontinuation of steroids after tapering may be contraindicated in patients with adrenal crisis not consistent with CIRCI as they may require ongoing low-dose corticosteroid replacement.


Concurrent Fluid Management
In primary adrenal insufficiency, patients have urinary salt-wasting with subsequent volume depletion that should be replaced using 0.9 % saline. In secondary adrenal insufficiency, patients do not exhibit salt-wasting, but they do have decreased vascular tone resulting in hypotension, and thus isotonic fluid resuscitation is also generally necessary in the acute setting. Dextrose can be administered concurrently in hypoglycemic patients.

Additional Testing
Because CIRCI is dynamic, generally reversible, and can occur at any time during a patient’s ICU stay, routine follow-up testing after treatment of acute critical illness is not generally necessary. However, a small number of patients with CIRCI may develop prolonged adrenal dysfunction due to adrenal infarction or hemorrhage as seen with sepsis or coagulopathy, or injury from medication [5, 19]. Such patients warrant close follow-up and additional testing in the outpatient setting.
There are no guidelines to suggest routine adrenal or brain imaging for CIRCI. However, if infection, bleeding, tumor, or other pathologic disease of the adrenals is specifically suspected, then abdominal CT scanning may be indicated [18]. Additionally, MRI of the pituitary and hypothalamus may be useful in evaluating patients with probable secondary adrenal insufficiency not consistent with CIRCI, and without other obvious causes. Unless there is concern for a more emergent diagnosis, this may be deferred to the outpatient setting if adrenal insufficiency persists.


Evidence Contour
Steroid Replacement in Septic Shock
In 2002, a large prospective study demonstrated that 7 days or hydrocortisone and fludrocortisone reduced the 28-day mortality for patients with septic shock [20]. However, the subsequent Corticosteroid Therapy in Septic Shock (CORTICUS) trial failed to replicate any mortality benefit after treatment with hydrocortisone [21]. Patients receiving hydrocortisone did recover from shock more quickly, regardless of results of ACTH stimulation testing, but had a trend toward increased hospital-acquired infections. Furthermore, an observational study by the Surviving Sepsis Campaign showed an increase in hospital mortality in vasopressor-dependent patients receiving low-dose corticosteroid therapy [22].
Systematic reviews and meta-analyses have attempted to resolve the conflicting evidence. Several such studies have indicated that low dose corticosteroid therapy aids in reversal of shock, and thus patients who are vasopressor-dependent despite adequate fluid resuscitation may benefit from corticosteroid therapy [23–27]. However, ACTH stimulation testing has not been shown to accurately discriminate which patients with septic shock will benefit from steroid replacement [8, 16, 26].
Based on this body of evidence, the Surviving Sepsis Campaign no longer recommends routine use of steroid replacement therapy as part of its sepsis care bundles [28]. However, the most recent Surviving Sepsis Guidelines include a Grade 2C (weak) recommendation to consider steroid therapy in patients with severe, persistent, vasopressor-dependent septic shock [16].

ACTH Stimulation Test: Low Dose Versus High Dose
Administration of 250 mcg of ACTH is commonly used in ACTH stimulation testing. This “high dose” testing uses supraphysiologic dosing of ACTH, and thus a “low dose” test using only 1 mcg of ACTH has been used as an alternative. The low dose test has better sensitivity, is less expensive, and has been shown in at least one study to better delineate groups of patients with relative adrenal insufficiency in septic shock [4]. However, there is the practical concern of how to accurately dilute the 250 mcg dose, as well as concerns that much of the ACTH dose may bind to injection tubing leading to unknown dose delivery [18]. Furthermore, the high dose ACTH test is better validated, having been used in numerous studies in ICU patients [8, 20, 22, 23, 29] and therefore it remains the favored test in critically ill patients.

Role of Salivary Cortisol Testing
Salivary cortisol measurements have been used as a surrogate marker of free cortisol in the diagnosis of adrenal insufficiency [30–32], but salivary cortisol has not been validated as a standalone diagnostic test in adults with suspected CIRCI. A recent study in neurosurgical ICU patients showed a lack of diurnal variation in salivary cortisol production, similar to that seen with serum cortisol, but the authors described challenges in collecting saliva from intubated patients due to decreased salivary flow and dry oral mucosa, medication effects, fluid imbalances, mucosal breakdown, and contamination with blood [33].

Role of Etomidate and Opiates in Development of Adrenal Insufficiency
Etomidate is an anesthetic agent commonly used during rapid sequence intubation in critically ill patients. Etomidate can cause inhibition of adrenal 11-β-hydroxylase, however, and thus has been implicated in adrenal insufficiency. In the CORTICUS trial, patients who received etomidate were less likely to have a significant increase in cortisol after ACTH, and they had decreased survival at 28 days [21]. In the retrospective CORTICUS study, etomidate administration in critically ill patients was associated with a worse prognosis in patients not treated with steroids [29]. Etomidate has other benefits including a very short duration of action, decreased respiratory depression and less hypotension [34]. The balance of risks and benefits using etomidate for induction of anesthesia during intubation remains unclear in the context of adrenal insufficiency.
There is some evidence that opiates may also cause suppression of the HPA axis and could thus contribute to adrenal insufficiency. Opiates implicated have included fentanyl and morphine [35, 36]. Due to widespread opiate use in the intensive care unit it may be relevant to consider opiates as a contributor to adrenal insufficiency in some patients.
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Case Presentation
A 68 year old woman with a past medical history of alcohol abuse status post detoxification, chronic kidney disease and type 2 diabetes mellitus was brought into the Emergency Department (ED) by ambulance for slurred speech. She was on the phone with her daughter when she developed the dysarthria. Unable to speak effectively, she got off the phone and went to a neighbor’s apartment. The neighbor reported an episode of shaking, lasting approximately 10 s, prior to paramedic arrival. En route to the hospital, the patient became combative, confused and incontinent of stool and urine. She was hypertensive with blood pressure of 226/97 mmHg, tachycardic with heart rate of 109 bpm, and hyperglycemic with capillary blood glucose “critically high”. Upon arrival to the ED, a stroke alert was initiated. NIH Stroke Scale was calculated to be 18, with points for level of consciousness, motor drift, language aphasia, and dysarthria. Neurological exam revealed a lethargic patient, not following commands, with reduced withdrawal to noxious stimuli in the right upper and lower extremities. There was an upgoing Babinski sign on the right. Non-contrast CT scan of the head did not show acute intracranial hemorrhage, mass shift or trauma. MRI/MRA of the brain revealed no sign of acute cerebral vascular infarct or cerebroarterial abnormality. Laboratory results were significant for: Sodium = 132 mmol/L, Potassium = 3.6 mmol/L, Bicarbonate = 18.6 mmol/L, Anion gap = 20 mmol/L, Urea 38 = mg/dL, Creatinine = 2.1 mg/dL (baseline 1.3), Glucose = 769, and Serum Osmolality = 331 Osm/kg. The WBC was 3.6 ×1000/ul without neutrophilic predominance. Point of Care lactate was 3.2 mmol/L and Point of Care pH was 7.30. The serum beta-hydroxy-butyrate level was not checked. Urine ketones were negative.
Question
What is the most appropriate intervention for the patient’s neurological symptoms?

Answer
Intravenous (IV) Fluid Therapy

This patient presented with focal neurological findings and grand mal seizure without evidence of cerebral vascular accident or other culprit lesion on MRI. She did not have fever, infectious prodrome or elevated WBC that would indicate a CNS infection. With serum glucose >320 mg/dL, serum osmolality >320 mOsm/kg, pH >7.30 and negative urine ketones, she met the diagnostic criteria for Hyperosmolar Hyperglycemic Syndrome (HHS), and her neurological signs are likely due to the hyperosmolar state. The most common admitting diagnosis in patients with HHS is acute stroke [1, 2]. In patients presenting with seizures and stroke-like symptoms secondary to HHS, their neurological exams return to normal with appropriate management of HHS [3]. Treatment for HHS begins with the immediate restoration of circulatory volume and tissue perfusion with an isotonic saline infusion.
This patient was treated with 2 l of 0.9 % saline rapid infusion, followed by maintenance fluid at a rate of 125 ml/h. Lactic acid level normalized. Within the next 12 h, her serum osmolality declined to 313 mOsm/kg, and continued to normalize over the following 2 days. She was started on a low-dose insulin infusion, and her hourly capillary blood glucose declined over the next 13 h to 208. As the serum glucose corrected, her sodium peaked at 143 and the IV fluids were switched to 0.45 % saline with 5 % dextrose. After 24 h, insulin was transitioned from infusion to subcutaneous dosing. The patient had significant hypokalemia and hypomagnesemia, requiring IV supplementation to maintain potassium >3.5 mmol/L and magnesium >2.0 mmol/L. Broad spectrum antibiotics were started empirically on admission, and discontinued after 2 days once chest X-ray, blood and urine cultures were negative for infection. Upon review of her home medications, hydrochlorothiazide was identified as a potential precipitant of hyperglycemia and was discontinued. The likely trigger for this patient’s hyperglycemia was indicated by her daughter, who suspected that the patient may have started drinking again and become non-adherent to her medications. The patient did not have any further episodes of seizure. Her neurological exam slowly improved, and by hospitalization day 5, she had returned to her usual functional status.

Principles of Management
Diagnosis of HHS
Severe serum hyperosmolality, hyperglycemia, and dehydration without significant ketoacidosis define the hyperosmolar hyperglycemic syndrome. Specific laboratory values that support the diagnosis of HHS are plasma glucose >600 mg/dL, arterial pH >7.30, serum bicarbonate >15 mEq/L, small urine ketones, small serum ketones, anion gap <12, and serum osmolality >320 mOsm/kg [1]. Patients often present with alterations in mental status, including lethargy, stupor and coma [1]. Known diagnosis of diabetes mellitus is an insensitive criterion, as up to twenty percent of patients admitted for HHS are unaware of their underlying disease [1]. The clinical syndrome typically begins with progressive polyuria, polydipsia, and weakness over several days. Unlike diabetic ketoacidosis (DKA), patients with HHS have enough endogenous insulin to avoid excessive lipolysis, and do not produce abundant ketoacids (Table 50.1). Instead, osmotic diuresis results in severe dehydration and hypovolemia, triggering the release of counter-regulatory hormones and decreasing glomerular filtration rate. Both mechanisms then exacerbate further hyperglycemia [1]. Electrolyte abnormalities resulting from urinary losses may be severe, and include hypo- and hypernatremia, hypokalemia, hypomagnesemia, hypocalcemia and hypophosphatemia [4]. Often, one can identify precipitating factors which triggered the uncontrolled hyperglycemia. These include: infection, non-adherence to medications or diet, pancreatitis, myocardial infarction, cerebral vascular accident and use of medications known to precipitate hyperglycemia [5].Table 50.1A comparison of characteristics defining DKA and HHS


	Characteristic
	DKA
	HHS

	Polyuria, polydipsia, polyphagia, wt loss, vomiting, dehydration, weakness
	X
	X

	Stupor/coma
	Severe only
	X

	Abdominal pain
	X
	 
	Insulin deficiency
	Absolute
	Relative

	Principal pathologic metabolic process
	Lipolysis and ketogenesis
	Dehydration and counter-regulatory hormones

	Plasma glucose (mg/dL)
	>250
	>600

	Arterial pH
	<7.25
	>7.30

	Urine ketones
	Positive
	Small

	Serum ketones
	Positive
	Small

	Serum osmolality
	Variable
	>320

	Anion gap
	>12
	Variable


Data compiled from Refs. [1] and [13]




Common Hyperosmolar Hyperglycemic State Triggers

                  	Alcohol and Drug Abuse

	Anesthesia

	Burns

	GI Hemorrhage

	Hypothermia

	Infections (UTIs, pneumonia, etc.)

	Intracranial Hemorrhage

	Myocardial Infarction

	Pancreatitis

	Pulmonary Embolus

	Stroke

	Medications, including:	Antiepileptics

	Antihypertensives

	Antipsychotics

	Beta blockers

	Corticosteroids

	Diuretics









                

Dehydration is more severe when patients have limited access to water or decreased thirst response, such as in bedridden or elderly patients respectively [6]. Significant free water loss creates the hyperosmolar state which manifests in progressive lethargy and coma.

Fluid Therapy
Rehydration interrupts the cycle of hyperglycemia and hypovolemia by restoring lost intravascular volume, increasing renal perfusion, improving glomerular filtration rate, and reducing glucosuria. Improved systemic perfusion decreases the release of counter-regulatory hormones such as catecholamines, cortisol, glucagon and growth hormone, which exacerbate hyperglycemia. Finally, rehydration decreases the peripheral insulin resistance that is caused by the hyperosmolar state [7]. The American Diabetes Association consensus statement for Hyperglycemic Crisis recommends isotonic saline (0.9 % sodium chloride) at a rate of 15–20 ml/kg body weight (wt) within the first hour [1]. Additional fluid therapy should be adjusted based on hemodynamics, sodium status and urinary output. Fluid deficits should be restored within 24 h. The free water deficit (FWD) may be calculated using the corrected serum sodium, and provide some guidance for free water repletion (Table 50.2). The importance of prompt fluid hydration is supported by the fact that normalization of the hyperosmolar state results in a more robust response to low-dose insulin therapy [7].Table 50.2Sodium and free water equations


	Steps
	Equations

	Calculate the Corrected Serum Sodium
	
                            [image: 
$$ \begin{array}{l}\mathrm{Corrected}\ \mathrm{Serum}\ \mathrm{Sodium}=\hfill \\ {} Measured\ Sodium + \left(\frac{1.6\ mEq}{L}\right)\left(\frac{Measured\ Glucose}{100}\right)\hfill \end{array} $$
]
                          

	Calculate the free water deficit using the Corrected Serum Sodium
	
                            [image: 
$$ \begin{array}{l}\mathrm{Free}\ \mathrm{Water}\ \mathrm{Deficit}=\hfill \\ {}0.6\ \left( weight\ in\ kg\right)\left(\frac{Corrected\ Sodium}{140}\right)-1\hfill \end{array} $$
]
                          

	Calculate the rate of free water administration over 24 h
	
                            [image: 
$$ \frac{\mathrm{free}\ \mathrm{water}\ \mathrm{deficit}}{24\ h} $$
]
                          


Data compiled from Ref. [22]





Insulin Therapy
Current treatment protocols recommend starting either with an insulin IV bolus of 0.1 units/kg body wt followed by 0.1 units/kg/hour(h) infusion or 0.14 units/kg body wt/h continuous infusion [1, 8]. The low dose infusion rates are based on randomized controlled studies for DKA that showed low-dose or physiological insulin performed similarly to high dose insulin in terms of rate of resolution of hyperglycemia as well as reduction in counter-regulatory hormones, and had lower incidence of hypoglycemia and hypokalemia [9, 10]. A more recent study demonstrated that giving an initial insulin bolus prior to starting a continuous infusion, normalized blood glucose, pH and bicarbonate levels just as quickly as providing a continuous infusion at a slightly higher rate of 0.14 units/kg/h [11]. Therefore, solely providing a continuous infusion rate is equally recommended. If the glucose level does not decline by 10 % in the first hour, it is recommended to bolus 0.14 units/kg body wt and to continue infusion at the previous rate. Once the blood glucose reaches 300 mg/dL, the insulin infusion rate should be lowered to 0.02–0.05 units/kg body wt/h and supplemental dextrose infusion should be given to maintain blood glucose between 200 and 300 mg/dL until the patient’s mental status normalizes. This last step is a safeguard against the physiological threat of cerebral edema that may result from the rapid correction of serum hyperosmolality. With insulin treatment, brain osmolality decreases at a rate significantly slower than plasma, and there is a net movement of water into the brain [2]. Oftentimes, patients with HHS will present with a milder form of the metabolic derangements of DKA. These patients should also continue treatment with simultaneous dextrose and insulin infusion until ketogenesis ceases and anion gap acidosis resolves.

Correcting Electrolytes
Sodium
The measured serum sodium concentration in patients with HHS is often deceivingly low. This is because the osmotic pull of hyperglycemia draws water into the extracellular space, thereby diluting the sodium concentration [12]. Serum sodium rises to normal or elevated levels when massive diuresis removes more water than salt from the body. Sodium levels greater than 140 mEq/L are, therefore, indicative of very large fluid deficits [13]. A “corrected” serum sodium is calculated in the setting of hyperglycemia to account for this phenomenon, and considered a more accurate reflection of the patient’s true osmotic and dehydrated status [14, 15] (Table 50.2).

Potassium
In HHS, hypokalemia can often require 4–6 mEq/kg body wt of potassium, or 280–420 mEq potassium for the average person. The mechanisms of potassium loss include insulin-driven shifts of potassium into the intracellular compartment, and gastrointestinal and urinary losses. Concomitant hypomagnesaemia may also worsen hypokalemia by activating the renal outer medullary potassium channels to secrete more potassium [4]. Due to the potassium lowering effects of insulin, potassium repletion is recommended once serum levels are less than 5.3 mEq/L in patients with normal kidney function. Patients should have potassium repleted to greater than 3.3 mEq/L when they present with hypokalemia, to decrease risk of cardiac arrhythmia and arrest and respiratory muscle weakness.

Magnesium
The degree of magnesium deficits incurred from diuresis are less than potassium. Repletion is important, particularly when potassium levels are low, for the reasons mentioned above.

Phosphate
The total body deficit of phosphate in HHS is estimated to be 3–7 mmol/kg [1]. Phosphate levels are typically near normal on presentation, and decrease with insulin therapy. While repletion has not been studied in HHS specifically, randomized studies in DKA did not show a benefit. Furthermore, aggressive phosphate therapy is more likely to precipitate severe hypocalcemia [16].



Evidence Contour
Type of IV Fluid
Physiologically, there is justification for use of isotonic fluid for volume resuscitation and hypotonic fluids to correct hypernatremia. Expert opinions diverge regarding the appropriate initial IV fluid for HHS. Isotonic fluids are appropriate for resuscitation, but will not replenish the free water deficit. Hypotonic fluids may address the hypernatremia, but also carry risk for cerebral edema. In a study that compared the effects of hypotonic, isotonic and hypertonic solutions in DKA patients, there was no difference in fluid retention among the various tonicities [5]. Perhaps for these reasons, it is recommended to initiate IV fluids with isotonic saline and subsequently adjust according to osmolality, sodium level and intravascular volume status [17].

Anticoagulation
Diabetes mellitus alone has been recognized as an inflammatory and hypercoagulable state [18, 19]. As such, there is a significantly increased risk for thrombotic events such as myocardial infarction and deep vein thrombus. Multiple procoagulant factors and reactive oxygen species were found to be elevated in patients with hyperglycemic emergencies [20]. Markers of platelet activation were significantly increased when patients were exposed to short episodes of hyperglycemia [21]. The International Diabetes Federation makes a level 4 recommendation (Expert Opinion) that the use of heparin at prophylactic doses for prevention of deep venous thrombus may be beneficial in the absence of an associated bleeding diathesis [8].
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Case Presentation
A 60 year old woman with no known medical history presented to the hospital with confusion in the setting of longstanding weakness and fatigue. Her family members reported cold intolerance, constipation, weight gain and thickening of skin and hair. She denied any respiratory symptoms and fever. She reported that she had no contact with the health care system for the last 20 years. She took no medications and denied any history of substance use. On physical examination she was noted to have a rectal temperature of 32 ° C and sinus bradycardia with a heart rate of 24 beats per minute. Thyroid stimulating hormone level (TSH) was 42.4 and free thyroxine (T4) level was < 0.03. Serum sodium level was 118 mEq/L. She was transferred to the medical intensive care unit (ICU). Shortly after admission she experienced two episodes of tonic-clonic seizure and was treated with intravenous lorazepam and hypertonic saline. She was intubated and she was mechanically ventilated. She received intravenous thyroxine and phenytoin. Two days later she passed a spontaneous breathing trial and was extubated. She developed severe stridor immediately after extubation requiring reintubation, which was achieved with great difficulty with a pediatric size endotracheal tube. A tracheostomy was performed the same day, and severe laryngeal edema identified (Fig. 51.1). She was eventually transferred to a long term acute care facility where she was liberated from mechanical ventilation over the next three weeks. A repeat laryngoscopy performed 6 weeks later at the time of decannulation revealed resolution of edema (Fig. 51.2).[image: A329322_1_En_51_Fig1_HTML.jpg]
Fig. 51.1Glottic area in a myxedema patient
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Fig. 51.2Glottic area, same patient, 6 weeks after treatment initiation





Questions
What approach should guide management of a patient with myxedema coma? How likely are airway complications in patients with myxedema coma?

Answers
Intravenous thyroxine combined with supportive care and concomitant management of coexisting problems are the mainstays of treatment of myxedema coma. Upper airway compromise is uncommonly reported among these patients, but high index of suspicion is required as life threatening emergencies can occur.

Myxedema coma, also known simply as myxedema, is a rare but potentially deadly manifestation of severe hypothyroidism. The high mortality rate of 25–50 % makes early diagnosis and treatment imperative [1, 2]. Because most at-risk patients, including those with known hypothyroidism, thyroidectomy or previous radioactive iodine therapy, are routinely followed by readily available TSH assay, myxedema is now a relatively rare presentation of hypothyroidism. Myxedema coma is more common among older women, reflecting the incidence of thyroid disease in this population. A frequently cited contributory factor is cold weather, with a majority of cases occurring during late fall and winter months [3]. Infections, stroke, congestive heart failure, trauma, surgery and central nervous system depressants are among the other common precipitating factors [4].
Myxedema coma is a medical emergency and treatment with thyroid hormone replacement should be started as soon as the diagnosis is suspected and prior to the report of results from the blood samples for studies are obtained. Prior to initiation of T4, intravenous stress dose steroids are typically administered due to the risk of coexisting adrenal insufficiency. Extreme slowing of the gastrointestinal tract makes enteric absorption unreliable, so initial treatment should be intravenous [5]. Thyroxine is the mainstay of treatment; in some cases addition of triiodothyronine may be considered.
Endotracheal intubation and mechanical ventilation are frequently required in myxedema coma [4]. In some patients altered mental status may lead to concern for inability to protect airway, and in others hypoventilation due to decreased hypoxic and hypercapnic respiratory drive evolves into genuine respiratory failure, especially in the setting of another concomitant critical illness. The development of a difficult airway has been reported in multiple case reports of myxedema coma [6, 7]. Mucopolyscaccharide deposition responsible for the classical changes of myxedema elsewhere in the body also occurs in supraglottic area, and in conjunction with obesity and macroglossia may lead to airway compromise. Clinicians should remain vigilant for the possibility of difficult airway not only during the time of intubation, but at the time of extubation as well.

Principles of Management
Diagnosis
In severely hypothyroid patients, decreased metabolic rate results in progressive fatigue, malaise and weight gain [8]. Other common symptoms include cold intolerance, voice changes, hair loss, constipation, irregular menses, difficulty concentrating, memory problems, and depression (Table 51.1).Table 51.1Common symptoms and signs in severe hypothyroidism and myxedema coma


	Symptoms
	Signs

	Fatigue and malaise
	Decreased mental status

	Weight gain
	Hypothermia

	Decreases mental acuity, memory problems
	Bradycardia

	Cold intolerance
	Hypoventilation

	Voice cahnges
	Periorbital edema

	Hair loss
	Non-pitting edema

	Depression
	Delayed tendon reflexes





The hallmark signs of myxedema coma are depressed mental status and hypothermia. Additional physical findings may include dry and brittle skin and hair, non-pitting edema and delayed reflexes. Patients may have hypotension and shock as a result of depressed cardiac contractility, tamponade, or bradyarrhythmias. Prolongation of the Q-T interval may be seen and lead to torsades de pointes [9]. Hypoventilation can cause severe respiratory acidosis [3]. Myxedema-associated coagulopathy may predispose patients to gastrointestinal bleeding [10]. Focal or generalized seizures and status epilepticus have been reported [11].
The test of choice to diagnose hypothyroidism is serum thyrotropin testing, followed by free T4 levels. Ultrasensitive TSH assay is widely available, and results are reliable and reproducible. A normal TSH level is a fairly reliable indicator of normal thyroid function. If TSH levels are found to be normal in a clinical setting suspicious of myxedema, non-thyroidal etiologies must be investigated. In the rare case of central hypothyroidism, TSH levels can be low or normal, accompanied by very low levels of T4 [12].

Thyroxine Replacement
Due to the relative rarity of myxedema coma, large-scale controlled trials comparing different therapeutic regimens do not exist. Most clinical data originate from case series and small trials. The majority of these studies suggest that T4 given in doses of 100–500 μg is safe and effective. Most commonly, T4 monotherapy is started at a loading dose of 200–300 μg IV. Treatment should be started immediately when myxedema coma is suspected, preferably right after diagnostic samples are obtained. The patient is then maintained on 100 μg IV daily and transitioned to enteral treatment when gastric emptying and bowel motility are adequate. Once the patient is stable, an oral replacement dose of 1.6 μg/kg is the typical initial maintenance dose in the first 6 weeks after diagnosis until TSH and free T4 are repeated to guide dose adjustment.

Corticosteroid Replacement
Because 5–10 % of patients with myxedema coma have concomitant adrenal insufficiency, the American Thyroid Association guidelines recommend initial corticosteroid replacement [13, 14]. Prior to initiation of thyroid hormone treatment, 100 mg of IV hydrocortisone should be given every 8 h and continued until adrenal insufficiency is ruled out. A random cortisol level should be drawn before treatment to assess adrenal function. If necessary, a corticotropin stimulation test can be performed later. Hydrocortisone may be discontinued once adrenal insufficiency is ruled out.

Supportive Care
Patients with suspected myxedema coma usually require ICU admission for management of severely depressed mental status or the precipitating conditions, including sepsis, myocardial infarction, and shock. It is generally prudent to initiate a work-up for sepsis in these patients and administer broad-spectrum antibiotics after cultures have been sent. Lumbar puncture should be considered to rule out meningitis as a cause of altered mental status and hypothermia.
Myxedema coma patients commonly present with severe multi-organ impairment. Hemodynamic support with intravenous fluids and vasoactive agents may be necessary. Large pericardial effusions causing cardiac tamponade and requiring pericardiocentesis have been reported [15]. Mild hyponatremia is usually corrected with thyroid replacement therapy alone. Hypothermia is common and in most cases should be managed with passive rewarming alone, as active rewarming can precipitate peripheral vasodilation and circulatory collapse. For severe hypothermia, with core temperature less than 28 ° C, active rewarming is indicated to reduce the risk for ventricular fibrillation; temperature should be increased by 0.5 ° C per hour to a core temperature of 31 ° C [14].


Evidence Contour
Though thyroid hormone replacement is the mainstay of myxedema coma treatment, there is an ongoing debate over the best thyroid hormone preparation and ideal dosing regimen. There is a wide range of dosing recommendations based on the reported uses in literature. Doses above 500 μg IV thyroxine have been associated with increased mortality and should be avoided [16]. A reasonable approach is to give an initial dose of 200–300 μg of levothyroxine and then monitor the clinical response. If mental status, blood pressure and temperature are not improved, another dose of levothyroxine can be given to bring the total loading dose to 500 μg [14].
Triiodothyronine (T3) is the metabolically active form of thyroid hormone, but despite its biological appeal, its use is controversial. At least one study suggests that at higher doses, use of T3 is associated with higher mortality [17]. Some authors recommend its use in severe cases at the dose of 12.5–25 μg every 6 h; others discuss the use of combination T4 and T3 therapy. Neither of these regimens has demonstrated benefit over levothyroxine therapy alone [18, 19].
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Case Presentation
A 48-year-old male with history of type II diabetes presented to the Emergency Room with abdominal pain for 4 days associated with dysuria, left sided flank pain, and decreased oral intake. In the Emergency Department his presenting vital signs were HR 175/min, BP 81/51 mmHg, RR 30/min SpO2 of 98 % on oxygen at 5 L/min. Physical exam was significant for an acutely ill appearing male with left sided costovertebral angle tenderness. Urinalysis was significant for many bacteria and 2+ leukocyte esterase. Labs showed an elevated WBC at 14.2 k with 91 % PMNs, elevated lactic acid of 6.8 and elevated creatinine at 1.5. A CT scan abdomen pelvis revealed an obstructing kidney stone within the left ureter and renal pelvis with resulting hydronephrosis and perirenal fat stranding.
Question
What is the appropriate management for this patient with septic shock from a urinary source?

Answer
Correct antimicrobial administration and detection/elimination of sequestered infection.

All patients with sepsis from a urinary source should be treated with rapid resuscitation, early appropriate antimicrobial agents and elimination of infection sources that are not accessible to the blood stream. This patient received 4 l of lactated ringers in the Emergency Department without improvement in his vital signs and repeat lactic acid of 2.5 after 3 h. Within the first two hours of presentation that patient received two sets of peripheral blood cultures and was administered 1 g of Ceftriaxone. En route to the intesive care unit the patient was taken to the interventional radiology suite with successful placement of a left nephrostomy tube and decompression of his hydronephrosis. In the intensive care unit, a central line was placed and the patient was initiated on vasopressor support with a goal MAP of 65. On day 2 of hospitalization the patient’s blood cultures returned positive in both set with gram negative organisms. He was continued on ceftriaxone and was able to be weaned of vasopressor support on day 3 of his hospitalization and was transferred out of the ICU to the general medical ward the next day.

Principles of Management
Diagnosis
Several risk factors have been identified that predispose patients to developing urosepsis. Any patient who has undergone recent urological intervention is at particularly high risk of developing urosepsis within 24 h following the procedure. Additional risk factors include indwelling foreign object (indwelling catheter, ureteric stents, nephrostomy tubes, nephrolithiasis) within the urinary tract and history of previous urinary tract infection [1].
In general the diagnosis for urosepsis can be made in a noncatheterized patient if two of the following are present: fever, urgency, costovertebral or suprapubic tenderness, pyuria, or radiologic evidence of urinary tract infection (pyelonephritis, abscess formation, etc.). In addition if a fluid collection (abscess, phlegmon, hydronephrotic kidney) within the urinary tract is sampled and has a positive gram stain or culture this is indicative of a urinary tract infection. Diagnosis for chronically catheterized patients is similar except requires frank pus express, greater than 10 WBC/uL, or leukocyte esterase/nitrate positivity [1, 2].
Early imaging on presentation is essential to eliminate the possibility of urinary tract obstruction or contained infection. Urinary tract obstruction and contained infection (abscess, phlegmon, hydronephrotic kidney) may require procedural intervention to attain source control. Imaging can include renal ultrasound or CT scan. Of the two, CT with IV contrast has been shown to be more sensative in detecting abnormalities that may require intervention in the patient with urosepsis [3]. CT scans without contrast have decreased sensitivity for detecting abscess and phlegmon development (Fig. 52.1).[image: A329322_1_En_52_Fig1_HTML.gif]
Fig. 52.1(a, b) Ultrasound images showing massive dilation of the renal pelvis and collecting system (hydronephrosis) due to ureteral obstruction






Empiric Antimicrobial Administration
Selecting an antimicrobial agent that can effectively treat the infective pathogen is essential to the optimal management of a patient with urosepsis. It is paramount that the antimicrobial selected not only effectively targets the suspected infectious agent but also that it penetrates the urologic system (i.e. is excreted by the kidneys). When selecting an initial antimicrobial prior to the identification of the offending organism is important to consider local susceptibilities, previous patient colonization, recent antimicrobial administratio or recent hospitalization (both lead to increased chance of resistant organisms), foreign body presence, and patient specific circumstances (cystic kidney, acute kidney injury, etc.).
For a patient with no risk factors for development of resistant organisms ceftriaxone or another 3rd generation cephalosporin may be administered. Fluoroquinolones (namely ciprofloxacin and levofloxacin) were previously recommended for first line therapy as often as 3rd generation cephalosporins for treatment of urosepsis however fluroquinolone resistance, particularly in E. coli, have made these agents less appealing [4]. Patients previously treated patients for E coli and K pneumoniae are at risk for extended spectrum beta-lactamase (ESBL) producing organisms. In these patients, empiric treatment with the carbapenem class of antibiotics is preferred. In the patient with previous history of vancomycin resistant enterococcus (VRE) linezolid is the preferred agent. Aminoglycosides, long a mainstay in the treatment of urinary sepsis because of their concentration within the urinary collective system, have fallen out of favor due to the risk of renal toxicity. For the patient with previous fungal colonization of their urinary source and concern for fungal urinary sepsis empiric treatment with fluconazole or amphotericin B deoxycholate are the preferred antifungals because of their urinary tract presentation. Echinocandins and other azoles, as well as amphotericin B lipid formulas do not have good urinary tract penetration and should be avoided [5].

Procedures/Surgery
In order to attain source control of urinary infections caused by obstruction it is necessary to relieve the obstruction. Interventions for relieving obstruction include foley catheter insertion, ureteral stents, nephrostomy tubes, surgical drainage, and nephrectomy. The choice of intervention depends on the location of the obstruction. For post-vesicular obstruction, foley catheter placement may relieve the obstruction. However if the obstruction is ureteral, nephrostomy tube placement or retrograde ureteral stent is necessary.


Evidence Contour
Several aspects regarding the diagnosis and management of urosepsis remain without consensus.
Empiric Anitbiotic Choice
Given the importance of correctely targeting the correct offending bacteria species within the first couple of hours of sepsis it is essential to select the correct antimicrobial emperically, prior to culture data being available. Some data is available from previous studies regarding the most efficacious empiric antibacterial agent. One study compared empiric intravenous doripenem (a carbapenem) vs. intravenous levofloxacin (a fluoroquinolone) as the treatment of complicated urinary tract infections and found cure rates comparable at approximately 80 % each [6]. Another study compared ertapenem (a carbapenem) and ceftriaxone (a third generation cephalosporin) in patients with complicated UTI and found equitable microbiological responses [7]. Thus, it appears as though local susceptibility patterns should be used for antimicrobial selection.

Indications for Imaging
Frequently in patients with a high degree of clinical suspicion for pyelonephritis no imaging is necessary. However, in the septic ICU, patient, imaging should be considered. Computed tomography (CT) has proven to be the most complete evaluation of the genito-urinary tract. However, no direct comparrison studies in the acutely septic patient exist comparing outcomes from initial CT to ultrasound examination, which is also frequently used in this patient population [3]. Ultrasound is almost always more inexpensive test, but has high sensitivity for hydronephrosis from an intervenable obstruction, and spares the patient of radiation exposure. However, this modality often requires a experienced operator or dedicated ultrasound technician to be available (may be difficult in the evening/weekend hours) and is may provide suboptimal images in patients who are obese [3]. Studies evaluating initial use of of CT to ultrasound in the patient with sepsis from a urinary source warrants further investigation (Fig. 52.2).[image: A329322_1_En_52_Fig2_HTML.gif]
Fig. 52.2Non-contrast CT of the abdomen showing left sided collecting system dilation with perinephric stranding in the panel on the left (a). On the right (b), CT shows resolution following relief of obstruction






Intervention Method
Relief of obstruction is critical for source control in patients presenting with urinary sepsis with underlying obstruction (stricture, nephrolithiasis, etc.). A common thought is that while retrograde ureteral stent placement provides more definitive relief of the obstruction it requires general anesthesia which may not be feasible in the acutely unstable septic patient. One study investigating 42 patients with obstructive calculi and sepsis revealed similar success rates between the two modalities in regards to WBC normalization and fever trend [8]. Success in relief of obstruction following nephrostomy completion is generally greater than 90 % of patients. The rate of major complications secondary to nephrostomy tube placement, namely hemorrhage, varied from 2 to 5 % of cases depending on operator experience [9].
However, there are data suggesting that retrograde ureteral stent placement may offer some benefits. In that same study by Pearle, retrograde stent placement was found to reduce length of hospital stay when compared to patients who received nephrostomy placement (4.5 vs. 3.2 days). This similarity in outcomes with reduction of hospital stay length may argue that when feasible, retrograde ureteral stent placement should be preferred [8, 9].
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Case Presentation
A 70 year old man with a history of hypertension and diabetes presents from his nursing home to the emergency room with fevers, chills, and hypotension. He had complained of a productive cough 2 days prior to presentation to the emergency room. At the time of presentation his temperature was 39 °C, blood pressure was 86/60 mmHg, respiratory rate was 22, pulse was 111. His oxygen saturation (SaO2) on room air was 86 % and on 2 L NC was 92 %. Laboratory results revealed a WBC count of 18,000 cells per microliter, hemoglobin of 13 g per deciliter, BUN of 55 mg/dl, creatinine of 1.8 mg/dl and initial lactic acid level was 5 mmol/L. Chest x-ray findings are below (Figs. 53.1 and 53.2). The ER began treatment for pneumonia with septic shock.[image: A329322_1_En_53_Fig1_HTML.gif]
Fig. 53.1PA CXR
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Fig. 53.2Lateral CXR





Question
What approach should guide this patient’s treatment of septic shock?

Answer
Six Hour Sepsis Bundle

The management of patients with severe sepsis and septic shock has evolved into protocols which utilize “bundles.” “A bundle is a selected set of elements of care distilled from evidence-based practice guidelines that, when implemented as a group, have an effect on outcomes beyond implementing the individual elements alone” [1]. The Surviving Sepsis Campaign provided the first bundled care process for the management of patients with severe sepsis and septic shock [2]. The first bundle involves care for the initial 3 h of sepsis recognition. The second bundle within the first 6 h of therapy, usually in an intensive care unit (ICU).
This patient was initially given a fluid challenge of 30 mL/kg of 0.9 % normal saline (NS). Blood, sputum, and urine cultures were sent. He was started on broad spectrum antibiotics; Vancomycin, Piperacillin/Tazobactam, and Azithromycin. Despite additional volume administration, his blood pressure failed to normalize after 5 L of 0.9 % NS. A central line was placed and he was started on Norepinephrine. Gram stain from his sputum culture was positive for gram positive cocci in pairs which eventually speciated to Streptococcus pneumonia. Lactic acid level decreased to 3 mmol/L after 6 h and normalized by the next day. Norepinephrine was discontinued after 12 h. The patient received at total of 10 L of 0.9 NS. He was transitioned to a general care floor after 36 h in the ICU. After 48 h, the Streptococcus proved to be pan-sensitive and his antibiotic regimen was changed to Ceftriaxone.

Principles of Management
Definition and Recognition
Despite the advances in modern medicine, sepsis continues to be a leading cause of death and a significant inpatient cost. The incidence of severe sepsis in the United States has been reported to be as high as 300 cases per 100,000 population with an annual cost of $14 billion per year. Sepsis is now defined as, “A life-threatening organ dysfunction due to a dysregulated host response to infection.” Simply stated, sepsis is a suspected infection in the presence of organ dysfunction, where organ dysfunction is defined as in increase in sepsis organ failure assessment (SOFA) score of at least two points.
New Definitions and Constructs

                  	Sepsis is defined as life‐threatening organ dysfunction due to a dysregulated host response to infection

	Organ dysfunction can be identified as an acute change in total SOFA score ≥2 points

	In lay terms, sepsis is a life-threatening condition that arises when the body’s response to an infection injures its own tissues and organs

	Adult patients with suspected infection who are likely to have a prolonged ICU stay or to die in hospital can be promptly identified using qSOFA, i.e., alteration in mental status, systolic blood pressure ≤100 mmHg or respiratory rate ≥22 breaths/min

	Septic shock is a subset of sepsis where underlying circulatory and cellular/metabolic abnormalities are profound enough to substantially increase mortality

	Adult patients with septic shock can be identified using a clinical construct of sepsis with persisting hypotension requiring vasopressors to maintain MAP ≥65 mmHg, AND a blood lactate >2 mmol/l despite adequate volume resuscitation




                

Septic shock is now defined as, “a subset of septic patients where underlying circulatory and cellular-metabolic abnormalities are profound enough to substantially increase mortality,” and is characterized by:	The requirement vasopressors to maintain mean BP > 65 mmHg

	A lactate > 2 mmol/l

	The absence of other causes, especially hypovolemia





The new definitions no longer utilize the term, “severe sepsis.” Additionally the systemic inflammatory response syndrome (SIRS) no longer is part of the definition. The Quick Sepsis Organ Failure Assessment Score (qSOFA) has been found to represent the best screening tool to identify infected patients who are severely ill and at high risk of deterioration:	Glasgow Coma Score ≤ 13

	Respiratory rate ≥ 22 breaths/min

	Blood pressure ≤ 100 mmHg





This tool works best for patients outside of the intensive care unit. It is meant as a screening tool, instead of SIRS, and is not meant to define sepsis. While the addition of lactate levels failed to improve the qSOFA tool, the addition of other clinical criteria such as lactate can be important in the overall assessment of whether an infected patient requires intervention.

Surviving Sepsis Campaign Sepsis Bundle
Rivers et al. developed a protocol designed to guide the management of severe sepsis and septic shock [5]. The protocol included specific target values for central venous pressure (CVP), mean arterial pressure (MAP), systemic oxygen consumption using mixed venous oxygen saturation (SvO2), hematocrit, cardiac index, and urine output. In response to accumulated evidence the Surviving Sepsis campaign currently lists only mean arterial pressure 65 mmHg as a hemodynamic goal [6]. The 3 h and 6 h bundles are displayed below. The 3 h bundle emphasizes timely administration of broad spectrum antibiotics and an initial fluid administration of 30 ml/kg of crystalloid in the face of an elevated lactate level. The 6 h bundle provides guidance regarding the potential ongoing need for vasopressor administration and/or additional volume administration in the face of ongoing hypotension.
Surviving Sepsis Campaign Bundle [1]
TO BE COMPLETED WITHIN 3 HOURS OF TIME OF PRESENTATION*:	1.Measure lactate level


 

	2.Obtain blood cultures prior to administration of antibiotics


 

	3.Administer broad spectrum antibiotics


 

	4.Administer 30 ml/kg crystalloid for hypotension or lactate ≥4 mmol/L
* “Time of presentation” is defined as the time of triage in the emergency department or, if presenting from another care venue, from the earliest chart annotation consistent with all elements of severe sepsis or septic shock ascertained through chart review


 





TO BE COMPLETED WITHIN 6 HOURS OF TIME OF PRESENTATION:	5.Apply vasopressors (for hypotension that does not respond to initial fluid resuscitation) to maintain a mean arterial pressure (MAP) ≥65 mmHg


 

	6.In the event of persistent hypotension after initial fluid administration (MAP < 65 mmHg) or if initial lactate was ≥4 mmol/L, re-assess volume status and tissue perfusion


 

	7.Re-measure lactate if initial lactate elevated.


 







Fluid Management
An important focus of initial treatment in septic shock is sufficient and appropriate early administration of intravenous fluids. Current guidelines recommend crystalloids as the initial fluid choice, with a minimal initial challenge of 30 mL/kg [6]. Nevertheless, albumin is a colloid frequently used for resuscitation in hypotensive patients. The Saline versus Albumin Fluid Evaluation (SAFE) trial compared resuscitation strategies using 4 % albumin or normal saline in all ICU patients and demonstrated similar outcomes [7]. Two studies have compared saline and albumin administration as resuscitation fluid in septic patients. Both showed no difference in 28 day mortality but one study (CRISTAL) did demonstrate improved survival at 90 days in the albumin group [8]. Normal saline is the most commonly used crystalloid. Administration in the setting of sepsis resuscitation has been associated with hyperchloremic (nonanion gap) metabolic acidosis, which had been considered to pose a risk of acute kidney injury [9, 10]. However the use of a chloride-restrictive fluid strategy using a buffered saline solution did not result in a decreased rate of AKI compared with saline when used for resuscitation in a large randomized trial of intensive care patients [11]. Semisynthetic colloids such as hydroxyethyl starch are not recommended for acute resuscitation. In some studies their use has been associated with renal failure, coagulopathy and increased mortality [9, 12]. Blood transfusions were theorized to improve oxygen carrying capacity and improved oxygen delivery. The Rivers EGDT protocol included a hematocrit goal of 30 % or more if, after the improvement of blood pressure, the SvO2 remained less than 70 % [5]. This provision was included in the initial Surviving Sepsis guidelines. In the absence of evidence that transfusions were truly beneficial and with increasing evidence for harm secondary to arbitrary transfusion thresholds, the recommendations were modified to have a goal range of 7–9 g/dl unless myocardial ischemia, coronary artery disease, acute hemorrhage, or severe hypoxemia are present [2, 6, 13, 14].

Hemodynamic Response
Presently the Surviving Sepsis Campaign recommends either a repeat focused physical exam (including vital signs, capillary refill, pulse and skin findings) or the measurement of two of the following parameters: central venous pressure; superior vena cava oxygen saturation; bedside cardiovascular ultrasound; or dynamic assessment of fluid responsiveness with passive leg raise or fluid challenge.
Skin mottling has been described in sepsis for over 60 years [15]. Increasing evidence has identified a crucial role of microcirculation impairment in severe infections. One center developed a mottling score (from 0 to 5), based on mottling area extension from the knees to the periphery. There was improved survival in patients whose mottling score decreased during the resuscitation period [16] (Fig. 53.3).[image: A329322_1_En_53_Fig3_HTML.gif]
Fig. 53.3Skin Mottling Score. Left: the mottling score is based on a mottling area extension on the legs. Score 0 indicates no mottling; score 1, a modest mottling area (coin size) localized to the center of the knee; score 2, a moderate mottling area that does not exceed the superior edge of the kneecap; score 3, a mild mottling area that does not exceed the middle thigh; score 4, a severe mottling area that does not go beyond the fold of the groin; score 5, an extremely severe mottling area that goes beyond the fold of the groin. Right: Examples of the mottling score





Central venous pressure (CVP) remains a common approach to monitor fluid responsiveness but should be used in conjunction with other dynamic variables. The goal has been 8–12 mmHg for non-ventilated patients and 12–15 mmHg for those requiring mechanical ventilation [17]. Since CVP may not accurately assess volume status especially in mechanically ventilated patients with high airway pressures, measurement of CVP should not be used in isolation.
Mixed venous oxygen saturation measures the net balance between oxygen delivery (influenced by arterial oxygen saturation, hemoglobin, and cardiac output) and oxygen consumption by the tissues. Samples obtained from the subclavian or vena cava typically show higher saturation than samples from the right atrium. The target for adequate venous oxygenation is 70 % or more for superior vena cava and 65 % for the right atria [17]. Pulmonary arterial catheterization and monitoring have not shown to improve outcomes. The procedure may also confer risk to the patient.
Passive leg raise is a simple method of assessing intravascular volume and fluid responsiveness. The patient is moved to a supine position with the legs raised to 45° for several minutes. An increase of venous return causing a ≥ 10 % increase in aortic blood flow measured by esophageal Doppler and arterial pulse pressure signaled a response to fluids [18]. Dynamic variables such as pulse pressure variation or ultrasound evaluation of the inferior vena cava (IVC) can also be used. Pulse pressure variation is calculated via arterial line measurements of maximum and minimum pulse pressure during a single respiratory cycle (Fig. 53.4). Increasing variation predicts fluid responsiveness [19].[image: A329322_1_En_53_Fig4_HTML.gif]
Fig. 53.4Pulse pressure variation. Analytical description of respiratory changes in arterial pressure during mechanical ventilation. The systolic pressure and the pulse pressure (systolic minus diastolic pressure) are maximum (SPmax and PPmax, respectively) during inspiration and minimum (SPmin and PPmin, respectively) a few heartbeats later, i.e., during the expiratory period. The systolic pressure variation (SPV) is the difference between SPmax and SPmin. The assessment of a reference systolic pressure (SPref) during an end-expiratory pause allows the discrimination between the inspiratory increase (Δup) and the expiratory decrease (Δdown) in systolic pressure. Pa arterial pressure, Paw airway pressure (From Michard et al. [54]. Reprinted with permission from Wolters Kluwer Health, Inc)





Focused ultrasonography is another method to discern central hemodynamics and the etiology of shock. It can reveal right and left cardiac chamber size and contractility, pericardial fluid, and inferior vena cava size and collapsibility suggestive of hypovolemia, among other features. A minimally collapsible IVC is associated with euvolemia or hypervolemia while a highly collapsible IVC is associated with hypovolemia [20] (Video 53.1). Recent guidelines and consensus statements recommend focused ultrasonography as best clinical practice in the initial assessment of hemodynamically unstable patients with septic shock despite no rigorous RCTs of focused cardiac ultrasonography affecting patient-centered outcomes in septic shock [21].

Tissue Perfusion
Elevated lactate level > 2 are part of the diagnostic criteria for septic shock, although the Surviving Sepsis Campaign has previously utilized a level of 4. Lactate clearance is used as a marker of improving tissue perfusion and is a target of early therapy. The goal is normalization of lactate, however early improvement of at least 10–20 % from baseline lactate is associated with a mortality benefit comparable to a SvO2 of 70 % or more [22]. The rigorous targeting of SvO2 to over 70 % is not essential for the early management of sepsis. SvO2 is now considered one of several methods of evaluating successful resuscitation. Strategies to optimize both lactate clearance and SvO2 may be complimentary and currently, no single measure is clearly superior.

Vasopressors
Norepinephrine is recommended as the first line agent for use in patients with septic shock. Dopamine is associated with a higher rate of dysrhythmias and low-dose dopamine for renal protection is not recommended [23]. Vasopressin at .01 to .03 U per minute was compared to norepinephrine in the VASST study [24]. There was no significant mortality difference at 28 or 90 days in all patients with sepsis. The Surviving Sepsis Guidelines states that Vasopressin at .03 U/min can be used in an effort to further raise mean arterial pressure (MAP) or to decrease the dose of norepinephrine. It is not recommended as a first line agent. There have been few studies evaluating phenylephrine, an ὰ-1 adrenergic receptor agonist, in sepsis. It is also not recommended as a first line agent.

Treatment of Infection and Antimicrobial Stewardship
Source control is defined as “all physical measures undertaken to eliminate a source of infection, to control ongoing contamination, and to restore premorbid anatomy and function” [25]. The Surviving Sepsis Guidelines define source control as: a) specific diagnosis of infection and intervention within 12 h of diagnosis, b) if infected peripancreatic necrosis is identified, definitive intervention is best delayed until adequate demarcation of viable and nonviable tissues has occurred, c) effective intervention associated with the least physiologic insult should be used (e.g., percutaneous rather than surgical drainage of an abscess), and d) if intravascular access devices are a possible source of sepsis or septic shock, they should be removed promptly after other vascular access has been established [6].
The initial intravenous antimicrobial therapy should have broad coverage and adequate tissue penetration against all likely pathogens. Therapy should be given within the first hour after the recognition of sepsis or septic shock. Mortality increases for each hour that the patient does not receive adequate antimicrobial therapy while the patient is hypotensive [26]. Two sets of blood cultures along with cultures from other potential sources such as urine or sputum should be obtained before the initiation of antimicrobials if it can be done without significant delay. With the mortality risk associated with a delay in therapy, the initiation of empiric, broad-spectrum antimicrobials has become a recommendation within the six hour window. A side-effect of this practice may be increased antimicrobial resistance which can potentially result in a prolonged hospital stay with a less clear effect on mortality [4]. Daily assessment is important for potentially de-escalating or modifying therapy [27, 28].

Ventilator Management
In mechanically ventilated patients, lung-protective ventilation is recommended in patients with severe sepsis or septic shock regardless of whether or not the patient has been diagnosed with acute respiratory distress syndrome. A tidal volume of 6 mL/kg of ideal body weight should be combined with a goal plateau pressure <30 cm H2O along with the application of positive end-expiratory pressure [6, 29, 30].

Glycemic Control and Nutrition
Glucose control in the critically ill patient has evolved significantly over the years. An early study showed improved outcomes and fewer complications with glucose maintained at approximately 80–108 mg/dL. This was especially true in surgical patients [31]. The NICE-SUGAR trial found that tight glycemic control was associated with higher 90 day mortality [32]. The higher mortality in NICE-SUGAR was accounted for by septic patients and therefore a glucose level of 80–110 mg/dL is considered contraindicated in septic patients who are being resuscitated. Current guidelines call for glucose monitoring and management with insulin after 2 consecutive blood glucose values are more than 180 mg/dL. The goal is to maintain a level at 180 mg/dL or less without a lower target other than hypoglycemia [6].
There is little evidence of benefit to starting full enteral or parenteral nutrition early in the course of severe sepsis. Enteral feeding may be initiated after the initial resuscitation, if tolerated. Parenteral feeding should not be provided within the first week and should be avoided if enteral feeding is possible. There is an association with improved outcomes including mortality with hypocaloric feeding when initiated within the first week [6, 33].


Evidence Contour
The EGDT bundle has remained one of the cornerstones in the management of severe sepsis and septic shock. Subsequently, multiple studies have analyzed each component of the bundle which has resulted in an evolution of practice. Those changes are represented in the most recent Surviving Sepsis Campaign guidelines.
Early Goal Directed Therapy (EGDT)
The Protocolized Care for Early Septic Shock (ProCESS) trial prospectively randomized 1341 patients in a 1:1:1 ratio into 1 of 3 groups. One group was a protocol based EGDT group which followed the initial study protocols. The second group was a protocol based therapy that required rapid resuscitation but no requirement for initial central line placement, mixed venous oxygen saturation (SvO2) monitoring, or blood transfusions for a hematocrit <30. The third group was a “usual care” arm in which care was directed by the bedside clinician. The protocol-based EGDT did not require additional organ support i.e., dialysis or mechanical ventilation or demonstrate any improvement in 2–3 month or 1 year mortality compared to the other 2 arms [34]. Multiple multi-center studies resulted in similar findings. The ARISE trial randomized 1600 patients into an EGDT and a usual care group. The EGDT group did not reduce all-cause mortality at 90 days. There was no significant difference in in-hospital mortality, duration of organ support or length of hospital stay [35]. 1260 patients were enrolled in the ProMISe trial. 630 patients were assigned to the EGDT arm and 630 were assigned to “usual care”. There was no difference in all-cause mortality at 90 days [36]. The mortality associated with sepsis from all arms from the first 2 trials ranged from 18.2 to 21 % while the mortality from the ProMISe trial was 29.5 % in the EGDT group and 29.2 % in the usual care group. In all likelihood that “standard” care for sepsis has improved and evolved since the original publication of EGDT [37]. A retrospective, observational review of >100,000 patients with severe sepsis from Australia and New Zealand from 2000 to 2012 demonstrated improved mortality [38]. The authors attributed part of the improvement on overall changes in ICU practice. The focus on sepsis treatment remains with early fluid resuscitation, timely antibiotic administration, and appropriate use of vasopressors (Table 53.1).Table 53.1Guidelines for the treatment of sepsis and septic shock from the Surviving Sepsis Campaign


	Element of Care
	Gradea


	
                            Resuscitation
                          

	Begin goal-directed resuscitation during first 6 h after recognition
	1C

	Begin initial fluid resuscitation with crystalloid and consider the addition of albumin
	1B

	Consider the addition of albumin when substantial amounts of crystalloid are required to maintain adequate arterial pressure
	2C

	Avoid hetastarch formulations
	1C

	Begin initial fluid challenge in patients with tissue hypoperfusion and suspected hypovolemia, to achieve ≥30 ml of crystalloids per kilogram of body weightb

	1C

	Continue fluid-challenge technique as long as there is hemodynamic improvement
	UG

	Use norepinephrine as the first-choice vasopressor to maintain a mean arterial pressure of ≥65 mmHg
	1B

	Use epinephrine when an additional agent is needed to maintain adequate blood pressure
	2B

	Add vasopressin (at a dose of 0.03 units/min) with weaning of norepinephrine, if tolerated
	UG

	Avoid the use of dopamine except in carefully selected patients (e.g., patients with a low risk of arrhythmias and either known marked left ventricular systolic dysfunction or low heart rate)
	2C

	Infuse dobutamine or add it to vasopressor therapy in the presence of myocardial dysfunction (e.g., elevated cardiac filling pressures or low cardiac output) or ongoing hypoperfusion despite adequate intravascular volume and mean arterial pressure
	1C

	Avoid the use of intravenous hydrocortisone if adequate fluid resuscitation and vasopressor therapy restore hemodynamic stability; if hydrocortisone is used, administer at a dose of 200 mg/day
	2C

	Target a hemoglobin level of 7–9 g/dl in patients without hypoperfusion, critical coronary artery disease or myocardial ischemia, or acute hemorrhage
	1B

	
                            Infection Control
                          

	Obtain blood cultures before antibiotic therapy is administered
	1C

	Perform imaging studies promptly to confirm source of infection
	UG

	Administer broad-spectrum antibiotic therapy within 1 h after diagnosis of either severe sepsis or septic shock
	1B/1C

	Reassess antibiotic therapy daily for de-escalation when appropriate
	1B

	Perform source control with attention to risks and benefits of the chosen method within 12 h after diagnosis
	1C

	
                            Respiratory Support
                          

	Use a low tidal volume and limitation of inspiratory-plateau-pressure strategy for ARDS
	1A/1B

	Apply a minimal amount of positive end-expiratory pressure in ARDS
	1B

	Administer higher rather than lower positive end-expiratory pressure for patients with sepsis-induced ARDS
	2C

	Use recruitment maneuvers in patients with severe refractory hypoxemia due to ARDS
	2C

	Use prone positioning in patients with sepsis-induced ARDS and a ratio of the partial pressure of arterial oxygen (mm Hg) to the fraction of inspired oxygen of <100, in facilities that have experience with such practice
	2C

	Elevate the head of the bed in patients undergoing mechanical ventilation, unless contraindicated
	1B

	Use a conservative fluid strategy for established acute lung injury or ARDS with no evidence of tissue hypoperfusion
	1C

	Use weaning protocols
	1A

	
                            Central Nervous System Support
                          

	Use sedation protocols, targeting specific dose-escalation end points
	1B

	Avoid neuromuscular blockers if possible in patients without ARDS
	1C

	Administer a short course of a neuromuscular blocker (<48 h) for patients with early, severe ARDS
	2C

	
                            General Supportive Care
                          

	Use a protocol-specified approach to blood glucose management, with the initiation of insulin after two consecutive blood glucose levels of >180 mg/dl (10 mmol/l), targeting a blood glucose level of <180 mg/dl)
	1A

	Use the equivalent of continuous venovenous hemofiltration or intermittent hemodialysis as needed for renal failure or fluid overload
	2B

	Administer prophylaxis for deep-vein thrombosis
	1B

	Administer stress-ulcer prophylaxis to prevent upper gastrointestinal bleeding
	1B

	Administer oral or enteral feedings, as tolerated, rather than either complete fasting or provision of only intravenous glucose within the first 48 h after a diagnosis of severe sepsis or septic shock
	2C

	Address goals of care, including treatment plans and end-of-life planning as appropriate
	1B


Data are adapted from Dellinger et al. [53]. ARDS denotes acute respiratory distress syndrome and ICU intensive care unit
From Angus and van der Poll [3]. Reprinted with permission from Massachusetts Medical Society

aFor all grades, the number indicates the strength of the recommendation (1, recommended; 2, suggested), and the letter indicates the level of evidence, from high (A) to low (D), with UG indicating ungraded. Recommendations that are specific to pediatric severe sepsis include therapy with face-mask oxygen, high-flow nasal cannula oxygen, or nasopharyngeal continuous positive end-expiratory pressure in the presence of respiratory distress and hypoxemia (2C); use of physical examination therapeutic end points, such as capillary refill (2C); administration of a bolus of 20 ml of crystalloids (or albumin equivalent) per kilogram of body weight during a period of 5–10 min for hypovolemia (2C); increased use of inotropes and vasodilators in septic shock with low cardiac output associated with elevated system vascular resistance (2C); and use of hydrocortisone only in children with suspected or proven absolute adrenal insufficiency (2C)

bThe guidelines recommend completing the initial fluid resuscitation within 3 h (UG)





Corticosteroids
The use of corticosteroids in the treatment of sepsis remains controversial. Early studies of short-course high dose methylprednisolone showed no benefit and potentially increased harm with frequent adverse effects. Studies utilizing adrenocorticotropic hormone, stimulation testing, and identifying subgroups with “relative adrenal insufficiency” have yielded conflicting results.
The CORTICUS trial evaluated the effects of IV hydrocortisone vs placebo in patients with septic shock. There was no 28 day mortality benefit and the data suggested steroids caused new episodes of sepsis. A meta-analysis from 2011 challenged the assertion that steroid use in severe sepsis cause new cases of sepsis. It also advocated using adrenocorticotropin hormone (ACTH) test to help guide therapy. Current guidelines recommend against stimulation testing, not using steroids in the absence of shock, advise using intravenous corticosteroids for patients in refractory shock who have remained hemodynamically unstable even after adequate fluid resuscitation and vasopressor use, and tapering steroids when pressors are no longer required [6, 30, 39, 40].

SIRS Criteria in Sepsis
The systemic inflammatory response syndrome (SIRS) was a component of the definition of sepsis for >20 years. The need for patients to meet 2 SIRS criteria has been criticized because of a low specificity for infection especially in patients admitted less than 24 h to the ICU. A recent study demonstrated that requiring 2 SIRS criteria in severe sepsis excluded one in eight otherwise similar patients with infection, organ failure, and substantial mortality [41]. Hence, SIRS lacks both specificity and sensitivity in the identification of septic patients. As a result of these and other considerations, the utilization of SIRS criteria has been removed from the new sepsis definitions.

Blood Pressure Target in Septic Shock
Current guidelines recommend a target MAP of at least 65 mmHg during resuscitation of patients in septic shock. A recent multicenter trial sought to determine if a higher blood pressure target is more effective. 388 patients were targeted with a higher MAP goal (80–85 mmHg) and were compared to 388 patients in a low-target group (65–70 mmHg). The study revealed no difference in 28 or 90 day mortality between the two groups [42].

Fluid Resuscitation in Septic Shock
Despite current mortality rates of approximately 40 %, dosing intravenous fluid during resuscitation of septic shock remains largely empirical. Too little fluid may result in tissue hypoperfusion and worsen organ dysfunction. In several studies, a positive fluid balance was associated with increased time spent on mechanical ventilation and resulted in a trend toward increased mortality [43, 44]. A retrospective study on patients from the VASST trial attempted to quantify the ideal amount of fluids to be given. The study showed that a more positive fluid balance both early in resuscitation and cumulatively over 4 days is associated with an increased risk of mortality in septic shock. Central venous pressure may be used to gauge fluid balance ≤ 12 h into septic shock but becomes an unreliable marker of fluid balance thereafter. Optimal survival in the VASST study occurred with a positive fluid balance of approximately 3 L at 12 h [45]. Presently the optimal approach to fluid management in sepsis patients remains unclear. The Surviving Sepsis Campaign recommendations for a multi-variable assessment reflects an attempt to approximate the approach undertaken in the control group of the ProCESS trial and has been adopted by the Centers for Medicare and Medicaid Services (CMS) as part of a performance measure despite the lack of prospective clinical validation [46].

Bicarbonate Infusion in Lactic Acidosis
Sodium bicarbonate had been used to treat metabolic acidosis in order to correct acidemia, improve myocardial contractility and cardiac output, and to increase the cardiovascular response to circulating catecholamines. Potential adverse effects include hypercapnia and aggravation of intracellular acidosis, hyperosmolality, congestive cardiac failure, and ionized hypocalcemia. One study infused sodium bicarbonate in fourteen patients who had metabolic acidosis and increased arterial lactate. Correction of acidemia using sodium bicarbonate did not improve hemodynamics in critically ill patients who have metabolic acidosis and increased blood lactate or improve the cardiovascular response to infused catecholamines. Sodium bicarbonate decreased plasma ionized calcium and increased PaCO2 [47].

Heart Rate Control in Septic Shock
β-Blocker therapy may control heart rate and attenuate the deleterious effects of β-adrenergic receptor stimulation in septic shock. One study evaluated patients in septic shock vs a control group where the study group received a continuous infusion of esmolol titrated to maintain heart rate between 80/min and 94/min for their ICU stay. Target heart rate was achieved in the study group. The study group also had lower arterial lactate concentrations, decreased norepinephrine and fluid requirements, and a significantly lower 28 day mortality [48].

Sequella After Surviving Severe Sepsis/Septic Shock
Odds of developing cognitive impairment and physical disability were increased among those who survived an episode of severe sepsis. The new cognitive impairment and functional disability was substantial and persistent among survivors. The magnitude of these new deficits was large, likely resulting in a pivotal downturn in patients' ability to live independently [49]. One year mortality in the elderly (>70 years old) has also been found to be elevated in survivors of severe sepsis. Predictors were severe organ failure, prior functional status, and Mini-Mental State Examination [50].
Various initiatives are underway in an effort to improve functional outcome after surviving sepsis. The ABCDEF bundle is a coordinated effort between multiple disciplines for the management of critically ill patients. Implementation of the bundle has been shown to improve care within the ICU [51]. The bundle involves:	
A: Awakening trials for ventilated patients.

	
B: Spontaneous breathing trials.

	
C: Coordinated effort between the registered nurse and respiratory therapist to perform the spontaneous breathing trial when the patient is awakened by reducing or stopping the patient’s sedation. The combination of sedation and analgesics being used are reviewed, and changes or reductions in the doses are considered.

	
D: A standardized delirium assessment program, including treatment and prevention options.

	
E: Early mobilization and ambulation of critical care patients.

	
F: Family Engagement and Empowerment





The Society of Critical Care (SCCM) Liberation Campaign is designed to decrease the harmful effects of pain, agitation and delirium in the ICU and improve patients’ long-term outcomes. The recommendations from the Pain, Agitation, Delirium (PAD) guide [52] include:	Integrating multi-professional approach to managing pain, agitation/sedation, and delirium to achieve significant, synergistic benefits to improve patient outcomes.

	Utilizing valid and reliable bedside assessment tools for pain, sedation, and delirium, so as to target appropriate treatment strategies.

	Decreasing levels of sedation, while assuring adequate pain control and delirium management, to allow patients active participation in ventilator weaning trials along with early mobility activities.

	Instituting prevention strategies in the ICU to avoid complications and improve clinical outcomes.
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Case Presentation
The patient is a 71 year old male with COPD, Gold Class IV, and bronchiectasis who resides in the Rocky Mountain region of the United States. He required oxygen therapy at 4 L/min continuously and was using tiotropium and inhaled corticosteroids. His lung disease had been stable and without exacerbation for 1 year. In the month of January, the patient developed increased cough and shortness of breath, and required hospitalization for an exacerbation at on outside hospital. Evaluation included routine laboratory studies, sputum gram stain and culture, chest radiograph and chest CT angiogram. Testing was unremarkable except for radiographic imaging consistent with COPD/emphysema. The patient was treated with empiric antibiotics for community acquired organisms and a burst and tapering dose of corticosteroids. Patient was discharged from the hospital after 4 days. Over the next 5 months, the patient was hospitalized twice for recurrent COPD exacerbations. On each hospitalization, the patient was treated similarly. During his last hospitalization, patient was noted to have bilateral lower lobe infiltrates. Following his last hospitalization, the patient was admitted to a rehabilitation facility for severe deconditioning. He was also treated with a 2-week course of levofloxacin and another tapering dose of corticosteroids. The patient returned to his baseline level of function except for an increased oxygen requirement of 6 L/min. One month after returning home, the patient developed worsening dyspnea, cough and fever. He was evaluated by his pulmonologist for his complaints. Evaluation included CBC, IgE, sputum collection, spirometry and Chest CT. Patient was found to have a WBC 16,000, no eosinophilia, a 20 % decline in FEV1 (0.8 L) and sputum culture was unremarkable for bacterial or fungal organisms. CT revealed progressive bilateral infiltrates (Figs. 54.1, 54.2 and 54.3).[image: A329322_1_En_54_Fig1_HTML.jpg]
Fig. 54.1Multiple peribronchovascular opacities with spiculated consolidative peripheral opacity in left upper lobe




[image: A329322_1_En_54_Fig2_HTML.jpg]
Fig. 54.2Patchy peribronchovascular opacities present in both lungs




[image: A329322_1_En_54_Fig3_HTML.jpg]
Fig. 54.3Cavitary foci within the consolidative opacity. Moderate centrilobular and panlobular emphysema with a 5.8 cm bulla in right middle lobe





Question
What are the differential diagnoses, diagnostic approach and treatment of this patient’s symptoms and progressive radiographic changes?

Answer
The differential diagnosis of this patient’s progressive pulmonary infiltrates is broad and includes both infectious and non-infectious etiologies.

Non-infectious etiologies include bronchiolitis obliterans with organizing pneumonia (BOOP), malignancy (although the time course is somewhat rapid), drug-induced lung disease, alveolar hemorrhage, atypical cardiogenic edema and recurrent aspiration bronchiolitis and pneumonitis. Notable, however, is the absence of historical or clinical features suggestive of these entities. Also noteworthy is his combined duration of moderate to high dose corticosteroid therapy.
Infectious differential diagnoses include recurrent bacterial pneumonia potentially in the setting of noted bronchiectasis. Infectious aspiration bronchiolitis and pneumonitis, and viral infection would be less likely. Fungal pathogens include Pneumocystis jirovecii and other fungal organisms. He had no recent history of travel to endemic areas of fungal infections.
Due to the severity of his underlying lung disease/emphysema, degree of hypoxemia as well as the aforementioned diagnostic considerations, and the potential low yield for bronchoscopy and associated risk for hypoxia with transbronchial biopsy, the patient was referred for video-assisted thoracoscopic biopsy (VATS). The patient underwent a left sided VATS with specimens obtained from the left upper lobe, lingua and lower lobe segments.
The pathology was notable for readily identified fungal organism with acute angle branching, septated hyphae morphologically consistent with Aspergillus, marked acute and chronic intraalveolar hemorrhage, associated bronchiolitis obliterans-organizing pneumonia, necrotizing granulomas centered along bronchovascular structures suggestive of invasive pulmonary aspergillosis (IPA), angioinvasive aspergillosis, and a component of chronic pulmonary necrotizing aspergillosis.

Principles of Management
Diagnostic Approach
Aspergillus is a fungus that is ubiquitous in nature and inhalation of spores are common. In healthy hosts, spores are eliminated by immune defenses and mucociliary clearance mechanisms of the lung. Germination is the conversion of spores to hypal elements, which branch at a 45-degree angle. There are over 200 species of Aspergillus; however, the most common species that cause illness in descending order are A. fumigatus, A. flavus, A. niger and A. terreus [1, 2]. Aspergillus infection is primarily the result of impaired airway clearance from a compromised immune system or chronic lung disease. Aspergillosis illness can be due to allergy, (Allergic Bronchopulmonary Aspergillosis), airway or lung invasion (Aspergillus Tracheobronchitis or Invasive Pulmonary Aspergillosis (IPA or Chronic Pulmonary Aspergillosis), a cutaneous infection or extra-pulmonary dissemination, including CNS involvement [3].
The diagnosis of IPA can be challenging, as patients may initially be asymptomatic. Criteria for the diagnosis of invasive fungal disease were initially formulated in 2002 and updated in 2008 [4]. Definitions for proven, probable and possible IPA for the susceptible populations have been stated. The population at risk can be broken down into classic risk factors and newer identified risk factors [5–8].


Risk Factors for Invasive Aspergillosis
Classic Risk Factors

                	Severe and prolonged neutropenia

	Allogeneic stem cell transplant recipients

	Severe Graft Versus Host Disease

	Systemic corticosteroid use for greater than 3 weeks

	Conditions or drugs that cause chronic impaired cellular immune response such as patients with autoimmune disease, anti-rejection medication




              

Newer Risk Factors

                	Critical illness

	Solid organ transplant recipients

	Chronic Obstructive Pulmonary Disease, including patients on inhaled corticosteroids

	End stage Liver Disease/Alcoholic Hepatitis

	HIV infection

	Diabetes




              
In a retrospective multicenter study of 1209 patients selected with culture positivity for Aspergillus, 12 % had evidence of disease [1]. Patients with hematologic malignancy or transplants accounted for the majority of cases; malnutrition (27 %), corticosteroid use (20 %), HIV infection (19 %), diabetes mellitus (11 %) and chronic obstructive pulmonary disease (9 %) were associated with evidence of invasive infection. In a single-center retrospective study of 239 patients hospitalized with COPD who had Aspergillus isolated from the lower respiratory tract, 22 % had probable invasive aspergillosis [7]. Inhaled corticosteroids may increase the risk of invasive aspergillosis in patients with COPD [9, 10].
Clinical presentation of IPA can be nonspecific, with patients developing fever, chest pain, dyspnea, cough and/or hemoptysis. A classic triad described in patients with neutropenia is fever, pleuritic chest pain and hemoptysis [11]. Absence of the triad should not exclude patients from the possibility of IPA in patients with risk factors for the disease.
Chest CT radiograph is more sensitive than plain chest radiographic imaging. HRCT is recommended in all cases of suspected IPA [4, 12]. Findings on HRCT indicative of invasive pulmonary disease include macronodules with or without a surrounding “halo” of ground glass changes, air-crescent sign, cavitary lesions, and areas of consolidation. A retrospective study of chest imaging in 235 patients with invasive aspergillosis demonstrated one or more macronodules (94 %), halo sign (61 %), consolidation (30 %), infarct shaped nodules (27 %), cavitary lesions (20 %) and air-crescent signs (10 %) [13].
Diagnosis is based on both isolating the organism or markers of the organism and the probability that it the cause of the disease.
Culture of the organism in combination with evidence of tissue invasion on histopathology or culture from a normally sterile site provides the most certain evidence of IPA. Tissue biopsy with histopathologic demonstration of tissue invasion by fungal hyphae is considered the “gold standard” [14].
Laboratory testing that can aid in the diagnosis of invasive infection includes enzyme immunoassays that detect galactomannan, a polysaccharide in the Aspergillus cell wall in serum or bronchoalveolar fluid. False-positive galactomannan tests have been reported in patients receiving pipercillin/tazobactam antibiotics.
Testing serum for an additional antigen, 1, 3 Beta-D glucan, is not specific for aspergillus, since the antigen is present in other fungi [6, 12].
Investigative studies looking for DNA evidence by PCR has shown mixed results.
Bronchoscopy is routinely performed in suspected cases of IPA. However, bronchoscopy has several limitations, including sampling error due to patchy involvement in the lung, and the potential risk in this patient population that may be coagulopathic or thrombocytopenic.

Therapy
The Infectious Diseases Society of America (ISDA) released guidelines for the treatment of invasive aspergillus in 2008 and The American Thoracic Society (ATS) published guidelines in 2011 for the treatment of fungal infections [4, 15, 16]. When invasive disease is suspected or documented, early aggressive anti-fungal treatment is essential. Therapy is often prolonged from months to more than a year, with duration of therapy dependent upon the patient’s location of infection, underlying disease, and response to therapy, which includes assessment of clinical and radiographic resolution, improvement in immune function and microbiologic clearance.
Antifungal Therapy
Three classes of antifungal agents are used for the treatment of aspergillus: polyenes, azoles and echinocandins. Choice of therapy may be dependent upon the patient’s organ function, immune status and prior therapies.
Treatment can be divided into initial therapy or salvage therapy. At present, monotherapy is recommended.

Monotherapy
Triazoles
These antifungal agents include voriconazole, posaconazole, itraconazole and fluconazole.


                  	Voriconazole has emerged as standard therapy for the treatment of invasive aspergillus. An international, multicenter randomized open-label trial involving 277 patients with confirmed or probable invasive aspergillus compared voriconazole with amphotericin B deoxycholate as initial therapy [17]. The majority of patients had hematologic malignancy and many had undergone hematopoietic stem cell transplant. At 12 weeks, 53 % of those patients treated with voriconazole compared to 32 % treated with Amphotericin B had a greater likelihood of complete or partial response, a lower mortality rate (29 % vs. 42 %), a lower rate of adverse reactions and less likelihood of requiring a change in therapy due to intolerance or poor response (36 % vs. 80 %). The efficacy of voriconazole compared with lipid formations of Amphotericin B is unknown since there are no available studies of comparison.
Voriconazole may also be used in those patients with CNS disease. Despite a mortality rate, which has previously approached 100 %, in one retrospective study, 31 % of patients who were treated with voriconazole survived for a median observation of 390 days. The vast majority of the patients had received other antifungal therapy other than voriconazole for a median of 31 days prior to changing to voriconazole [18].
The primary treatment dose for voriconazole is IV (6 mg/kg every 12 h for 1 day the 4 mg/kg every 12 h) until improvement. Therapy is then changed to oral voriconazole (200 mg every 12 h) or intraconazole (400–600 mg/day) until resolution or stabilization of disease.
Monitoring for liver toxicity and potential drug interactions is imperative as the azoles interact with the human P450 cytochrome system [19]. Potential side effects from voriconazole include visual changes and hallucinations. All of the azoles have the ability to prolong the QTc and should be monitored. Azoles are class C drugs and are contraindicated during pregnancy. In contrast, amphotericin B is rated class B for pregnancy and is preferred during severe infection [20].

	Posaconazole is a broad-spectrum triazole that is highly effective against Aspergillus species in vitro [21]. The drug was initially approved by the FDA for prophylaxis of fungal infection in neutropenic patients and treatment for mucocutaneous candidiasis. In 2013 the FDA approved the delayed release tablet for prophylaxis of invasive aspergillus in patients at high risk. The intravenous form was approved in 2014. Posaconazole may be an effective agent but additional studies are needed before recommendations can be given for initial therapy. Side effects of posaconazole include gastrointestinal tract disturbance.

	Itraconazole is considered second line therapy for aspergillus. Oral therapy has been used in patients with mild immunosuppression and non-life threatening aspergillus infection [22].




                
Polyenes
This class of medication is effective against invasive aspergillus, and includes amphotericin B deoxycholate and lipid formulations. The lipid formulations have an advantage over deoxycholate due to their reduction in renal toxicity, and allow for the administration of larger doses of drug with fewer toxicities. A randomized trial of 201 patients with confirmed aspergillus compared the efficacy with high dose (10 mg/kg/day) vs. low dose (3 mg/kg/day) [23]. Patients receiving the high dose had a higher rate of renal toxicity without any additional clinical benefit. A dose of 3–5 mg/kg IV once daily of liposomal amphotericin B is recommended.

Echinocandins
The echinocandin class includes caspofungin, micafungin and anidulafungin. This class disrupts the fungal cell walls by inhibiting 1, 3 Beta-D glucan synthase enzymes located in the plasma membrane.


                  	Caspofungin is used to treat invasive apsergillus in patients who are intolerant to other treatment or as salvage therapy [24]. The dose of caspofungin is 70 mg IV on day 1 followed by 50 mg IV daily. The echinocandins are well tolerated with a modest elevation in liver function enzymes that are generally asymptomatic. The FDA has not approved micafungin or anidulafungin, but these agents also have activity against Aspergillus species and these three agents are felt to have equivalent efficacy.




                

Combination Therapy
As each individual antifungal medication has its limitations and potential side effects, combination therapy for initial therapy and salvage treatment in experimental models has suggested benefit. A large randomized trial assessed the safety and efficacy of voriconazole with or without anidulafungin for treatment in invasive aspergillosis in patients with hematologic malignancies [25]. Results showed a trend toward improved 6 week survival in the combination therapy. Based on the observed trend, some investigators favor the use of a combination regimen in confirmed invasive aspergillosis. In salvage therapy in patients who do not respond to monotherapy, a combination regimen is also suggested.

Antifungal Resistance
Some species of Aspergillus are known to have variable susceptibilities to antifungal agents. The clinical significance of this relative resistance is poorly defined. Isolates of A. fumigatus have been reported to exhibit relative cross-resistance to multiple azoles and the prevalence of such resistance may be increasing. In patients failing azole monotherapy, possible resistance should be considered [26–28].



Evidence Contour
In addition to antifungal therapy, other modalities need to be considered in treatment of invasive aspergillus. Reversal of immunosuppression when feasible is important. The worst outcomes occur in patients with persistent and severe immune dysfunction and in those with organ impairment. The importance of immunosuppression on outcome is noted in an international multicenter retrospective series of 525 patients with invasive aspergillosis. Complete or partial responses to treatment occurred in 28 % fewer patients with severe immunosuppression compared to 51 % of patients with less severe immunosuppression. Reduction in and withdrawal of corticosteroids should also be attempted.
Granulocyte colony-stimulating factor (G-CSF) shortens the period of neutropenia after chemotherapy, a leads to fewer documented infections and antibiotic days. However there is no clinical data to support improved antifungal killing capacity in patients with IPA treated with G-CSF. In addition, the increased immune response during therapy may lead to pro-inflammatory tissue injury and potential worsening of disease. Thus, the use of G-CSF in the treatment of invasive aspergillosis needs to be on an individualized basis.
Surgical intervention is also a potential therapy. In the IDSA guidelines for patients at low surgical risk, surgical resection can offer a permanent cure in patients with better lung function and localized pulmonary disease. The decision to proceed with surgery depends on many factors including the location and extent of disease, comorbidities, the ability of the patient to tolerate surgery and the overall goals of therapy (cure vs. palliation) [25]. Surgery may be helpful in the setting of a large amount of necrosis, which can limit antifungal penetration or if there is an imminent threat to vessels [16]. In one series in patients with rhinosinusitis from Aspergillus, surgical debridement was useful when used as an adjunct to antifungal therapy [29]. In another small series, there was mortality benefit with combination therapy of surgery and antifungal treatment in patients with CNS lesions [18]. In general most patients do not require surgical intervention.
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Case Presentation
An 85 year old male with a history of asthma, hypothyroidism, steroid-induced diabetes mellitus, and osteopenia presented with worsening shortness of breath shortly after stopping a prednisone taper. Over the year prior to admission, he had experienced seven asthma exacerbations, including one requiring intubation. He had become quite debilitated over this time period, relying on his daughters to care for him. Despite this support, his medication compliance was intermittent. He lived in Michigan with his daughters, had worked 37 years as an auto mechanic, and grew up on a farm in Tennessee. He had previously owned a cat, but gave the animal up because of his repeated asthma exacerbations. At the time of presentation to the hospital, the patient had inspiratory and expiratory wheezing and increased work of breathing, though he was saturating 97 % on room air by pulse oximetry. An arterial blood gas showed respiratory alkalosis: pH 7.49, pCO2 21 mmHg, pO2 74 mmHg, with measured bicarbonate of 21 mmol/L. Complete blood count showed 12.7 g/dl hemoglobin and 9.3 K/cmm WBCs, with 48 % neutrophils, 15 % lymphocytes, and 29 % eosinophils on differential. The patient was treated with steroids and bronchodilators, with initial improvement.
However, after 2 days, the patient developed fevers, labored work of breathing, and progressively altered mental status. He was transferred to the ICU for monitoring and intermittent non-invasive positive pressure ventilation. Broad-spectrum antibiotic coverage was initiated with vancomycin and piperacillin/tazobactam; blood and sputum cultures were sent. The patient developed a rash which was suspected to be an allergic drug reaction, so piperacillin/tazobactam was changed to aztreonam and metronidazole. A CT of the chest obtained on ICU day 2 showed scattered areas of mucus plugging, but no focal consolidation. However, the CT did show a dilated esophagus with an air-fluid level and calcifications along the posterior wall (Fig. 55.1).[image: A329322_1_En_55_Fig1_HTML.jpg]
Fig. 55.1Dilated esophagus with air-fluid level on chest CT





Blood and sputum cultures from ICU day 3 grew Enterobacter aerogenes, sensitive to aztreonam and piperacillin/tazobactam. A gastric emptying study showed significantly slowed motility. The patient did not tolerate enteral feedings even with post-pyloric administration, and peripheral parenteral nutrition was started on ICU day 11. A CT of the abdomen and pelvis was obtained, which showed colonic distention and retained barium throughout the large and small intestine from the esophagram 3 days prior. The patient became progressively more somnolent, and developed profound hyponatremia. Follow up chest radiology on ICU day 14 was significant for development of bilateral infiltrates. An IgE level was obtained, which was 3280 IU/mL (Fig. 55.2).[image: A329322_1_En_55_Fig2_HTML.jpg]
Fig. 55.2Bilateral infiltrates on chest radiograph





Question
What is the diagnosis?

Answer
Strongyloides hyperinfection with ileus

Strongyloides serologies, stool ova and parasites, and sputum cytology and smear on LPO agar were sent. Sputum cytology showed the following (Fig. 55.3):[image: A329322_1_En_55_Fig3_HTML.jpg]
Fig. 55.3Strongyloides larvae in sputum gram stain





Strongyloides IgG was high at 3.87 IV (>1.0 positive). Larvae were also seen in the fecal exam. The diagnosis of strongyloides hyperinfection was made, and the patient was started on enteral ivermectin therapy. Subsequently, the patient became more obtunded. A decision was made by the family for comfort care, and the patient died shortly thereafter. Autopsy showed diffuse infiltration of larvae in the lungs, wall of the intestines and liver, as well as in the cortex and basal ganglia of the brain (Fig. 55.4). The identification of larvae in the brain on autopsy ultimately defined this case as disseminated strongyloides infection.[image: A329322_1_En_55_Fig4_HTML.jpg]
Fig. 55.4Autopsy findings confirming disseminated strongyloidiasis. (a) Adult worm (arrow) in the lung with foreign body giant cell reaction and marked inflammation. (b) Adult worm form (arrow) with a multinucleated giant cell and background of lymphocytes and eosinophils in wall of the large intestine. (c) Calcified larvae in the basal ganglia






Principles of Management
The most important aspect of management includes high index of suspicion in at risk patient populations and recognition of the clinical signs and symptoms of infection, in order to institute early treatment.
Epidemiology
Strongyloides stercoralis is a parasitic nematode that is endemic in the tropical and subtropical climates of Southeast Asia, sub-Sahara Africa, and parts of Central and South America [1]. In the United States, the highest incidences of infection are in the Southeastern Appalachian states of Kentucky, Tennessee, and Louisiana; farming and mining confer additional risk [2]. With improved sanitation in these areas and increased globalization, new infections are most frequently seen in immigrants or travelers returning from endemic countries. It is especially important to consider those with impaired immune defense – steroid exposure, immunosuppression, solid organ transplant, hematologic malignancies, and infection with HTLV-1 – as possible hosts for disseminated infection and hyperinfection. Screening is now recommended for patients undergoing transplant evaluation [3].

Life Cycle
The nematode is contracted by skin exposure to soils contaminated with larvae. A complex life cycle starts with hematogenous migration of the infective filariform larvae to the alveolar space of the lungs. The larvae are then coughed up and swallowed into the gut, where they mature into adult worms that penetrate and live within the small intestinal mucosa. Here, females produce eggs, which hatch a non-infective, rhabditiform larva that is shed in the stool and can molt into infective filariform larvae or adults in humid soils [4]. The typical life cycle takes 3–4 weeks from time of infection to time of appearance of larvae in the stool.
Alternatively, the non-infective rhabditiform larvae can mature to the infective filariform larvae within the gut in an autoinfective life cycle. These filarial larvae then burrow through the colonic or perianal mucosa, and restart the typical life cycle as above. Autoinfection can occur at low levels with minimal symptoms in some hosts. This autoinfection cycle allows Strongyloides to be uniquely capable of persisting within an infected host for decades without subsequent environmental exposures, especially in cases of asymptomatic chronic infections [4, 5].

Disseminated Infection and Hyperinfection
Decreased cell mediated immunity such as steroid use and HTLV-1 infection increase the propensity for autoinfection [6]. Accelerated autoinfection leads to severe strongyloidiasis, with hyperinfection and disseminated infection. Both entities can carry mortality rates of up to 60–70 % despite appropriate treatment [6]. In hyperinfection syndromes, increased worm burden along the typical life-cycle leads to nausea, vomiting, diarrhea, pulmonary infiltrates and dyspnea, and can eventually lead to ileus, bowel obstruction, and GI bleeding, as well as pulmonary infection and respiratory failure [6]. Pulmonary symptoms are more common in those with prior lung disease, and may even progress to inflammatory pneumonitis, bronchitis, pneumonia, or pulmonary hemorrhage [7]. Disseminated infection is defined as larval presence in organs not part of the typical parasitic life cycle (skin, GI tract, lungs) [6]. Hyperinfection and disseminated infection are often accompanied by bacterial infections involving enteric pathogens. This occurs as the migrating worms transport these bacteria from the gut flora, or through seeding of the blood stream via mucosal ulceration [4].

Diagnosis
Infected patients with intact immune response can have asymptomatic peripheral eosinophilia or mild symptoms at the typical sites of parasite habitat within the host. Acutely infected patients can initially have localized rash or pruritus at site of filariform larvae entry, followed by pulmonary symptoms of cough, wheezing, or dyspnea days later when larvae spread to the lungs [7]. Diarrhea and abdominal pain follow weeks after, when nematodes infect the intestinal mucosa. In chronic infection, pulmonary symptoms corresponding to larval migration through the lungs can mimic asthma unresponsive to steroids [5].
Diagnosis can be made by identifying rhabditiform larvae on microscopy of stool or sputum. The autoinfective cycle of a chronically infected person may involve only a very few reproducing larvae, therefore yield may be low. Repeated samples increase the diagnostic sensitivity. Various exams including the filter paper culture or agar plating method can increase diagnostic yield slightly, but are time consuming and rarely standard laboratory protocol [8]. EGD or colonoscopy can reveal skip lesions of inflammation, ulcerations, or simply mucosal thickening, with biopsy samples occasionally containing larvae [9]. Chest radiography can be normal in mild infection, or may show nonspecific findings such as reticulonodular infiltrates or patchy alveolar opacities [7]. Emerging techniques – including serum ELISA and luciferase immunoprecipitation of IgG antibodies, as well as PCR for strongyloides DNA – can achieve diagnostic yields up to 90 % [10].

Anti-parasitics
Standard therapy for uncomplicated strongyloidiasis is oral ivermectin 200 ug/kg for two consecutive days or given 2 weeks apart, with eradication rates reaching 100 % [5]. A comparative randomized controlled trial of ivermectin versus thiabendazole showed a better side effect profile [11], and better efficacy compared to thiabendazole [12]. Second line treatment is albendazole 400 mg twice daily for 10–14 days, as cure rates are inferior [4].

Supportive Care and Follow Up
Immunosuppressed patients with strongyloidiasis should have immunosuppressive therapy held if possible, as these medications increase the propensity for disseminated disease and hyperinfection. Not uncommonly, patients with strongyloides infections develop bacteremia and sepsis due to translocation of gut and lung flora with invasion of larvae. Therefore, treatment in severe cases of strongyloidiasis should include antibacterials with activity against enteric gram negative organisms [4]. Hyperinfection and disseminated infection often lead to critical illness including DIC, sepsis, hemodynamic instability, and respiratory failure. Aggressive hemodynamic and respiratory support is crucial to patient recovery. As ileus and bowel obstruction can be common with severe infection, nutritional support can be challenging, and parenteral nutrition may be required [6]. Follow up confirmation for eradication of disease should include stool exams for up to 1 year, or serology testing for 1–2 years with decreasing IgG levels and resolving peripheral eosinophilia [9].


Evidence Contour
The treatment of disseminated infection and hyperinfection is challenging, especially in the setting of bowel obstruction or ileus, when oral preparations of anti-helminths are difficult to deliver and absorb.
Severe Infections
There are no randomized trials for treatment regimens of either hyperinfection or disseminated strongyloidiasis. Recommended therapy is based on expert opinion and case reports of successful trials. In the case of severe infections, any immunosuppression should be stopped as mortality is high despite treatment. Oral ivermectin at the standard dose of 200 ug/kg should be administered daily until stool and sputum exam is persistently negative for 2 weeks [4, 13].

Hyperinfection Associated with Paralytic Ileus
Patients with severe strongyloidiasis often present with vomiting, diarrhea, or paralytic ileus due to larval induced gastrointestinal inflammation. These scenarios present a uniquely difficult treatment challenge for reliable delivery of oral anti-helminths. Enteral ivermectin 200 ug/kg/day can be administered by orogastric or nasogastric tube in the setting of nausea or vomiting, or by rectal enema in the cases of progressive ileus [4, 13, 14]. However, several case reports showed that absorption of enteral ivermectin can be impaired in severe infection [15]. A parenteral veterinarian formulation of ivermectin can be given subcutaneously. Based on available case reports, Mejia and Nutman recommend 200 ug/kg/day in divided doses in each arm [13]. Though there are no clinical trials, case reports show improved serum drug concentrations and successful treatment of severe infections [13, 15, 16].
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Case Presentation
A 38 year old physician with no medical history presents to the Emergency Department with fever, abdominal pain, and diarrhea 10 days after returning from West Africa where she had been working in an Ebola Treatment Center (ETC). She directly cared for multiple patients with suspected or confirmed Ebola Virus Disease (EVD). She reports extensive training in the use of personal protective equipment (PPE) prior to patient contact, and had no known breaches in protocol while caring for patients. She received all appropriate vaccinations prior to travelling to West Africa. While there, she suffered multiple insect bites, but was compliant with malaria prophylaxis. She drank only bottled water. Aside from the fatigue that she attributed to her work and the long journey, she felt well upon leaving West Africa and during travel home. The fatigue persisted and worsened over the several days after returning to the United States, when she developed fever, abdominal pain, and diarrhea approximately 8 h prior to presentation. She reported her symptoms to the local department of health and was transported to the hospital under appropriate precautions. She is currently in a single-bed, respiratory isolation room in the Emergency Department.
Question
What approach should be taken to the evaluation, workup, and management of this patient?

Answer
Diagnostic workup, supportive therapy, and targeted treatments performed under appropriate isolation precautions.

The patient described in this scenario has a moderate to high probability of having EVD. However, she is also at risk for entities such as malaria, typhoid, cholera, trypanosomiasis, Lassa fever, dengue fever, and more typical viral and bacterial infections.
Each of these diseases requires urgent diagnostic evaluation and, if confirmed, supportive and/or targeted therapies. However, when there is a possibility of a highly infectious disease such as EVD, the need for urgent evaluation and management must be balanced with the need for strict infection control measures and consideration of the safety of involved healthcare workers [1].

Principles of Management
Isolation and Infection Control
Measures will be based on the possible routes of transmission for the disease(s) being considered. In the case of EVD, the disease is transmitted via direct contact with body fluids or contaminated objects. The infectious dose is low and thus strict contact precautions must be enforced. The CDC and WHO have provided recommendations on isolation and infection control in this circumstance [2, 3].

Active Screening
The first, and perhaps most important, step in preventing disease transmission is to identify patients who may be carrying the disease. In the case of the 2014 EVD outbreak, many institutions began screening all patients for recent travel to any of the affected West African nations and for symptoms potentially compatible with EVD. Patients who screen positive may be placed in isolation pending further evaluation. If concern for EVD persists after this initial evaluation, the patient may be thereafter monitored and managed in a dedicated isolation unit.

Isolation Unit
Ideally, a dedicated isolation room or unit would be available in order to keep the patient, the staff caring for them, and the potentially contaminated equipment separate from other patients and staff [2]. In the case of EVD, the unit would need to be designed for strict contact precautions – including components such as an ante-room that transitions into the patient room and a dedicated area for donning and doffing PPE. The patient room should be outfitted with capabilities to provide intensive monitoring and support. This includes power outlets supported by emergency generators, plumbing capable of supporting hemodialysis, central oxygen, central vacuum for suctioning, and monitors capable of continues telemetry, pulse oximetry, arterial pressure, venous pressure, and End-tidal CO2 monitoring. Strict logs of all personnel on the unit should be kept so that, in the event of a breech in protocol, all exposed individuals can be monitored. A satellite laboratory located within the isolation unit should be utilized. This removes the risk of transmission associated with transporting patient samples outside of the isolation unit to be analyzed on central laboratory equipment.

Protective Equipment
The CDC and WHO have published recommendations on the appropriate PPE for use in patients with suspected or confirmed EVD [2, 3]. While several variations of this equipment are commercially available, it should be noted that familiarity with the equipment is perhaps more important than the equipment itself. The moment of highest risk for transmission is during the removal of contaminated PPE, when a provider’s skin could come in direct contact with the infectious materials. Thus, the donning and doffing process should be stepwise and methodical. A trained observer should provide instructions and monitor every step in the process. Every potential provider should demonstrate familiarity with this process on a regular basis. If available, this process should be practiced in an open or simulated isolation unit that is identical to the unit a patient would be admitted to (Fig. 56.1).[image: A329322_1_En_56_Fig1_HTML.jpg]
Fig. 56.1Correct Gear EVD flyer. Courtesy of NYC Health + Hospitals, Bellevue






Protocols and Policies
The precautions instituted when caring for a patient with suspected or confirmed EVD add complexity to nearly every aspect of patient care. In many ways, the precautions necessitate a deviation from regular work flow, creating a risk for errors. Therefore, when time allows, protocols should be drafted and distributed ahead of time. Some issues that are particularly amenable to prospective planning include:
Specimen Collection and Handling
Most of the blood samples from the patient will be obtained within the contaminated isolation room, and will be packaged and transported the satellite laboratory. Depending on the design of the isolation unit, the samples may be carried through clean areas en route to the laboratory. Some samples (such as those for EVD PCR) will need to be packaged and transported out of the hospital to specialized laboratories capable of running the test. The way in which the samples are collected, packaged, and transported should be practiced ahead of time.

Decontamination
Equipment used in the room of a patient with confirmed EVD cannot be immediately removed from that room without special precautions. Protocols for disinfecting or destroying such equipment should be developed. Staff should be aware of this issue before bringing equipment into the room that is vitally important to other patients in the hospital.

Waste Management
The PPE of providers combined with contaminated patient materials (especially those with severe nausea, vomiting, or hemorrhagic complications) can create a tremendous amount of waste. This waste is considered highly infectious, and potentially represents a public health risk if mismanaged during transport within or outside the hospital [1]. Some have raised concern about the use of EVD as an agent of bioterrorism, making this waste a potential national security threat. Thus, the process by which this waste is collected, transported, and destroyed is of paramount importance. The protocols that outline waste management should include waste in trash cans and sharps containers, waste in the patient toilets, dialysis effluent, supplies used to clean the room, and anything else potentially contaminated with infectious materials.


Provisions of Clinical Care
The precautions described above will significantly alter the way in which critical care services are delivered to patients with suspected or confirmed EVD. This alteration in workflow creates a potential for errors that may put the patient or staff at risk. If time allows, all aspects of clinical care should be considered ahead of time. Some example of topics to be considered are:
Team Structure
Typically, a critically ill patient has a complex interdisciplinary team addressing their needs. This team may include physicians, nurses, respiratory therapists, physical therapists, clinical pharmacists, social workers, nutritionists, chaplaincy personnel, and others [1]. In patient with suspected or confirmed EVD, all efforts should be made to limit the number of people who come into direct contact with the patient. Below are considerations for many of these disciplines:	
Physicians: Clearly, the patient will have a team of primary physicians. While a larger team of physicians may distribute the work more evenly, this will also impact other clinical services substantially if these physicians are not allowed to care for other patients while caring for a patient with suspected or confirmed EVD. Thus, a smaller physician team may be more sustainable. Consideration should be given to the necessary skill set to serve as one of these primary providers. Ideally, one would be comfortable with airway management, central line placement, and the use of bedside ultrasound to make assessments of the cardiac and respiratory symptoms (rationale discussed in detail below.) When specialty consultation is required, careful consideration should be given to whether the consultant needs to perform a bedside assessment. If possible, “cognitive consultation” can be performed via chart review, discussion with primary physician, and possibly patient interview via video conferencing. If a small team of physicians cares for a patient for a prolonged period, attention should be paid to the psychological impact of caring for such a disease under social isolation.

	
Nurses: Patients with suspected or confirmed EVD are extremely nurse-intensive. These patients may require frequent assessments and interventions. However, as mentioned above, the moment of highest risk for disease transmission is during the doffing of PPE. Therefore, efforts should be made to minimize the number of times the bedside nurse enters and exits the room. One solution is for the nurse to stay in the room in full PPE for longer periods, thus minimizing the number of doffing procedures. The amount of time one can spend in full PPE will vary to some degree based on the equipment being used. However, the equipment is heavy and occlusive, leading to significant discomfort when worn for prolonged periods. Based on the need to relieve this nurse, to have another nurse available to obtain supplies, and to allow necessary breaks during a shift, at least 6 nurses per day are required to care for a patient under these precautions. It should be noted that the nurses are in the closest contact with the patient for the longest periods of time and are more likely to be exposed to infectious materials. The psychological stress put on nurses performing this role cannot be overstated. This should be accounted for during and after the care of a patient with suspected or confirmed EVD.

	
Respiratory Therapists: Consideration should be given to respiratory therapists providing cognitive consultation as well. This would require that they train either the physicians or nurses on how to perform the standard tasks they typically perform at the bedside. Specific examples include setup and initiation of mechanical ventilators, daily ventilator checks, alarm modulation, and ventilator troubleshooting. Even if this method is employed, however, a group of therapists should be trained in EVD precautions and PPE in the event that an unanticipated circumstance arises and they are required to enter the patient room. The therapists staffing structure should be designed such that at least one therapist trained in EVD precautions and the use of PPE is on duty at any given time.

	
Others: the remainder of the critical care team (pharmacists, nutritionists, social workers, chaplains, and others) can likely provider their services by chart review and patient interview without the need to enter the room.






Monitoring
Much of the monitoring that is typically done in a critical care patient can be done under these precautions. Telemetry, non-invasive blood pressure measurements, and pulse oximetry are not affected. The risks/benefits of invasive blood pressure monitoring should be considered carefully given the desire to minimize contact with blood specimens and the possibility that these patients may develop hemorrhagic complications. If available, End-tidal CO2 monitoring may make it possible to avoid arterial blood sampling.

Bedside Assessments
In patients under EVD precautions, the process of going to the bedside is complicated. Careful consideration should be made about which assessments truly require a provider to go to the bedside and which can be done via video conferencing or other means. Efforts should be made to “bundle” necessary bedside tasks to avoid the need for multiple donning and doffing procedures. With all of this being said, consideration should also be given to the mental health of the patient. If they remain awake and alert, they are likely to suffer from social isolation and may benefit greatly from seeing their providers on a regular basis.


Diagnostic Testing
Blood Analysis
The array of testing available for a patient with suspected or confirmed EVD is likely to be limited, particularly if the analysis is being done in a satellite laboratory. If time allows, providers should work with laboratory staff to discuss the testing that will be available and ensure that it will be adequate to monitor a patient at risk for severe volume losses, electrolyte abnormalities, multi-organ failure, and bleeding complications [4]. Point of care testing, to the extent it is available, may be an option that simplifies many of these issues. As noted above, the process of drawing and analyzing a blood sample under these precautions is complex and also requires laboratory staff to don and doff PPE. Therefore, whenever possible, all necessary testing should be done at one time to avoid having to repeat this process throughout the day.

Imaging
While it may be possible to perform standard imaging studies (such as xrays and CT scans) under EVD precautions, it is quite complex. Efforts should be made to avoid such testing unless absolutely critical. In well-trained hands, bedside ultrasound may provide an alternative to many of the imaging studies typically done in critically ill patients, and also eliminates the need for an additional person (such as an ultrasound technician) to enter the room. It should be noted, however, that the ultrasound machine used will likely be unavailable for immediate use on other patients once used on a patient with confirmed or suspected EVD.

Invasive Procedures
The use of PPE significantly alters the process of performing invasive procedures by restricting range of motion, altering tactile sensation, and limiting the field of view [1]. These changes create a risk for errors that represent a danger to both the patient and the providers. If time allows, careful planning and simulation of procedures while wearing PPE should be performed. Some specific areas of consideration are given below.



Central Venous Catheter(CVC) Placement
Threshold for Placement
Consideration should be given to establish a low threshold to place a CVC in a patient with confirmed EVD. First, the procedure may be easier and safer earlier in the course of disease, before significant volume loss or other complications (such as DIC) have developed. Second, the presence of a central line allows access for venous blood sampling without the need for repeated peripheral needle sticks.

Location of Placement
For the most part, site selection for CVC is the same as for other critically ill patients. Given that altered tactile sensation may make landmark palpation more difficult, and that these patients have potential for bleeding complications, one might consider ultrasound-guided internal jugular the preferred approach.

Sterile Precautions
Efforts should be made to maintain sterility during CVC placement, especially considering that the patient may have a prolonged course and that the CVC may remain in place for much of that course. However, the standard precautions taken during CV C placement are difficult to fully adhere to while wearing PPE. Decisions should be made ahead of time as to how the non-sterile exam gloves will be covered or replaced by sterile procedure gloves. PPE will be covering the provider’s hair, mouth, and nose, removing the need for a cap and mask. However, an extra-large sterile gown may be required to fit over the layers of PPE. Providers should be aware of how these several layers of equipment will feel and be provided with an opportunity to practice CVC placement under these conditions.


Endotracheal Intubation
Threshold for Intubation
All efforts should be made to avoid the need for an urgent or emergent intubation in patients with confirmed or suspected EVD, as this creates risk to both patient and staff. Therefore, the threshold to perform intubation in these patients may be lower, particularly if the patient’s condition is clearly worsening.

Modality
PPE significantly limits the field of vision and thus providers may have more difficulty obtaining an adequate view during attempted direct laryngoscopy. Therefore, strong consideration should be given to video laryngoscopy. This has the additional advantage of potentially lowering the risk of disease transmission by keeping the provider’s face away from the patient in case there is coughing or vomiting. Again, it should be recognized that the device used under these precautions will not be immediately available to be used on other patients. The use of short acting neuromuscular blockade may also be considered for these patients in order to improve visualization, increase the likelihood of success on first attempt, and reduce the likelihood of active vomiting during the procedure.


Emergency Response Teams
Careful consideration should be given to the role of emergency response teams (medical response team, rapid response team, airway team, code team, etc.) in patients with suspected or confirmed EVD. If such a team is activated and attempts to enter the room hurriedly, it will be extremely difficult to control the number of people in the unit, track the people who need to be monitored, and ensure 100 % compliance with appropriate precautions.

Diagnostic Evaluation
As discussed above, patients being evaluated for EVD are also likely at risk for other infectious diseases. The process of evaluating a patient for this disease involves multiple steps.
Establishing the Likelihood of EVD
Ideally, patients will be placed into isolation when any suspicion of EVD is raised by their history or symptoms. Once in isolation, a more detailed history is obtained to clarify the likelihood of active EVD as the explanation for the patient’s symptoms. This should include a timeline of their travels and contacts, as well as a detailed description of their symptom onset. A physical exam to identify alternative explanations for symptoms or for findings common in EVD (such as pharyngitis, rash, etc.) should be performed. An assessment of volume status and any evidence of end-organ hypoperfusion (mental status, blood pressure, skin mottling, capillary refill, etc.) should be made. In some cases, the history alone may be sufficient to rule out EVD. Consider, for example, a patient who was placed in isolation after presenting with fever and reporting history of travel to a country affected by an outbreak of EVD. If a more detailed history reveals that travel to that country were several months prior to the onset of symptoms, a diagnosis of EVD needs not be further pursued. If, however, concern for EVD persists after this initial evaluation, then a more formal assessment for EVD will need to be made. Such decisions should be made in collaboration with infectious disease and public health experts.

Identifying Alternative or Concomitant Diagnoses
At the same time that testing is being done for EVD (as described below) a host of other infectious diseases should be evaluated. This should be done in consultation with infectious disease specialists and tailored to the countries visited, known ongoing outbreaks, the time of year, etc. In general, the list will include malaria, typhoid fever, trypanosomiasis, Lassa fever, and cholera [2, 4]. If specific testing for a suspected condition is available, the testing should be sent as early as possible.

Specific Testing for EVD
Confirmation of EVD requires detection of viral RNA or viral antigens in the blood or body fluid of the patient. The sensitivity of this testing is dependent on the viral load in the sample and thus false negatives are possible early in the course of disease. A patient with suspected EVD who tests negative early after the onset of symptoms may require ongoing isolation and repeat testing in 48–72 h [4]. The testing, and its interpretation, should be done in collaboration with infectious disease and public health experts.

Supportive Therapy
While targeted therapies against EVD are under investigation and are likely to be employed in patients with the disease, the critical care approach to these patients is not significantly different than other critically ill patients. Much of the focus is to provide supportive therapies in order to sustain life while the underlying disease is being treated and/or the patient’s immune system is mounting a response to it.
Fluid and Electrolytes
Patients with EVD are at high risk for volume depletion and electrolyte disturbances given anorexia, vomiting, diarrhea, and insensible losses related to high fever. Thus, fluid resuscitation and electrolyte repletion are a key component to the supportive management of these patients [1, 4, 5]. If diarrhea is a dominant symptom, the patient may be at risk for metabolic acidosis, and consideration should be given to using balanced fluids. As described above, frequent lab assessments should be avoided unless absolutely necessary. Therefore, preemptive electrolyte repletion (with particular attention to potassium and magnesium) should be considered in patients with active volume losses, unless contraindicated for other reasons. Aggressive symptomatic treatment for diarrhea and nausea may limit volume losses while also providing comfort to the patient [1, 4].

Mechanical Ventilation
There are multiple potential reasons a patient with EVD may require ventilatory support: altered mental status due to end-organ hypoperfusion, bleeding complications threatening airway patency, EVD related Acute Respiratory Distress Syndrome, Transfusion-Associated Lung Injury, and others. EVD precautions alter this means of support by affecting the way in which the intubation is performed, the personnel involved in setting up and troubleshooting the ventilator, and the means by which the intubated patient is monitored. Each of these is discussed in detail above. Aside from these adjustments, the management of mechanical ventilation is similar to other critically ill patients. Means to minimize sedation when possible, identify delirium, and assess the patient for liberation from the ventilator should be employed. However, there may be an increased risk of disease transmission should the patient display agitated behavior. Further, re-intubating the patient under urgent circumstances may represent a risk to patient and staff. Therefore, the goal level of sedation, the risk of interruption of sedation, and the threshold for extubation should be considered carefully.

Renal Replacement Therapy
Renal injury is common among patients with advanced EVD. Standard approaches to prevent or limit this injury (restoring intravascular volume, maintaining blood pressure, avoiding nephrotoxins) remain relevant. The indications for the initiation of renal replacement therapy (RRT) are the same in patients with suspected or confirmed EVD as in other critically ill patients. However, EVD precautions present unique challenges in delivering RRT. There is potential for disease transmission during placement of the dialysis catheter as well as during initiation, maintenance, and discontinuation of RRT. The conventional RRT machine is large and may be difficult to safely move in and out of the isolation unit. Conventional RRT is usually performed by a dedicated nurse. Patients with EVD and volume depletion may not be able to tolerate the volume shifts associated with conventional HD. For all of these reasons, strong consideration should be given to using continuous RRT when treating patients under EVD precautions. This minimizes the number of times the catheter must be manipulated, utilizes a smaller machine that may be able to stay in the isolation room for the duration of the patients course, and can potentially be monitored and adjusted by the same bedside critical care nurse(s) that is already caring for the patient.

Nutrition
The principles that guide nutrition in critically ill patients also apply to patients with EVD. Nutrition should be delivered enterally whenever possible. Parenteral nutrition should be reserved for situations in which enteral is not possible for a prolonged period. If employed, parenteral nutrition should be converted back to enteral nutrition as soon as possible.



Evidence Contour
To date, there is limited evidence on Ebola Virus Disease. Previous outbreaks involved too few cases and were of too short a duration to provide an opportunity for rigorous study. While the 2014 outbreak has provided an opportunity for observation and research, much of this has focused on how the outbreak spread and the efficacy of different methods to contain it. There is very limited data on management strategies for affected patients, and only a fraction of this evidence applies to care of an EVD patient in a well-resourced environment. Some of the interventions described above are currently under active investigation, but no conclusive data is yet available.
Targeted Therapy
No previous outbreak has had an adequate size or duration to allow adequate study of targeted therapy for EVD. However, several interventions exist that have either shown in vitro efficacy or have a strong mechanistic rationale. The 2014 outbreak has provided the opportunity to study some of these interventions. Currently, the interventions below remain experimental and their use in patients with EVD should be guided by discussions with experts in the field [1, 4, 6]:	Brincidofovir: An oral nucleotide analog that has shown in vitro activity against the Ebola virus. It has been authorized for emergency use in patients with EVD.

	ZMapp: A combination of monoclonal antibodies against the Ebola virus that has demonstrated efficacy in laboratory animals. However, the product is not currently being produced and the existing supply has been exhausted.

	TKM-Ebola: An antiviral agent that has also been authorized for emergency use in patients with EVD.

	Convalescent Plasma: Plasma from EVD survivors, presumably containing anti-EVD antibodies. Supply is currently limited by the number of willing and eligible donors.






Ethical Considerations
Staffing Model
Trainee Involvement: Consideration should be given to the involvement of physicians-in-training in the care of patients with suspected or confirmed EVD. The need to impart professionalism and sense of duty to those in training must be balanced with the need to limit the number of providers exposed to the patient, and to utilize the most experienced providers in the care of the patient. In academic centers, removing trainees from the care of a patient may represent a major change in usual workflow. Thus, careful planning is needed to prevent errors that threaten the safety of the patient and staff [7].
Mandatory vs. Voluntary Staffing: In general, providers do not “choose” which patients they will care for. However, it could be argued that management of a disease such as EVD could not possibly have been anticipated when providers such as physicians and nurses made their commitment to the institution. While a mandatory staffing model is inherently more fair, it is also likely to be met with resistance from some providers and may negatively impact staff morale. If a large enough voluntary pool is available, this may be preferable [8, 9].


Provisions of Care
Patients under Investigation: As detailed above, EVD precautions significantly impact the way in which critical care is delivered and, in some ways, represent a risk to the patient. In the case of confirmed EVD, the need to protect staff and the public likely justifies this risk. However, the situation may not be as clear when evaluating a patient with a relatively low likelihood of EVD. The precautions, in this situation, may be more likely to harm the patient and less likely to protect the staff [4].
Patients with Confirmed EVD: Consideration should be given to limitations on resuscitative care in patients with EVD. Consider a patient who has developed advanced disease, complicated by multi-organ failure that culminates in cardiac arrest. In this situation, attempts at cardiopulmonary resuscitation are extremely unlikely to benefit the patient, but represent a significant risk to the staff. Alternatively, one could consider a patient with early EVD and no organ failures, who develops a lethal arrhythmia related to electrolyte abnormalities. The risk/benefit ratio in this circumstance is clearly different [1, 8].
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Case Presentation
A 25-year-old male presented to the emergency department with a history of abdominal pain in the right hypochondrium, jaundice, fever, and a decrease in consciousness. He was businessman who had recently returned from Nigeria, where he had spent 3 weeks. Laboratory tests at presentation showed WBC: 20,650 Neu:88 Lymph:12 Platelets: 38,000 SGOT: 88 SGPT: 120 Billirubins: T: 4.3 mg/dl I: 29 mg/dl, severe metabolic acidosis, thrombocytopenia, a creatinine of 5.6 mg/dl, and dark urine (macroscopic hemoglobinuria see Fig. 57.1). His APACHE II score was 37, with an estimated risk of death of 88 %. The patient was admitted to the intensive care unit with septic shock. A thick blood smear revealed P. falciparum malaria. The patient was initiated with anti-malaria IV drugs: quinidine gluconate plus doxycycline. Despite antimalarial drug administration and supportive care the patient developed acute respiratory distress syndrome, acute renal failure requiring renal replacement therapy, and an Important Thrombocytopenia (Fig. 57.2).[image: A329322_1_En_57_Fig1_HTML.gif]
Fig. 57.1“Blackwater Fever” – Urine sample showing dark urine due to hemoglobinuria (right tube)




[image: A329322_1_En_57_Fig2_HTML.jpg]
Fig. 57.2
(a, b) Ecchymosis from thrombocytopenia





Question
What are the challenges in the diagnosis and management of the returning traveller with severe malaria?

Answer
People now move across the world with great facility, whether on vacation or business. Endemic diseases, such as malaria, can affect the travelers upon return to home. Malaria.com maps the regions of the world where Plasmodium falciparum, the type intensivists might encounter, may be transmitted [1].

In a returning traveler, fever can be a benign and self-limiting infection, but initially must be considered seriously. Table 57.1 displays the top illnesses encountered in returning travelers. In order to make a diagnosis a comprehensive history with details regarding places visited, duration, purpose, activities undertaken, any chemoprophylaxis taken before or while traveling is critical for the initial work-Up. Knowledge of incubation period and disease risk by geographic are helps in making a differential diagnosis. Table 57.2 displays various diseases potentially encountered by the returning traveler by the duration of incubation period.Table 57.1Top illnesses in returning travelers


	Diagnosis
	%

	1. Systemic Illnesses
	35

	 Malaria
	21

	 Malaria due to P Falciparum
	14

	 Malaria due to P Vivax
	6

	 Malaria due to other species
	2

	 Dengue
	6

	 Salmonella enterica serovar Typhi or paratyphi
	2

	 Rickettsia
	2

	2. Acute diarrhea
	15

	3. Respiratory illness
	14

	4. Genitourinary diseases
	4

	5. Gastro intestinal illness
	4


From: Wattal and Goel [22]. Reprinted with permission from Elsevier Limited



Table 57.2Incubation period of various diseases potentially encountered in returning travelers


	Incubation period
	Diseases

	<7 days
	Common: Malaria, Traveler’s diarrhea, dengue, enteric fever, respiratory tract infection
Others: rickettsiosis, leptospirosis, meningitis, yellow fever, arbovirus, meningococcal

	7–21 days
	Common: Malaria, enteric fever
Others: rickettesioses, viral hepatitis, leptospirosis, HIV, Q Fever, brucellosis, African Trypanosomiasis

	>21 days
	Common: Malaria, Enteric Fever
Others: tuberculosis, hepatitis B virus, bacterial endocarditis. HIV, Q fever, brucellosis, amebic liver diseases, melioidosis.


From: Wattal and Goel [22]. Reprinted with permission from Elsevier Limited





Principles of Management in Severe Falciparum Malaria
Patients with severe malaria usually present with a high level of parasitemia and/or major signs of organ dysfunction. Populations at greatest risk for severe falciparum malaria are young children, pregnant women and travelers to endemic areas. In endemic areas, elder children and adults develop partial immunity after repeated infections and are at relatively low risk for severe disease. Travelers to areas where malaria is endemic generally have no previous exposure to malaria parasites and are at high risk for severe disease. Pregnant women are more likely to develop severe P. falciparum malaria than other adults, particularly in the second and third trimesters. Complications such as hypoglycemia and pulmonary edema are more common than in non-pregnant individuals. Maternal mortality can approach 50 %, and fetal death and premature labor are common [2].
Patients with severe malaria represent a clinical challenge for the clinician given the complex pathophysiology of the infection involving multiple organ systems. Seizures and severe anemia are relatively more common in children, whereas hyperparasitemia, acute renal failure, and jaundice are more common in adults. Cerebral malaria (with coma), shock, acidosis, and respiratory arrest may occur at any age [2–4].
Definition of Severe Malaria
Severe malaria is generally defined as acute malaria with high levels of parasitemia (>5 %) and/or major signs of organ dysfunction	1.Altered consciousness with or without convulsions


 

	2.Use of accessory muscles, nasal alar flaring, Tachypnea.


 

	3.Metabolic acidosis (plasma bicarbonate M 15 mmol/L or whole blood lactate >5 mmol/L)


 

	4.Circulatory collapse


 

	5.Pulmonary edema or acute respiratory distress syndrome (ARDS)


 

	6.Renal failure, hemoglobinuria (“Blackwater Fever”)


 

	7.Jaundice


 

	8.Disseminated Intravascular coagulation


 

	9.Severe Anemia


 

	10.Hypoglycemia


 






Diagnosis
The clinician must have a high index of suspicion for malaria in travelers presenting with fever and a history of travel to malaria endemic regions within the previous year and especially in the prior 3 months. In uncomplicated malaria apart from fever, patients usually present with nonspecific clinical features. If the diagnosis of falciparum malaria has been delayed, a seemingly well-appearing patient may rapidly deteriorate and present with jaundice, confusion, or seizures and have a high fatality rate. Hence, it is critical to make a rapid and accurate diagnosis when malaria is suspected clinically [3, 4].
Microscopy is the gold standard and preferred option for the diagnosis of malaria. In most cases the examination of thin and thick blood films will reveal Malaria parasites (Figs. 57.3 and 57.4).[image: A329322_1_En_57_Fig3_HTML.jpg]
Fig. 57.3P falciparum on thick smear (From: Centers for Disease Control and Prevention (CDC) [23])




[image: A329322_1_En_57_Fig4_HTML.gif]
Fig. 57.4P. falciparum on thin smear (From: Centers for Disease Control and Prevention (CDC) [23])





Thick films are more sensitive to detect low levels of parasitemia. In general the greater the parasite density in the peripheral blood, the higher likelihood that severe disease is present or will develop, especially in immunocompromised patients. Thick smears are more sensitive diagnostically but the thin smear subsequently helps in determining the malaria species and the level of parasitemia (the percentage of a patient’s red blood cells that are infected with malaria parasites).

Clinical Management
General Principles
Most of the time uncomplicated malaria have a good prognosis with a fatality case less 0.1 %. Uncomplicated malaria caused by P. ovale, P. vivax, and P. malariae can usually be managed with oral drugs on an outpatient basis, unless a patient has other comorbidities or is unable to take drugs orally [4, 5].
Due to little immunity against these infections, P. falciparum infections in travelers can rapidly progress to severe illness or death in as little as 1–2 days, so prompt assessment and initiation of antimalarial therapy is essential. Patients should be evaluated with attention to findings consistent with malaria as well as additional and/or alternative causes of presenting symptoms. Of primary importance in the treatment of malaria is the provision of prompt, effective therapy and concurrent supportive care to manage life-threatening complications of the disease. Supportive measures, such as fluid management, oxygen, ventilatory support, cardiac monitoring, and pulse oximetry, should be instituted as needed. During this time, intravenous access should be obtained immediately. Point-of-care testing can be used for rapid determination of hematocrit [packed cell volume (PCV) or hemoglobin (HemoCue)], glucose, and lactate. Parasitemia can also be determined quickly but requires a microscope. Additional tests can be done if/when indicated: electrolytes, full blood count, type and cross, blood culture, and clotting studies. Unconscious patients should have a lumbar puncture to rule out concomitant bacterial meningitis in the absence of contraindications (i.e., papilledema). These tasks should overlap with institution of antimalarial treatment as well as other ancillary therapies as needed (including anticonvulsants, intravenous glucose and fluids, antipyretics, antibiotics, and blood transfusion) [6, 7].
Repeat clinical assessments should be performed every 2–4 h for prompt detection and management of complications in an intensive care setting, if possible. If the Glasgow Coma Score (or in children the Blantyre coma score [see Table 57.3]) decreases after initiation of treatment, investigation should focus on the possibility of seizures, hypoglycemia, or worsening anemia. Repeat laboratory assessments of parasitemia, hemoglobin/hematocrit, glucose, and lactate should be performed in 6-h intervals. A flow chart summarizing the vital information may be used to guide management decisions [6–8].Table 57.3Blantyre coma score


	Type of response
	Response
	Score

	Best Motor
	Localize painful stimulus
	2

	Withdraws limbs from pain
	1

	Nonspecific or absent response
	0

	Verbal
	Appropriate cry
	2

	Moan or innapropiate cry
	1

	None
	0

	Eye movements
	Eg: directed (follows mother’s face)
	1

	Not directed
	0

	
                              Total
                            
	 	
0–5



The Blantyre coma scale is a modification of the Pediatric Glasgow Coma Scale, designed to assess malarial coma in children
It was designed by Drs. Terrie Taylor and Malcolm Molyneux in 1987, and named for the Malawian city of Blantyre, site of the Blantyre Malaria Project




Important independent predictors for fatality among African children with severe malaria include acidosis, impaired consciousness (coma and/or convulsions), elevated blood urea nitrogen, and signs of chronic disease (lymphadenopathy, malnutrition, candidiasis, severe visible wasting, and desquamation). Clinical features previously identified as being poor prognostic features that did not correlate with mortality in this study included age, glucose level, axillary temperature, parasite density, and Blackwater Fever [9–11].
Careful observation and thoughtful responses to changes in clinical status are the most important elements in looking after patients with severe malaria. Patients can make remarkable recoveries, and the time and effort to address the components of clinical care described in the following sections can reap tangible rewards in a relatively short period of time.
Clinical evaluation includes full physical exam, a complete neurologic examination, calculation of Glasgow or Blantyre coma score (Table 57.3), and funduscopic evaluation. Malarial retinopathy is pathognomonic for cerebral malaria in patients who satisfy the standard clinical case definition (Fig. 57.5).[image: A329322_1_En_57_Fig5_HTML.gif]
Fig. 57.5Photograph of the retina in patient with malaria, which shows exudates (arrowheads), hemorrhages (thick arrows) and changes in the color of the blood vessels (thin arrows) (From Mishra and Newton [24]. Reprinted with permission from Nature Publishing Group)





Patients with altered sensorium should undergo lumbar puncture (in the absence of contraindications) to exclude concomitant bacterial meningitis. If clinical instability or papilledema on ocular fundus examination preclude lumbar puncture, presumptive antibiotic therapy for bacterial meningitis should be initiated. Usual findings are: mean opening pressure about 16 cm of CSF, slightly elevated total protein level and cell count.


Antimalarial Therapy (See Treatment Table 57.4)

                Table 57.4Treatment of malaria


	Clinical diagnosis/Plasmodium species
	Region infection acquired
	Recommended drug and Adult dosea

	Recommended drug and pediatric Dosea


                            Pediatric dose should NEVER exceed adult dose
                          

	
Uncomplicated malaria/P. falciparum or species not identified
If “species not identified” is subsequently diagnosed as P. vivax or P ovale: see P. vivax and P ovale (below) re. treatment with primaquine
	
Chloroquine-resistant or unknown resistance
b

(All malarious regions except those specified
as chloroquine-sensitive listed in the box below.)
	
A. Atovaquone-proguanil (Malarone™)c

 Adult tab = 250 mg atovaquone/100 mg proguanil

 4 adult tabs po qd × 3 days
	
A. Atovaquone-proguanil (Malarone™)c

 Adult tab = 250 mg atovaquone/100 mg proguanil


Peds tab = 62.5 mg atovaquone/25 mg proguanil

 5–8 kg: 2 peds tabs po qd × 3 days
 9–10 kg: 3 peds tabs po qd × 3 days
 11–20 kg: 1adult tab po qd × 3 d
 21–30 kg: 2 adult tabs po qd × 3days
 31–40 kg: 3 adult tabs po qd × 3days
 >40 kg: 4 adult tabs po qd × 3days

	
B. Artemether-lumefantrine (Coartem™)c

 1 tablet = 20 mg artemether and 120 mg lumefantrine

 A 3-day treatment schedule with a total of 6 oral doses is recommended for both adult and pediatric patients based on weight. The patient should receive the initial dose, followed by the second dose 8 h later, then 1 dose po bid for the
following 2 days.
 5 – <15 kg: 1 tablet per dose
 15 – <25 kg: 2 tablets per dose
 25 – <35 kg: 3 tablets per dose
 ≥35 kg: 4 tablets per dose
	 
	
C. Quinine sulfate plus one of the following: Doxycycline, Tetracycline, or Clindamycin

 Quinine sulfate: 542 mg base (=650 mg salt)d po tid × 3 or 7 dayse

 Doxycycline: 100 mg po bid × 7 days
 Tetracycline: 250 mg po qid × 7 days
 Clindamycin: 20 mg base/kg/day po divided tid × 7 days
	
C. Quinine sulfate
d plus one of the following:
 Doxycycline
f, Tetracycline
f or Clindamycin Quinine sulfate: 8.3 mg base/kg (=10 mg salt/kg) po tid × 3 or 7 dayse

 Doxycycline: 2.2 mg/kg po every 12 h × 7 days
 Tetracycline: 25 mg/kg/day po divided qid × 7 days
 Clindamycin: 20 mg base/kg/day po divided tid × 7 days

	
D. Mefloquine (Lariam™ and generics)g

 684 mg base (=750 mg salt) po as initial dose, followed by 456 mg base (=500 mg salt) po given 6–12 h after initial dose
 Total dose = 1,250 mg salt
	
D. Mefloquine (Lariam™ and generics)g

 13.7 mg base/kg (=15 mg salt/kg) po as initial dose, followed by 9.1 mg base/kg (=10 mg salt/kg) po given
 6–12 h after initial dose. Total dose = 25 mg salt/kg


	
Uncomplicated malaria/P. falciparum or Species not identified

	
Chloroquine-sensitive

(Central America west of Panama Canal; Haiti; the Dominican Republic; and most of the Middle East)
	
Chloroquine phosphate (Aralen™ and generics)h

600 mg base (=1,000 mg salt) po immediately, followed by 300 mg base (=500 mg salt) po at 6, 24, and 48 h
Total dose: 1,500 mg base (=2,500 mg salt) OR Hydroxychloroquine (Plaquenil

                              TM
                             and generics)
620 mg base (=800 mg salt) po immediately, followed by 310 mg base (=400 mg salt) po at 6, 24, and 48 h
Total dose: 1,550 mg base (=2,000 mg salt)
	
Chloroquine phosphate (Aralen™ and generics) h

10 mg base/kg po immediately, followed by 5 mg base/kg po at 6, 24, and 48 h
Total dose: 25 mg base/kg OR Hydroxychloroquine (Plaquenil

                              TM
                             and generics)
10 mg base/kg po immediately, followed by 5 mg base/kg po at 6, 24, and 48 h
Total dose: 25 mg base/kg

	
Uncomplicated malaria/P. malariae or P. knowlesi

	
                            All regions
                          
	
Chloroquine phosphate: hTreatment as above OR


Hydroxychloroquine: Treatment as above
	
Chloroquine phosphate: h Treatment as above OR


Hydroxychloroquine: Treatment as above

	
Uncomplicated malaria/P. vivax or P. ovale

	
                            All regions
                          
Note: for suspected chloroquine-resistant P. vivax, see row below
	
                            Chloroquine phosphate
                            h
                            plus Primaquine phosphate
                            i
                          
 Chloroquine phosphate: Treatment as above
 Primaquine phosphate: 30 mg base po qd × 14 days OR Hydroxychloroquine plus Primaquine phosphate
i

 Hydroxychloroquine: Treatment as above
 Primaquine phosphate: 30 mg base po qd × 14 days
	
                            Chloroquine phosphate
                            h
                            plus Primaquine phosphate
                            i
                          
 Chloroquine phosphate: Treatment as above
 Primaquine: 0.5 mg base/kg po qd × 14 days OR

 Hydroxychloroquine plus Primaquine phosphate
i Hydroxychloroquine: Treatment as above
 Primaquine phosphate: 0.5 mg base/kg po qd × 14 days

	
Uncomplicated malaria/P. vivax

	
Chloroquine-resistant
j

(Papua New Guinea and Indonesia)
	
                            A. Quinine sulfate plus either Doxycycline or Tetracycline plus Primaquine phosphate
                            i
                          
 Quinine sulfate: Treatment as above
 Doxycycline or Tetracycline: Treatment as above
 Primaquine phosphate: Treatment as above
	
                            A. Quinine sulfate plus either Doxycycline
                            f
                            or
                          
 Tetracycline

                              6
                             plus Primaquine phosphate
i

 Quinine sulfate: Treatment as above
 Doxycycline or Tetracycline: Treatment as above
 Primaquine phosphate: Treatment as above

	
B. Atovaquone-proguanil plus Primaquine phosphate
i

 Atovaquone-proguanil: Treatment as above
 Primaquine phosphate: Treatment as above
	
B. Atovaquone-proguanil plus Primaquine phosphate
i

 Atovaquone-proguanil: Treatment as above
 Primaquine phosphate: Treatment as above

	
                            C. Mefloquine plus Primaquine phosphate
                            i
                          
 Mefloquine: Treatment as above
 Primaquine phosphate: Treatment as above
	
                            C. Mefloquine plus Primaquine phosphate
                            i
                          
 Mefloquine: Treatment as above
 Primaquine phosphate: Treatment as above

	
Uncomplicated malaria: alternatives for pregnant 
                              women
                            k,l, m
	
Chloroquine-sensitive

(see uncomplicated malaria sections above for chloroquine-sensitive species by region)
	
Chloroquine phosphate: Treatment as above OR


Hydroxychloroquine: Treatment as above
	Not applicable

	
Chloroquine-resistant

(see sections above for regions with chloroquine resistant P. falciparum and P. vivax)
	
                            Quinine sulfate plus Clindamycin
                          
 Quinine sulfate: Treatment as above OR

 Clindamycin: Treatment as above
 Mefloquine: Treatment as above
	Not applicable


	
                            Severe malaria
                            n,o, p
                          
	
                            All regions
                          
	
Quinidine gluconate
n plus one of the following: Doxycycline, Tetracycline, or Clindamycin

 Quinidine gluconate: 6.25 mg base/kg (=10 mg salt/kg) loading dose IV over 1–2 h, then 0.0125 mg base/kg/min (=0.02 mg salt/kg/min) continuous infusion for at least 24 h. An alternative regimen is 15 mg base/kg (=24 mg salt/kg) loading dose IV infused over 4 h, followed by 7.5 mg base/kg (=12 mg salt/kg) infused over 4 h every 8 h, starting 8 h after the loading dose (see package insert). Once parasite density <1 % and patient can take oral medication, complete treatment with oral quinine, dose as above. Quinidine/quinine course = 7 days in Southeast Asia; = 3 days in Africa or South America.
 Doxycycline: Treatment as above. If patient not able to take oral medication, give 100 mg IV every 12 h and then switch to oral doxycycline (as above) as soon as patient can take oral medication. For IV use, avoid rapid administration. Treatment course = 7 days.
 Tetracycline: Treatment as above
 Clindamycin: Treatment as above. If patient not able to take oral medication, give 10 mg base/kg loading dose IV followed by 5 mg base/kg IV every 8 h. Switch to oral clindamycin (oral dose as above) as soon as patient can take oral medication. For IV use, avoid rapid administration. Treatment course = 7 days.

Investigational new drug (contact CDC for information): Artesunate followed by one of the following: Atovaquone- proguanil (Malarone™), Doxycycline (Clindamycin in pregnant women), or Mefloquine

	
Quinidine gluconate
n plus one of the following: Doxycycline
d, Tetracycline
d, or Clindamycin

 Quinidine gluconate: Same mg/kg dosing and recommendations as for adults.
 Doxycycline: Treatment as above. If patient not able to take oral medication, may give IV. For children <45 kg, give 2.2 mg/kg IV every 12 h and then switch to oral doxycycline (dose as above) as soon as patient can take oral medication. For children ≥45 kg, use same dosing as for adults. For IV use, avoid rapid administration. Treatment course = 7 days.
 Tetracycline: Treatment as above
 Clindamycin: Treatment as above. If patient not able to take oral medication, give 10 mg base/kg loading dose IV followed by 5 mg base/kg IV every 8 h. Switch to oral clindamycin (oral dose as above) as soon as patient can take oral medication. For IV use, avoid rapid administration. Treatment course = 7 days.

Investigational new drug (contact CDC for information): Artesunate followed by one of the following: Atovaquone-proguanil (Malarone™), Clindamyciny or Mefloquine




Source: Malaria Treatment Guidelines from CDC Public Library. July 2013

aIf a person develops malaria despite taking chemoprophylaxis, that particular medicine should not be used as a part of their treatment regimen. Use one of the other options instead

bNOTE: There are 4 options (A, B, C, or D) available for treatment of uncomplicated malaria caused by chloroquine-resistant P. falciparum. Options A, B, and C are equally recommended. Because of a higher rate of severe neuropsychiatric reactions seen at treatment doses, we do not recommend option D (mefloquine) unless the other options cannot be used. For option C, because there is more data on the efficacy of quinine in combination with doxycycline or tetracycline, these treatment combinations are generally preferred to quinine in combination with clindamycin

cTake with with food or whole milk. If patient vomits within 30 min of taking a dose, then they should repeat the dose

dUS manufactured quinine sulfate capsule is in a 324 mg dosage; therefore 2 capsules should be sufficient for adult dosing. Pediatric dosing may be difficult due to unavailability of non-capsule forms of quinine

eFor infections acquired in Southeast Asia, quinine treatment should continue for 7 days. For infections acquired elsewhere, quinine treatment should continue for 3 days

fDoxycycline and tetracycline are not indicated for use in children less than 8 years old. For children less than 8 years old with chloroquine-resistant P. falciparum, atovaquone-proguanil and artemether-lumefantrine are recommended treatment options; mefloquine can be considered if no other options are available. For children less than 8 years old with chloroquine-resistant P. vivax, mefloquine is the recommended treatment. If it is not available or is not being tolerated and if the treatment benefits outweigh the risks, atovaquone-proguanil or artemether-lumefantrine should be used instead

gTreatment with mefloquine is not recommended in persons who have acquired infections from Southeast Asia due to drug resistance

hWhen treating chloroquine-sensitive infections, chloroquine and hydroxychloroquine are recommended options. However, regimens used to treat chloroquine-resistant infections may also be used if available, more convenient, or preferred

iPrimaquine is used to eradicate any hypnozoites that may remain dormant in the liver, and thus prevent relapses, in P. vivax and P. ovale infections. Because primaquine can cause hemolytic anemia in G6PD-deficient persons, G6PD screening must occur prior to starting treatment with primaquine. For persons with borderline G6PD deficiency or as an alternate to the above regimen, primaquine may be given 45 mg orally one time per week for 8 weeks; consultation with an expert in infectious disease and/or tropical medicine is advised if this alternative regimen is considered in G6PD-deficient persons. Primaquine must not be used during pregnancy

jNOTE: There are three options (A, B, or C) available for treatment of uncomplicated malaria caused by chloroquine-resistant P. vivax. High treatment failure rates due to chloroquine-resistant P. vivax have been well documented in Papua New Guinea and Indonesia. Rare case reports of chloroquine-resistant P. vivax have also been documented in Burma (Myanmar), India, and Central and South America. Persons acquiring P. vivax infections outside of Papua New Guinea or Indonesia should be started on chloroquine. If the patient does not respond, the treatment should be changed to a chloroquine-resistant P. vivax regimen and CDC should be notified (Malaria Hotline number listed above). For treatment of chloroquine-resistant P. vivax infections, options A, B, and C are equally recommended

kFor pregnant women diagnosed with uncomplicated malaria caused by chloroquine-resistant P. falciparum or chloroquine-resistant P. vivax infection, treatment with doxycycline or tetracycline is generally not indicated. However, doxycycline or tetracycline may be used in combination with quinine (as recommended for non-pregnant adults) if other treatment options are not available or are not being tolerated, and the benefit is judged to outweigh the risks

lAtovaquone-proguanil and artemether-lumefantrine are generally not recommended for use in pregnant women, particularly in the first trimester due to lack of sufficient safety data. For pregnant women diagnosed with uncomplicated malaria caused by chloroquine-resistant P. falciparum infection, atovaquone-proguanil or artemether-lumefantrine may be used if other treatment options are not available or are not being tolerated, and if the potential benefit is judged to outweigh the potential risks

mFor P. vivax and P. ovale infections, primaquine phosphate for radical treatment of hypnozoites should not be given during pregnancy. Pregnant patients with P. vivax and P. ovale infections should be maintained on chloroquine prophylaxis for the duration of their pregnancy. The chemoprophylactic dose of chloroquine phosphate is 300 mg base (=500 mg salt) orally once per week. After delivery, pregnant patients who do not have G6PD deficiency should be treated with primaquine

nPersons with a positive blood smear OR history of recent possible exposure and no other recognized pathology who have one or more of the following clinical criteria (impaired consciousness/coma, severe normocytic anemia, renal failure, pulmonary edema, acute respiratory distress syndrome, circulatory shock, disseminated intravascular coagulation, spontaneous bleeding, acidosis, hemoglobinuria, jaundice, repeated generalized convulsions, and/or parasitemia of >5 %) are considered to have manifestations of more severe disease. Severe malaria is most often caused by P. falciparum


oPatients diagnosed with severe malaria should be treated aggressively with parenteral antimalarial therapy. Treatment with IV quinidine should be initiated as soon as possible after the diagnosis has been made. Patients with severe malaria should be given an intravenous loading dose of quinidine unless they have received more than 40 mg/kg of quinine in the preceding 48 h or if they have received mefloquine within the preceding 12 h. Consultation with a cardiologist and a physician with experience treating malaria is advised when treating malaria patients with quinidine. During administration of quinidine, blood pressure monitoring (for hypotension) and cardiac monitoring (for widening of the QRS complex and/or lengthening of the QTc interval) should be monitored continuously and blood glucose (for hypoglycemia) should be monitored periodically. Cardiac complications, if severe, may warrant temporary discontinuation of the drug or slowing of the intravenous infusion

pPregnant women diagnosed with severe malaria should be treated aggressively with parenteral antimalarial therapy



              

Monitoring Parasite Density
Parasitemia should be monitored during treatment to confirm adequate response to therapy. The CDC recommends daily repeat blood smear to document declining parasite density until negative or until treatment day 7 (if discharged prior to complete parasitemia clearance). During treatment of severe malaria, parasite density should be monitored every 12 h during the first 2–3 days or until negative; some recommendations suggest switching from parenteral to oral therapy as tolerated after parasitemia falls below 1 % [10, 11].

Respiratory System
Hypoxemia and rales are not common in the setting of severe malaria; the presence of either should raise suspicion for a concomitant lower respiratory tract infection. Pulmonary edema may develop, particularly in the settings of renal impairment or severe malarial anemia. Acute respiratory distress syndrome (ARDS) can also complicate severe malaria.
Deep breathing (Kussmaul respirations) is a clinical indicator of metabolic acidosis and is associated with a worse outcome in patients with falciparum malaria [10, 11].

Neurologic Involvement
The standard clinical case definition of cerebral malaria includes the following criteria:	1.Blantyre coma score ≤2


 

	2.
P. falciparum parasitemia (any density)


 

	3.No other identifiable cause of coma (e.g., hypoglycemia, meningitis, or a post-ictal state)


 





The histologic hallmark of cerebral malaria is cerebral sequestration of parasitized erythrocytes.
Establishing whether retinopathy is present is an important marker for cerebral malaria. In the absence of this finding, alternative causes for coma (such as bacterial infection) should be pursued and treated, even in the presence of established malaria infection [11, 12].

Seizure Management
Seizures occur in up to 70 % of children with severe malaria; subclinical seizures occur in 15–20 % of cases. Seizures may be generalized or focal, and the clinical signs may be subtle (nystagmus, irregular respirations, hypoventilation, or a drop in the Blantyre coma score). It is also important to evaluate for causes of seizure besides cerebral malaria (e.g., hypoglycemia, fever) and to treat accordingly as outlined in the following sections.
Benzodiazepines are useful first-line agents for seizure treatment. Diazepam (0.4 mg/kg) can be administered intravenously or per rectum; lorazepam (0.1 mg/kg) can be administered intravenously or intraosseously. These doses can be repeated once if seizures do not cease within five minutes of the initial dose. Benzodiazepines should not be combined due to risk of respiratory depression. If seizures are not controllable with benzodiazepines, other options include phenobarbitone (phenobarbital 15–20 mg/kg, slow IV push) or phenytoin (18 mg/kg diluted in 100 mL normal saline, infused over 20 min).
If seizures recur, repeat single doses of benzodiazepine may be administered. Alternatively, maintenance doses of phenobarbital (5–15 mg/kg/day, administered orally, via NG tube, or via slow IV push in divided doses every 12 h) or phenytoin (10 mg/kg/day IV in divided doses every 12 h) may be initiated.
Paraldehyde was used as an intramuscular injection to treat seizures in the setting of severe malaria (0.2–0.4 mL/kg); its chief advantage is that it does not cause respiratory suppression. The cost of this agent has increased dramatically, and it is therefore out of reach for many formularies in malaria-endemic areas.
Patients with severe malaria should not receive routine seizure prophylaxis in the absence of clinical seizure activity [12–14].

Anemia and Coagulopathy
Severe hemolysis, which is mainly extravascular, occurs in hyperparasitemic falciparum malaria. Removal of both infected and uninfected erythrocytes from the circulation, mainly by the spleen, is associated with rapid development of anemia. Patients with severe anemia may present with or without altered consciousness; in addition, severe anemia has been associated with long-term neurocognitive impairment. In endemic areas hemoglobin concentration may decrease gradually over the course of repeated malaria infections. As a result, patients can be fully alert with hemoglobin concentrations of 2–3 g/dL (hematocrit <10 %). Evaluation for pallor of the conjunctivae, nail beds, and palms can provide a rough estimate of the degree of anemia, since blood vessels in these areas are close to the surface.
Hemoglobin concentration and hematocrit are routinely measured components of complete blood counts, but this may not be available in resource-limited settings or the results may not be available in a timely manner. In such circumstances the hematocrit can be measured on a fingerprick sample of blood collected into a heparinized capillary tube and centrifuged using a mechanical device. Alternatively, the hemoglobin concentration can be determined from fingerprick samples of blood collected into cuvettes. This method is more expensive than manually spinning a hematocrit, but can be performed readily near the bedside.
Clinically evident disseminated intravascular coagulation in the setting of severe malaria is rare (<5 %), but profound thrombocytopenia is common, and the microcirculation in many organs is occluded by fibrin thrombi [15, 16].

Blood Products
Blood products should be administered in patients with dire prognoses, i.e., patients with altered consciousness, high output heart failure, respiratory distress, a cool periphery, hyperlactatemia, and/or high density parasitemia. Laboratory parameters of concern include low hemoglobin concentration (≤4–5 g/dL) or low hematocrit (≤10–15 %). The degree of anemia and the level of parasitemia may be useful parameters for predicting the need for a blood transfusion and for determining the volume of blood to transfuse. In general, 10 mL/kg of packed red blood cells or 20 mL/kg of whole blood transfused over 2–4 h is appropriate. Blood should be typed and crossmatched prior to infusion.
Blood transfusions are generally well-tolerated in the setting of severe malaria, since patients are relatively hypovolemic; diuretics are rarely needed. Monitoring of hemoglobin concentration or hematocrit should continue until the parasitemia clears, since repeat transfusion may be required [16].
Hypoglycemia
Defined as blood glucose <40 mg/dL or <2.2 mmol/L), hypoglycemia is a common complication of malaria and a marker of severe disease. It should be suspected in any patient who is comatose or who deteriorates suddenly.
The pathogenesis of hypoglycemia is not fully understood; it may be related to parasite glucose consumption and/or impaired host gluconeogenesis. Malnutrition, adrenal insufficiency, and hyperinsulinemia are not likely causes of hypoglycemia. In addition to primary hypoglycemia, administration of quinine or quinidine (insulin secretagogues) can cause iatrogenic hypoglycemia. Hypoglycemia with artesunate therapy is less common than with quinine or quinidine.
Patients presenting with normoglycemia can develop hypoglycemia during the course of treatment. When determining maintenance intravenous fluids, the clinician should consider the possibility of hypoglycemia and use glucose containing solutions. In addition, those managed promptly for hypoglycemia at presentation can have subsequent recurrent hypoglycemia. Therefore, blood glucose should be monitored closely during the course of illness with prompt management as outlined above. Patients with recurrent hypoglycemia should receive 10 % dextrose. Ten percent dextrose can be prepared quickly by withdrawing 100 mL from a one liter bag of a 5 % dextrose solution and replacing it with 100 mL of a 50 % dextrose solution [15–17].

Volume Management
Adults with malaria appear to be more vulnerable to fluid overload than children. There is a fine line between under hydration, and thus worsening renal impairment, and over hydration, risking pulmonary and cerebral edema. Hence, fluid requirements should be assessed on an individual basis, using commonly employed tools such as delayed capillary refill, low central venous pressure, and low urine output. Deep breathing, reflecting lactic acidosis, may also be a reasonable indicator of hypovolemia [16, 17].


Nutrition
Nutritional supplementation should be provided by nasogastric tube (NG) for patients with prolonged coma who are unable to eat and drink within 24–48 h.

Fever
High fevers (>38.5 °C) are common in the setting of malaria infection and may reflect the host response to endogenous pyrogens released at the time of schizont rupture. The optimal approach to treatment of fever is uncertain, although use of antipyretics in patients with high fever is appropriate given the association between high fever and convulsions. Aggressive temperature control may help reduce long-term neurologic outcomes in pediatric patients with retinopathy-positive cerebral malaria.
Paracetamol (acetaminophen); 15 mg/kg every 6 h; maximum dose 1000 mg) is a reasonable antipyretic agent; oral therapy can be used for patients able to swallow. Otherwise, suppository formulations are acceptable. If fever persists, ibuprofen (10 mg/kg every 6 hours; maximum dose 1,200 mg per day) can be administered (orally, via nasogastric tube, or intravenously) alone or on an alternating schedule with paracetamol every 3 h [17–19].

Bacterial Infection
Concomitant bacterial infection is an important contributor to morbidity and mortality in the setting of severe malaria, and severe anemia has been implicated as a primary risk factor for non-typhoidal Salmonella septicemia. Bacterial infection should be suspected in patients with severe anemia together with signs or symptoms of sepsis (hypotension, cool extremities, delayed capillary refill, hyperlactatemia). In such cases, blood cultures should be obtained and broad spectrum antibiotic therapy with activity against gram-negative bacilli should be initiated [18, 19].


Evidence Contour
Other Diagnostic Modalities
A major drawback of light microscopy is that the efficiency of the test depends on the type and quality of the smear, skill of the technician, parasite density, and time spent on examining the smear. In addition, mixed infections with P. malariae or P. ovale are often missed, because their densities are often low in comparison to that of P falciparum. These problems may occur more frequently in non-endemic areas where malaria microscopy is performed infrequently.
Quantitative Buffy Coat
Quantitative buffy coat (QBC) is fluorescent microscopy based on the principle of concentrating the red blood cell-containing parasites within a narrow zone by centrifugation of blood in capillary tubes and staining of malarial parasite nucleic acid with acridine dyes. The sensitivity of QBC almost equals that of Giemsa-stained films. The advantage of QBC is ease of interpretation and rapidity. Species identification and quantification are difficult, however, with this technique and, therefore, thick and thin blood film examination is still required. This technique requires the use of expensive fluorescent microscopy equipment for the interpretation of results. This is an important limitation especially in the poor resource countries [19].

Antigen Rapid Detection Test (RDT)
Antigen detection RDTs detect malaria antigen in blood by immunochromatographic test with monoclonal antibodies directed against the target parasite antigen, which is impregnated on a test strip. The result is usually obtained in 5–20 min. Currently, different combinations of immunochromatographic tests are commercially available, targeting different genus specific or species-specific antigen for malaria diagnosis. Some of the commonly used antigens in RDTs are HRP-2 (P. falciparum specific), aldolase (pan-specific), plasmodium lactate dehydrogenase (pLDH) (P. falciparum specific), pLDH (P. vivax- specific), and pLDH (panspecific) [19, 20].

Serology
Serology detection of antibodies against malaria parasites, using either indirect immunofluorescence assay or ELISA, does not indicate current infection but rather measures past exposure. Therefore, it has no role in diagnosis of acute infections. Serology may be used to screen donors to prevent transfusion-related malaria, however, and to confirm the diagnosis of malaria in recently treated cases in which the diagnosis could not be confirmed previously [19–21].

Molecular Methods
Molecular technologies have been developed to improve the diagnosis of malaria by detecting specific parasite nucleic acid. The advantage of molecular methods is their exquisite sensitivity down to the level of 5 parasites/mL or 0.0001 % parasitemia [20, 21].


Exchange Transfusion
Exchange transfusion has been proposed as a means of removing infected red blood cells from the circulation, thereby lowering the parasite burden and replacing with unparasitized cells. There is no evidence supporting efficacy of exchange transfusion as adjunctive therapy in severe malaria, and there is no consensus on the indications, approach, benefits, or risks of this procedure.
The CDC no longer recommends exchange transfusion for treatment of severe malaria, based on a review that demonstrated no differences in outcome among patients who underwent exchange transfusion; previously, the CDC recommended exchange transfusion for patients with parasite density of >10 % with end organ complications. The WHO guidelines indicate that it is not possible to make any recommendations regarding the use of exchange transfusion based on the available evidence. The American Society for Apheresis (ASFA) supports exchange transfusion as an adjunctive therapy for patients with >10 % parasitemia, although its consideration of adverse events associated with exchange transfusion for malaria is limited [19–21].
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Case Presentation
A 25 year old male patient was admitted to the Emergency Department with a history of 5 days of acute onset fever, generalized body ache, myalgias, arthralgias, retro-orbital eye pain, intense headache, and rash involving both extremities. The day before his admission, the patient started having nausea and vomiting. He also had noticed bleeding from the gums. The patient had no previous medical history. Ten days before presentation he had returned from a trip to South America. Physical examination revealed a temperature of 39°C, blood pressure of 80/50 Torr, heart rate of 120 beats/min. The patient looked lethargic but was mentally alert. Conjunctival injection was present. Oral mucosae was dry and pale but had mild bleeding in the gums. There was no evidence of respiratory distress. In the abdomen the patient had generalized abdominal pain with more intensity in the epigastrium and a petechial rash on his limbs (Fig. 58.1). White blood cell was reported to be 3000 cells/mm3, with a differential showing a predominance of lymphocytes. Platelet count was reported of 30,000.[image: A329322_1_En_58_Fig1_HTML.gif]
Fig. 58.1Petechial rash (Courtesy of Dr. Jorge Hidalgo, from Karl Heusner Memorial Hospital Belize)





Question
What approach should guide this patient diagnosis?

Answer
The abrupt onset of fever with myalgias and arthralgias and rash is suggestive of a viral process.

In this case the epidemiological background, clinical symptoms, leucopenia and thrombocytopenia suggests a possible Arbovirus infection called Chikungunya, Hemorrhagic Fever Viral infections, Leptospirosis, Rickettsiosis, Yellow fever, or possibly Malaria.
The patient was initially managed with IV crystalloid administration, and having only a modest improvement in blood pressured was transferred to an isolation area in the intensive care unit. Cultures and serological test were drawn. ELISA IgM test for Chikungunya infection was reported as negative, ELISA test for Yellow fever was sent and pending, while an ELISA IgM test for Dengue was reported as positive. A Chest x ray demonstrated mild bilateral pleural effusions, and an abdominal ultrasound showed the presence of a small amount of intraabdominal fluid. Observation in the ICU continued with the monitoring of vital signs and levels of platelets along with the administration of intravenous fluid for the next 4 days. The patient improved symptomatically, the petechial rash vanished and the gum bleeding stopped. Bedside ultrasound confirmed disappearance of pleural and intra-abdominal fluid. Results for Yellow fever test were reported as negative and the patient was transferred out of ICU to the general medical ward the following day.

Principles of Management
Dengue is one of the most rapidly spreading mosquito borne viral diseases in the world. An estimated 50-million dengue infections occur annually in the world. Dengue is endemic in at least 100 Countries in Asia, the Pacific, the Americas, Africa and the Caribbean. This tropical disease is caused by the dengue virus, a single stranded, positive sense RNA virus, which has four different serotypes (DEN-1–4) that belong to genus Flavivirus, family Flaviviridae. Infection with one serotype does not protect against the others, and reinfection with a different serotype puts the patient at risk of severe disease. The disease is transmitted by the bite of infected mosquitoes of the genus Aedes, mostly A aegypti and A albopictus. Symptoms usually begin 4–7 days after the mosquito bite and last between 3 and 10 days [1–4].
According to WHO Dengue is classified as follows: Dengue Fever (DF), Dengue hemorrhagic fever (DHF) and Dengue Shock Syndrome (DSS).
Classification of Dengue (WHO)

                	
Dengue Fever: Acute illness that manifests itself with fever and two or more of the following: retroorbital or ocular pain, headache, rash, myalgia, arthralgia, leucopenia or hemorrhagic manifestations (gum bleeding, epistaxis, blood in urine, vomitus or stool or vaginal bleeding).

	
Dengue Hemorrhagic Fever (DHF): Fever lasting 2–7 days with hemorrhagic manifestations, thrombocytopenia, evidence of plasma leakage, abnormal hematocrit (increased in >20 % above average for age), pleural effusion, ascites.

	
Dengue Shock Syndrome (DSS): Symptoms as in DHF plus a hypotension with fast and weak pulse, narrow pulse pressure, and cold clammy skin [1, 2].




              

Phases of Illness and Diagnosis
After the incubation period the disease has an abrupt onset and three phases have been described: febrile, critical and recovery.
Febrile phase
lasts typically 2–7 days with the classical symptoms described above and mild hemorrhagic manifestations; a Rumpel Leede test/Tourniquet test can be positive (Fig. 58.2).[image: A329322_1_En_58_Fig2_HTML.gif]
Fig. 58.2How to do a tourniquet test. (1) Take the patient’s blood pressure and record it, for example, 100/70. (2) Inflate the cuff to a point midway between SBP and DBP and maintain for 5 min (100 + 70) ÷ 2 = 85 mmHg. (3) Reduce and wait 2 min. (4) Count petechiae below antecubital fossa. A positive test is ten or more petechiae per 1 square inch (Courtesy of Dr. Jorge Hidalgo, from Karl Heusner Memorial Hospital Belize)






Critical Phase
Usually on days 3–7 of illness, the temperature drops to 38 °C, there is increase in capillary leakage, lasting 24–48 h. Shock occurs when a critical volume of plasma is lost and usually is preceded by warning signs such as vomiting and abdominal pain, with or without respiratory distress, in some patients organ hypoperfusion produces progressive organ impairment with metabolic acidosis and disseminated intravascular coagulation.

If the patient survives the critical phase, a gradual reabsorption of fluid from the extravascular compartment takes place. The general condition of the patient improves with stabilization of the hemodynamic status marking the recovery phase of the disease. During the febrile phase, detection of viral nucleic acid in serum using RT-PCR, or detection of the virus expressed soluble nonstructural protein 1 (NS1) or an ELISA IgM test positive are sufficient for a confirmatory test or if there is IgM seroconversion in paired sera [1, 2, 5].

Supportive Treatment
There is no specific treatment for Dengue. The management of patients with Dengue consists of providing support treatment to maintain the hemodynamic status through hydration and antipyretics. Because of the possible hemorrhagic manifestations the use of nonsteroidal anti-inflammatory medications is usually contraindicated [1–5].


Evidence Contour
Volume Replacement
Isotonic crystalloid should be used, reassessing the patient’s vital signs and monitoring levels of hematocrit every 6–8 h. If the hematocrit increases or is high the additional administration of intravenous should be considered (10–20 cc/kg for 1 h). If the hematocrit decreases compared to the previous value (less than 40 % in children and female adults or less than 45 % in male adults) it is likely a significant blood loss has occurred and transfusion with fresh whole blood should be initiated. Urine output should be checked every hour. Bleeding usually occurs after a period of prolonged shock that is preceded by plasma leakage, during which the hematocrit increases to relative high values before the onset of severe bleeding. When this occurs, the hematocrit will decrease from this high level. This can explain why the hematocrit levels may not be as low as in the absence of plasma leakage [1, 2, 4, 5].

Other Aspects of Care
Thrombocytopenia can be severe in some cases reaching sometimes levels of less than 1000 but there is no evidence to support transfusion of platelets and of fresh frozen plasma for severe hemorrhagic manifestations.
Close monitoring of glucose levels is recommended as patients can become hypoglycemic. There is no evidence for the use of steroids in the treatment of patients with Dengue [1–5].
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Case Presentation
A 54 years old female patient was admitted to the emergency department with 5 days of high fever and chills which were associated with severe arthralgia, myalgia, anorexia and malaise. The patient complained of severe pain affecting both hands, elbows, and knee joints with slight swelling on her hands. The joint pain was incapacitating and she was not able to walk without assistance. Two days after the onset of fever she had noticed a maculopapular rash in her torso and both extremities (Fig. 59.1). She also reported the onset of vomiting and weakness at that time. The patient had a history of travelling to the Caribbean Islands 1 week before presentation. At the time of admission to the hospital, the patient looked dehydrated and had a temperature of 39.5 C, a heart rate of 115 beats per minute, and a blood pressure of 90/50 mmHg. On laboratory, her CBC showed a platelet count of 95,000/mm3 and a white blood cell count of 3500/mm3 with predominance of lymphocytes. Blood chemistries demonstrate an elevated SGOT (75 U/L) and SGPT (125 U/L).[image: A329322_1_En_59_Fig1_HTML.gif]
Fig. 59.1Maculopapular rash (Courtesy of Dr. Jorge Hidalgo, from Karl Heusner Memorial Hospital Belize)





Question
What diagnostic approach should be undertaken?

Answer
The presence of fever and arthralgias is a common clinical presentation in viral infections. In patients from tropical areas or with an appropriate travel history diseases sharing these symptoms include: Malaria, Rickettsiosis, Leptospirosis, Dengue, Chikungunya, and Group A Streptococcal infections. Early diagnosis of these conditions is based on a high index of clinical suspicion due to epidemiologic considerations (travel history, exposure, etc.) and the clinical presentation.

In this case, the history of recent traveling to the Caribbean and the abrupt onset fever with arthralgias and maculopapular rash serves to suggest certain diagnostic possibilities: Malaria, Chikungunya, Dengue and/or Leptospirosis. Thrombocytopenia and leucopenia are also suggestive of a viral process. The main laboratory finding in Chikungunya infection is lymphopenia, and is associated with viremia when the lymphocyte count is less than 1000 per cubic millimeter. Elevation of liver function tests are also reported, with SGOT and SGPT values elevated up to 1.5 times de normal level in up to 50 % of cases [1–8].
From the clinical point of view the presence of symmetrical arthritis, fever and a maculopapular rash in this patient are strongly suggestive of Chikungunya infection. An array of optic symptoms can develop, most commonly anterior uveitis, but conjunctivitis, even with injection similar to Leptospirois, may develop (Fig. 59.2) [9]. In patients with Dengue Fever the presence of arthritis is not as common, whereas hemorrhagic manifestations and shock are more frequent when compared to patients with Chikungunya. Table 59.1 compares the presentation of Chikungunya to that of Dengue.[image: A329322_1_En_59_Fig2_HTML.gif]
Fig. 59.2Conjunctivitis (Courtesy of Dr. Jorge Hidalgo, from Karl Heusner Memorial Hospital Belize)




Table 59.1Clinical and laboratory features of Chikungunya virus infections compared with Dengue virus infections


	 	Chikungunya
	Dengue

	Fever (>39°)
	+++
	++

	Arthralgia
	+++
	+/−

	Arthritis
	+
	–

	Headache
	++
	++

	Rash
	++
	+

	Myalgia
	+
	++

	Hemorrhage
	+/−
	++

	Shock
	–
	+

	Lymphopenia
	+++
	++

	Neutropenia
	+
	+++

	Thrombocytopenia
	+
	+++

	Hemoconcentration
	–
	++


(http://​www.​cdc.​gov/​chikungunya/​pdfs/​CHIKV_​DengueEndemic.​pdf)




The patient was initially managed with IV crystalloid administration in the emergency department. After a bolus of 20 cc/Kg her blood pressure returned to normal. Acetaminophen was used to control her temperature and arthralgias. Tests for serology were drawn. ELISA IgM for Chikungunya infection was reported as positive, ELISA IgM for Dengue and Leptospirosis were reported as negative. Tests for malaria were also reported negative. The patient, already stable, was admitted to the hospital and 4 days later was discharged home [1–3, 6].

Principles of Management
Diagnosis
Chikungunya infection is caused by a RNA virus that belongs to the Alphavirus genus in the family Togaviridae, that encodes four nonstructural proteins and three main structural proteins: the capsid and two envelope glycoproteins, E1 and E2 which forms spikes in the virion surface, E2 initiates cell entry through endocytosis and E1 initiates the release of nucleocapsids into the host cell system [2].
The name Chikungunya is derived from the Makonde language used in the Southeast area of Tanzania, which means: “That which bends up” this is due to the severity of the joint pain and the posture that patients acquired during the disease. The virus is transmitted in humans following the bite by the mosquito species Aedes aegypti, and Aedes albopictus. Fever is present in 70–90 % of cases. Arthralgias have been reported in more than 60 % of cases and can last up to 36 months after the acute infection. A maculopapular rash is present in up to 50 % of patients and usually affects trunk and extremities (Fig. 59.1) [1, 6]. Atypical presentations of the disease have been described, with neurological signs, pancreatitis, and/or hepatitis which usually affect neonates, elderly people and patients with co-morbidities such as diabetes or renal failure [1, 2, 4].
The gold standard test for diagnosing Chikungunya infection, a viral culture, is often is not done due its difficulty, availability and its time consuming nature. Alternatively and ELISA for IgM antibodies can be obtained. Antibodies levels are present after the fourth day and reach the highest level 3–5 weeks after the clinical onset and can persist elevated for about 2 months [1–3].

Volume Management
Adequate venous access must be guaranteed for volume resuscitation, when hypovolemia and sepsis is suspected. Two large bore (16 gauge) intravenous lines should be placed if possible to allow for administration of fluids. An infusion of 300–500 cc of fluid is administered during a period of 20–30 min [7, 8]. Fluids to control hypotension must be infused rapidly to induce a fast response, and as with other shock patients, the use of bedside ultrasound can be of additional help to quantify the degree of deficit and for further replacement guidance using measurements of the diameter of the inferior vena cava before and after the bolus or using the passive leg raising method [10, 11].


Evidence Contour
Epidemiology
Weaver and Lecuit published a map showing origin, spread, and distribution of Chikungunya virus [2]. Most Caribbean islands have reported local transmission of the virus (Fig. 59.3).[image: A329322_1_En_59_Fig3_HTML.gif]
Fig. 59.32004 map showing islands where Chikungunya has been transmitted to inhabitants. From: http://​www.​caribbean360.​com/​news/​this-is-a-sobering-statistic-on-the-spread-of-chikugunya-across-the-caribbean (Credit: cdc.gov)





Presently, Chikungunya has been reported in travelers returning to the United States in all states except Alaska, Wyoming and North Dakota. It has been recently reported autochthonously in the Florida Keys. It is likely that the virus will increase its’ reach in North America in the coming years.

Treatment
There is no specific antiviral medication for Chikungunya infection. During the acute period of the disease the management should be to provide supportive treatment to maintain the hemodynamic status through hydration and antipyretics. The use of nonsteroidal anti-inflammatory medications must be considered only after the diagnosis of an infection with Dengue has been ruled out. There have been reports of patients suffering from the two diseases at the same time in endemic areas [1, 6, 12].
After a period of more or less 10 days most patients will see an improvement, but some of them will have a post viral reactive arthritis that can relapse with symptoms; this defines the beginning of the chronic phase of the disease that can persist for more than 3 months [13–15].
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Case Presentation
A 32 years old male patient, who recently went into a camping trip and who had a history of swallowing water while swimming in a pool, was admitted to the hospital with the complaints of weakness, cough, bloody sputum, generalized jaundice (Fig. 60.1), ecchymosis and dark urine (Fig. 60.2). At presentation to the hospital the patient was found to have conjunctival suffusion (Fig. 60.3) acute renal failure, and bilateral lung infiltrates. On laboratory examination his WBC was 16,000 with 78 % neutrophils, and 22 % lymphocites. His Platelet count was 45,000. Liver chemistries showed an SGOT: 102; SGPT: 110, Total bilirubin 2.3 with an indirect of 8; alkaline Phosphatase: 120, albumin: 3.2. PT: 18 PTT: 32. Creatinine was 7.3 with a BUN: 90. After collection of blood, urine and sputum cultures and serum samples for serological tests, intravenous ceftriaxone and ciprofloxacin were administered and the patient was placed on renal replacement therapy. None of the cultures yielded pathogenic microorganisms.[image: A329322_1_En_60_Fig1_HTML.gif]
Fig 60.1(a, b) Generalized jaundice




[image: A329322_1_En_60_Fig2_HTML.gif]
Fig. 60.2(a, b) Ecchymosis (left) and dark urine demonstrating hemoglobinuria
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Fig. 60.3(a, b) Conjunctival suffusion





Question
What is the diagnosis?

Answer
Leptospirosis (Weil’s Disease)

Microscopic agglutination test (MAT) was applied to two serum samples which were collected with a 10 days interval. The first serum sample revealed antibody positivity at 1/200 titer against Leptospira interrogans. After the diagnosis was confirmed he was keep only on Ceftriaxone. By the administration of antibiotic therapy and early supportive care the patient improved clinically and was discharged from the ICU to a step-down unit.
Leptospirosis is a zoonosis that affects the humans and is caused by pathogenic spirochetes of the genus Leptospira. It is a frequent type of zoonosis, especially in tropical regions. Data is insufficient regarding its frequency in non-tropical regions. Half of the cases reported in the United States emanate from Hawaii. Leptospirosis presents with a self-limited to mildly icteric form in nearly 90 % of cases. However in approximately 5–10 % of cases it leads to Weil’s disease, which is characterized by fever, hepatic failure, renal failure and respiratory failure. Weil’s disease is also known as Weil-Vasilyev disease, Swineherd’s disease, rice-field fever, waterborne fever, Nanukayami Fever, cane-cutter fever, swamp fever, mud fever, Stuttgart disease, and Canicola fever.

Principles of Management
Epidemiology
Leptospirosis is usually a result of environmental exposures to infected animal urine or contaminated water or soil. Rarely, it may be contracted after the ingestion of food contaminated with urine or via aerosols [1].
In the United States, the incidence of leptospirosis is relatively low; most cases are reported from the southern and Pacific coastal states. Hawaii consistently reports the most cases of any state, though this may partly be because leptospirosis ceased to be a reportable disease nationally in 1995 but remains reportable in Hawaii. A leptospirosis outbreak was also reported among adventure race participants in Florida [2].
In the tropics, endemic leptospirosis is mainly a disease of poverty (including low education, poor housing, absence of sanitation, and poor income). It is acquired through occupational exposure such as subsistence farming and living in rodent-infested, flood-prone urban slums. Large outbreaks affecting thousands of people and leading to hundreds of deaths are common occurrences. These are often associated with increased rainfall or flooding, such as was the case in epidemics in Guyana and Queensland, Australia [3]. Disease in humans is often sporadic, although outbreaks may occur from common source exposures. See Table 60.1 for risk factors for infection.Table 60.1Risk factors for leptospirosis infection


	Occupational exposure:
	Farmers, ranchers, abattoir workers, trappers, veterinarians, loggers, sewer workers, rice farmers, pet traders, military personnel, laboratory workers

	Recreational activities:
	Freshwater swimming, canoeing, kayaking, trail biking

	Household exposure:
	Pet dogs, domesticated livestock, rainwater catchment systems, infestation by infected rodents

	Other:
	Walking barefoot through surface water, skin lesions, contact with wild rodents, accidental laboratory exposure





Physicians caring for travelers following return from vacations involving recreational activities associated with potential environmental Leptospira exposure in high-risk regions such as Southeast Asia should consider the possibility of leptospirosis [4–6].

Microbiology
The genus Leptospira contains 20 species; nine are regarded as pathogenic (Leptospira interrogans, L. kirschneri, L. noguchii, L. alexanderi, L. weilii, L. alstonii, L. borgpetersenii, L. santarosai, and L. kmety. Five are of intermediate or unclear pathogenicity and the remaining six are nonpathogenic free-living saprophytic species that do not infect animal hosts.

Leptospira are spiral-shaped, highly motile aerobic spirochetes and are best visualized by dark field microscopy, silver stain, or fluorescent microscopy. They can be distinguished morphologically from other spirochetes by their unique “question mark” hook at the end of the bacterium [6–8].
Pathogenic Leptospira spp can be grown in vitro from clinical specimens including blood, urine, and cerebrospinal fluid (CSF). Special media are required for isolation such as Fletcher’s, Ellinghausen-McCullough-Johnson-Harris (EMJH) or polysorbate 80 media. Therefore, the laboratory needs to be notified if an attempt to isolate leptospires is desired. Growth is usually observed in 1–2 weeks but may take up to 3 months. A method of growing leptospires on solid agar has been developed to facilitate more rapid growth, isolation of single colonies, and simple antimicrobial sensitivity testing [6–8].

Clinical Presentation
Most cases of Leptospirosis are mild and self-limited or subclinical, while some are severe and potentially fatal. The majority of patients describe an abrupt onset of fever, rigors, myalgias, and headache in 75–100 % of patients, following an incubation period of 2–26 days (average 10 days). Nonproductive cough occurs in 25–35 % of cases; nausea, vomiting, and diarrhea occur in approximately 50 % of cases [8, 9].
Less common symptoms include arthralgias, bone pain, sore throat, and abdominal pain. Acalculous cholecystitis and pancreatitis have been described in children. Leptospirosis has been described as a biphasic illness (with an acute bacteremic phase followed by an “immune” phase) but, clinically, the two phases usually merge, particularly in severe disease [8–10].
Conjunctival suffusion is an important but frequently overlooked sign; in one case series, it occurred in 55 % of patients. This is not a common finding in other infectious diseases, and its presence in a patient with a nonspecific febrile illness should raise the possibility of leptospirosis. Muscle tenderness, splenomegaly, lymphadenopathy, pharyngitis, hepatomegaly, muscle rigidity, abnormal respiratory auscultation, or skin rash occur in 7–40 % of patients [9, 10]. Aseptic meningitis is observed in 50–85 % of patients if cerebrospinal fluid (CSF) is examined after 7 days of illness [1].
Severe, potentially fatal illness, “Weil’s disease,” is characterized by jaundice and renal failure and occurs only in a minority of patients. Pulmonary hemorrhage is a potential complication. Mortality rates in hospitalized patients with leptospirosis range from 4 to 52 % [8–10].
Leptospirosis may be complicated by renal failure, uveitis, pulmonary hemorrhage, acute respiratory distress syndrome (ARDS), myocarditis, and rhabdomyolysis. Renal failure is often nonoliguric and associated with hypokalemia. Supportive renal replacement therapy may be required during the acute phase; renal recovery is generally complete. Liver failure generally is reversible and not a cause of death. Vasculitis with necrosis of extremities may be seen in severe cases [7–9].

Laboratory Presentation
A high index of suspicion is required to make the diagnosis based on epidemiologic exposure and clinical manifestations, since clinical and laboratory findings are nonspecific. The diagnosis is made most frequently by serologic testing. Molecular techniques are promising for rapid diagnosis but are not widely available. The organism can be cultured, but this can take several weeks. A constellation of laboratory findings occurring in the right clinical setting is highly suggestive of a diagnosis of leptospirosis [9, 10].
White blood cell (WBC) counts are generally less than 10,000/microL but may range from 3000 to 26,000/microL; a left shift occurs in about two-thirds of patients. Thrombocytopenia can occur; in one series of 79 patients with leptospirosis in Thailand, it was present in 38 % of cases. Pancytopenia has been reported as the presenting manifestation in case reports [8, 10, 11].
Hyponatremia is common in severe leptospirosis and results from sodium wasting. Urinalysis frequently shows proteinuria, pyuria, granular casts, and occasionally microscopic hematuria. Renal failure may be observed in severe leptospirosis. Elevated creatine kinase is observed in approximately 50 % of patients and may be a useful clue to diagnosis.
Approximately 40 % of patients have minimal to moderate elevations of hepatic transaminases (usually <200 IU/L). Jaundice may be observed in severe leptospirosis. In some cases, the serum bilirubin concentration reaches 60–80 mg/dL (1026–1368 mmol/L).
The CSF may show a lymphocytic or neutrophilic pleocytosis with minimal to moderately elevated protein concentrations and normal glucose concentration; a low glucose concentration is seen rarely.
Chest radiography may demonstrate small nodular densities, which can progress to confluent consolidation or a ground glass appearance. Pathologically, these infiltrates may represent alveolar hemorrhage, ARDS, or pulmonary edema.
Findings associated with adverse outcomes include oliguria, WBC count above 12,900/mm3, repolarization abnormalities on electrocardiogram, and alveolar infiltrates on chest radiography.

Differential Diagnosis
Conjunctival suffusion, when it occurs, is one of the most reliable distinguishing features since it rarely occurs with any infectious illness other than leptospirosis. Differential diagnosis includes:	1.Malaria and dengue share some common clinical features and similar endemic patterns with leptospirosis.


 

	2.Scrub typhus is a common disease in some tropical regions where leptospirosis also occurs.


 

	3.Other rickettsial disease, infections with Rickettsia typhi (murine typhus), or spotted fever group rickettsiae may mimic leptospirosis.


 

	4.Leptospirosis may mimic infection with Salmonella typhi in areas of the tropics where typhoid fever is common, particularly in patients with prominent gastrointestinal complaints.


 

	5.Ehrlichiosis may present with similar clinical manifestations, including fever and nonspecific complaints.


 

	6.Acute viral illnesses including influenza may mimic leptospirosis, particularly in patients with prominent respiratory tract symptoms.


 

	7.Hantavirus can cause a renal syndrome and/or pulmonary syndrome similar to the renal and/or pulmonary complications observed in leptospirosis.


 






Antibiotic Administration
In the setting of moderate or high clinical suspicion for leptospirosis in the absence of a definitive laboratory diagnosis, administration of empiric treatment is appropriate.
Outpatients with Mild Disease

                  	
Doxycycline (adults: 100 mg orally twice daily; children ≥8 years of age: 2 mg/kg per day in two equally divided doses, not to exceed 200 mg daily).

	
Azithromycin (adults: 500 mg orally once daily for 3 days; children: 10 mg/kg orally on day one [maximum dose 500 mg/day] followed by 5 mg/kg/day orally once daily on subsequent days [maximum dose 250 mg/day]).

	
                        Pregnant women, we favor treatment with either azithromycin or Amoxicillin (25–50 mg/kg in three equally divided doses, maximum 500 mg/dose).
                      




                

                  Hospitalized Adults with Severe Disease
                  	
Penicillin (1.5 million units intravenously [IV] every 6 h)

	
Doxycycline (100 mg IV twice daily)

	
Ceftriaxone (1–2 g IV once daily), or Cefotaxime (1 g IV every 6 h).




                

The duration of treatment in severe disease is usually 7 days. Studies from Thailand have noted comparable efficacy for penicillin, ceftriaxone, cefotaxime, and doxycycline for treatment of leptospirosis. Pregnant women with severe leptospirosis may be treated with penicillin, ceftriaxone, cefotaxime, or azithromycin; but doxycycline should not be used.
Penicillin and cephalosporins lack activity against rickettsiae and so should be avoided in circumstances in which leptospirosis cannot be definitively distinguished from rickettsial infection. Intravenous doxycycline is an appropriate therapy for treatment of severely ill patients in areas endemic for both leptospirosis and rickettsial infection. A Jarisch-Herxheimer reaction may occur following antimicrobial therapy for leptospirosis; this represents an acute inflammatory response to clearance of spirochetes from the circulation and is characterized clinically by fever, rigors, and hypotension [11–13].


Evidence Contour
Diagnostic Tools
Reference Standard
The only inconvenience is that is no available in all centers. There is the lack of a sensitve reference standard for the diagnosis of leptospirosis. The microscopic agglutination test (MAT) and culture are both imperfect, either alone or in combination. This limitation has important implications for the assessment of new assays, as they may perform poorly compared with the reference standards used, even if they are superior to it. MAT is positive when is >1/100.

Serology
Serology is less sensitive than the MAT. Serological tests are used most frequently for diagnosis of leptospirosis. Assays include the microscopic agglutination test, macroscopic agglutination test, indirect hemagglutination, and enzyme-linked immunosorbent assay (ELISA). A number of rapid IgM ELISA and lateral flow tests have been developed, though many have been inadequately validated and their diagnostic performance in an endemic setting is variable.

Molecular Tests
Molecular tests are more sensitive than the cultures. Molecular techniques such as real time PCR and loop-mediated isothermal amplification (LAMP) have been developed for diagnosis of leptospirosis. These are not widely available but are promising for rapid, accurate diagnosis. Next-generation sequencing is a technology for determining DNA sequence by analyzing multiple DNA fragments in parallel; it allows sequencing of an exponentially greater number of genes than conventional DNA sequencing.

Culture
We use Fletcher medium. Organism growth can be very slow, to 4 months. Leptospirosis can be confirmed by culture of the organism from clinical specimens in appropriate media if antibiotic therapy has not been administered before samples are taken. Blood and CSF specimens are generally positive during the first 10 days of the illness. Blood culture is insensitive; isolation of the organism is successful in 5–50 % of cases, and may take several weeks. Urine cultures become positive during the second week of the illness and remain positive for up to 30 days after the resolution of symptoms.


Drug Resistance
Activity against leptospires has been observed in vitro and in animal models for penicillins, cephalosporins, tetracyclines, chloramphenicol, fluoroquinolones, macrolides, and telithromycin, and in vitro studies have demonstrated that carbapenems and aztreonam also have excellent activity against leptospires. Antibiotic susceptibility testing is not done routinely as it is difficult to do and, thus far, resistance does not appear to be a problem based on susceptibility studies that have been done as well as favorable clinical response to the antibiotics generally used for treatment. The development of a new solid media (LVW) for leptospirosis may facilitate more routine testing, which may enable quicker identification of drug resistance should it arise in the setting of inadequate clinical response.

Role of Corticosteroids
The use of corticosteroids has been proposed as potentially beneficial given the vasculitic nature of severe leptospirosis, particularly in the setting of pulmonary involvement. Some reports have suggested a possible benefit to use of steroids as an adjunct to antibiotic therapy in severe disease. There is insufficient evidence to support the routine use of corticosteroids.

Prevention
No Human vaccine is available. Control measures for preventing human leptospirosis include avoiding potential sources of infection such as stagnant water and animal farm water runoff, rodent control, and protection of food from animal contamination. The CDC recommends doxycycline 200 mg orally per week, begun 1–2 days before and continuing through the period of exposure for people at high risk of leptospirosis.
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Case Presentation
A 45 year-old male with a past medical history notable for hypertension and atrial fibrillation on warfarin presented to the emergency department with syncope. On taking his history he noted 2 days of black stools. He denied vomiting, abdominal pain or bright red blood per rectum. The patient’s blood pressure was 95/60 and his heart rate was 120. He was ill appearing with conjunctival pallor and melena on rectal exam. Labs were notable for a hemoglobin (Hgb) of 7.6 g/dL, blood urea nitrogen (BUN) 60, serum creatinine (sCr) 1.3, INR 5.6, 325,000 platelet count and 18,000 white cell count. Peripheral intravenous access was obtained and volume resuscitation was begun. At this point, the emergency department consulted the intensivist to assist in the management of this patient.
Question
How can this patient’s coagulopathy be most quickly reversed?

Answer
Four-factor prothrombin complex concentrate (PCC).

This patient was given 25-units/kg of four-factor PCC and an hour later his INR was 1.2. Simultaneously, he received fluid resuscitation and one unit of blood when his hemoglobin dropped below 7 g/dL. His hemodynamics stabilized and overt evidence of bleeding stopped. An upper endoscopy was then performed that revealed a gastric ulcer with a non-bleeding visible vessel. Intensive proton pump inhibitor therapy was initiated for 72 h. During this time he remained hemodynamically stable without evidence for recurrent bleeding. He was discharged home 4 days after admission.

Principles of Management
Diagnosis
Ascertaining the site of a gastrointestinal bleed (GIB) is crucial to the diagnostic approach, therapeutic management and risk stratification. Sixty-three percent of all patients presenting with an acute GIB will be determined to have an upper gastrointestinal source [1]. The presence of melena on exam or a BUN/sCr ratio >30 are powerful predictors of an UGIB (Table 61.1). However, the BUN/sCr should be used with caution in those with renal or liver disease because it is less reliable in these patients. The clinical factors that substantially decrease the probability of an UGIB are clots in the stool, and a prior history of a LGIB (Table 61.2). A negative NG lavage does not significantly decrease the probability of an UGIB. Hematochezia can be a concerning complaint because it can occur in a severe, brisk UGIB and be misdiagnosed as a LGIB. This emphasizes the need to properly assess the location of bleeding to ensure a severe UGIB is not overlooked.Table 61.1Clinical factors that increase the probability of an UGIB


	Clinical factor
	Pretest probability of an UGIB
	Likelihood ratio
	Posttest probability of an UGIB

	Melena on exam
	63 %
	25
	98 %

	BUN/sCr >30
	63 %
	7.5
	93 %

	Prior history of UGIB
	63 %
	6.2
	91 %

	Subjective melena
	63 %
	5.5
	90 %

	Positive NG lavage
	63 %
	4.7
	89 %


Data from Tai et al. [2]



Table 61.2Clinical factors that decrease the probability of an UGIB


	Clinical factor
	Pretest probability of an UGIB
	Likelihood ratio
	Posttest probability of an UGIB

	Clots in Stool
	63 %
	0.05
	8 %

	Prior history of LGIB
	63 %
	0.17
	22 %

	Lack of subjective melena
	63 %
	0.22
	27 %

	Negative NG lavage
	63 %
	0.6
	51 %


Data from Tai et al. [2]





Risk Stratification
Risk assessment is uniformly recommended for all UGIB patients to determine the timing of endoscopy and the level of care the patient will need. Factors such as a history of malignancy or cirrhosis, syncope, tachycardia, shock, hemoglobin <8 g/dL, BUN >90 mg/dL and white blood cell count >12,000 all increase the probability of a severe gastrointestinal bleed that will have active bleeding on endoscopy [1]. The Glasgow-Blatchford Score (GBS) is a well-validated clinical score that was developed using many of these clinical factors (Table 
                  61.3
                ) to predict mortality and the need for a clinical intervention (blood transfusion, endoscopic therapy, or surgery). A score ≤2 safely predicts patients that can be managed as an outpatient with a sensitivity ≥98 %. A higher score represents higher risk patients that should receive an endoscopy within 24 h. The Rockall score was developed with the same purpose, but has two main drawbacks. It requires endoscopic information, which is not available on the initial evaluation, and it does not perform as well as the GBS score [1]. For these reasons many professional guidelines recommend using the GBS score [3].Table 61.3Glasgow-blatchford score


	Admission risk marker
	Score value

	Blood urea nitrogen (mmol/L)

	6.5–7.9
	2

	8.0–9.9
	3

	10.0–24.9
	4

	≥25.0
	6

	Hgb (g/dl) for men

	12–12.9
	1

	10–11.9
	3

	<10
	6

	Hgb (g/dl) for women

	10–11.9
	1

	<10
	6

	Systolic blood pressure (mm Hg)

	100–109
	1

	90–99
	2

	<90
	3

	Pulse ≥100 (per min)
	1

	Presentation with melena
	1

	Presentation with syncope
	2

	Hepatic disease
	2

	Cardiac failure
	2






Blood Transfusion
Blood transfusions should generally be withheld until the hemoglobin is ≤7 g/dL [4, 5]. In 2013, a large randomized control trial (RCT) found that patients treated with a restrictive strategy (Hgb <7 g/dL) had better outcomes, including a 40 % relative reduction in mortality, less bleeding, less surgery, fewer transfusion reactions, and fewer cardiac complications. Exsanguinating patients were not enrolled and the protocol allowed blood transfusions in symptomatic patients. Consequently it is important to carefully weigh the clinical situation in the decision to transfuse [6].

Post-endoscopic Intensive Proton Pump Inhibitor Therapy
Patients with a bleeding peptic ulcer and high-risk lesions on endoscopy have improved outcomes when treated with 3 days of intensive proton pump inhibitor (PPI) therapy consisting of an intravenous bolus followed by a continuous infusion for 72 h. A 2006 Cochrane Review found patients with a high-risk peptic ulcer lesion who received PPI therapy had lower rates of rebleeding and surgery. Patients with very high-risk lesions had an even greater benefit from PPI therapy, including a mortality benefit [7]. Lesions are graded using the Forrest classification, and each lesion has a specific rebleeding, surgery and mortality risk (Fig. 61.1). Intensive PPI therapy will have the greatest impact on high-risk lesions because they have the worst outcomes. Low-risk lesions have excellent outcomes so intensive PPI therapy is unlikely to be beneficial. The benefits of intensive PPI therapy are so clear that professional guidelines unanimously recommend them in patients with high-risk peptic ulcer lesions [3–5] (Video 61.1).[image: A329322_1_En_61_Fig1_HTML.jpg]
Fig. 61.1Forrest classification. The risk of rebleeding, surgery and mortality based on the Forrest classification of the ulcer seen on endoscopy. Only high-risk lesions benefit from intensive PPI therapy (Data from Barkun et al. [4])







Evidence Contour
Nasogastric Lavage
Significant controversy exists regarding nasogastric (NG) lavage in a patient with a GIB. The NG lavage is theorized to help differentiate an UGIB from a LGIB and aid in the timing of endoscopy. However, a systematic review found the NG lavage was a poor predictor of an UGIB. The sensitivity ranged from 42 to 84 % and the specificity ranged from 54 to 91 %. Most importantly, a negative NG lavage was unable to exclude an UGIB, and this is the main purpose of the procedure [8]. These disappointing results are not that surprising if one considers the limitations of the procedure. False-negative results are known to occur from bleeding duodenal ulcers because the blood may not be able to reflux across the pyloric sphincter. Physicians are also not accurate in detecting bile in the aspirate, which is critical for determining a truly negative lavage. False-positives can come from the trauma of insertion or the subjective interpretation of the aspirate. Is it positive if just a few bloody flecks are seen? Is it positive if it clears with 50 cc of saline? Simply put, the NG lavage cannot rule out an UGIB, and other clinical factors are superior to the NG lavage to confirm or exclude an UGIB.
The second theorized benefit of the NG lavage is to determine who may benefit from early endoscopy. Endoscopy is currently recommended within 24 h for patients with an UGIB. However, very little is known about which patients, if any, would benefit from an urgent endoscopy (within 12 h). Conceptually, patients with bloody NG lavages may have high-risk lesions that could benefit from urgent endoscopy. However, many studies have not found any benefit using the NG lavage to select patients for an urgent endoscopy [2, 9].
Additionally, the NG lavage has been described as the most painful emergency department procedure and is more painful than a lumbar puncture or fracture reduction [10]. NG tubes also have rare complications that include pulmonary malposition, pneumothorax, respiratory failure, perforation, vocal cord injury, pneumonia, epistaxis and death.
In summary, the use of the NG lavage has little diagnostic and prognostic value, does not alter clinical management, and does not improve patient outcomes. Given its lack of value and known risks, the routine use of the NG lavage is not recommended [5].

Optimal Dosing of Post-endoscopic Proton Pump Inhibitor Therapy
As previously mentioned, patients with a high-risk peptic ulcer lesion have a clear benefit from intensive PPI therapy, although the lowest effective PPI dose to achieve these benefits is uncertain. Current guidelines recommend using a high-dose, continuous PPI infusion, but several RCTs and systematic reviews have consistently found a lower-dose PPI regimen (intermittent dosing) is equivalent to a high-dose, continuous infusion. However these RCTs generally lacked the quality and power to definitively conclude that high or low dose PPI regimens are equivalent. It is unlikely that a large-scale RCT will ever be conducted to clarify this topic, although future guidelines may alter this recommendation. [11, 12].

Pre-endoscopic Proton Pump Inhibitor Therapy
The routine use of pre-endoscopic proton pump inhibitors (PPI) has been disproven to offer any benefit to patients with an acute UGIB. A Cochrane Review analyzed six RCTs with over 2000 patients and found no difference in mortality, rebleeding, surgery or blood transfusions [13]. Hence, some professional guidelines have strong recommendations to avoid pre-endoscopic PPIs [14]. PPI therapy is not without potential harm. PPI therapy has been linked to hospital acquired pneumonia, ventilator associated pneumonia, Clostridium difficile colitis and spontaneous bacterial peritonitis.

Salvage Therapy
It is generally accepted that patients that develop rebleeding following initial endoscopic therapy should undergo a second endoscopy. If bleeding cannot be controlled or recurs then clinicians should proceed to salvage therapy. Options include trans-arterial embolization (TAE) or emergency surgery. A 2014 meta-analysis found there was no difference in mortality, about 23 % in both groups. Rates of rebleeding were significantly less with surgery (15 %) compared to TAE (25 %). Determining if surgery is better than TAE is still problematic because the quality of published data is poor [15]. A RCT is currently being conducted which may help to resolve this issue (ClinicalTrials.gov NCT00766961). Presently, it is reasonable to consider TAE prior to surgery because it is less invasive and still has a 75 % success rate. Most major guidelines also recommend considering TAE as an alternative to emergency surgery, but recognize the lack of high quality data to guide decision-making [3–5]. When a patient requires salvage therapy we recommend simultaneously consulting surgery and interventional radiology to determine the best course of action.

Reversal of Coagulopathy and Thrombocytopenia
It may seem axiomatic that coagulopathic patients with an acute UGIB will experience more bleeding complications. However, few studies exist on this topic and what has been published does not show an increase in bleeding complications [16, 17]. In contrast, the reversal of a coagulopathic patient places them at risk for thromboembolic events. Pending additional data, guidelines based on expert opinion still recommend reversing coagulopathic patients having an acute UGIB [4]. Despite this recommendation, there is no consensus for the INR or platelet level that should be targeted [4]. One guideline, based on expert opinion, recommends targeting a platelet count ≥50,000 and an INR ≤1.5 [18].

Reversal of Warfarin
Vitamin K supplementation can reverse and bypass the effects of warfarin. Multiple RCTs have found IV vitamin K can substantially reduce the INR level in 8–12 h, but it is unlikely to normalize the INR by 24 h [19]. Despite a 0.03 % risk of anaphylaxis, IV vitamin K should be given to reverse warfarin-related coagulopathies in any patient with serious bleeding [20]. Due to its delayed and incomplete effects, vitamin K should be used to supplement more immediate forms of reversal. The optimal dose is suggested to be 5–10 mg [21].
Fresh frozen plasma (FFP) and prothrombin complex concentrate (PCC) are the two main options to rapidly normalize an elevated INR due to warfarin. Reversal with FFP often requires large volumes, requires ABO compatibility testing and can take several hours to infuse. FFP can also cause transfusion reactions and volume overload. PCC contains factors II, IX and X and the absence or presence of factor VII classifies the PCC as a three or four-factor PCC. PCC is much more concentrated, requires much less volume, does not require ABO compatibility testing and does not need to be thawed. In clinical trials, PCC has resulted in much faster normalization of the INR, less volume administered and improved outcomes compared to FFP [22].
Four-factor PCC is preferable to three-factor PCC because it is more reliable across INR ranges. The dosing of three and four-factor PCC ranges between 25 and 50 units/kg and depends on the baseline INR. A 25-unit/kg dose will likely be effective for modest elevations of the INR, but a 50-unit/kg dose will be needed for extreme elevations in the INR. Alternatively, a 25-unit/kg dose of PCC can be given and repeated if the INR does not normalize with the first dose [21].

Reversal of Newer Oral Anticoagulants
Dabigatran has a short half-life. Patients with renal failure may have high drug levels and/or a prolonged clearance time [23]. The activated partial thromboplastin time (aPTT) can be useful as a normal aPTT excludes significant levels of dabigatran [24]. In patient with normal renal function and in patients with renal failure who only exhibit mild to moderate bleeding, bleeding may be managed by withholding dabigatran and allowing it to fully clear rather than attempting reversal. In renal failure patients with severe, persistent bleeding, an attempt at reversal can be made although reversal strategies are largely unproven. aPCC seems to be the best choice for the reversal of dabigatran. If aPCC is not available, then four-factor PCC can be used [25]. Both agents may be administered at a dose of 25-unit/kg [26]. If significant bleeding persists and coagulation markers have not substantially improved a second dose can be administered. The FDA is fast-tracking an antidote for dabigatran which currently is being studied in a phase III trial (Clinicaltrials.gov NCT02104947).
Rivaroxaban is a direct factor Xa inhibitor, has a shorter half-life than dabigatran, and is not significantly affected by renal failure (Table 61.4). Twelve hours after taking rivaroxaban factor Xa inhibition will fall below 20 %, which is near the bottom of its therapeutic window [27]. For these reasons, the vast majority of UGIB patients on rivaroxaban may be managed by withholding the medication rather than attempting reversal. Rivaroxaban is not dialyzable leaving aPCC, four-factor PCC and rfVIIa as the only agents studied for attempted reversal. An initial 25-units/kg dose of aPCC or PCC can sufficiently reverse rivaroxaban without posing a significant risk of over-correction. If significant bleeding persists and coagulation markers have not substantially improved a second dose of 25 units/kg can be administered.Table 61.4Pharmacokinetics of select new oral anticoagulants


	Property
	Dabigatran
	Rivaroxaban

	Maximal absorption
	2–4 h
	2 h

	Half-life
	14 h
	8–9 h

	Renal clearance
	80 %
	36 %

	Dialyzable
	Yes
	No

	Half-life in CKD IV patients
	28 h
	9–10 h
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Case Presentation
A 33 year old man with history of alcoholic cirrhosis complicated by esophageal varices, recent alcoholic hepatitis, and gastroesophageal reflux disease presented to the Emergency Department with lightheadedness and melena. Initial vital signs showed a temperature of 36.6, BP 128/65, HR 113, RR 24, and SpO2 100 %. During evaluation in the Emergency Department, he developed large-volume hematemesis and hypotension. Labs initially demonstrated a hemoglobin of 7.0, platelets 255, INR 1.5, and total bilirubin 36. A nasogastric tube was inserted with return of more than 1 L of blood.
Question
How Should This Patient be Managed?

Answer
Patients with presumed variceal bleeding and increasing instability will require two primary steps in management: (1) Aggressive hemodynamic resuscitation with both volume and blood products, and (2) Hemostasis of the bleeding site which may include vasoconstrictor therapy and endoscopic intervention.

In this patient, two large bore intravenous lines were placed and intravenous fluids and packed red blood cells were transfused. Pantoprazole and octreotide continuous infusions were initiated. The patient was emergently intubated and sedated prior to endoscopy. A massive resuscitation protocol was initiated. The patient’s condition worsened with hypovolemic shock leading to a 2-min episode of pulseless electrical activity which resolved with one dose of atropine, epinephrine and brief chest compressions. A Sengstaken-Blakemore tube was placed with inflation of the esophageal and gastric balloons. Erythromycin was administered as a bolus prior to endoscopy. Esophagogastroduodenoscopy (EGD) revealed massive edema and copious bright red blood in the oropharynx with large amounts of clotted blood in the entire esophagus. The scope could not be advanced past the distal esophagus due to abundant clot. No clear bleeding source was visualized, but variceal bleeding was assumed to be the etiology. The Sengstaken-Blakemore tube was replaced. Ceftriaxone was started for infection prophylaxis. Throughout this time, the patient received nine units of packed red blood cells, five units of fresh frozen plasma, and 1 5-pack of platelets through a rapid infuser.
The patient underwent emergent transjugular intrahepatic portosystemic shunt (TIPS) placement. His condition stabilized in the following day. Diuresis was performed in the subsequent days, and he was extubated 5 days after initial presentation. Unfortunately although he survived his initial episode of massive variceal bleed, the patient experienced multiple episodes of recurrent bleeding in the following weeks requiring repeat endoscopies and variceal ligation. He also underwent a TIPS revision. Despite interventions, the patient continued to have frequent episodes of variceal hemorrhage and was not a liver transplant candidate. He eventually changed his goals of care to comfort and was allowed to die.

Principles of Management
Initial Resuscitation
The initial resuscitation of a patient with suspected variceal bleeding must occur expediently. Multiple large bore intravenous catheters should be inserted as soon as possible with subsequent administration of fluids to maintain perfusion. The need for packed red blood cell transfusion should be assessed. Discussion of transfusion thresholds and indications for crystalloid versus colloid therapies will occur in the Evidence Contour.
In patients with massive blood loss, variably defined as loss of the entire blood volume in a 24-h period, loss of 50 % of the blood volume in a 3-h period, or transfusion of ≥ ten units of packed red blood cells in 24 h, a number of other possible complications may occur in the setting of massive transfusion [1, 2]. Hypothermia and metabolic acidosis are frequent, and in the setting of massive transfusion are known risk factors for worsening coagulopathy. While this relationship has mostly been defined in trauma patients without underlying liver disease [3], the data can potentially be extrapolated to the cirrhotic population. Patients with variceal bleeding that receive massive transfusion should have temperature monitoring performed, and hypothermia should be expected and prevented. While some causes of metabolic acidosis may be inevitable, the critical care provider should aim to avoid iatrogenic causes of metabolic acidosis such as hyperchloremic acidosis secondary to aggressive normal saline administration. Worsening of coagulopathy may also occur, and this issue will be addressed in a future section.

Vasoactive Medications
Routine management of suspected gastroesophageal variceal bleeding includes immediate administration of a splanchnic vasoconstrictor, prior to endoscopy if possible [4]. The most commonly used medications are terlipressin, somatostatin and octreotide. Use of vasopressin is limited by side effects of peripheral, cardiac and bowel ischemia [4]. A meta-analysis published in 2012 suggested that vasoactive agents significantly decrease 7-day mortality, improve likelihood of hemostasis, decrease transfusion requirements and decrease hospital length of stay [5]. Hemostasis was better with octreotide compared to vasopressin. A large randomized study found terlipressin, somatostatin, and octreotide to be equivalent in efficacy with no significant differences between groups in rates of re-bleeding or mortality [6]. Currently, octreotide and vasopressin are the only medications available in the United States for this indication. Octreotide is most commonly used. Typically, these agents are continued for 5 days as re-bleeding risk is highest during this time period (Table 62.1) [4, 7].Table 62.1Vasoconstrictor agents used for variceal hemorrhage


	Agent
	Dose
	Mechanism of action
	Length of therapy
	Notes

	Octreotide
	50 μg bolus IV; then 50 μg/h continuous infusion
	Somatostatin analogue
	3–5 days
	May result in tachyphylaxis
Most commonly used in U.S.

	Somatostatin
	250 μg bolus IV; then 250 μg/h continuous infusion
	Inhibits release of vasodilatory hormones
	3–5 days
	Hormones inhibited include glucagon, insulin, serotonin, acetylcholine

	Terlipressin
	2 mg IV every 4 h; may decrease to 1 mg every 4 h when hemorrhage controlled
	Synthetic vasopressin analogue
	3–5 days
	Longer half-life allows intermittent therapy
Not available in U.S.

	Vasopressin
	0.4 unit bolus IV; then 0.4–1.0 units/min
	Vasoconstricts mesenteric arterioles
	3–5 days
	Higher risk of extrasplanchnic ischemic side effects
May administer with IV Nitroglycerin to decrease side effect risks
Rarely used in U.S.


Data from Refs. [4, 6, 7]





Hemostasis Interventions
Emergent endoscopy should be performed within 12 h of presentation in patients suspected of having active gastroesophageal variceal bleeding (Fig. 62.1) [8, 9]. Multiple studies have demonstrated endoscopic variceal ligation is superior to endoscopic sclerotherapy [8]. A meta-analysis of seven studies revealed that ligation therapy compared to sclerotherapy results in a similar rate of hemostasis, but significantly less re-bleeding and lower mortality [10]. Sclerotherapy is more commonly used when variceal ligation is technically difficult or as a rescue procedure.[image: A329322_1_En_62_Fig1_HTML.gif]
Fig. 62.1Esophageal varix with active bleeding as seen during EGD






Transjugular Intrahepatic Portosystemic Shunt
Approximately 10–20 % of patients will fail standard medical therapy for acute variceal bleeding [11]. Risk factors for treatment failure in the first 5 days following initial hemostasis include low systolic blood pressure at presentation, active bleeding at endoscopy, bleeding from gastric varices, and higher Child-Pugh grades [6]. Placement of a transjugular intrahepatic portosystemic shunt (TIPS), a stent connecting the portal and hepatic veins, results in a decreased portal pressure gradient and is commonly used as rescue therapy in patients in whom initial hemostasis is not achieved and in patients with recurrent variceal bleeding following initial hemostasis (Fig. 62.2) [12]. One potential complication of TIPS placement is thrombus formation in the stent. The use of coated stents recently has seemed to decrease the rate of this event [11]. The interventional radiologist may also place coils or apply sclerosant to varices directly at the time of TIPS placement (Fig. 62.3 and Video 62.1).[image: A329322_1_En_62_Fig2_HTML.gif]
Fig. 62.2A TIPS stent has been inserted to connect the right hepatic and right portal veins. The stent is post-dilated to ensure adequate flow (Images courtesy of Dr. Bill Majdalany of the University of Michigan)




[image: A329322_1_En_62_Fig3_HTML.gif]
Fig. 62.3Coil embolization of the gastric coronary varix seen in Fig. 62.3 has now been performed (Images courtesy of Dr. Bill Majdalany of the University of Michigan)






Antibiotic Prophylaxis
Prevention of complications such as worsening hepatic function, renal dysfunction and bacterial infections may improve survival following an acute bleeding episode [13]. The most common infections include bacteremia, urinary tract infections and spontaneous bacterial peritonitis [14]. Antibiotic prophylaxis in the peri-bleed period has been shown to decrease all-cause mortality by 20 % and also decreases overall re-bleeding episodes [15]. Cephalosporins and quinolones are the most effective therapies. Antibiotics should routinely be administered to patients with acute variceal hemorrhage [9].


Evidence Contour
While certain therapies are proven in variceal bleeding, others are performed according to expert recommendations or guidelines and are more controversial. A discussion of these management strategies will follow.
Red Blood Cell Transfusion
The threshold for transfusion in actively bleeding patients has been debated throughout the years. In 2013, a landmark trial demonstrated the utility of a restrictive transfusion protocol in patients with suspected upper gastrointestinal bleeding. A restrictive protocol (transfusion for hemoglobin <7.0) as compared to a liberal protocol (transfusion for hemoglobin <9.0) resulted in a lower 45-day mortality rate (5 % versus 9 %, p = 0.02), lower risk of further bleeding, lower likelihood of requiring rescue therapies, and a lower rate of complications including pulmonary edema and transfusion reactions. The authors postulated that the increase in mean hepatic venous pressure gradient in the liberal group likely contributed to these findings [16]. Of note, only around a quarter of the patients in this study had variceal bleeding. Furthermore, patients with poorly defined “massive exsanguinating bleeding” were excluded from this study. In general, a goal hemoglobin level of 7.0 is reasonable in patients with variceal bleeding for these reasons, although in the setting of massive exsanguination, red blood cell transfusion should not be directed at a hemoglobin level but should be based on the clinical situation.
There have been no randomized, controlled trials evaluating the administration of crystalloid compared to colloid fluids in patients with acute variceal bleeding. However, in other patient populations with hemorrhagic shock, colloid fluids such as albumin or hetastarch have no advantage compared to crystalloids [17]. In the cirrhotic patient population with variceal bleeding, it is reasonable to transfuse red blood cells if the hemoglobin is less than 7.0 and crystalloid fluids when the hemoglobin is 7.0 or greater and the patient has signs of hypoperfusion.

Correction of Coagulopathy
Cirrhosis often results in decreased levels of all clotting factors, dysfibrinogenemia, and thrombocytopenia, all of which can contribute to ongoing bleeding. In addition, multiple transfusions can result in a dilutional coagulopathy. Frequent monitoring of prothrombin time, platelet count and fibrinogen levels is warranted.
Unfortunately, prothrombin time has not been shown to correlate well with clinical bleeding in cirrhotic patients [18, 19]. No randomized trials of Vitamin K supplementation in patient with variceal bleeding have been performed, and routine use is neither recommended nor discouraged [20]. Providers should aim to avoid over-transfusion solely to correct numerical lab values as this will likely result in higher portal venous pressures and possibly more bleeding. Recommendations for a threshold at which to transfuse fresh frozen plasma, cryoprecipitate and platelets vary and become even more complicated in the setting of cirrhosis. While trauma literature supports the use of a “massive transfusion protocol,” which entails transfusing packed red blood cells, fresh frozen plasma and platelets in a 1:1:1 ratio [2], this strategy has not been tested in a randomized trial of cirrhotic patients with variceal bleeding. It is unknown if this is the correct resuscitation approach in our patient population, and it should not be universally applied.
Recombinant factor VIIa, a product first available for patients with hemophilia-related bleeding, has been considered as an agent that could halt gastrointestinal bleeding in cirrhotic patients by activating the extrinsic pathway and increasing thrombin production. While recombinant activated factor VIIa has been shown to normalize prothrombin time in patients with cirrhosis and variceal bleeding [21], a Cochrane review that included approximately 500 patients with various stages of cirrhosis and active upper gastrointestinal bleeding from two trials did not find a mortality benefit when this factor was administered in addition to usual care. Furthermore, there was no significant difference in packed red blood cell transfusion requirement [22]. An exploratory analysis from one of the two trials suggested that the subgroup of patients with variceal bleeding, Child-Pugh scores B or C, and more severe coagulopathy may benefit from recombinant factor VIIa [23]. Therapy with recombinant factor VIIa remains controversial in this setting.
Case reports have described success in achieving hemostasis in cirrhotic patients with the administration of Prothrombin Complex Concentrate (PCC), a mixture of coagulation factors II, VII, IX and X. This agent cannot be recommended on the basis of current evidence [24].

Endotracheal Intubation
Elective intubation has not been proven to improve outcomes or prevent aspiration events or pneumonia in patients undergoing endoscopy in the intensive care unit. A retrospective cohort study compared patients with suspected variceal hemorrhage who underwent elective pre-endoscopy intubation and those who did not. All patients had active bleeding or stigmata suggestive of high risk of bleeding on endoscopy. Patients who underwent elective intubation had higher mortality and higher rates of aspiration pneumonia. However, patients with a known aspiration event prior to presentation, respiratory distress, intoxication, or hepatic encephalopathy greater than stage 1 were excluded. Patients who were alert at the time of endoscopy protected their own airways better [25].
In another retrospective study, pre-endoscopy intubation did not change the likelihood of witnessed aspiration during EGD, new radiographic infiltrates post-EGD, hospital length of stay, or mortality [26], although it may have prevented massive aspiration events. To this date, no prospective randomized trial has been performed to truly demonstrate the utility or lack thereof of pre-endoscopy elective intubation. Intubation prior to endoscopic therapy should not routinely be employed and should be carefully considered for each individual patient with hemodynamics, mental status and respiratory status in mind.

Acid Suppression
Proton pump inhibitor administration following esophageal variceal ligation has been demonstrated to speed the resolution of post-ligation ulcer healing [27], but their use has been challenged [28]. In a retrospective cohort study, prolonged infusion of proton pump inhibitors in addition to octreotide infusion was compared to short term infusion. No difference in transfusion requirements or mortality rate was observed [29]. However longer proton pump inhibitor infusions may have been selectively administered to patients who were more critically ill, biasing the results.
A randomized trial examined whether patients who had successful control of variceal bleeding with ligation have improved hemostasis with continued octreotide infusion versus proton pump inhibitor infusion alone. In this study, there was no significant difference in treatment failure, transfusion requirements or mortality in the two groups. These authors suggest that proton pump inhibitor therapy following successful variceal ligation may be substituted for vasoconstrictor therapy [30]. This observation awaits confirmation.

Balloon Tamponade
In treatment of massive variceal bleeding that fails to respond to medical therapy and endoscopic interventions, the armamentarium of the critical care provider includes mechanical tamponade with the Sengstaken-Blakemore tube (Fig. 62.4). Major complications such as esophageal perforation have limited the use of this device to dire situations [31], and randomized trials of this tube and similar devices are lacking. Experts recommend this therapy be utilized only as a bridge prior to definitive therapies such as TIPS, balloon-occluded retrograde transvenous obliteration (BRTO), or surgery [9].[image: A329322_1_En_62_Fig4_HTML.gif]
Fig. 62.4(a) A Sengstaken-Blakemore tube is shown. Prior to placement, balloon patency should be confirmed. The tube should be lubricated and then inserted approximately 50 cm into the esophagus and stomach. Insufflation of the gastric suction port should be performed with auscultation over the stomach to ensure proper placement. Then, 50 ccs of air is injected into the gastric balloon. (b) An abdominal x-ray is ordered to confirm the gastric balloon is positioned in the stomach. Further steps include traction application to assist with control of bleeding






Transjugular Intrahepatic Portosystemic Shunt
The efficacy of early TIPS placement following endoscopy for acute esophageal variceal bleeding was studied in a select group of cirrhotic patients in a multicenter randomized, controlled trial. Patients were included if they had Child-Pugh class B disease with active bleeding at endoscopy or had Child-Pugh class C disease. The intervention group received TIPS within 72 h of the initial hemorrhage, even if they attained initial hemostasis with medical therapy and endoscopic intervention. Patients who did not receive early TIPS were more likely to have failure to control acute bleeding and were more likely to experience clinically significant variceal re-bleeding in the year following enrollment. Early TIPS improved 6-week and 1-year survival [32]. Hence, TIPS placement in all patients at high risk of re-bleeding may be of benefit.

Balloon-Occluded Retrograde Transvenous Obliteration
Management of gastric varices generally entails the same management as esophageal varices [33], but these varices can be refractory to the usual approach. A relatively new technique to target gastric varices is balloon-occluded retrograde transvenous obliteration (BRTO), which makes use of a spontaneously formed portosystemic shunt, the gastrorenal shunt, to perform an intervention. This technique involves accessing either the femoral or internal jugular vein and threading a catheter through the left renal vein to a gastrorenal shunt, and then to the gastric varix where an endovascular sclerosant is injected (Fig. 62.5). There are many versions of this technique depending on patient anatomy [33]. Although not clearly defined, suggested indications for BRTO include actively bleeding gastric varices in patients who are poor candidates for TIPS (e.g., Model for End-Stage Liver Disease score >19, encephalopathy, portal vein thrombosis) [33]. An early retrospective study indicates that short-term success rates of TIPS and BRTO are similarly high, with 1-year re-bleeding rates of gastric varices nearly favoring BRTO (0 % vs. 15 %, p = 0.12) [34].[image: A329322_1_En_62_Fig5_HTML.gif]
Fig. 62.5A 66 year old man with cryptogenic cirrhosis with known esophageal and gastric varices presented with hematemesis. A CT angiography demonstrated prominent true gastric varices, and he was referred for a BRTO procedure. (a) Angiographic view of a large gastric varix. (b) Coils were placed in the phrenic venous circulation to exclude outflow. (c) Sclerosant has been injected into the gastric varix. The balloon occlusion catheter is inflated to prevent mobilization of the sclerosant into the venous circulation (*Images courtesy of Dr. Bill Majdalany from the University of Michigan)






Surgery
When endoscopic therapy fails to control variceal bleeding, the clinician must consider rescue therapies which include TIPS or emergency surgical therapy. The widespread use of TIPS and now BRTO procedures has decreased the use of emergency surgery [9, 11]. Two recent randomized controlled trials, together enrolling more than 350 patients, suggest the role of emergent surgery should not be overlooked. One study compared emergency shunt surgery to emergency sclerotherapy, while the other compared emergency shunt surgery to TIPS. Emergency surgery had significantly higher successful control of bleeding than either TIPS or sclerotherapy. While there was a trend toward higher 14-day mortality in the surgery group, there was significantly better long-term survival in this group. Significantly fewer patients in the surgery group developed recurrent hepatic encephalopathy, and surgery was less costly overall. In patients with life-threatening variceal hemorrhage, a surgeon should be consulted early in the course of care.
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Case Presentation
Mr. Johnson is a 52-year-old man with a history of diabetes mellitus type II and hyperlipidemia who presents to the emergency department with 6 h of severe epigastric pain, nausea, and vomiting. His pain radiates to the back, is worsened with eating, and he had emesis initially of undigested food, now of clear liquid. There is no additional past medical or surgical history. He is intermittently adherent to his prescribed medications, including atorvastatin, metformin, and glipizide. He has no significant family history. He works as a certified public accountant, has an 18 pack-year smoking history, drinks four alcoholic drinks most nights of the week, and uses no recreational drugs.
His temperature is 99.7 °F, blood pressure 152/91, pulse 124 beats per minute, respiratory rate 18 breaths per minute, and oxygen saturation 98 % on ambient air. He appears uncomfortable, diaphoretic, has dry mucus membranes, and his abdomen is diffusely tender to palpation, though most notably in the epigastrium and left upper quadrant. Initial laboratory examination is significant for the following: white blood cell count 10.9 cells per microliter (cells/μL), hemoglobin 16.4 g per deciliter, platelets 345 cells/μL, sodium 131 milliequivalents per liter (mEq/L), potassium 3.3 mEq/L, chloride 101 mEq/L, bicarbonate 25 mEq/L, blood urea nitrogen (BUN) 22 mg/dl (mg/dL), creatinine 1.7 mg/dL (his baseline creatinine of 0.9 mg/dL was last measured 2 months ago). Liver function tests are within normal limits, serum amylase is 347 units per liter (U/L), and serum lipase is 634 U/L.
Question
What is the diagnosis?

Answer
Current guidelines from the American College of Gastroenterology (ACG) suggest at least two of the following criteria be present to make a diagnosis of acute pancreatitis: (1) abdominal pain consistent with acute pancreatitis, (2) serum amylase and/or lipase at least three times the upper limit of normal, and/or (3) characteristic imaging findings (Fig. 63.1) [1, 2].[image: A329322_1_En_63_Fig1_HTML.jpg]
Fig. 63.1Axial contrast-enhanced CT showing a mildly enlarged pancreas (A), with normal contrast enhancement and peripancreatic fat stranding and fluid (B), consistent with acute interstitial edematous pancreatitis






These recommendations acknowledge that initial serum amylase is less sensitive for acute pancreatitis than serum lipase (especially in alcoholic and gallstone pancreatitis) and remains elevated for a shorter period of time than serum lipase, and is therefore not necessary to make the diagnosis [3, 4]. Sensitivity of lipase alone in diagnosing acute pancreatitis within the first day of onset has been estimated at 100 %, with specificity during this same time period around 84 % (lipase above the upper limit of normal) [4]. Lipase can be elevated in non-pancreatic pathology including kidney disease, appendicitis, cholecystitis, and other diseases of the gastrointestinal system, so diagnosis cannot be based on this laboratory value alone. Radiographic imaging is not necessary but can be helpful if the history and/or laboratory parameters do not confirm the diagnosis but suspicion for acute pancreatitis remains.

Principles of Management
Disease Burden, Diagnosis, and Assessment of Severity
Acute pancreatitis is the most common gastrointestinal diagnosis necessitating hospital admission, with US estimations in 2012 totaling 274,119 discharges, almost 1.5 million hospital days, and a total annual cost of $2.6 billion [5]. While estimations of risk of mortality due to acute pancreatitis are generally low (around 1 %) [5], significant morbidity can result from local complications including pancreatic pseudocyst and necrosis as well as systemic complications including sepsis, renal failure, and the acute respiratory distress syndrome. There are a number of different scoring systems to assess pancreatitis severity, and two commonly used systems are the Atlanta Criteria and more recently, the BISAP criteria [6]. The Atlanta Criteria have long been used to assess severity in acute pancreatitis, and most recently were updated in 2012 (Table 63.1) [2, 7]. While they are easy to use and can assist in triage and decisions regarding specialist consultation and/or referral, they do not predict outcomes. The BISAP criteria were more recently presented, and have the advantage of being simple to calculate, with only one subjective measure and are able to predict mortality (Table 63.2) [6].Table 63.1Pancreatitis severity, revised atlanta criteria


	Mild acute pancreatitis
	Moderately severe acute pancreatitis
	Severe acute pancreatitis

	No organ failure and no local complications
	Local complications and/or transient organ failure (less than 48 h)
	Persistent organ failure (greater than 48 h), may involve one or more organs


Data from Banks et al. [7]



Table 63.2BISAP criteria


	BISAP score
	In-hospital mortality (percent)

	0
	0.1

	1
	0.2

	2
	1.6

	3
	3.6

	4
	7.4

	5
	9.5


Data from Wu et al. [6]
BISAP score = add together one point for each of the following: BUN > 25 mg/dL; 2 or more systemic inflammatory response syndrome criteria (SIRS); age > 60 years; pleural effusion. Predicted mortality (right) is listed according to the to BISAP score (left).





Intravenous Fluids
There are no approved pharmacologic treatments for acute pancreatitis, and the only intervention that has strong data to suggest reduced morbidity and mortality is aggressive fluid resuscitation [8]. The optimal timing, dose, and monitoring strategy are still not agreed upon, and there is little prospective data to inform recommendations [9]. One of the few prospective studies to investigate volume resuscitation in acute pancreatitis was a four arm trial of forty patients that compared goal-directed fluid therapy with normal saline, goal-directed fluid therapy with Lactated Ringer’s (targeting BUN decrease or normalization), standard fluid therapy with normal saline, and standard fluid therapy with Lactated Ringer’s. Mean volume administered in both goal-directed and standard therapy groups was similar, and there was a significant decrease in the systemic inflammatory response syndrome and C-reactive protein at 24 h in the Lactated Ringer’s groups compared to the normal saline groups, but no difference in length of stay, infection, organ failure, or death [10]. Reviews and professional societies recommend variations in dosing, however a common practice is to provide 250–500 ml/h isotonic crystalloid solution for the first 12–24 h in the absence of limiting cardiac and renal comorbidities [1].

Antibiotics
Routine antibiotics in acute pancreatitis are not recommended [1]. A recent meta-analysis of six clinical trials of patients with necrotizing pancreatitis found that prophylactic antibiotic use was not associated with reduced risk of infected necrosis or mortality, but did find a statistically significant reduction in hospital stay [11]. ACG recommends empiric antibiotics only in extrapancreatic infection (including cholangitis and bacteremia), no antibiotics for sterile necrosis, and consideration of antibiotics in patients with necrosis who fail to improve after 7–10 days of supportive management, with consideration of CT-guided fine-needle aspiration to guide therapy, using antibiotics only if there is a positive Gram stain or culture [1].

Pain Control
Analgesia in acute pancreatitis is typically achieved with intravenous opioids. Data surrounding optimal drug, route, dose, and monitoring has not been established. A recent Cochrane review on the topic concluded the existing evidence does not support any one practice for pain control over another and additional evidence should be pursued [12].

Etiology
The most common etiologies of acute pancreatitis are alcoholic and gallstone, while hypertriglyceridemia, post-endoscopic retrograde cholangiopancreatography, acute human immunodeficiency virus infection, and medications (commonly furosemide, vinca alkaloids, azothiaprine, and didanosine) are also frequent causes [13]. In the United States, recent estimations suggest that the etiology of acute pancreatitis is most commonly idiopathic (36 %), followed by gallstones (28 %), and alcoholic (19 %) [14]. In addition to taking a thorough history focusing on previous episodes of acute pancreatitis, alcohol use, history of gallstone disease, and medications, ACG recommends performing a transabdominal ultrasound in all patients with acute pancreatitis to assess for gallstone disease [1]. The Dutch Pancreatitis Study Group notes that abdominal ultrasound is widely available, noninvasive, and inexpensive, although it is not sensitive for common bile duct stones [15, 16]. In patients without another clear explanation for their pancreatitis and in whom abdominal ultrasound was negative for cholelithiasis, contrast enhanced computed tomography and/or magnetic resonance cholangiopancreatography should be considered, with the latter demonstrating higher sensitivity for smaller stones than the former (40 % vs. 80 %, respectively) [16]. Imaging should only be pursued if there is no clear etiology of the acute pancreatitis or the patient fails to improve clinically within 48–72 h of presentation [11]. In the absence of suggestive alcohol use or obstructing gallstone on imaging, serum triglycerides should be checked with >1000 mg/dL consistent with triglyceride-induced pancreatitis [1]. Risks and benefits of ERCP should be discussed in light of clinical suspicion of a radiographically occult obstructive stone or other foreign body in the biliary tree [1] Fig. 63.2, Table 63.3.[image: A329322_1_En_63_Fig2_HTML.jpg]
Fig. 63.2Transabdominal ultrasound showing an echogenic structure in the common bile duct with acoustic shadowing and no internal flow causing dilatation of the common bile duct, consistent with choledocholithiasis




Table 63.3ACG recommendations for ERCP in acute pancreatitis


	1. Patients with acute pancreatitis and concurrent acute cholangitis should undergo ERCP within 24 h of admission (strong recommendation, moderate quality of evidence)

	2. ERCP is not needed early in most patients with gallstone pancreatitis who lack laboratory or clinical evidence of ongoing biliary obstruction (strong recommendation, moderate quality of evidence)

	3. In the absence of cholangitis and/or jaundice, MRCP or endoscopic ultrasound rather than diagnostic ERCP should be used to screen for choledocholithiasis if highly suspected (conditional recommendation, moderate quality of evidence)

	4. Pancreatic duct stents and/or postprocedure rectal non-steroidal anti-inflammatory drug suppositories should be utilized to lower the risk of severe post-ERCP pancreatitis in high-risk patients (conditional recommendation, moderate quality of evidence)


From Tenner et al. [1]. Reprinted with permission from Nature Publishing Group






Evidence Contour
Early Nutritional Support
While the management of acute pancreatitis has remained mostly unchanged for many years, currently the most hotly debated aspect of treatment is the timing and method of nutritional support. Traditionally, it was thought that enteral feeding stimulates the pancreas to secrete proteolytic enzymes, which in turn stimulate further local inflammation. Current understanding, however, supports the thought that withholding enteral feeding causes hypomotility in the gastrointestinal tract, changing intraintestinal microflora and resulting in bacterial overgrowth and translocation, leading to both local and systemic complications such as abscess, necrosis, and sepsis [17]. Furthermore, data suggests that a substantial number of patients experience a decline in their nutritional status during their hospital stay and that these patients experience a significant increase in number of complications during their stay [18]. Based on this information, ACG suggests oral feedings be started immediately once nausea, vomiting, and abdominal pain have resolved [1]. Recent studies have focused on determining the appropriate method and timing of feeding in acute pancreatitis when symptoms have not yet resolved. A number of randomized controlled trials have looked at the safety and appropriateness of enteral versus parental nutrition in acute pancreatitis. A meta-analysis of six studies found a significantly lower risk of infectious complications when enteral nutrition was used over parental nutrition [19]. There was also a trend towards significance in favor of enteral nutrition when looking at complications aside from infection (including the acute respiratory distress syndrome, multi-organ failure, acute pseudocyst, and pancreatic fistula), need for surgical intervention, and mortality [19]. Regarding timing of feeding, a recent meta-analysis combined data of 11 studies (prospective and retrospective) of nasojejunal and nasogastric feeding and demonstrated that early enteral nutrition (within 48 h of admission) compared to late feeding (enteral or parenteral) demonstrated a significantly decreased risk of infectious complications, decreased length of hospital stay, and risk of mortality [20]. Regarding nasogastric compared to nasojejunal feedings, some providers are concerned about stimulating gastric acid secretion and worsening local pancreatic inflammation with gastric feeding while others are concerned about delaying feedings due to the higher complexity of placing a nasojejunal tube compared to a nasogastric tube [17]. While additional studies need to be completed to further clarify which method is preferred, current evidence based on a meta-analysis of three studies totaling just over 150 patients suggests that there is a trend towards reduced mortality with nasogastric feeding compared to nasojejunal feeding with minimal difference in risk of exacerbation of pain between the two methods [21].
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Case Presentation
A 27 year old Caucasian woman with a history of intravenous drug use, narcotic abuse, and depression presented to the emergency department after being found down by her family. The patient had been unable to obtain her psychiatric medications of mirtazapine, escitalopram, and lorazepam and was reporting increasing symptoms of depression and anxiety in the past few weeks. There was a history of Percocet abuse in the past 6 months, and she had recently been diagnosed as a carrier of Huntington’s disease.
At presentation, she was hypothermic (33.7 °C) and hypotensive (70/40), which improved to 90/56 with fluid resuscitation. Initial ABG revealed pH 7.0, pCO2 of 17 and pO2 of 153 on 4 l of supplemental oxygen with a lactate level of 19 mmol/l (nl <2.0). She was unresponsive and moaning with dilated but reactive pupils and normal reflexes throughout. Initial serum AST was 9349 IU/l, ALT 6550 IU/l, total bilirubin 3.0 mg/dl, INR 5.9 and serum creatinine 1.63 mg/dl. The initial white blood cell count was 36.9 k/ml, hemoglobin 15.9 mg/dl, and platelets were 204,000/ml. Her initial serum acetaminophen (APAP) level was 35 ug/mL and urine drug screen was positive for opioids, benzodiazepines, and oxycodone. She was intubated for airway protection and transferred to the ICU for further management.
The patient was started on IV NAC (Acetadote©, Cumberland Pharmaceuticals, Nashville, TN) for presumed narcotic-APAP overdose in the setting of poorly controlled depression with high serum aminotransferase levels and lactic acidosis at presentation. Initial head CT (Fig. 64.1) and chest x-ray were unremarkable and propofol sedation was used while maintaining the head of the bed >30°. Sedation was periodically weaned for neurologic exams, and she was able to follow simple commands, open her eyes, and localize pain. After several liters of volume expansion, she was transiently placed on norepinephrine for hypotension, which was subsequently weaned off over the following 24 h.[image: A329322_1_En_64_Fig1_HTML.gif]
Fig. 64.1Non-contrast head CT at initial presentation. There was no evidence of cerebral edema despite markedly impaired mental status





Broad-spectrum antibiotics consisting of vancomycin and cefepime were started given her leukocytosis and concern for possible aspiration pneumonia. Sputum culture grew pan-sensitive Streptococcus pneumonia and her antibiotic regimen was narrowed to cefepime at ICU day #2. Her initial Factor V level was undetectable (i.e. <5 %), but lactate level improved to 5.1 mmol/l. After initial improvement with aggressive fluid resuscitation, her creatinine rose to 1.86 mg/dl by 48 h. IV vitamin K was given with initial improvement in her INR to 1.2, but this began to rise again to 2.5 by ICU day #2. Approximately 48 h into her hospitalization, her neurologic exam worsened, and she was unable to follow commands. A repeat non-contrast head CT showed evidence of cerebral edema (Fig. 64.2).[image: A329322_1_En_64_Fig2_HTML.gif]
Fig. 64.2Non-contrast head CT at hospital day 2. The scan demonstrates evidence of diffuse cerebral edema with loss of the grey-white juncture and reduced sulcal folds throughout





Question
What intervention is now recommended?

Answer
Intracranial pressure monitoring for cerebral edema.

After infusion of 3 units of FFP and 5000 Units of recombinant FVIIa, a codman ICP monitor (DePuy Synthes, Raynham, MA) was placed by neurosurgery, which showed an initial ICP of 35 mmHg. Resumption of the propofol infusion improved the ICP to 6–15 (goal <20). In addition, target levels of serum sodium (>150 mg/dl), osmolality (>120 mOsm/l), and a pCO2 (25–30 mmHg) were met without additional treatment. Due to the history of recurrent illicit drug abuse and severe psychiatric disease, she was not felt to be a liver transplant candidate.
On hospital day 3, her ICP monitor registered an acute increase from <20 to 45 mmHg. Intravenous mannitol 60 g and hypertonic saline were initiated, despite serum sodium level of 151 and osmolarity of 336, respectively. Sedation was also increased with propofol. She then developed seizure-like activity with rhythmic twitching of her jaw and a pentobarbitol bolus with subsequent continuous infusion was given. Approximately 5 h later, her ICP dropped precipitously to 4 mmHg with a neurologic exam showing fixed, dilated pupils bilaterally. A repeat head CT showed worsening cerebral edema with blurring of the grey- white interface and early left uncal herniation. An EEG showed no seizure activity.
Due to the concern of possible brain herniation, her sedation was held. After 6 h of completely absent corneal, gag/cough reflex and with persistently fixed and dilated pupils, neurology assessed the patient as having a grim prognosis with high risk of brain death. A Technetium sulfur-colloid scan was proposed to confirm the absence of intracranial blood flow but due to her persistently poor hepatic function with an ALT of 2978 IU/l, INR 4.4 and concomitant multi-organ failure, her family elected to withdraw care and she passed away after extubation.
Acute liver failure (ALF) is defined as the sudden onset of severe liver injury resulting in coagulopathy (i.e. INR >1.5) and encephalopathy, in a patient with no prior history of liver disease. Most studies define ALF as injury onset in the past 26 weeks, but the majority of patients present with non-specific symptoms of malaise, lethargy, and nausea/vomiting for <8 weeks [1, 2]. APAP overdose is the most common cause of ALF in western countries accounting for nearly 50 % of consecutive adult cases (Fig. 64.3). Although the majority of the 60,000 annual APAP overdoses in the US are intentional and recover with supportive care, non-intentional APAP overdoses account for nearly 50 % of the >500 patients who progress to ALF each year [3]. Most non-intentional APAP overdose cases result from the ingestion of excessive quantities of over-the-counter products that contain APAP and/or prescription narcotic-APAP analgesic congeners taken over several days for various ailments. The frequency of alcohol abuse and psychiatric co-morbidity is similar in the intentional versus non-intentional APAP patients [3]. Although non-intentional overdose patients have more advanced encephalopathy at presentation, they have a similar rate of 3-week spontaneous survival as the intentional overdose patients (70 %).[image: A329322_1_En_64_Fig3_HTML.jpg]
Fig. 64.3Etiology of ALF in adults enrolled in the ALFSG from 1998 to 2014 (Figure courtesy of William M. Lee, MD and the Acute Liver Failure Study Group)






Principles of Management
Etiology of ALF
Due to the inability to reliably obtain a medication and medical history, all adults with ALF should have a serum APAP level checked. In addition, any suspicion of APAP-induced liver injury should lead to immediate treatment with n-acetylcysteine (NAC) (Table 64.1 Treatment of APAP-induced ALF) [4]. The Rumack-Matthew nomogram is helpful in determining the likelihood of APAP hepatotoxicity developing in patients with a single time point APAP overdose and should also be repeated 4 h after initial presentation. However, the nomogram should not be used to guide NAC treatment decisions in patients who inadvertently ingest excessive quantities of APAP over several days and have low or undetectable serum APAP levels at presentation. Patients with APAP overdose may initially have normal serum aminotransferase levels or only evidence of an isolated INR elevation or metabolic acidosis. However, the majority of patients with hepatotoxicity develop a serum ALT >1000 within 24 h of hospitalization and most of them have normal or only minimally elevated total bilirubin levels. The possibility of acute viral hepatitis (hepatitis A, B, C, and cytomegalovirus (CMV), Epstein-Barr virus (EBV), and herpes simplex virus (HSV)) should be excluded early on as well as potential hepatic ischemia due to underlying cardiopulmonary disease or volume depletion. A thorough diagnostic workup is recommended to identify treatable causes of ALF such as autoimmune hepatitis, Wilson’s disease, or acute HBV infection (Table 64.2).Table 64.1Recommended treatment of acetaminophen overdose


	
                            Oral treatments
                          

	Within 4 h of APAP ingestion
 Ipecac syrup, 15 ml once; repeat in 20 min if needed to induce emesis
 Nasogastric lavage of pill fragments
 Activated charcoal, 1 g/kg body weight (max dose 50 g)
 Should be given before oral NAC

	Within 24 h of APAP ingestion and ability to tolerate oral intake
 Oral NAC to replete glutathione stores
 Oral NAC dosing: 140 mg/kg load followed by 70 mg/kg every 4 h for 17 doses or until INR <1.5a

 Give ondansetron/prochlorperazine or mix with carbonated beverage to improve GI tolerability

	
                            Intravenous N-acetylcysteine infusion
                          

	
Indications: Subjects with severe nausea/vomiting unable to tolerate oral NAC, short-gut, known ileus, and pregnant women
 Dose 1. Loading Dose: 150 mg/kg NAC in 200 ml D5W over 1 h
 Dose 2. 50 mg/kg NAC in 500 ml D5W over 4 h
 Dose 3. 125 mg/kg NAC in 1000 ml D5W over 19 h
 Dose 4. 150 mg/kg NAC in 1000 ml D5W over 24 h
 Dose 5. 150 mg/kg NAC in 1000 ml D5W over 24 h

	
                            Cautions
                          
 1. Contraindications: sulfa allergy

 2. If Acetadote (Cumberland Pharmaceuticals, Nashville, TN) is unavailable, standard oral NAC can be mixed for IV administration using a leukopore filter. (Consultation with local ICU pharmacy)
 3. Telemetry monitoring recommended for arrhthymias and adverse effects
 4. Potentially severe anaphylactoid and hypersensitivity reactions reported in up to 3 % of treated patients
  Bronchospasm, nausea, rash, and pruritis have been reported
  If reaction occurs, hold infusion, administer IV fluids, IV diphenydramine, and corticosteroids as needed
  Consider restarting infusion at 50 % rate if reaction abates and not severe


Adapted from Bari and Fontana [3]

aConsider antiemetics or switch to IV NAC for refractory nausea and vomiting



Table 64.2Recommended diagnostic evaluation for adults with ALF


	Etiology
	Diagnostic testing
	Treatment

	Acetaminophen
	Acetaminophen level
Urine tox screen
	N-acetylcysteine

	Acute viral hepatitis
	anti-HAV IgM, HBsAg, anti-HBc IgM, anti-HCV, HCV RNA, HSV-DNA (PCR)a, CMV-DNA (PCR)a, EBV-DNA (PCR) or serologiesb

	Entecavir for HBV
Acyclovir for HSV

	Wilson’s disease
	Ceruloplasmin, 24-h urine copper, slit-lamp examc

	Chelation therapy

	Autoimmune hepatitis
	Anti-nuclear antibody (ANA), anti-smooth muscle antibody (ASMA), Immunoglobulin levels, liver biopsy
	Corticosteroids

	Ischemia
	Transthoracic echocardiograma

	Fluids/pressors

	Budd-Chiari
	Liver ultrasound with Doppler
	Anticoagulation

	Pregnancy-related
 Toxemia
 HELLP
 Acute fatty liver of pregnancy
	Serum pregnancy testing
	Urgent delivery

	Idiosyncratic DILI
	Medical history and drug exposure
	Drug cessation
Consider N-acetylcysteine



aIf clinically indicated based on clinical suspicion

bEBV viral capsid antigen (VCA) IgG and IgM, EBV early antigen (EA) IgG, EBV nuclear antigen (NA) IgG

cIf high-level of clinical suspicion (age <40, other etiologic workup negative) (Adapted from Lee et al. [5])




The etiology of ALF is closely linked with the likelihood of hepatic recovery and spontaneous survival. For example, subjects with APAP overdose, hepatitis A, hepatic ischemia, and pregnancy related ALF generally have a favorable prognosis for spontaneous recovery (50–70 %) while subjects with idiosyncratic drug-induced liver injury (DILI), autoimmune hepatitis, and indeterminate ALF only have a 20–50 % likelihood of spontaneous recovery [1,5]. The modified King’s College Criteria (Table 64.3) are frequently used to help guide treatment and management decisions in both APAP and non-APAP related ALF patients [7].Table 64.3King’s college criteria for adverse outcomes in ALF


	Acetaminophen overdose
	Non-acetaminophen ALF

	 Arterial lactate >3.5 mmol/l 4 h after resuscitation
OR
 pH <7.30 or arterial lactate >3.0 mmol/l 12 h after resuscitation
OR
 INR >6.5 (PT >100 s)
 Serum creatinine >3.4 mg/dL
 Stage 3 or 4 encephalopathy
	 INR >6.5 (PT >100 s)
OR any three of the following
 INR >3.5 (PT > 50 s)
 Age <10 or >40 years
 Serum bilirubin >17.5 mg/dL
 Duration of jaundice >7 days
 Etiology: drug reaction



aPrognostic models should not be the sole criteria to determine appropriateness for liver transplant [6]





Correction of Coagulopathy
ALF is frequently associated with thrombocytopenia as well as marked derangements in various clotting factor levels leading to an elevated INR, low Factor V levels (<50 %), and evidence of disseminated intravascular coagulation. Serial measurement of INR and Factor V levels can provide important prognostic information at the bedside regarding the recovery of hepatic function. However, clinically significant spontaneous bleeding is observed in <10 % of patients presumably due to reduced synthesis of clotting inhibitors as well [8]. Therefore, blood products, such as fresh frozen plasma (FFP), platelets, and cryoprecipitate should not routinely be given, unless invasive procedures are planned or there is active bleeding. However, parenteral vitamin K (10 mg SQ or IV for 3 days) is recommended for all ALF patients.

Hemodynamic Support
ALF patients frequently require fluid challenges as well as vasopressor support during their ICU course to support adequate tissue perfusion. Resuscitation with normal saline is an appropriate first-line response to hypotension in ALF patients, but the potential for exacerbation of cerebral and pulmonary edema particularly in patients with AKI must be considered. While IV albumin is useful in the management of cirrhotics with spontaneous bacterial peritonitis, large-volume paracentesis, and hepatorenal syndrome, there is little evidence to guide its use in ALF patients. In volume-refractory hypotension, norepinephrine or dopamine should be used to maintain an adequate MAP (i.e.≥60 mmHg), though there is little data to recommend a specific agent [5]. Norepinephrine can provide blood pressure support while minimizing tachycardia and preserving hepatic blood flow [5]. Vasopressin can also be used, though caution is needed in patients with an elevated ICP [9]. In patients with hypotension that is refractory to fluids and vasopressor support, hydrocortisone treatment for adrenal insufficiency may be of value. Studies have shown that patients with ALF can have adrenal insufficiency, with both low baseline cortisol levels as well as failure to respond appropriately to cosyntropin stimulation testing [10]. Patients who fail to respond to stimulation testing have a greater likelihood of hemodynamic instability requiring vasopressor support [10]. However, corticosteroids are not routinely recommended for ALF patients due to the lack of improved outcomes and potential for increased infections [5,11].

Renal Insufficiency
Approximately 70 % of ALF patients (and APAP patients in particular) develop AKI and 30 % require renal replacement therapy during their hospital course which is associated with a lower rate of spontaneous survival [12]. Most ALF patients with AKI have either a pre-renal or acute tubular necrosis (ATN) component, but some may develop hepatorenal physiology as well. Preservation of renal perfusion, early recognition and treatment of infection, and avoidance of nephrotoxic agents (e.g. iodinated contrast media, NSAID’s, aminoglycosides) is recommended to preserve renal function. Oliguric patients with progressive azotemia or fluid overload should have central venous pressure monitoring and be initiated on renal replacement therapy. Continuous venovenous hemofiltration (CVVH) is preferred over hemodialysis due to the less frequent hemodynamic instability and improved outcomes in ALF patients [5,13].

Infection
ALF patients are functionally immunocompromised and at high risk for both bacterial (>80 %) and fungal infections (>20 %) during their hospital course, most often from catheters and intravenous lines. Since severe infections may preclude liver transplantation, daily urine, sputum, and blood cultures as well as chest x-rays and paracentesis of ascitic fluid are recommended. Broad-spectrum antibiotics covering Gram positive cocci and Gram negative rods should be started for any suspected infection, unexplained leukocytosis or worsening of mental status, and/or fever. However, prophylactic antibiotics and enteral decontamination in the absence of a clinical suspicion for infection have not been shown to improve outcomes [5]. Fungal infections are notoriously difficult to identify and may present with unexplained hypotension, worsening encephalopathy or multi-organ failure at 3–5 days after initial presentation in 10–20 % of ALF patients and are associated with a poorer prognosis [2,14].

Neurologic Complications
Neurologic manifestations in ALF are complex and require the intensivist to pay careful attention to metabolic derangements, infections, and medications as well as the potential for cerebral edema to develop. The development of encephalopathy in ALF patients can be subtle early on with rapid progression to full coma. Management differs depending upon the stage of encephalopathy (Table 64.4 Stages of Encephalopathy), but timely recognition of worsening mental status should prompt consideration of cerebral edema versus medication effects, infection, or other metabolic causes. The pathogenesis of cerebral edema in ALF is poorly understood but is hypothesized to be the result of rapid increases in the circulating levels of ammonia and proinflammatory cytokines which can lead to increased conversion of glutamate to glutamine by astrocytes that results in cellular swelling. In addition, loss of the autoregulation of intracranial bloodflow is frequently observed in more advanced encephalopathy leading to increased cerebral bloodflow. Cerebral edema is perhaps the most serious complication of ALF and remains a leading cause of death through uncal herniation.Table 64.4Stages of hepatic encephalopathy and likelihood of recovery


	Stagea

	Spontaneous survival (%)
	Mental status evaluation

	I
	70
	Mild changes in mood; personality, slurred speech; sleep disorder; shortened attention span

	II
	60
	Inappropriate behavior; agitation or lethargy, minimal disorientation to place and time

	III
	40
	Somnolent but arousable to verbal command; marked confusion, incoherent speech; gross disorientation

	IV
	20
	Unarousable to painful stimuli (comatose); decorticate or decerebrate posturing



aAdapted from Lee et al. [5]




Grade 1 encephalopathy in ALF patients can be managed expectantly with avoidance of neuroactive drugs, maintaining a quiet environment, and addressing any metabolic abnormalities including an elevated temperature and hypoglycemia. Although lactulose is routinely used in hospitalized cirrhotic patients with encephalopathy, lactulose has not been shown to improve outcomes and can lead to bowel ischemia in some ALF patients. Patients are often intubated and sedated prior to completion of a full neurologic exam so attempts to hold sedation and perform serial exams are warranted. As patients evolve into Grade 2/3 encephalopathy, a non-contrast head CT can help exclude other causes of neurologic decline such as intracranial bleeding which is seen in <5 % of ALF patients. However, a head CT is insensitive for detecting intracranial hypertension in ALF patients as are physical exam findings such as papilledema, clonus, and loss of pupillary reflexes. Nonetheless, serial neurological exams are vital for tracking a patient’s clinical course over time.
Direct intracranial pressure (ICP) monitoring should be considered when encephalopathy progresses to grade III/IV to help guide management of systemic hemodynamics, fluid status, and optimize cerebral bloodflow [5]. Prior studies have shown that monitored patients receive more interventions (including renal replacement therapy, vasopressors, and blood product administration) and are more likely to be transplanted, but do not have improved mortality overall [15]. The goal of ICP monitoring is to detect and effectively manage potentially life-threatening intracranial hypertension. The precise ICP and cerebral perfusion pressure (CPP = MAP − ICP) targets are not known in ALF but extrapolating from the traumatic brain injury literature, an ICP goal of 20–25 mmHg and a CPP goal of 50–60 mmHg may be reasonable. To reduce the risk of bleeding complications with ICP monitor placement, FFP and platelet infusions are frequently administered in combination with recombinant FVIIa (Table 64.5). Currently, intraparenchymal ICP monitors are most commonly used while external ventricular drains are rarely placed due to bleeding concerns although they do allow direct drainage of CSF to improve ICP.Table 64.5Recombinant factor VIIa infusion protocol


	
                            Indication
                            a
                          
 Reduction in risk of peri-operative bleeding in ALF patients with persistent hypoprothrombinemia despite FFP infusion
 Urgent ICP monitor placement or other invasive surgery/procedure

	
                            Mechanism of action
                          
 Tissue factor release leads to localized clot formation
 rFVIIA enhances clot formation at sites of tissue factor release for 2–8 h with a half-life of 2–4 h

	
                            Contraindications
                          
 Budd-Chiari
 Known or suspected malignancy
 History of DVT/PE or current pregnancy
 Hypersensitivity to vitamin K or mouse/bovine/hamster proteins

	
                            Administration
                          
 Pre-op FFP (2 to 4 units) with persistent INR >1.5
 Pre-op cryoprecipitate if fibrinogen <100 mg/dL
 Pre-op platelets to achieve >50 k/ml
 Dose
b: 80 μg/kg IV bolus over 2–5 min immediately prior to ICP placement (provides up to 4 h window to place ICP monitor)
 Do not wait to confirm INR correction due to short half-life

	
                            Lab studies
                          
 Pre-infusion: CBC, INR, aPTT, Factor V, fibrinogen, D-dimer
 1 h (60 min) post-infusion: CBC, INR, aPTT, Factor V
 4 h (240 min) post - infusion: CBC, INR, aPTT, Factor V
 8 h (480 min) post-infusion: CBC, INR, aPTT, Factor V



aNot approved by FDA

bVial sizes are 1200, 2400, and 4800 ug (round up or down to nearest vial size due to cost)




Simple measures to reduce the incidence of intracranial hypertension in ALF patients include keeping the head of the bed >30° from horizontal and minimizing suctioning, coughing, and straining, as well as controlling pain. In addition, hyperventilation of a patient to a PCO2 of 28–30 mmHg can enhance intracranial vascular tone which is frequently reduced in ALF patients.
First-line therapy for an episode of ICP elevation that persists for more than 5–10 min despite hyperventilation is typically IV mannitol. Mannitol may be administered as an initial bolus of 0.5–1.0 g/kg over 5 min, followed by additional doses every 2–6 h as need to maintain ICP within goal parameters (20–25 mmHg). Serum osmolarity is typically monitored every 2–6 h and mannitol held if serum osmolarity >320 mOsm/l, to minimize the risk of dehydration and acute renal failure. However, caution should be used when giving mannitol in the setting of AKI due to potential worsening of pulmonary edema and volume overload.
Second-line therapy for cerebral edema in ALF patients is infusion of hypertonic saline (3 %), with a target serum sodium level of 145–155 meq/l. Advantages of hypertonic saline include less frequent hypovolemia compared to mannitol with potentially less rebound cerebral edema. A meta-analysis in traumatic brain injury suggests greater efficacy with hypertonic saline compared to mannitol. Hypertonic saline can be administered as bolus dosing, typically with 23.4 % NaCl, in the setting of an acute decline or a maintenance infusion of varying concentrations to achieve a serum sodium concentration of 145 to 155 meq/l. Potential concerns with hypertonic saline include hyperchloremic non-anion gap metabolic acidosis especially with renal failure and circulatory volume overload. The use of hypertonic saline has been demonstrated as an effective prophylactic measure in patients at high risk of cerebral edema (ammonia >150 mM, AKI, grade III/IV encephalopathy, and vasopressor requirement) [5]. Both prophylactic and therapeutic hypertonic saline are increasingly used in patients with a traumatic brain injury who frequently have cerebral edema [16].
If hyperventilation and osmotic agents fail to improve an elevated ICP, pentobarbitol can be administered as a 100–150 mg bolus over 15 min followed by a continuous infusion of 1–3 mg/kg/h. However, barbiturate infusions are typically associated with significant side effects including hypotension, ileus, and pneumonia. Vasopressors may be needed to maintain an adequate CPP. In addition, the serum half-life of barbituates is long and the clinical neurological exam, including that for brain death, is typically obscured for several days. Monitoring serum pentobarbital levels every 12–24 h to maintain a therapeutic (but non-toxic) level of 20–35 mg/l is recommended in ALF patients due to their reduced clearance of this hepatically metabolized drug.
Any identified seizure activity in ALF patients should be swiftly treated as seizures can lead to worsening cerebral edema. Subclinical seizures can be confirmed with continuous EEG monitoring. If seizure activity is present, a loading dose of phenytoin (20 mg/kg with dose adjusted in the setting of renal failure) should be administered followed by maintenance dosing based on blood levels. In ALF patients with refractory seizures, infusions of midazolam, propofol or pentobarbital may be necessary for seizure control. Because ALF patients are prone to hypoglycemia, blood sugar levels should be monitored every 2 h with administration of D10 and D50 drips as needed.


Evidence Contour
Recombinant Factor VIIa to Correct Coagulopathy
Recombinant Factor VIIa (rFVIIa) was approved in the United States in 1999 as an antihemophilic agent and has been used in ALF patients, largely for correction of coagulopathy prior to invasive procedures. Several small case series have shown improved coagulation parameters with decreased PT/INR and improved ability to place ICP monitors, all while decreasing the requirement for FFP in the immediate peri-procedural setting [17–19]. A dose of 80 ug/kg given as an IV bolus over 3–5 min provides up to 4 h of coagulation correction for placement of the ICP monitor, when given with cryoprecipitate, fresh frozen plasma, and platelets as needed. Frequent lab monitoring peri-procedure is indicated, but waiting for a repeat INR after infusion of rFVIIa is not recommended. Both bleeding and thrombotic complications are rare in published case series [18,19].

Serial NH3 Levels in ALF Patients
Ammonia plays a key role in the development of encephalopathy in ALF patients, with rapid rises in arterial ammonia concentrations implicated in cerebral edema. Although an ammonia threshold level has not been identified, higher ammonia levels in general have been associated with more severe encephalopathy, increased intracranial hypertension and cerebral herniation, as well as increased mortality [20–22]. Though the use of lactulose is not recommended due to a concern for intestinal distension and ischemia, research is ongoing into the use of other ammonia-lowering agents to improve outcomes. At present, serial monitoring of arterial ammonia concentrations can provide additional prognostic information, particularly as a patient’s mental status worsens.

Targeted Temperature Management
Moderate hypothermia (core temperature of 33–34 °C) in ALF is thought to improve cerebral edema by reducing cerebral bloodflow and oxygen utilization as well as decreasing conversion of glutamate to glutamine. Therapeutic hypothermia using cooling blankets has been used in ALF patients but has not been shown to improve survival [23,24]. Experience with arctic suits and intravascular cooling devices is limited in ALF patients, and most experts recommend use of a cooling blanket in these vasodilated patients. Known risks of hypothermia include bradyarrhythmias, coagulopathy, and infections which may be particularly problematic in patients requiring emergency liver transplantation. Furthermore, the optimal means to warm cooled ALF patients are not established.

Bioartificial Hepatic Support Systems
Extracorporeal hepatic support systems have been studied in both ALF and acute-on-chronic liver failure. Several types of bioartificial support have been introduced including albumin dialysis, plasma separation and adsorption, and therapeutic plasma exchange. The Molecular Adsorbent Recirculating System (MARS) (Gambro, Lund, Sweden) is an albumin dialysis circuit that facilitates the clearance of albumin-bound toxins including ammonia. A recent prospective randomized controlled trial of MARS therapy failed to show a 6-month survival benefit in ALF patients, but the study was hampered by a higher rate of early transplantation in patients receiving MARS therapy [25]. As such, bioartificial support systems are not recommended but may be considered under extenuating circumstances.

Criteria for Liver Transplantation
Determining if and when a liver transplant is needed remains one of the most important decisions in the care of an ALF patient. Decisions regarding transplantation should be made by an experienced multidisciplinary transplant team on a case by case basis. Therefore, the transplant team should be consulted early in the patient’s hospital course as evaluation for liver transplant requires an extensive biopsychosocial evaluation which must be undertaken rapidly. After determining the etiology of ALF (see Table 64.2), use of standard prognostication tools (see Table 64.3) can aid in determining which patients are likely to recover without a transplant and which are not. Factors that favor transplantation include persistent liver failure with ongoing poor prognostic factors (according to criteria in Table 64.3), the absence of comorbid conditions such as cardiopulmonary disease, malignancy, and a favorable psychosocial profile with anticipated compliance to post-op immunosuppression [26]. Patients who are poor candidates for transplant include patients who have clear evidence of cerebral herniation or brainstem dysfunction (such as fixed, dilated pupils in the absence of any sedation), those with invasive fungal infections, and subjects with evidence of progressive multiorgan failure and refractory hypotension [26]. Of note, the decision to transplant or not is a dynamic decision which can rapidly change based upon the clinical condition of the patient. Therefore, early referral and transfer to a liver transplant center should be undertaken in ALF patients admitted at a non-transplant center.
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Case Presentation
A 76 year old man with history of hypertension, chronic kidney disease, osteoarthritis, and alcohol abuse presented to the emergency department with a 1 day history of bleeding per rectum. In the early morning prior to admission, he reported intermittent painless bright red rectal bleeding. By the afternoon, he had experienced several large bowel movements consisting primarily of bright red blood and a few clots. He subsequently began feeling weak and lightheaded with ambulation. He denied any abdominal pain, nausea, or emesis. On initial assessment, he was afebrile, tachycardic with heart rate of 109 beats/min, and borderline hypotensive with blood pressure of 93/59 mmHg. Focused examination revealed a benign abdomen and fresh bright blood on digital rectal examination. Repeat vital signs while standing was notable for heart rate of 121 beats per minute and blood pressure 81/57 mmHg. Laboratory assessment was notable for hemoglobin 8.1 g/dL, stable mild renal dysfunction, and no coagulopathy.
Question
While aggressive resuscitation is initiated, what should be the first diagnostic consideration?

Answer
Accurate discrimination between upper and lower gastrointestinal source of hemorrhage.

Patients presenting with acute lower gastrointestinal bleeding (i.e., hemodynamically significant hematochezia) should undergo immediate focused history and physical, urgent laboratory evaluation, and initiation of aggressive volume resuscitation with fluids and blood product transfusions (if needed) without delay. The clinician needs to accurately discriminate between upper and lower gastrointestinal source of bleeding, as prognostic, diagnostic, and urgent management considerations may differ greatly. After placement of two large-bore peripheral intravenous catheters, he was aggressively resuscitated with crystalloid fluids in the emergency department. Due to evidence of ongoing bleeding and downtrending hemoglobin levels, the patient was transfused two units of packed red blood cells (PRBCs). A nasogastric tube (NGT) was placed and gastric lavage revealed bilious return without evidence of blood. Urgent gastroenterology consultation was requested and purge bowel preparation was initiated via NGT. He was then transferred to the intensive care unit (ICU). Once hemodynamically stabilized and bowel preparation was deemed acceptable, urgent colonoscopy was performed but a bleeding source could not be identified due to overt hemorrhage that significantly limited endoscopic visualization. Emergency interventional radiology consultation was requested. In light of his increased risk for further decompensation, members of the ICU team accompanied him to the radiology suite. He successfully underwent mesenteric angiography by interventional radiology that successfully identified an active bleeding source in the proximal portion of the descending colon. Superselective coil embolization of the arterial supply to the bleeding lesion achieved hemostasis (see Fig. 65.1). The patient subsequently stabilized with normalization of his vital signs and absence of any further blood loss. He was monitored in the ICU overnight, remained stable, and subsequently downgraded to the general medicine service the next morning.[image: A329322_1_En_65_Fig1_HTML.gif]
Fig. 65.1Mesenteric angiography with coil embolization. Angiography of the colic branches with positive blush sign (Panel A and B) and following coil embolization (Panel C)






Principles of Management
Definitions
Acute lower gastrointestinal bleeding (LGIB) historically refers to gastrointestinal bleeding of recent onset (less than 3 days) from a location distal to the ligament of Treitz, located at the third portion of the duodenum, resulting in hemodynamic instability, anemia, and/or the need for blood transfusions [1]. This clinical presentation of hemodynamically unstable hematochezia (i.e., passage of fresh blood mixed with stool) differs from the majority of lower gastrointestinal bleeding episodes that tend to be self-limited bleeding and usually follows an uncomplicated clinical course [1–3]. A patient with acute LGIB may have similar clinical features to a patient with a brisk upper gastrointestinal bleed (UGIB); therefore, such a patient must be urgently evaluated for this possibility. Given that nearly all of LGIB are related to diverticular disease, ischemic colitis, vascular angiodysplasias, hemorrhoids, and colorectal cancer, it is not surprising that most patients are older (mean age at presentation ranges from 63 to 77 years) and have multiple other comorbidities, such as underlying cardiovascular, liver, and/or renal disease (Table 65.1).Table 65.1Differential diagnosis for lower gastrointestinal bleeding


	Etiology
	Frequency (%)
	Comments

	Diverticulosis
	20–65
	Presents with painless hematochezia; usually resolves spontaneously in 75–80 % of patients

	Angioectasia (also known as angiodysplasias or vascular ectasias)
	3–15
	More than two-thirds seen in patients aged >70 years; risk factors include advanced age, comorbidities, presence of multiple angioectasias, and use of anticoagulants or antiplatelet drugs

	Ischemic colitis
	1–19
	Presents with sudden onset of abdominal cramping, followed by hematochezia; “watershed” areas of colon: splenic flexure and rectosigmoid junction typically affected

	Hemorrhoids
	2–64
	May be incidental finding in up to 75 % of LGIB; typically present with painless, intermittent, scant hematochezia

	Colorectal cancer
	17
	Typically present with bowel habit changes and unintentional weight loss; right-sided colonic tumors more commonly cause occult bleeding and left-sided tumors often cause hematochezia

	Post-polypectomy bleeding
	2–8
	Complication of colonoscopy

	Inflammatory bowel disease
	N/A
	Uncommonly present with LGIB requiring hospitalization


Adapted from ASGE Guidelines 2014 [2] with permission from Elsevier Limited

NSAID nonsteroidal anti-inflammatory drug, N/A not available





Initial Evaluation
A focused history and physical examination is essential in the initial evaluation of a patient with acute LGIB. Key elements of the history include characteristics and duration of current bleeding (e.g., stool color, frequency), any associated symptoms (e.g., abdominal pain, recent change in bowel habits, fever, urgency/tenesmus, weight loss), history of similar prior bleeding episodes, relevant past medical history (e.g., recent endoscopy with polypectomy, trauma, previous abdominal surgeries, history of peptic ulcer disease or inflammatory bowel disease, etc.), and current medications (e.g., nonsteroidal anti-inflammatory drugs (NSAIDs), aspirin, anticoagulants, etc.) [1, 3, 4]. Initial and serial measurements of the patient’s vital signs are essential. Resting supine tachycardia, tachypnea, and hypotension are nonspecific, but sensitive, signs of a critically ill patient. Postural changes in blood pressure (decrease by >10 mmHg) and/or heart rate (increase by 10 beats/min) from supine to standing position (i.e., orthostasic hypotension) correlates with an acute blood loss of more than 800 mL (or about 15 % of total circulatory blood volume). Marked tachycardia, tachypnea, hypotension, and depressed mental status correlates with an acute blood loss of more than 1500 mL (or about 30 % of total circulatory blood volume) [5]. In addition to focused neurologic, cardiac, pulmonary, and abdominal examinations, a digital rectal examination should be performed. Initial laboratory assessment should include a complete blood cell count, serum electrolytes, renal indices, liver function tests, coagulation profile, type and crossmatch. Additional studies such as a chest x-ray and/or electrocardiogram should be individualized to those patients also presenting with cardiopulmonary symptoms or risk factors for development of complications.

Initial Resuscitation and Management
Hemodynamic monitoring of vital signs, rapid establishment of intravenous access, and initiation of volume resuscitation should take place without delay in the emergency department. Hemodynamic monitoring should include continuous assessment of heart rate, blood pressure, respiratory rate, and oxygen saturation by pulse oximetry. At least two large-bore diameter (18 gauge or greater) peripheral intravenous (PIV) catheters (18G or greater) should be promptly placed. Advantages of PIVs over central venous catheters (CVC) are multiple in this setting: (1) quickly establish intravenous access, (2) ease of placement by nursing staff, (3) less invasive than CVCs with reduced chance for potentially significant complications, especially in those who are hemodynamically unstable and/or coagulopathic, and (4) allowance for more rapid volume resuscitation compared to CVCs due to the shorter length and larger diameter. These advantages of PIVs must be weighed against their disadvantages that include less secure intravenous access, susceptibility to dislodgement, and inability to administer multiple medications safely, such as vasopressors. Crystalloid formulations, such as 0.9 % saline or lactated Ringer’s solution, are the fluids of choice for initial resuscitation. Decisions regarding transfusion of red blood cells and other blood products, such as fresh frozen plasma and/or platelets, should be individualized, carefully weighing potential benefits in the setting of active symptomatic bleeding with the potential risks of volume overload or transfusion reactions.

Appropriate Patient Disposition
Following initial resuscitative measures in the emergency department, reassessment of the patient with acute LGIB must be performed to determine clinical stability for specific diagnostic and/or therapeutic interventions. If there remains persistent hemodynamic instability, further resuscitation is necessary with crystalloids and/or blood products (as needed) and central venous access should be established for invasive monitoring and possible use of vasopressors. At this time, the patient should be transferred to the ICU for close hemodynamic and cardiopulmonary monitoring. Although there have been multiple risk prediction scores and models reported for acute LGIB, none have been adopted in everyday clinical practice yet (see below). In general, patients with clinical evidence of ongoing or severe bleeding, those with a transfusion requirement of greater than two units of PRBCs, and those with significant comorbidities may require admission and monitoring in an ICU [6, 7].

Nasogastric Tube Lavage
Expert guidelines generally favor an algorithmic approach for determining the etiology of acute LGIB (Fig. 65.2) [1, 2]. This most commonly occurs as the result a colonic bleeding source; however, hematochezia in the setting of hemodynamic compromise should raise the clinical suspicion for a brisk UGIB [4, 8]. Therefore, patients presenting with acute LGIB should be evaluated with a NGT lavage. If gastric lavage aspirate is positive for blood, or is clear without either blood or bile, an upper GI source of bleeding has not yet been ruled out [9] and urgent gastroenterology consultation should be requested for esophagogastroduodenoscopy (EGD). Aspiration of bilious fluid in the absence of blood on NGT lavage makes UGIB unlikely. A lower gastrointestinal source of bleeding should be suspected and appropriate diagnostic testing for LGIB should now ensue.[image: A329322_1_En_65_Fig2_HTML.gif]
Fig. 65.2Algorithm for management of LGIB (From ASGE Guidelines [2] with permission from Elsevier Limited)






Urgent Colonoscopy
Patients with acute LGIB who have been successfully resuscitated and are clinically stable without evidence of ongoing hemorrhage are candidates for urgent colonoscopy. This single procedure may be both diagnostic and therapeutic. According to the most recent American Society of Gastrointestinal Endoscopy (ASGE) guidelines published in 2014, urgent colonoscopy is recommended within 24 h of admission after a rapid bowel preparation in the evaluation of patients with severe hematochezia (per ASGE guidelines, this recommendation is supported by moderate quality of evidence) [2]. The overall diagnostic yield of colonoscopy in the evaluation of acute LGIB ranges from 45 to 100 %, according to multiple studies [10–12]. The most common site of bleeding in the largest series by Rossini et al. was the left colon caused most often by ulcerated carcinomas and diverticular disease [10, 13]. Colon preparation with polyethylene glycol-based solutions administered enterally (either by mouth or via NGT) is important before colonoscopy to improve visualization, increase the diagnostic yield, and reduce the risk of perforation [14]. Importantly, there is no evidence of a deleterious effect on the rate of hemorrhage with bowel preparation. Several modalities are available for endoscopic treatment of LGIB. Endoscopic treatment with epinephrine solution injection combined with thermal coagulation or endoscopic clip placement as the preferred management in patients presenting with diverticular bleeding (high quality of evidence according to ASGE guidelines) [2]. Endoscopic treatment with argon plasma coagulation as preferred management in patients with bleeding angioectasis (high quality of evidence according to ASGE guidelines) [2].

Mesenteric Angiography
For patients with severe acute LGIB with massive ongoing bleeding, hemodynamically unstable for colonoscopy, unable to be prepped, and/or for those who have failed endoscopic management, emergency consultation with interventional radiology for mesenteric angiography is essential. Mesenteric angiography can detect bleeding rate at 0.5 mL/min [15]. Superselective embolization with microcoils, polyvinyl alcohol particles, or water-insoluble gelatin (gel foam) has improved the success rate of this technique and decreased occurrence of adverse event of bowel infarction. A meta-analysis of angiography and embolization as first-line therapy for acute LGIB found embolization to be an effective treatment for diverticular bleeding, with successful hemostasis in 85 % of patients as compared to 50 % of those with bleeding from other sources at 30-day follow-up [16]. In contrast, rebleeding after embolization for non-diverticular bleeding, such as angioectasias, may occur in greater than 40 % of patients [6].

Surgery
Surgical bowel resection is now rarely required and should only be reserved for a minority of patients who have persistent or refractory diverticular bleeding. In addition, those patients that are deemed surgical candidates with ongoing hemodynamic instability despite aggressive resuscitation, transfusion requirement of greater than six units of PRBCs, and lack of a diagnosis despite a pan-intestinal evaluation should also be considered for surgery [17]. High mortality rates have been reported with emergent surgical intervention [18].


Evidence Contour
Predicting Severity and Outcomes of LGIB
A number of different risk factors, clinical prediction scores and rules, and models have been developed and some have been validated [6, 7, 19–24]. These tools may be helpful in guiding decision-making for patients with acute LGIB regarding inpatient management, appropriate level of care, and necessity of urgent interventions. However, their usefulness and validity in everyday clinical practice has not been firmly established and, as a result, they have not yet been widely adopted.

Blood Transfusion Goals
A recently published randomized controlled trial in patients with severe acute UGIB assessed the safety and efficacy of two blood transfusion strategies: a restrictive one (transfusion when the hemoglobin level fell below 7 g/dL) versus a liberal one (transfusion when the hemoglobin level fell below <9 g/dL). They found improved survival and less bleeding in the restrictive-strategy group [25]. In the absence of available published data comparing a restrictive versus liberal blood transfusion strategy specifically for acute LGIB, decisions regarding transfusion of red blood cells and other blood products, such as fresh frozen plasma and/or platelets, should be individualized, carefully weighing potential benefits in the setting of active symptomatic bleeding with the potential risks of volume overload or transfusion reactions. It is important to recognize that patients with acute LGIB are older and have more comorbidities, such as cardiovascular disease and at increased risk for myocardial infarction [26].

Massive Transfusions
Uncontrolled hemorrhage, as may be seen in acute LGIB but more commonly in traumas, may necessitate massive blood transfusions, typically defined as ten units of red cells over 24 h or rapid infusion or five units red cells over 3 h [27]. Rapid transfusion of these large volumes can present additional management issues, such as hemostatic and metabolic abnormalities. Coagulopathy with thrombocytopenia or platelet dysfunction can result from a combination of factors related to massive transfusion. These include ongoing consumption due to active hemorrhage, as well as hypothermia and dilution of plasma components resulting from large volumes of infused crystalloids and packed red cells. Current data largely compiled from experience in the trauma setting suggests basing decisions on replacement of plasma coagulation components and platelets on measurement of hemostatic parameters rather than predetermined formulas, such as a 1:1:1 ratio of packed RBC, fresh frozen plasma and platelets [28, 29]. For this purpose, coagulation parameters (PT, aPTT), fibrinogen level, and platelet counts should be monitored after every five to ten units of red cells transfused. PT and aPTT values greater than 1.5 times the upper limit of normal should prompt transfusion of two to four units of FFP. Cryoprecipitate transfusion should be considered to maintain fibrinogen level greater than 100 mg/dL, and transfusion of platelets is generally recommended for values below 50,000/microL [29]. Common metabolic abnormalities related to massive transfusion include hyperkalemia due to presence of extracellular potassium in packed red blood cell supernatant, hypocalcemia due to binding of free ionized calcium by citric acid resent in red cell collection bag anticoagulants, and metabolic alkalosis resulting from the metabolism of citrate to bicarbonate. Therefore, monitoring of acid–base status, ionized calcium levels, and serum potassium should be conducted frequently in patients receiving massive volume of red cell transfusions. Finally, for transfusions of more than three to five units of red blood cells, a commercial blood warmer should be used to prevent or minimize the incidence of clinically significant hypothermia [27, 28].

Diagnostic Imaging Modalities
There exists uncertainty regarding the use of diagnostic imaging modalities for patients with acute LGIB. Nuclear red blood cell scanning is the most sensitive diagnostic test for active bleeding with the ability to detect bleeding rates as low as 0.1 to 0.5 mL/min [30–32]. The use of nuclear red blood cell scanning is indicated when a bleeding source cannot be identified by colonoscopy and providing guidance for more directed application of arteriography or surgical exploration for massive LGIB. Disadvantages included lack of specificity to localize a source beyond a general area of the stomach and the relatively timely process of pre-imaging preparation [31, 32]. Recent advances in multidetector computed tomography (CT) techniques have significantly increased the sensitivity of CT angiography for the detection of active hemorrhage with sensitivity and specificity of 85 % and 92 %, respectively [33]. CT angiography is highly available, provides rapid detection and localization of a bleeding site, and is minimally invasive. Further research is needed to determine exactly where nuclear red blood cell scanning and CT angiography will be positioned in the diagnostic algorithm of acute LGIB.

Provocation Testing
Provocative challenges using anticoagulants or thrombolytics have been shown to improve rates of detection and subsequent angiographic management of previously unidentified bleeding sources [34]. However, given the life-threatening nature of acute LGIB, the risk versus benefit of provocative challenges with mesenteric angiography should be carefully assessed on a case-by-case basis. Further study is needed for fully evaluate the efficacy and safety of this approach.
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Case Presentation
A 75 year old Caucasian male presented to the hospital with 1 week history of watery diarrhea, five to six episodes daily, accompanied by progressive weakness. Three weeks prior to onset of symptoms, he was admitted for acute exacerbation of chronic obstructive pulmonary disease and was treated with a 5-day course of moxifloxacin and systemic steroids. On presentation he had no leukocytosis (7.0) but had acute kidney injury with a creatinine of 3.6 compared to his baseline of 1.0.
Question
What is the patient’s most likely diagnosis?

Answer

Clostridium difficile diarrhea.

PCR testing for toxigenic Clostridium difficile returned positive, and he was started on vancomycin 125 mg PO q6h. He had borderline hypotension initially, with some improvement with fluid resuscitation. Over the first several days of admission he had persistent watery stools, about six episodes daily associated with abdominal distension. Infectious Diseases was consulted given lack of improvement and development of leukocytosis (13.5), and vancomycin was increased to 500 mg PO q6h with addition of metronidazole 500 mg IV q8h. Despite this escalation of antibiotic therapy, he developed worsening abdominal distension and hypotension requiring vasopressor support. CT abdomen/pelvis was performed, demonstrating diffuse colonic dilatation with multiple air-fluid levels, consistent with toxic megacolon (Figs. 66.1, 66.2, and 66.3). He underwent total colectomy with end ileostomy and subsequently stabilized.[image: A329322_1_En_66_Fig1_HTML.jpg]
Fig. 66.1Plain abdominal film
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Fig. 66.2Coronal view CT abdomen
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Fig. 66.3Axial view CT abdomen






Principles of Management
Symptoms of C. Difficile Infection
Patients may present with a wide range of clinical manifestations, varying from asymptomatic carriage to shock and colon perforation. Asymptomatic carriage is more frequent than previously thought, ranging geographically from 4.4 to 23.2 % of patients admitted from the community [1]. Watery diarrhea, with or without the presence of mucus, is the classic presenting symptom, but patients may eventually progress to colitis, megacolon, and shock. Significant neutrophilic leukocytosis and acute kidney injury are commonly found with severe disease. Extracolonic manifestations, including bacteremia and ileitis, are rare, but when present are associated with a 25 % mortality rate [2].

Diagnosis
Diagnosis can be made by several methods, including toxin enzyme immunoassays, toxin gene nucleic acid amplification tests, direct culture, and detection of glutamate dehydrogenase. Toxigenic assay method is preferred, as some patients may be asymptomatic carriers [3]. Direct visualization of pseudomembranes can be performed, however the specificity is low for C. difficile and operator-dependent, and the procedure carries an increased risk of perforation [4].

Risk Factors
The predominant risk factor for acquisition of C. difficile infection is antibiotic use, particularly clindamycin, cephalosporins, and fluoroquinolones. Other risk factors include inflammatory bowel disease, immunodeficiency, malnutrition, solid organ transplantation, and hematopoietic stem cell transplantation. Use of proton pump inhibitors has conflicting evidence as a risk factor for C. difficile infection [5].

Severity of Disease
The Infectious Diseases Society of America (IDSA) and the Society for Healthcare Epidemiology of America (SHEA) have described criteria for defining severity of disease, based on presence of leukocytosis, AKI, and shock (Table 66.1) in 2010. Medical therapies are aimed at treating C. difficile colitis based upon the severity of disease [6].Table 66.1IDSA/SHEA 2010 C. difficile treatment recommendations


	Clinical definition
	Supportive clinical data
	Recommended treatment
	Strength of recommendation

	Initial episode, mild or moderate
	WBC ≤15,000 and serum creatinine <1.5× baseline
	Metronidazole 500 mg PO TID for 10–14 days
	A-I

	Initial episode, severea

	WBC ≥15,000 or serum creatinine ≥1.5× baseline
	Vancomycin 125 mg PO QID for 10–14 days
	B-I

	Initial episode, severe, complicated
	Hypotension or shock, ileus, megacolon
	Vancomycin 500 mg PO QID plus metronidazole 500 mg IV q8h. Consider PR vancomycin if ileus present
	C-III

	First recurrence
	 	Same as for initial episode
	A-II

	Second recurrence
	 	Vancomycin in a tapered and/or pulsed regimen
	B-III



aThe criteria proposed for defining severe or complicated CDI are based on expert opinion. These may need to be reviewed in the future upon publication of prospectively validated severity scores for patients with CDI
From Cohen et al. [6]. © Cambridge University Press





Medical Therapies

Clostridium difficile infection can induce hypovolemia, shock, and multiple electrolyte abnormalities; hence, a cornerstone of appropriate treatment is supportive critical care. Several antimicrobials are currently available to treat C. difficile infection. Metronidazole, a commonly used initial therapy for non-severe Clostridium difficile infection despite lack of FDA approval, is a nitroimidazole antibiotic which functions by interrupting the helical form of DNA. Vancomycin inhibits cell wall synthesis of C. difficile. It must be administered via an enteral route and it is the drug of choice for severe disease, and prolonged treatment regimens have been devised to successfully treat repeatedly recurrent disease. A staggered taper and withdrawal method of vancomycin administration with a probiotic has been described to be as effective as fecal microbiota transplant [7].
Fidaxomicin is a macrocyclic antibiotic that inhibits RNA polymerase in Gram-positive bacteria. It was approved by the FDA in April 2011 for treatment of C. difficile infection after being found to be non-inferior to treatment with vancomycin. As of now, a major limiting factor to fidaxomicin’s use is cost of therapy, though there is data that suggests it may reduce recurrence rates in select populations, which may offset the increased cost. Rifaximin is a less commonly used treatment adjunct that inhibits RNA polymerase, thereby interfering with transcription of DNA. Administration had previously been used anecdotally after a course of standard antibiotic therapy as a “chaser” with seemingly good results. A recent randomized, double-blinded study demonstrated that administration of rifaximin 400 mg PO TID for 20 days after completing standard C. difficile therapy resulted in fewer recurrences of infection [8].
Guidelines published in the American Journal of Gastroenterology provide similar recommendations regarding medical therapies guided by severity of disease [9].

Surgical Intervention
When medical therapies fail and patients develop worsening sepsis and shock, surgical intervention is warranted. There are multiple approaches to this including partial or total colectomy. Recently, more surgeons have been using the approach of creation of a diverting ileostomy with vancomycin colonic lavage. Studies have demonstrated reduced mortality and morbidity compared to historical controls when this method is pursued [10].

Epidemiology and Infection Control
Infections due to C. difficile are on the rise and are more prevalent than previously assumed. In 2011, it is estimated that there were nearly half a million infections, associated with approximately 29,000 deaths [11]. Every intensive care unit should have protocols in place for infection prevention and control measures when patients are admitted with C. difficile infection. Many ICU-related outbreaks have been described, resulting in a significant impact on morbidity, mortality, and healthcare costs for these high-risk patients. Typical prevention and control measures include appropriate hand hygiene with soap and water, gowning and gloving, private rooms, chlorine-based disinfection, and aggressive antimicrobial stewardship [12]. Studies have revealed healthcare workers’ colonization rates to range between 0 and 13 %, suggesting this may have less impact than indirect transmission between hospitalized patients via the environment and healthcare workers hands [13]. Hypervirulent strains of C. difficile have emerged, particularly NAP1/BI/027, which are associated with lower clinical cure rates than other C. difficile strains [14].


Evidence Contour
Fecal Microbiota Transplant
Fecal transplantation, or the introduction of fresh donor feces into the recipient’s GI tract, has been successful in treatment of refractory recurrent C. difficile infection. Transplantation may be performed via nasogastric tube or direct inoculation during colonoscopy, with studies demonstrating approximately 90 % sustained cure rate in patients with disease refractory to antibiotic therapy [15]. Duodenal infusion through a nasoduodenal tube has also been shown to be effective in treatment of C. difficile infection [16]. However, no large studies have been performed to provide more than anecdotal evidence for this intervention in this setting.

Capsulized Frozen Fecal Microbiota
Recent studies using frozen fecal microbiota transplantation through a frozen encapsulated form have demonstrated similar efficacy to traditional allogenic fecal transplantation [17].

Probiotics
Studies on probiotics for C. difficile infection do not support their use as a treatment adjunct; however there is evidence suggesting benefit in the prevention of C. difficile infection for patients who are on antibiotic therapy and are at risk for disease.

Monoclonal Antibodies and Vaccines
Monoclonal antibodies against toxin A and toxin B have been developed, with promising phase II study results. These are currently in phase III of development. Clostridium difficile vaccines are also in development.

Nontoxogenic C. Difficile Spores
Studies are in process regarding purposeful colonization with non-toxogenic strains of C. difficile as a competitive inhibitor of toxigenic C. difficile. No significant adverse events have been reported with their use and this intervention may provide clinical benefit [18].

Investigational Antibiotics
Several new antimicrobials are currently in the pipeline, also with promising data. These include cadazolid (an oxazolidinone), LFF571 (a semisynthetic thiopeptide), and SMT 19969. A bile salt analogue in development, referred to as CamSA, has been found to prevent germination of C. difficile spores [19].
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Case Presentation
A 53 year old female presented to the Emergency Center complaining of increased sputum production and dyspnea. She was recently discharged from the hospital. She had a body mass index (BMI) of 27, with serum albumin of 2.0 mg/dL. Her blood pressure was 168/105 mmHg and heart rate was 144 beats per minute. Temperature was 38.6 °C. EKG showed sinus tachycardia. Respiratory rate was 28 breaths per minute with SpO2 89 % on 100 % FiO2. Arterial blood gas (ABG) revealed a mixed metabolic and respiratory acidosis, and she had a leukocytosis with left shift. Chest radiograph showed patchy bilateral infiltrates with a dense consolidation in the right upper lobe. She was intubated and started on IV fluids and empiric antibiotics for hospital-acquired pneumonia. She was admitted to the ICU.
Question
What is the best approach to nutrition in this intubated patient?

Answer
Start enteric feeding as soon as possible. No indication for parenteral nutrition.

Patients can benefit from early enteric feeding that can protect the digestive tract, have systemic anti-inflammatory effects and improve mortality. This patient experienced hypotension after initiation of mechanical ventilation despite adequate fluid resuscitation. A central line was placed and vasopressor support was initiated with improvement in hemodynamics. She was stabilized and approximately 4 h later an orogastric tube was placed. Enteral nutrition was initiated with a lipid and protein rich formula, to a goal of 50 mL/h. Increased residuals and hypoactive bowel sounds were noted, and subsequently managed with metoclopramide. Despite increased gastric residuals, the patient was advanced to full feeds. The patient clinically improved over the next 3 days and was subsequently extubated. She passed a swallow evaluation and an oral diet was initiated.

Principles of Nutrition
If the Gut Works, Use It
Enteral Nutrition (EN) is considered by all medical societies to be the preferred route of providing nutrition to critically ill patients, including those who are intubated, and should be ideally be initiated within 48 h of hospitalization [1–7]. Enteric feeding has been associated with significant reduction in 28-day mortality, while being more accessible and less expensive than parenteral nutrition [3, 8, 9]. Early enteric feeding with a lipid and protein-rich formula has an anabolic effect essential to the healing process in critical illness and in preservation of the gut mucosa, maintaining gut associated lymphoid tissue, and promoting protection via the gut’s natural flora [10–12]. Parenteral nutrition (PN) has been associated with a higher degree of infection, especially nosocomial infection, and mortality than EN, particularly among patients with higher severity of critical illness as assessed by Acute Physiologic Assessment and Chronic Health Evaluation (APACHE II) score. The Impact of Early Parenteral Nutrition Completing Enteral Nutrition in Adult Critically Ill Patients trial (EPaNIC,) a 2011 RCT involving 4640 ICU patients evaluated early vs. late initiation of PN [11]. It demonstrated reduced rates of early alive discharge from the ICU and hospital with supplemented PN than with EN alone. Additionally, the earlier PN is initiated, the worse the outcome [3, 6]. With PN the patient does not benefit from stimulating the gut and endures complications associated with infusing a high glucose concentration and fat globules directly into the venous system [13]. A meta-analysis of PN compared with no nutrition found an almost doubled risk of dying in the PN group [14]. In the circumstance that early EN is impossible, nutrition should be withheld for up to 7 days, unless the patient has evidence of protein-calorie malnutrition [6]. This has become a Critical Care recommendation of the Choosing Wisely campaign. If the decision is made to provide PN, consider discontinuation once EN becomes feasible or when markers of nutritional status improve.

Full Feedings are Preferred; Trophic Feedings May Be Acceptable
The Surviving Sepsis Campaign [15] advises that, if a septic patient cannot tolerate full caloric needs through EN, trophic feeds are acceptable for up to 6 days, and PN should not be initiated. This assumes the patient is not malnourished prior to ICU admission. Trophic feeds of at least 25 % of daily nutritional needs may have a protective effect on the bowel [2, 10, 16–18]. The EDEN trial, a multi-center RCT evaluating 1000 patients with acute lung injury, found no significant difference in mortality between trophic and full feedings, though it is important to note that all patients in the study were well-nourished, with a mean BMI of 30 [18]. Moderate obesity is shown to be protective during critical illness; however, increased protein supplementation does not appear to limit muscle wasting or loss of lean body mass [19–21].

Immunologic Benefits of Enteric Feedings
Small enteral feeds are enough to cause enzyme secretion from the brush border and preserve gut epithelium and structure, thus preventing increased permeability [3]. Feeding also preserves commensal bacteria which further contribute to gut integrity by stimulating mucous production, while allowing competitive inhibition of pathogens and interfering with expression of virulence factors on pathogenic bacteria [3]. Enteric feeds have an anti-inflammatory effect on the gut via the gut-brain axis, and as such, should be considered a therapeutic modality amongst conditions of gastrointestinal (GI) inflammation such as pancreatitis or colitis [12].

Do Not Use Increased Gastric Residuals or Decreased Bowel Sounds as Markers upon Which to Hold Feedings
Despite all of the benefits of early enteric feedings, this goal is not always accomplished. One major barrier to appropriate early nutrition is the practice of holding feedings for gastric residuals or decreased bowel sounds [6]. Patients in the ICU are often too ill to have swallowed enough air to allow for bowel sounds. Multiple studies have shown that gastric emptying and reflux has no correlation with incidence of ventilator-associated pneumonia (VAP) [22–24]. Aspiration pneumonia is likely more resultant of oropharyngeal/subglottic secretions with pathogenic microbes than reflux of gastric contents [23, 24]. If gastric residuals are checked, there appears to be no worsening of outcome with gastric residuals up to 500 mL [24]. Absence of gastric residual monitoring may not be inferior to monitoring residuals in terms of the likelihood of nosocomial pneumonia [23]. Therefore, in the absence of a known GI dysmotility, orogastric or nasogastric feeding should be initiated. If EN is poorly tolerated based on residuals or coughing, prokinetic agents such as metoclopramide, or erythromycin, can be started [25]. If these practices are still unsuccessful, post-pyloric feeds could be considered, with the understanding that the patient-important outcomes, such as VAP, emesis, aspiration, diarrhea, and mortality may not change [25].


Evidence Contour
The CALORIES Trial Did Not Reliably Support PN due to Study Design
In the CALORIES Trial [26], 2400 patients in 33 ICUs in England were randomized to either EN or PN for up to 5 days. The authors hypothesized that more patients in the PN arm would be able to achieve nutritional goals earlier, leading to a relative risk reduction in mortality. Although there was no difference in 30 day mortality between groups (33 % vs. 34 %) the patients in the PN group did not get more calories than those in the EN group in this pragmatic trial. In addition, although there was no increase in rate of infection in the PN group, this is likely because infection rate in PN is dose-dependent [1–3, 5]. Pragmatic trials are important in demonstrating the challenges of protocol implementation but are not explanatory in nature and the superiority of one method over another cannot be concluded from this trial.

Actual Caloric Goals Remain an Area of Ongoing Research
The actual caloric goals in critical illness have not yet been defined. Most are estimated through calculations based on characteristics of the patient prior to illness onset and illness-severity scores [27]. A table of commonly used predictive equations can be found here [28]. Indirect calorimetry is suggested to be the gold standard in measuring resting energy expenditure [29], though its standard and frequent use is often impractical [30]. There can be significant differences between measured and predicted energy expenditures [28], though the effect on patient outcomes is not well defined.

Actual Micronutrient Goals Are Not Clear
Adequate intake of micronutrients and electrolytes, especially phosphate, are essential to adenosine tri-phosphate (ATP) formation and the catabolic process of critical illness. Deficiency is implicated in refeeding syndrome, in which intake after starvation results in insulin-mediated phosphate uptake, with resultant cardiac and/or respiratory failure. The administration of high dose selenium, copper, manganese, zinc, iron, and Vitamins E, C, and beta carotene have been proposed to reduce oxidative cellular damage and organ failure [1, 10]. A meta-analysis evaluating micronutrient supplementation during acute critical illness to prevent refeeding syndrome suggested supplementation with high dose trace elements and vitamins may improve outcomes of critically ill patients [31]. However, a subsequent well-designed RCT showed no benefit of micronutrient supplementation, and supplementation with glutamine was associated with increased mortality [32].

No Recommendations Can Be Made for or Against Specific Lipid Choices in Tube Feeds
Ω-3 fatty acids that are present in fish oil have been shown to have anti-inflammatory effects, whereas other types of lipids have neutral or proinflammatory immune effects. Hence, it was hypothesized the use of Ω-3 fatty acids would have a beneficial effect in treatment of acute lung injury and sepsis. In a study published in 2008, a modified enteric feed with increased ratio of Ω-3 fatty acids to other lipids was administered and was shown to reduce rates of death and new organ failure [33]. However, the OMEGA trial, a multicenter RCT testing the effects of omega supplementation on the rate of sudden cardiac death in survivors of acute myocardial infarction, was stopped early for futility when it showed no benefit with the administration of Ω-3 fatty acids plus antioxidants. No recommendations can be made at this time for or against specific lipid choice in tube feeds [18].

Obese Patients Should Be Treated Like Normal or Underweight Patients
Obesity has been suggested to be protective in critical illness [17, 27], which may often lead to delayed initiation of nutrition. However, an observational cohort study found many obese critically ill patients were malnourished, and had worse outcomes than obese patients with adequate nutritional status [14, 20]. This suggests that obese patients with malnutrition may not have the same protective effect, and should be treated the same as normal-weight or underweight malnourished patients.
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Case Presentation
A 60-year-old male with history of alcohol dependence and cirrhosis presented from a skilled nursing facility with a 1 day history of altered level of consciousness. His cirrhosis had been complicated by portal hypertension resulting in hepatic encephalopathy, recurrent ascites and esophageal varices requiring multiple recent hospitalizations. The family reported that the patient had non-colicky abdominal pain, subjective fever, and nausea for 2 days. He had been receiving therapeutic large-volume paracentesis every month for the previous year and his last paracentesis had been 3 weeks prior to presentation. His past medical history also included chronic obstructive pulmonary disease and depression. His medications included furosemide, spironolactone, fluticasone/salmeterol, tiotropium bromide and citalopram.
Vital signs on admission showed a heart rate of 112 beats/min, blood pressure of 80/50 mmHg, temperature of 39.4 °C, and respiratory rate of 28 breaths/min. Exam was notable for abdominal distention, diffuse abdominal tenderness, shifting dullness and altered level of consciousness with a Glasgow Coma Scale (GCS) of 6. He was initiated on intravenous fluids but due to persistent hypotension, vasopressor therapy with norepinephrine was required for hemodynamic stabilization. He was intubated for airway protection and admitted to the intensive care unit (ICU).
His labs revealed a white blood cell count of 13,800/mm3, hemoglobin of 9.0 g/dL, creatinine of 2.6 mg/dL (baseline 1.0 mg/dL), lactic acid of 5 mmol/L, albumin: 1.9 g/dL, billirubin:1.8 mg/dL, and an international normalized ratio (INR) of 2.0. His Child-Pugh-Turcotte (CTP) and model of end stage liver disease (MELD) scores were 11 and 25, respectively. Chest X-ray and urine analysis were within normal limits. Abdominal CT revealed moderate ascites, splenomegaly and a nodular liver (Fig. 68.1). A paracentesis was performed and ascitic fluid analysis showed a white blood cell count of 450 cells/mcL, with a polymorphonuclear cell (PMN) count of 255 cells/mcL and a total protein of 1.0 g/dl.[image: A329322_1_En_68_Fig1_HTML.jpg]
Fig. 68.1CT scan image of liver cirrhosis (Courtesy of Dr. Eric Yasumoto)





Question
What is the most likely diagnosis?

Answer
Spontaneous bacterial peritonitis leading to septic shock.

All patients with the presence of cirrhosis and ascites, who are symptomatic with abdominal pain, nausea, vomiting or fever, should be suspected as having spontaneous bacterial peritonitis (SBP) and should undergo a paracentesis and be treated with antibiotics, regardless of their ascitic fluid polymorphonuclear (PMN) count until ascitic fluid culture results are available [1, 2]. It is important to rule out a secondary etiology for peritonitis such as a surgical cause. In this case, the patient had a CT of the abdomen which did not indicate a surgical etiology. Differentiating between SBP and secondary bacterial peritonitis is further covered under the diagnosis section of this chapter.
This patient was admitted to the intensive care unit (ICU) for septic shock secondary to presumed SBP. He was started on piperacillin-tazobactam and was continued on norepinephrine. He was also given albumin 1.5 g/kg on the first day of admission. He continued to have fevers, but his hemodynamics progressively improved.
On the third day of ICU admission, his blood pressure normalized and vasopressor support was discontinued. His ascitic fluid cultures grew Escherichia coli sensitive to Cefotaxime, and his antibiotic coverage was subsequently narrowed. He was also given his second dose of albumin (1 g/kg). The patient was extubated later that day and was transferred out of the ICU in stable condition to continue an antibiotic course of 5 days followed by prophylaxis with a daily fluoroquinolone.

Principles of Management
Since the initial description of SBP in the 1960s, studies have reflected better management and earlier recognition resulting in a marked reduction in mortality from 90 % quoted in some older studies to now a predominantly treatable complication of decompensated cirrhosis. Although cases of SBP have been reported in patients with nephrotic syndrome and congestive heart failure, it is most prevalent in patients who have advanced cirrhosis and portal hypertension. Different variants of SBP and ascitic fluid infections have been characterized and are important to recognize [1, 3–5].
Diagnosis
All patients with cirrhosis and ascites have a high risk of developing SBP; therefore a paracentesis should be performed to rule out SBP for all hospitalized patients with cirrhosis and ascites (Fig. 68.2). This has been proven to reduce mortality [1, 6, 7]. There are several additional criteria which suggest an increased risk of developing SBP and in these patients, the suspicion for SBP should be even higher: ascitic fluid total protein level of <1.0 g/dl, prior history of SBP, a serum total bilirubin >2.5 mg/dl, concomitant variceal bleeding, and recent use of a proton pump inhibitor [1, 3, 8].[image: A329322_1_En_68_Fig2_HTML.jpg]
Fig. 68.2Ultrasound images of ascitic fluid (arrow) (Courtesy of Dr. Eric Yasumoto)





The ascitic fluid should be sent for aerobic and anaerobic cultures, cell count and differential, and fluid chemistries (albumin, protein, glucose, lactate dehydrogenase, amylase, and in some cases bilirubin). It is important that diagnostic paracentesis be performed prior to the administration of antibiotics. The yield of the ascitic fluid cultures is greatly reduced even with the administration of a single dose of broad-spectrum antibiotics within 6 h prior to the paracentesis [1, 2, 7]. Appropriate handling of the ascitic fluid is crucial to minimize the risk of skin flora contaminating the cultures, and to avoid obtaining a false-positive culture. When culturing ascitic fluid, immediate bedside inoculation of the ascitic fluid into routine blood culture bottles with at least 10–20 ml of fluid has been shown to increase the sensitivity of cultures and to avoid false negative results [1, 9].
A total absolute neutrophils count of >250 cells/mm3, a positive ascitic fluid bacterial culture and absence of secondary causes of peritonitis (i.e. bowel perforation) usually confirm the diagnosis of SBP [1]. However, different variants of spontaneous ascitic infections exist which may not present with the classic neutrophil count. These are depicted in Table 68.1.Table 68.1Characterization of ascitic fluid infections


	Type of infection
	PMN cell count (/mm3)
	Bacterial culture result

	Spontaneous bacterial peritonitis
	≥250
	Positive (usually 1 organism)

	 1. Culture-negative neutrocytic ascites
	≥250
	Negative

	 2. Monomicrobial nonneutrocytic bacterascites
	<250
	Positive (1 organism)

	 3. Polymicrobial bacterascites
	<250
	Positive (polymicrobial)

	Secondary bacterial peritonitis
	≥250 (usually in the thousands)
	Positive (polymicrobial)


Data from Refs. [4, 5, 10]




It is imperative to rule out secondary bacterial peritonitis, such as due to bowel perforation or intra-abdominal abscess, prior to diagnosing SBP. Failure to correctly diagnose secondary bacterial peritonitis from a surgical etiology can be catastrophic. Several findings can help differentiate SBP from a secondary bacterial peritonitis caused by perforation. SBP is often associated with less abdominal pain, lower ascitic fluid total protein levels, a lower ascitic fluid neutrophil count (<1000 cells/mm), lower ascitic fluid bilirubin levels (<6.0 mg/dl), normal or low ascitic fluid amylase levels (higher levels correlate with a perforation), and the presence of a monomicrobial culture result [10]. The presence of two of the three following “Runyon criteria” is very sensitive for the diagnosis of secondary bacterial peritonitis: ascitic fluid total protein >1.0 g/dl; glucose of <50 mg/dl; and an elevated serum LDH in the presence or absence of a polymicrobial blood culture [1, 10]. In the event that a patient that was initially diagnosed as having SBP is not clinically improving, a repeat paracentesis may be helpful as a rising ascitic fluid neutrophil count is highly concerning for secondary bacterial peritonitis. The presence of less common pathogenic bacteria (see below) or fungal growth in the ascitic cultures should also prompt a search for an intraabdominal abscess leading to secondary peritonitis.
Marked peripheral leukocytosis (or neutrophilia) does not seem to have an effect on the leukocyte (or neutrophil) count in ascitic fluid [11]. However, a traumatic paracentesis leading to hemorrhagic ascites fluid may alter the neutrophil count. The commonly used correction factor is to subtract 1 neutrophil for each 250 red blood cells/mm3 in the ascitic fluid [12].

Microbiologic Etiology
Several explanations exist for how bacteria enter the ascitic fluid and lead to infection. The most widely accepted mechanism is that of translocation of gut bacteria across the leaky intestinal wall of cirrhotic patients into the mesenteric lymph nodes with subsequent seeding of the ascites [3, 13]. Intestinal bacterial overgrowth, either due to decreased intestinal motility or through the use of proton pump inhibitors has also been proposed but remains controversial [1, 3, 8, 14]. The bacteria that usually result in SBP are those that require a functionally intact immune system with adequate complement levels for opsonization and removal. Advanced cirrhosis certainly reduces the function of the complement system and phagocyte activity [3, 15].
Most cases of SBP are due to gut bacteria such as Escherichia coli and Klebsiella; however Streptococcus pneumonia, Enterobacteriaceae, Staphylococcus and Pseudomonas infections can also occur. Additional bacterial pathogens have geographic prevalence such as Aeromonas hydrophila, which is seen in Korea [16]. The presence of more than one type of bacteria in the ascitic fluid should prompt a consideration for a secondary peritonitis. Additionally, unusual organisms such as fungi found on culture analysis of the ascitic fluid can also suggest a secondary bacterial peritonitis from an abscess. There have also been case reports of spontaneous fungal peritonitis [17] and SBP due to Listeria monocytogenes [18], in immune-suppressed and elderly patients, respectively.

Treatment
All patients with SBP should be started on broad spectrum antibiotics as soon as the diagnosis is suspected. Appropriate and timely treatment has been shown to significantly decrease morbidity and mortality [1, 7, 14]. Figure 68.3 is a useful table to help guide therapy in patients with suspected or confirmed SBP.[image: A329322_1_En_68_Fig3_HTML.jpg]
Fig. 68.3Algorithm for initial management of suspected spontaneous bacterial peritonitis





Antibiotics
In patients with cirrhosis and ascites who have elevated temperature greater than 37.8 °C or 100 °F, abdominal pain, altered mental status, or evidence of sepsis, treatment for SBP should be initiated as soon as ascitic fluid, blood, and urine have been obtained for culture and analysis [1, 14, 19]. In patients without these findings, it is reasonable to wait until the results of the PMN count are available, with subsequent initiation of treatment if the ascitic fluid PMN count is ≥250 cells/mm3. Collection and processing of the ascitic fluid should be done rapidly from the time of patient presentation and suspicion of SBP. The ascitic fluid PMN count is more readily available than the culture results and can reliably identify patients who need empiric antibiotic coverage [6].
Cefotaxime 2 g intravenously every 8 h has been shown to have excellent penetration into ascitic fluid and is generally the first line antibiotic used [1, 19]. Ceftriaxone has been shown to prevent SBP in the setting of gastrointestinal hemorrhage in patients with cirrhosis [1, 20]. Levofloxacin can be used for patients with penicillin allergy, although it does not have the same penetration into ascitic fluid compared to cefotaxime. Broad-spectrum antimicrobial agents, such as carbapenems with or without glycopeptides or piperacillin-tazobactam, should be considered for the initial treatment of nosocomial infections and healthcare-associated infections when the risk factors for multi-resistant bacteria are apparent [16]. For spontaneous fungal peritonitis, systemic anti-fungal therapy is recommended [17] but as mentioned previously, a search for an intraabdominal abscess leading to secondary peritonitis should ensue. For Listeria monocytogenes infections, ampicillin, with or without additional aminoglycosides, are effective [18].

Albumin
Renal failure as a result of hepatorenal syndrome develops in a significant percent of patients with SBP and is a major cause of morbidity and mortality. Hepatorenal syndrome is a clinical diagnosis, without any specific pathognomonic feature.
Clinical Diagnosis of Hepatorenal Syndrome
Presence of cirrhosis with ascites
Development of Acute Kidney Injury (AKI) (increase in serum creatinine of 0.3 mg/dL (26.5 micromol/L) or more within 48 h, or an increase from baseline of 50 % or more within 7 days)
Absence of other causes of AKI including nephrotoxic drugs, shock, hypovolemia
Absence of parenchymal kidney disease (i.e. microhematuria, proteinuria)

Albumin infusions have been shown to decrease mortality in patients with cirrhosis and SBP [21]. Albumin infusions should be given if the serum creatinine is >1 mg/dL, the blood urea nitrogen is >30 mg/dL or the total bilirubin is >4 mg/dL. It is recommended to give 1.5 g/kg on the first day of admission and 1 g/kg on the third day of admission [1, 22, 23]. This albumin administration is recommended in addition to the regular large volume paracentesis albumin requirements.

Discontinue Nonselective Beta Blockers (NSBB)
Among patients with SBP, NSBB use is associated with significantly worse outcomes compared to those not receiving NSBB. Increased overall mortality and incidence of hepatorenal syndrome have been observed [24]. Most experts recommend discontinuing NSBB permanently in patients with SBP.


Prophylaxis
Antibiotic Prophylaxis
The benefits of antibiotic prophylaxis must be weighed against the risk of developing antibiotic resistance. However, in patients with ascites who are at high risk for developing SBP (i.e. previous history of SBP and low ascitic fluid total protein), antibiotic prophylaxis improves patient outcomes. The opsonic activity of ascitic fluid is reflected by the ascitic fluid total protein level. Thus, patients with low total protein level concentrations are at higher risk for developing SBP. Conversely, patients with malignant ascites or congestive heart failure associated with high fluid total protein content are relatively resistant to SBP [15, 25]. Of note, diuretic therapy is also integral to the prevention of SBP by concentrating the ascites and improving host defense [25]. Cirrhotic patients with ascitic fluid total protein levels below 1 g/dL are at the highest risk for SBP and should be given antibiotic prophylaxis [20, 26]. Patients should also be given prophylaxis if the ascitic fluid protein is <1.5 g/dl in the setting of any of the following settings: serum creatinine >1.2 mg/dl; serum sodium <130 mEq/L, or serum bilirubin >3 mg/dl [1].
Prophylactic regimens include daily fluoroquinolone or trimethoprim-sulfamethoxazole therapy (one double-strength tablet per day). Inpatient fluoroquinolone or trimethoprim-sulfamethoxazole therapy should be given for patients with cirrhosis and ascites hospitalized for other reasons and have an ascitic protein concentration of less than 1 g/dl [26–29].
Intravenous ceftriaxone (1 g daily) or oral fluoroquinolone daily should be given prophylactically for those with cirrhosis and active gastrointestinal bleeding regardless of the presence of ascites [20].



Evidence Contour
Duration of Therapy
The duration of treatment is somewhat controversial and consensus does not exist. One randomized controlled trial demonstrated that 5 days of treatment is as efficacious as 10 days in the treatment of carefully characterized patients with SBP [30]. However, consideration for a longer treatment period can be made in patients who grow unusual organisms (e.g., pseudomonas, enterobacteriaceae), an organism resistant to standard antibiotic therapy, or an organism routinely associated with endocarditis (e.g. staphylococcus aureus or viridans group streptococci) [16]. Patients with concurrent variceal bleeding and ascites should definitively be given 7 days of ceftriaxone for SBP prophylaxis [1, 25].

Choice of Antibiotics
The first choice of antibiotics for treatment of SBP remains cefotaxime, but several recent studies have identified the growth of multi-resistant organisms and recommend antibiotics with broader coverage such as carbapenems with or without glycopeptides or piperacillin-tazobactam as an initial treatment, especially in patients at risk of developing nosocomial or healthcare-associated infections [16].

Patient with Non-neutrocytic Bacterascites
It is unclear if patients with bacterascites (bacteria are present in the ascitic fluid, but the PMN count is less than 250 cells/mm3) have infection or colonization and so clinical correlation is important. Patients who have non-neutrocytic bacterascites but demonstrate signs and symptoms of SBP, should be diagnosed as having presumed SBP and should be started on antibiotics. This condition can be seen early in the development of SBP. If the patient is asymptomatic, bacterascites could suggest colonization and a repeat paracentesis should be obtained 48 h after the initial paracentesis or if the patient develops symptoms. A follow up PMN count of more than 250 cells/mm3 would require therapy [4, 5].
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Case Presentation
A 34 year old woman presented to the clinic for evaluation. She had a history of morbid obesity with a body mass index (BMI) of 35 kg/m2 and had undergone uncomplicated Roux-en-Y gastric bypass surgery 9 months prior. She had a history of heavy alcohol use, but stated that her last drink occurred 3 years ago. Within the past 1–2 months, she noticed increasing jaundice, fatigue, and abdominal distension but denied any recent travel, new medications or sick contacts. She had not vomited blood, but noted that her stools were consistently dark and tar-like. Her behavior in clinic included emotional lability and rambling speech. Lab testing revealed a positive blood alcohol level of 269 mg/dL (reference <10 mg/dL) and a urine drug screen was positive for benzodiazepines and opioids, though these medications did not appear on her medication list. Labs also revealed a WBC 13 K/uL with neutrophilic predominance, hemoglobin 10 g/dL, MCV = 112, platelets 100 K/uL, AST 202 IU/mL, ALT 38 IU/mL, alkaline phosphatase of 196 IU/mL, and total bilirubin 25.3 mg/dL. Her serum creatinine was 0.84 mg/dl, INR was 5.2, and a liver ultrasound revealed increased parenchymal echotexture consistent with diffuse hepatocellular disease, splenomegaly and ascites.
She was admitted to the general care floor with plans for an upper endoscopy the following day. She was initially alert and oriented x 3 with a BP = 114/56 mmHg and pulse of 120 beats per minute. She received IV vitamin K for her elevated INR and was started on ceftriaxone 1 g IV daily for infection prophylaxis in the setting of melena while awaiting endoscopy. Due to her recent drinking and mild tremulousness, 1–2 mg of lorazepam by mouth every 1–2 h was given based upon agitation, and she was reassessed on an hourly basis per protocol. Overnight, she began to experience worsening sinus tachycardia with heart rates in the 130s, blood pressures in the 190s/100s which were nonresponsive to lorazepam, and a fever to 101° Fahrenheit. She also developed refractory tremor in her upper extremities and became increasingly agitated and confused. She reported seeing bugs crawling on the walls and door frame, which increased her agitation.
Question
How would you classify her liver disease status?

Answer
Acute alcoholic hepatitis with alcohol withdrawal syndrome

The patient was transferred to the ICU for further monitoring given severe alcohol withdrawal/delirium tremens. An infectious workup was initiated including blood cultures and a chest x-ray and antibiotics were broadened to zosyn and vancomycin. Potassium, magnesium, and thiamine replacement were initiated. Approximately 12 h after her admission to the hospital, she had 2–3 episodes of large volume bloody emesis. She was hypotensive to 50/30s and tachycardic to the 140s. Because of her hematemesis and altered mental status, she was emergently intubated for airway protection. Her hemoglobin level decreased to 5 g/dL and arterial blood lactate level was 16.3. A central line was placed and she was given 3 units blood and 3 units of fresh frozen plasma, in addition to normal saline. Her blood pressure responded to resuscitation and improved to 89/53.
The patient underwent emergency upper endoscopy and was found to have grade III esophageal varices with red wale marks and active hemorrhage. Several bands were placed with successful control of bleeding but with incomplete eradication of her varices. Approximately 8 h after the upper endoscopy, she was noted have hypotension with copious amounts of bright red blood suctioned from her orogastric tube. Given concern for recurrent variceal bleeding, a TIPS was placed following a hepatic ultrasound which showed hepatic steatosis but no masses or portal vein thrombosis. Her initial porto-systemic pressure gradient of 34 mmHg decreased to 14 mmHg following successful TIPS placement. The patient was ultimately able to be extubated and transferred to the floor with improving mental status and functional status at hospital day 5. At day 7 of her hospitalization, she developed anuric AKI which was felt to be related to ATN from repeated periods of hypotension and was started on hemodialysis. She passed away approximately 4 weeks after her discharge from multi-organ failure with a bilirubin of 30.4 mg/dl and INR of 3.1.

Principles of Management
Classification of Alcoholic Liver Disease
The key principles of management of the patient with ALD in an ICU setting are twofold: medical management of the ALD and its associated complications and concomitant management of alcohol withdrawal syndromes.
Alcoholic liver disease occurs along a spectrum ranging from asymptomatic hepatic steatosis to steatohepatitis with variable amounts of hepatic fibrosis (Table 69.1). Alcoholic hepatitis, by contrast, can occur at any time point along this spectrum and is characterized by a clinical syndrome of new onset-jaundice within the past 3 weeks, coagulopathy, leukocytosis, and fever occurring in the presence of a history of recent heavy alcohol use with no other identified cause of liver injury [1]. The evaluation of the patient with suspected alcoholic liver disease, including alcoholic hepatitis, includes a thorough workup for alternative causes of liver injury including testing for hepatitis B and C which may be present in 5–10 % of patients with established ALD; concomitant acetaminophen toxicity; obstructive jaundice due to choledocholithiasis; and autoimmune hepatitis. Lab testing can help diagnose alcoholic hepatitis with patients often having an AST:ALT ratio of > 2:1, leukocytosis with neutrophilic predominance and elevated bilirubin and INR levels. The liver biopsy in patients with AH typically demonstrates evidence of neutrophilic infiltration of the liver with Mallory’s hyaline, cholestasis, and varying severity of steatohepatitis (Figs. 69.1 and 69.2). Although liver biopsies are frequently required for clinical trials, most practitioners do not obtain a biopsy unless there is substantial clinical uncertainty.Table 69.1Spectrum of alcoholic liver disease


	Disease phenotype
	Clinical features
	Objective laboratory and prognostic markers

	Asymptomatic hepatic steatosis
	
Incidence: 2–5 % of US population

Symptoms: occasional hepatomegaly/RUQ pain, good muscle tone, appear medically well

Risk factors: daily alcohol consumption > 2 to 3 drinks/day, female gender

Prognosis: generally favorable and reversible with abstinence

Treatment: alcohol detox to sobriety, multivitamin, counseling, psychiatric meds to prevent relapse
	
Labs:
 Serum AST and ALT may be mildly elevated or > 2:1 ratio
 Normal or minimally elevated MCV without anemia
 Urine ethylglucuronide to verify alcohol use in past 5 days
 Normal albumin, bilirubin and INR

Imaging: increased hepatic steatosis on CT/MRI.

Biopsy: variable steatosis with mild inflammation and pericellular fibrosis

Prognosis: may improve/resolve with abstinence or lead to progressive liver damage/fibrosis with continued alcohol use

	Alcoholic hepatitis
	
Incidence: 5–10 per 100,000

Symptoms: acute jaundice, nausea, abdominal pain, fever, encephalopathy.

Risk Factors: binge intake > 4 weeks in chronic user, younger age, genetic polymorphisms

Prognosis: 10–30 % 1 month mortality; 50 % 1-year mortality with abstinence; 90 % mortality without abstinence

                            Treatment:
                          
 Manage acute alcohol withdrawal
 Thiamine, folate, enteral nutrition
 Steroids x 6 weeks in highly selected patients
 Alcohol abstinence
 Management of encephalopathy, bleeding, ascites
 Not candidates for liver transplant in most centers
	
Labs:
 Serum AST: ALT > 2:1 frequently seen but both < 1000 IU/mL
 Urinary ethylglucuronide detectable if alcohol use in past 5–7 days
 CBC: moderate to severe macrocytosis with anemia, frequent thrombocytopenia, leukocytosis with left shift if severe
 Moderate to severely ↑ bilirubin and INR, low albumin.

Imaging: hepatic steatosis in CT/MRI +/− hepatosplenomegaly, +/− ascites and venous collaterals

Biopsy: steatosis with neutrophilic inflammation, cirrhosis in 40–60 %

Prognosis: discriminant function ≥ 32 has 30–50 % mortality at 1 month

	Decompensated alcoholic cirrhosis
	
Incidence: unknown but 10–15 % of patients with heavy alcohol will go on to develop cirrhosis

Symptoms: anorexia, weight loss, ascites, muscle wasting/weakness, palmar erythema, telangiectasias

Risk Factors: lifetime alcohol consumption exceeding 3–4 drinks/day over 10 years or more

Prognosis: determined by severity of portal HTN complications (variceal bleeding, ascites, encephalopathy). If MELD > 20, then ~70 % 1 year survival even with abstinence

Treatment:
 Thiamine, folate, and multivitamins
 Medical management of ascites with diuretics
 Lactulose/rifaxamin for encephalopathy
 Endoscopy for varices
 Transplant in selected patients with favorable prognosis for long-term abstinence and compliance
	
Labs:
 Serum AST and ALT frequently normal or minimally elevated
 CBC: Moderate to severe macrocytosis with anemia, low WBC and platelets due to portal HTN.
 Bilirubin and INR variably elevated, low albumin

Imaging: small shrunken, nodular liver with ascites, collaterals and splenomegaly

Biopsy: cirrhosis with minimal steatosis/inflammation

Prognosis:
MELD score predicts mortality at 3 months:
 <9 = ~2 % mortality
 10–19 = 6 % mortality
 20–29 = 20 % mortality
 30–39 = 53 % mortality
 >40 = 71 % mortality



Abbreviations: US United States, AST aspartate transaminase, ALT alanine transaminase, INR international normalized ratio, CT computed tomography, MRI magnetic resonance imaging, IU international units, mL milliliter, HTN hypertension, CBC complete blood count, WBC white blood cell count, MELD Model for End-Stage Liver Disease
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Fig. 69.1Alcoholic hepatitis. An example of acute alcoholic hepatitis with Mallory-Denk bodies, steatosis, and neutrophilic inflammation (400× magnification)
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Fig. 69.2Hepatic steatosis. Low-grade steatohepatitis showing predominantly steatosis (100× magnification)





Patients with ALD often, if not always, have, concomitant alcohol use disorders (AUD) which are classified by clinical symptoms (Table 69.2). Alcohol use disorders (AUD) are a major source of morbidity and mortality in the general population with an estimated prevalence of 6–8 % in North America [2]. Approximately 10–33 % of all medical ICU patients have an AUD which places them at risk of developing alcohol withdrawal syndrome [3]. A thorough history for heavy and chronic alcohol use should be taken, as alcoholic hepatitis can occur even weeks after the patient has stopped drinking. Though the pattern of alcohol use resulting in alcoholic liver disease (chronic vs binge drinking [i.e., consuming five or more drinks in less than 2 h]) is still unclear, chronic daily use of >30 g (approximately two standard drinks) alcohol increases the risk for cirrhosis. Alcoholic hepatitis patients report a mean use of 100 g or greater daily (~7 standard drinks or more per day), frequently in the days or weeks prior to presentation [1]. A standard drink is defined as 12 oz of beer, 5 oz of wine, or 1.5 oz hard liquor.Table 69.2Diagnostic criteria for alcohol use disorder and alcohol withdrawal syndrome


	
                            Alcohol use disorders
                          

	
                            Diagnostic Criteria
                          
Mild: 2–3 symptoms
Moderate: 4–5 symptoms
Severe: 6+ symptoms
	At least two of the following:
 1. Alcohol taken in larger amounts or over longer period than intended
 2. Persistent desire or failed efforts to cut down/control use
 3. Great deal of time spent obtaining, using, or recovering from effects of alcohol
 4. Craving, or strong desire/urge to use alcohol
 5. Recurrent alcohol use resulting in failure to fulfill major role obligations at work, home, school
 6. Continues alcohol use despite persistent/recurrent social or interpersonal problems related to alcohol use
 7. Important social, occupational, or recreational activities given up/reduced due to alcohol use
 8. Recurrent alcohol use when physically hazardous
 9. Continued alcohol use despite knowledge of persistent/recurrent physical or psychological problem related to alcohol use
 10. Tolerance:
  (a) Either a need for markedly increased amounts of alcohol to achieve the desired effect/intoxication
  (b) OR markedly diminished effect of continues use of same amount of alcohol
 11. Withdrawal:
  (a) Symptoms consistent with alcohol withdrawal syndrome (see below)
  (b) Alcohol (or closely related substance such as benzodiazepine) taken to relieve/avoid withdrawal symptoms

	
                            Remission definitions
                          
	
In early remission:
 After full criteria for AUD diagnosis met, NO criteria for AUD have been for 3 months, but less than 12 months (Craving criteria can still be met but considered to be in early remission)

                            In sustained remission:
                          
 After full criteria for AUD diagnosis met, NO criteria for AUD met for 12 or more months (Craving criteria can still be met but considered to be in sustained remission)

	
                            Alcohol withdrawal Syndrome
                          

	
                            Diagnostic criteria
                          
	1. Cessation/reduction of heavy/prolonged alcohol use
2. Two or more of the following, developing within several hours to a few days following cessation/reduction in alcohol use:
 (a) Autonomic hyperactivity (sweating, pulse >100 beats per minute)
 (b) Increased hand tremor
 (c) Insomnia
 (d) Nausea or vomiting
 (e) Transient visual, tactile, or auditory hallucinations
 (f) Psychomotor agitation
 (g) Anxiety
 (h) Generalized tonic-clonic seizures
3. Signs/symptoms of above criteria cause clinically significant distress/impairment in social, occupational, or other important areas of functioning
4. Above signs/symptoms not attributable to another medical condition and not better explained by another mental disorder, including withdrawal or intoxication with another substance





Lab testing for alcohol use can be helpful in the proper setting as patients may be reluctant to disclose the true nature of their alcohol and/or co-occurring illicit drug use. Ethanol testing in the blood or urine can be used, though the short half-life results in a narrow time window for positive results (blood ~10-12 h, urine ~18-24 h) [4]. Ethyl glucuronide, a metabolite of ethanol formed in the liver by the conjugation of ethanol with glucuronic acid via UDP-glucuronosyltransferase, can be detected in the urine approximately 72–90 h after the last ingestion of alcohol and can be helpful in verifying reports of abstinence [4]. Since there can be substantial inter-individual variation in the production of urinary ethyl glucuronide, results should always be interpreted in the appropriate clinical context.

Prognosis in Alcoholic Hepatitis
Once a clinical diagnosis of AH is established, prognosis can be determined based on the Maddrey’s discriminant function or Model for endstage liver disease (MELD) scores which both predict 1 month mortality of approximately 20–35 % [5].1Other prognostic scoring models have been used, such as the Chronic Liver Failure- Sequential Organ Failure Scoring System (CLIF-SOFA) and have been validated in cohorts which included ALD and AH, showing as good or better prognostic performance when compared to the MELD score [6].
The standard medical management of AUD includes vitamin and mineral supplementation as well as management of AWS (Table 69.3). Patients with AUD have a higher risk of requiring mechanical ventilation and are more prone to develop sepsis and pulmonary infections which contributes substantially to morbidity and mortality [8]. In addition, complications of alcoholic cirrhosis, such as GI bleeding or spontaneous bacterial peritonitis, may also prompt ICU admission.Table 69.3Clinical institute withdrawal assessment of alcohol scale, revised (CIWA-Ar)


	Record heart rate and blood pressure for 1 min

	
                            NAUSEA AND VOMITING—Ask “Do you feel sick to your stomach? Have you vomited?” Observation
                          
0 No nausea or vomiting
1 Mild nausea with no vomiting
2
3
4 Intermittent nausea with dry heaves
5
6
7 Constant nausea, frequent dry heaves and vomiting
	
                            TACTILE DISTURBANCES—Ask “Do you have any itching, pins and needles sensations, any burning, any numbness, or do you feel bugs crawling on or under your skin?”
                          
0 None
1 Very mild itching, pins/needles, burning or numbness
2 Mild itching, pins/needles, burning or numbness
3 Moderate itching, pins/needles, burning or numbness
4 Moderately severe hallucinations
5 Severe hallucinations
6 Extremely severe hallucinations
7 Continuous hallucinations

	
                            TREMOR- Arms extended and fingers spread apart. Observation.
                          
0 No tremor
1 Not visible, but can be felt fingertip to fingertip
2
3
4 Moderate, with patient’s arms extended
5
6
7 Severe, even with arms not extended
	
                            AUDITORY DISTURBANCES- Ask “Are you more aware of sounds around you? Are they harsh? Do they frighten you? Are you hearing anything that is disturbing to you? Are you hearing things you know are not there?”
                          
0 Not present
1 Very mild harshness or ability to frighten
2 Mild harshness or ability to frighten
3 Moderate harshness or ability to frighten
4 Moderately severe hallucinations
5 Severe hallucinations
6 Extremely severe hallucinations
7 Continuous hallucinations

	
                            PAROXYSMAL SWEATS- Observation.
                          
0 No sweat visible
1 Barely perceptible sweating, palms moist
2
3
4 Beads of sweat obvious on forehead
5
6
7 Drenching sweats
	
                            VISUAL DISTURBANCES- Ask “Does the light appear to be too bright? Is its color different? Does it hurt your eyes? Are you seeing anything that is disturbing to you? Are you seeing things that you know are not there?” Observation.
                          
0 Not present
1 Very mild sensitivity
2 Mild sensivity
3 Moderate sensivitiy
4 Moderately severe hallucinations
5 Severe hallucinations
6 Extremely severe hallucinations
7 Continuous hallucinations

	
                            ANXIETY- Ask “Do you feel nervous?”
                          
0 No anxiety
1 Mildly anxious
2
3
4 Moderately anxious
5
6
7 Equivalent to acute panic states as seen in severe delirium or acute schizophrenic reactions
	
                            HEADACHE, FULLNESS IN HEAD—Ask “Does your head feel different? Does it feel like there is a band around your head?” Do not rate for dizziness or lightheadedness. Otherwise, rate severity.
                          
0 Not present
1 Very mild
2 Mild
3 Moderate
4 Moderately severe
5 Severe
6 Very severe
7 Extremely severe

	
                            AGITATION- Observation
                          
0 Normal activity
1 Somewhat more than normal activity
2
3
4 Moderately fidgety and restless
5
6
7 Paces back and forth during most of the interview, or constantly thrashes about
	
                            ORIENTATION AND CLOUDING OF SENSORIUM- Ask “What day is this? Where are you? Who am I?”
                          
0 Oriented and can do serial additions
1 Cannot do serial additions or is uncertain about date
2 Disoriented for date by no more than 2 calendar days
3 Disoriented for date by more than 2 calendar days
4 Disoriented for place/or person

	
                            Total score:_____ (maximum: 67)
                          


Scores are used in individual hospital withdrawal protocols to guide medication administration [7]





ICU Management of Alcohol Use Disorders, Including Alcohol Withdrawal Syndrome (AWS) and Delirium Tremens (DTs)
The ICU management of alcohol withdrawal must occur in parallel with the medical management of their liver disease. Alcohol withdrawal syndrome (AWS) is defined as a complex of symptoms developing within hours to days of reduction or cessation of alcohol use that has been heavy and prolonged, in the absence of another medical cause for the symptoms (DSM-V) [9]. Symptoms are protean and may fluctuate including autonomic hyperactivity, hand tremor, insomnia, nausea and vomiting, visual, tactile, or auditory hallucinations, psychomotor agitation, anxiety, and generalized seizures. Delirium tremens (DT) or withdrawal delirium (as it is termed in the DSM-V), is a more severe form of AWS, characterized by alcohol withdrawal symptoms coupled with delirium, including decreased attention and awareness with disturbance in, memory, orientation, perception or visuospatial abilities (DSM-V) (Table 69.4). Patients with DT have as high as a 10–20 % inpatient mortality rate particularly within the first 48 h of presentation. Delirium symptoms should also prompt a thorough evaluation for other medical problems that could produce delirium such as infection, GI bleeding, hypoglycemia, electrolyte disturbances, occult head injury, or ingestion of other toxins/psychoactive drugs. Alcohol withdrawal symptoms can appear several hours after cessation of all alcohol use and reach full severity approximately 50–60 h after stopping alcohol [10].Table 69.4Michigan alcohol withdrawal severity (MAWS) scoring system


	Symptom classes
	Scoring

	
                            Type A (CNS excitation)
                          
 Anxiety or nervousness
 Restless
 Bothered by bright light
 Bothered by sounds
	Assign one point for each
Maximum 4 points

	
                            Type B (Adrenergic hyperactivity)
                          
 Nausea or vomiting
 Visible tremor
 Sweat visible (palms/forehead)
 SBP more than 30 mmH over baseline or >170 mmHg OR DBP more than 20 mmHg over baseline or >100 mmHg
 Heart rate >110
	Assign one point for each
Maximum 5 points

	
                            Type C (Delirium)
                          
 Inappropriate behavior, not redirectable
 Disinhibited, not redirectable
 Disoriented
 Hallucinations (auditory, visual, tactile) AND not redirectable
	Maximum 1 point

	
                            Severity-based treatment protocol
                          

	
                            Severity
                          
	Clinical Guidance
	Cautions/Side Effects

	
                            Mild/Moderate
                          
MAWS score 0–5
	 Baseline EKG
 Assess every 1–2 h (or more frequently if clinical instability present)
 MAWS 1–5
  Lorazepam 1–2 mg PO/IV every 1 h as needed until patient calm or MAWS score 0
  If 2 or more Type B symptoms non-responsive to lorazepam, consider clonidine 0.1 mg PO every 2 h (maximum 3 doses) after ruling out other contributing factors (ex. hypoglycemia, electrolyte disturbance, dehydration, cardiac problems, etc)
  If Type C symptoms present and nonresponsive to lorazepam, consider haloperidol 0.5–2.0 mg PO/IM every 2 h until Type C symptoms resolve OR patient is calm/cooperative OR redirectable
	 Clonidine

  STOP if SBP decreases 30 mmHg or more OR DBP decreases by 20 mmH or more with any one dose
 Haloperidol

  Requires at least hourly monitoring by nursing
  Do not use in patients with Parkinson’s disease
  Monitor for fever, new hypertension or dystonic reaction and discontinue use immediately if these occur

	
                            Severe
                          
MAWS Score 6+
	 Transfer to monitored telemetry bed
 Consider ICU Transfer if MAWS >6 after 6 h treatment OR clinical instability (SBP <85 or >185 mmHg; HR >125; RR >30 or inability to protect airway)
  Lorazepam 2–4 mg PO/IV every 1 h as needed until patient calm or MAWS score 0
  If 2 or more Type B symptoms non-responsive to lorazepam, consider clonidine 0.1–0.2 mg PO every 2 h (maximum 3 doses) after ruling out other contributing factors (ex. hypoglycemia, electrolyte disturbance, dehydration, cardiac problems, etc)
  If Type C symptoms present and nonresponsive to lorazepam, consider haloperidol 0.5–2.0 mg PO/IM every 2 h until Type C symptoms resolve OR patient is calm/cooperative OR redirectable
 For intubated patients with ongoing signs and symptoms of severe withdrawal not responsive to above measures, consideration can be given to propofol or dexmedetomidine infusions.
	Same as above


The MAWS protocol is an institution-specific example of AWS management. Consult your local institutional protocols, if available, for management. Other examples of suggested protocols are included in Shukit, NEJM 2014 (371)




There are no formal practice guidelines for the treatment of AWS, but numerous studies have evaluated the effectiveness of various medication strategies (see Table 69.2). Standardized, symptom-driven protocols for administration of benzodiazepines as first-line therapy have been shown to be more effective, safer, and less expensive than continuous, non-symptom driven infusions, resulting in lower overall use of benzodiazepines, faster time to symptom control, shorter ICU and overall hospital stay, and reduced need for mechanical ventilation [10–12]. Such protocols are commonly nurse-administrated and involve frequent, serial assessments of CNS excitation, autonomic symptoms, and delirium. Several scores have been developed to assess for AWS, but perhaps the most commonly used score is the revised Clinical Institute Withdrawal Assessment for Alcohol Use score (CIWA-Ar), though this has not been validated in critically ill patients nor intubated patients [7, 10, 13] (see Table 69.3). Benzodiazepines are given in standard dose increments based on the total score obtained and all patients should have frequent assessment of their vitals and respiratory status.
A meta-analysis of sixty-four studies that included over 4000 participants, demonstrated a trend towards better outcomes for benzodiazepines versus other medications in AWS but when comparing different benzodiazepines amongst each other, no evidence supported using one over another [12]. However, lorazepam or midazolam are frequently preferred over diazepam due to their shorter half-life.
In patients with severe AWS or DTs (i.e. CIWA-Ar ≥20), ICU admission for clinical and hemodynamic monitoring is strongly advised due to their high short-term mortality via aspiration, seizures, or cardiac arrest. A recent meta-analysis revealed that patients with a prior history of alcohol withdrawal seizures or DTs, thrombocytopenia, and hypokalemia were at greater risk of developing seizures or DTs on subsequent hospitalizations [14]. Other predictors of DTs include higher CIWA-Ar scores ≥15, hypertension, tachycardia, older age, and comorbid medical problems, such as respiratory, cardiac, or GI disease [15]. Specific management recommendations for DTs is limited by a lack of well-controlled trials but benzodiazepines remain the first-line agent for initial treatment. Although diazepam and lorazepam are frequently used and available in IV formulations, lorazepam has a shorter half-life. Shorter-acting benzodiazepines may be preferred in patients with ALD due to prolonged sedative effects in patients with hepatic dysfunction. In patients who require adjunctive therapy, propofol (0.3–1.25 mg/kg/h, max dose 4 mg/kg/h) or dexmedetomidine (up to 0.7 mcg/kg/h) can be considered [15]. Patients must be in a ICU setting for administration of these agents (as discussed below in the Evidence Contour).

Nutritional and Micronutrient Supplementation
Vitamin deficiencies are common in hospitalized patients with AUD and ALD. The most common electrolyte disturbance is hypomagnesemia, which is thought to occur due to increased urinary excretion as well as GI losses through diarrhea [16]. Repletion of magnesium and potassium is standard of care for patients with alcohol use disorders, though supplementation has not been shown to improve outcomes or decrease risk of developing severe AWS or DTs. Thiamine (vitamin B1) deficiency is also common in alcoholic patients and arises due to poor dietary intake, reduced intestinal absorption, and impaired cellular utilization. Thiamine deficiency can result in Wernicke-Korsakoff syndrome, a neurologic syndrome with both acute and chronic manifestations including ataxia, oculomotor disturbances (Wernicke’s encephalopathy), and confusion in the acute setting which can progress to more chronic and intractable amnestic symptoms, characteristic of the Korsakoff syndrome [17]. Early recognition and repletion of thiamine can reverse the acute manifestations, but chronic changes are often permanent. Alcoholic dementia and alcohol-related cerebellar degeneration have also been linked to thiamine deficiency [17]. Thiamine repletion in the ICU should be via the parenteral route as intestinal absorption of oral thiamine is poor [10]. Magnesium repletion should also be addressed since magnesium acts as a cofactor for the conversion of thiamine. Care should be taken to replace thiamine prior to initiation of glucose-containing intravenous infusions to avoid precipitating Wernicke’s encephalopathy. Folate deficiency is also common in AUD patients and results in a macrocytic anemia.
Many other vitamins and minerals may be deficient in alcoholics due to combination of poor nutritional status, decreased absorption and increased losses through the urinary or GI tract. This includes vitamin B6 (pyridoxine), vitamin B2 (riboflavin), vitamin C, iron, phosphorus and calcium. A daily multivitamin often meets requirements for supplementation of water-soluble vitamins and minerals. Fat-soluble vitamins, including vitamins A, D, E, and K, are often deficient in patients with ALD and chronic alcohol use. Recommended daily intake of various vitamins and minerals for patients with ALD are listed in Table 69.4. Additional supplementation may be necessary for patients in whom some levels are low. Nutritional consultation for the ICU patient with ALD may be helpful. Enteral nutrition via tube feeds is recommended over parenteral where possible [18]. Placement of enteral feeding tube via oral or nasal route is safe, even in the presence of varices and should be favored over parenteral nutrition, which increases infection risk [18]. Furthermore, percutaneously-placed gastrostomy tubes are contraindicated in the setting of ascites, coagulopathy [19].

Upper GI Bleeding in Patients with Alcoholic Liver Disease
Varices are responsible for nearly 70 % of UGI bleeding in ALD patients, but other causes of hemodynamically significant bleeding in cirrhotic patients can include peptic ulcer disease, or Mallory-Weiss tear with an exposed vessel (particularly in patients with recent nausea and vomiting). Practice guidelines are available (see Table 69.3) to aid in management.
All patients with chronic liver disease and UGI bleeding should be transferred to the ICU for management (Table 69.5). Large-bore IV access is essential, and central vein access with a CordisTM or other large caliber device is preferred to allow for rapid infusion of blood products and crystalloid. Blood transfusion should be initiated if hemoglobin is <8 g/dl, but over-resuscitation with blood products or crystalloid should be avoided in order to prevent a rise in portal pressures which could precipitate worsened bleeding. A recent study confirmed the benefit of a restrictive transfusion strategy. In a randomized controlled trial of over 800 patients with upper GI bleeding, those who received transfusions to maintain a target hgb of ~ 8 g/dl (restrictive strategy) versus ~ 10 g/dL (liberal strategy) had improved 6 week survival (HR 0.55, p =0.02) [20]. The subgroup of patients with cirrhosis, particularly Childs A/B cirrhotics, had even better survival (HR 0.30, p =0.02). Of note, patients with massive exsanguinating bleeding, acute coronary syndromes, stroke or TIA, symptomatic peripheral vascular disease, or lower GI bleeding were excluded. Therefore, a target hemoglobin ~8 g/dL is appropriate in patients with suspected variceal bleeding [21].Table 69.5Management of alcoholic liver disease and alcohol withdrawal


	Alcohol Withdrawal
	Suspect in patients who report a history of recent drinking or who answer any CAGE questions positively or who have signs/symptoms of alcohol withdrawal
Utilize a protocol-based assessment approach, (see Tables 69.3 and 69.4 for examples) or institution-specific protocol, to regularly assess patients for signs/symptoms of withdrawal:
 CNS excitation (anxiety, restlessness, bothered by light/sound)
 Adrenergic Activation (Nausea/vomiting, visible tremor, diaphoresis, hypertension, tachycardia)
 Delirium (inappropriate or disinhibited behavior that is not re-directable, disorientation, hallucinations)
See Table 69.4 for management and pharmacotherapy options

	Indication for ICU Monitoring
	Severe alcohol withdrawal syndrome/DTs
Inability to protect airway/need for intubation
Upper GI bleeding concerning for variceal bleeding
Hemodynamic instability (HR >125, RR >30, SBP <85, or >185)
Refractory symptoms unresponsive to benzodiazepine treatment





As soon as variceal bleeding is suspected, octreotide should be initiated in a continuous intravenous infusion. A bolus dose of 50 mcg followed by 50 mcg/h infusion rate is recommended with infusion continued for 3–5 days after confirmation of variceal bleeding on endoscopy. The mechanism of action of octreotide is due to splanchnic vasoconstriction which decreases portal pressures; however, somatostatin and its analogues (including octreotide) alone offer only marginal benefit and should always be accompanied by early endoscopic therapy. Patients are often placed on proton-pump inhibitor infusions prior to diagnostic and therapeutic endoscopy, given concern for peptic ulcer bleeding. If varices are found to be the cause of upper GI bleeding, PPI infusions can be replaced with once or twice daily oral PPI, depending upon other endoscopic findings and risk for stress ulcers in the ICU setting. Finally, antibiotic prophylaxis should be initiated in all cirrhotic patients, with or without ascites, presenting with GI hemorrhage. In multiple studies, a mortality benefit has been shown for cirrhotic patients with GI bleeds receiving prophylactic antibiotics initiated as soon as possible after presentation to the hospital. The presence or absence of ascites in ALD patients with GI bleeding is not required to initiate antibiotic prophylaxis. Third-generation cephalosporins, such as ceftriaxone are preferred over fluoroquinolones due to studies showing greater efficacy with cephalosporin and can be continued for up to 7 days [21]. Non-selective beta-blockers for prevention of variceal bleeding should be avoided in the acute setting.
Early endoscopy within a maximum of 12 h should occur [21]. In order to optimize visualization of the UGI tract, gastric lavage via placement of an NG tube is recommended to help clear the stomach of old blood. Contrary to popular belief, placement of an NG tube is not associated with a greater risk of inducing bleeding from esophageal varices. Lavage with 500 ml or more of normal saline is recommended until clear. In addition, some endoscopists recommend administration of a rapid acting prokinetic agent such as IV metoclopramide (10 mg) or erythromycin (125 mg) to facilitate removal of retained clots.
Endoscopic treatment options for esophageal varices include band ligation and sclerotherapy. Band ligation is usually the first-line endoscopic treatment, with sclerotherapy, using either ethanolamine or sodium morrhuate as sclerosants, often reserved for use if banding fails. Endoscopic therapy is successful in controlling variceal bleeding in 80–90 % of cases. In cases where endoscopic therapy is unsuccessful, salvage therapy with a transjugular intrahepatic portosystemic shunt (TIPS) is the next step in management. TIPS is contraindicated in patients with uncontrolled systemic infections or sepsis, congestive heart failure, severe pulmonary hypertension or severe tricuspid regurgitation. Obstruction of hepatic veins, presence of portal vein thrombus, hepatocellular carcinoma, severe coagulopathies and thrombocytopenia (<20,000 cells/mm3), and severe hepatic encephalopathy are also relative contraindications to placing a TIPS. Therefore, a hepatic ultrasound with dopplers and bedside echocardiogram (if there is clinical suspicion of heart failure or pulmonary hypertension) should be performed prior to TIPS, though this should not delay TIPS if the patient is hemodynamically unstable with ongoing bleeding. If bleeding continues after endoscopic therapy, balloon tamponade can be used for up to 24 h to temporize until the patient can be taken to the Interventional Radiology suite for TIPS. The most common tamponade device available is the Sengstaten-Blakemore tube (Fig. 69.3). This tube, composed of both an esophageal and gastric balloon, should only be inserted in intubated and sedated patients. The balloon can be inserted blindly following endoscopy with inflation of the gastric balloon often sufficient to provide tamponade of bleeding. A portable abdominal x-ray should be performed prior to full balloon inflation to confirm position in the stomach prior to securing the balloon. Balloon tamponade devices should only be placed and monitored by individuals skilled and familiar with their use and should not be left in place longer than 24 h. If TIPS is unavailable, consideration should be given to transferring to a center which offers the procedure.[image: A329322_1_En_69_Fig3_HTML.jpg]
Fig. 69.3Sengstaten- Blakemore Tube. Prior to insertion, patients should be electively intubated and sedated. After the esophageal and gastric balloons are inflated to exclude a leak, the lubricated tip of the tube is passed through a nares or the mouth into the hypopharynx and esophagus. Following confirmation of a secussion splash in the stomach, the gastric balloon is inflated with 30 ml of air and a STAT confirmatory x-ray obtained to insure proper tube placement. The gastric balloon is inflated to 200–250 ml followed by active traction on the tube at the oropharynx to create a tamponade effect at the gastroesophageal junction. All tubes require external fixation to prevent tube retraction. The maximum recommended duration of balloon inflation is 12 and 24 h for the esophageal and gastric balloons, respectively, to prevent mucosal necrosis






Medical Management of Acute Alcoholic Hepatitis
The medical management of acute alcoholic hepatitis includes supportive care, nutritional support, vitamin and mineral supplementation, and surveillance for and treatment of infection (See Table 69.5). Glucocorticoids or pentoxifylline were suggested as part of management in selected patients until the recently completed STOPAH trial called into question the effectiveness of these therapies [22, 23]. In a multicenter, double-blind, randomized trial, 1103 patients with a clinical diagnosis of acute alcoholic hepatitis and Maddrey’s Discriminant Function score ≥32 were randomized to either placebo, pentoxifylline plus placebo, prednisolone plus placebo, or pentoxifylline plus prednisolone. There was no difference in 28 day mortality, though there was a trend towards improved 90 day and 1-year mortality with corticosteroids that did not reach statistical significance. Based on this data, as well as prior meta-analyses, pentoxifylline appears to be ineffective in improving outcomes for patients with acute alcoholic hepatitis and should not be used [24, 25]. Though some meta-analyses had previously shown some moderate short-term benefit with prednisolone, the STOPAH trial calls its use into question. Higher rates of infection have also been reported in patients receiving prednisolone [26].
Only patients with a clinical diagnosis of acute AH and Maddrey’s DF score ≥32 who have no evidence of active infection should be considered for corticosteroids after considering the risks versus benefits. Because treatment for 1 month would be required, patients in whom long-term follow-up is uncertain or questionable should not be placed on prednisolone. The dose of prednisolone given is 40 mg PO daily. The Lille score, a composite of age, creatinine, albumin, prothrombin time, and bilirubin, can be calculated at day 7 of glucocorticoid treatment to determine if patients are responding to prednisolone therapy [27]. If the score is ≥0.45, this suggests that the patient is not responding and consideration should be given to stopping steroids.
Additional medical management options for acute AH include nutritional therapy. Enteral therapy, preferred over parenteral nutrition due to increased risk of infection, should be considered given the frequent finding of protein-calorie malnutrition in patients with chronic AUDs and acute AH. One multi-center randomized open-label trial of corticosteroids versus enteral nutrition showed similar 28 day survival, suggesting that enteral nutrition is non-inferior to corticosteroids [28]. Vitamin and mineral supplementation, as noted above, is recommended.

Management of Hepatorenal Syndrome
Acute kidney injury (AKI) develops in up to 20 % of hospitalized cirrhotic patients [29]. Most instances of acute kidney injury in patients with chronic liver disease are pre-renal and acute tubular necrosis (ATN). General principles of AKI management in cirrhotic patients apply: surveillance for and treatment of infection; stopping any medications that precipitate dehydration or renal injury (such as diuretics, ACE-inhibitors, NSAIDs, or aminoglycoside antibiotics). However, hepatorenal syndrome (HRS), due to splanchnic vasodilation and renal vasoconstriction in the setting of advanced liver disease, occurs in approximately 20 % of patients with ALD or acute AH. Hepatorenal syndrome is diagnosed in a cirrhotic with ascites who has a serum creatinine >1.5 mg/dL which does not improve with administration of a fluid challenge (given as 1 g/kg albumin daily to a maximum of 100 g/day for at least 2 days) with no evidence for shock, treatment with nephrotoxic drugs, or parenchymal kidney disease. There are two type of HRS: type 1 HRS, which is characterized by a rapid rise in creatinine to >2.5 mg/dL or a 50 % reduction in creatinine clearance to <20 ml/min in 2 weeks or less, and type II HRS which is slower, more progressive renal failure occurring over several weeks to months [30]. Both carry a very high mortality, but type 1 HRS is more commonly encountered in the ICU setting.
HRS can frequently occur in the setting of infection, particularly in patients with spontaneous bacterial peritonitis (SBP). Therefore, in addition to antibiotics, albumin should be given on day 1 (1.5 g/kg) and day 3 (1.0 g/kg) to prevent development of HRS and improve mortality in patients with SBP [30]. In patients who have a confirmed diagnosis of HRS, treatment with a combination of daily albumin infusion, octreotide (200 mcg subcutaneously three times daily) and midodrine (5–12.5 mg orally three times daily titrated to achieve an increase in mean arterial pressure of 15 mmHg) has been shown in a small randomized trial and in a larger retrospective trial to be effective [31, 32]. Octreotide and midodrine work by increasing splanchnic vasoconstriction. Other medications that have been investigated include terlipressin, a vasopressin analogue that increases splanchnic vasoconstriction. In the first direct comparison between terlipressin/albumin versus midodrine/octreotide/albumin, terlipressin-based therapy was found to be superior to octreotide and midodrine [33]. Since terlipressin is not available in the United States, it is not recommended for use at this time. Terlipressin also carries with it an increased risk of vasoconstrictive complications, including myocardial infarction, stroke, and intestinal ischemia. A meta-analysis of trials comparing terlipressin and norepinephrine showed equivalent efficacy, with fewer adverse events in the norepinephrine-treated patients [34]. This study was limited, however, by the high risk of bias in the included studies, which were all single-center, non-blinded studies with small sample sizes.


Evidence Contour
Optimal Medications for Alcohol Withdrawal Syndrome
Although benzodiazepines are the first line agents for AWS, other medications that are not well studied but have been used in an ICU setting include propofol, phenobarbital, alpha-2 agonists, such as clonidine and dexmedetomidine; and antipsychotics such as haloperidol. Haloperidol has been described as adjunctive therapy to treat severe agitation and hallucinations, but its use is complicated by an increased likelihood of seizures and QT prolongation. Newer atypical antipsychotics such as risperidone, quetiapine, or olanzapine, have not been studied in patients with AWS or DTs. Alpha-2 agonists, such as dexmedetomidine, work to decrease CNS sympathetic outflow, thus decreasing the autonomic symptoms associated with AWS. Dexmedetomidine in particular has emerged as a potentially attractive adjunctive agent given its much shorter half-life and greater ease of titration but should not be used in patients with heart block. In addition, the lack of GABA or opioid activation produces less respiratory depression, possibly preventing intubation. In the only prospective, randomized trial to date in 24 patients receiving primary symptom-driven benzodiazepine therapy for AWS, adjunctive dexmedetomidine reduced 24 h lorazepam requirements compared to placebo but did not show benefit in any other secondary outcomes [3].

Intubation for EGD
Decisions regarding intubation and choice of sedation are complex and require individualization. Sedation in ICU patients with underlying AUD and ALD, including those who are not undergoing withdrawal, is complex. Patients with AUDs may require higher doses of sedatives, including higher opioid and anxiolytic doses to achieve similar sedation outcomes as patients without AUDs. However, in patients with ALD, commonly used sedation agents, including propofol, midazolam, and fentanyl, undergo hepatic metabolism and can result in more prolonged sedation at lower doses. Because of the complexity of sedation in patients with both active AUD and ALD, the choice of sedative should be individualized to the patient. Available evidence to date supports the use of propofol as effective and safe in cirrhotic patients with no evidence of precipitation of hepatic encephalopathy [35, 36]. A recent meta-analysis of propofol use in cirrhotic patients (most of whom were Childs Class A or B) undergoing upper GI endoscopy showed that propofol was safe and effective with no increased risk of adverse events, though the trials did not indicate if patients had AWS [37]. In cases where endoscopy is required, the choice of sedative agent should be made in conjunction with the consulting gastroenterologist and the ICU team.
The decision to intubate before endoscopy should also be individualized based on patient characteristics and severity of clinical bleeding. Patients with large-volume upper GI bleeding and those with altered mental status who may not be able to protect their airway should be considered for intubation prior to endoscopy. However, routine intubation for all patients with liver disease and upper GI bleeding is not recommended [38, 39].
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Footnotes
1The MELD score is calculated according to the following formula: (0.957 × loge(creatinine mg/dL) + (0.378 × loge (bilirubin mg/dL) + (1.120 × loge(INR)) + 0.643. Score should be multiplied by 10 and rounded to the nearest whole number. Lab values <1.0 are set to 1.0 for MELD calculation.

 




Part IX
Hematologic Disease

© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_70

70. Diagnosis and Management of Thrombotic Thrombocytopenic Purpura

Bravein Amalakuhan1 and Anoop M. Nambiar2  
(1)Division of Pulmonary Diseases and Critical Care Medicine, Department of Medicine, University of Texas Health Science Center at San Antonio, San Antonio, TX, USA

(2)Division of Pulmonary Diseases and Critical Care Medicine, Department of Medicine, University of Texas Health Science Center at San Antonio and the Audie L. Murphy VA Hospital, South Texas Veterans Health Care System, San Antonio, TX, USA

 

 
Anoop M. Nambiar
Email: nambiar@uthscsa.edu



Keywords
Thrombotic microangiopathyMicrovascular thrombosisThrombotic thrombocytopenic purpuraHemolytic uremic syndromeHemolysisAnemiaThrombocytopeniaADAMTS13 deficiencyTherapeutic plasma exchangeCorticosteroidsRituximab
Case Presentation
A 45 year-old African-American female with morbid obesity presented to the emergency department with a 2-day history of abdominal pain, nausea, vomiting, and skin lesions. She was found to have a low-grade fever, but all other vitals were within normal limits. Her physical examination was unremarkable, except for diffuse abdominal tenderness on palpation and diffuse purpuric lesions (Fig. 70.1). Her white blood cell count and differential count were normal, hemoglobin was 8 g per deciliter (g/dL), and platelet count was 12,000 per cubic millimeter (mm3). Her peripheral blood smear shows multiple fragmented red blood cells per microscopic high-powered field (Fig. 70.2) as well as reticulocytosis. Her serum creatinine level was 1.1 mg per decilitier (mg/dL), total bilirubin 3.3 mg/dL, direct bilirubin 2.1 mg/dL, lactate dehydrogenase 800 U/L, normal coagulation profile, negative direct Coombs’ test and a negative pregnancy test.[image: A329322_1_En_70_Fig1_HTML.jpg]
Fig. 70.1Purpura (bruises) and petechiae (red and purple dots) on the skin. Bleeding under the skin causes the purple, brown, and red color of the purpura and petechiae (Source: NIH National Heart, Lung and Blood Institute. What Is Thrombotic Thrombocytopenic Purpura? http://​www.​nhlbi.​nih.​gov/​health/​health-topics/​topics/​ttp)
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Fig. 70.2Peripheral blood smear demonstrates schistocytes (circled in blue) (By Central Hematology Laboratory Hemostasis Research Laboratory Bern University Hospital & University of Bern – Own work, CC BY-SA 4.0, https://​commons.​wikimedia.​org/​w/​index.​php?​curid=​36741808)






Question
What empiric treatment should be instituted urgently for this medical emergency prior to confirmation of the diagnosis?

Answer
Therapeutic plasma exchange

All patients presenting with microangiopathic hemolytic anemia (MAHA) and thrombocytopenia in the absence of an alternative explanation should be recognized rapidly as possible thrombotic thrombocytopenic purpura (TTP). Prompt initiation of therapeutic plasma exchange (TPE) may be life-saving. This patient was admitted to the intensive care unit and a central venous catheter was placed under direct ultrasound guidance without complication following urgent platelet transfusion due to her severe thrombocytopenia. A complete laboratory evaluation was sent including ADAMTS13 level, ADAMTS autoantibody screen, hepatitis panel and HIV testing. Multiple units of fresh frozen plasma (FFP) were administered until TPE could be initiated. TPE was started at 1.5 plasma volumes for the first 3 days. High-dose pulsed intravenous methylprednisolone (1000 mg per day) was administered for the next 3 days. Two units of packed red blood cells and folic acid were also given. Her hemodynamic and cardiopulmonary status was closely monitored. Once her platelet count was greater than in the 50,000/mm3, thromboprophylaxis was started with low molecular weight heparin and aspirin. By day three, her platelet count increased to 150,000/mm3. TPE was then continued at one plasma volume exchanged for two more days and then discontinued. During this time, her ADAMTS13 activity level from admission returned low at 4 %. Hepatitis panel and HIV testing were negative. ADAMTS13 autoantibody was still pending. Her platelet count and LDH continued to improve, and she was downgraded from the intensive care unit by day 10 in stable condition.

Principles of Management
Diagnosis of Thrombotic Thrombocytopenic Purpura
The diagnosis of thrombotic thrombocytopenic purpura (TTP) is primarily a clinical one that is based on the presenting clinical features of MAHA, thrombocytopenia, and organ failure, in the absence of a plausible alternative explanation. A timely diagnosis is essential, because if left unrecognized and untreated, TTP has a mortality rate of 90 % [1, 2]. Clinical presentation of TTP is significantly heterogeneous (Fig. 70.3). The classic pentad of TTP (MAHA, thrombocytopenia, fever, neurologic abnormalities, and acute kidney injury), previously described as occurring commonly, is now quite rare. In one case series of 65 patients with severe ADAMTS13 deficiency, only 5 % were affected by all five of the clinical abnormalities [3]. Prior to advent of early and empiric TPE, patients with TTP would often experience more severe and advanced disease, thus increasing the likelihood of exhibiting the classic pentad prior to death. This likely highlights the greatly improved early recognition of TTP and subsequent initiation of effective therapy which have greatly reduced the risk of developing severe disease with associated multisystem organ failure and mortality. In the same series mentioned earlier, only 37 % had severe neurologic abnormalities and 34 % had no evidence of neurologic dysfunction at all [3]. Acute kidney injury is rare in TTP (seen in only 8 % in that series), as opposed to hemolytic uremic syndrome where it is much more common [3]. Fever was seen in 23 % of the patients with severe ADAMTS13 deficiency and is usually low-grade [3]. A high fever and chills should raise the suspicion for an alternative diagnosis such as sepsis. Since the presence of the classic pentad is now rare and usually present in severe and advanced TTP, clinicians should maintain a high level of suspicion for TTP when only MAHA and thrombocytopenia are found. In these cases, urgent TPE should be undertaken in parallel with an aggressive evaluation for alternative diagnoses. Diseases that may mimic TTP and should be excluded are sepsis, disseminated intravascular coagulation (DIC), autoimmune diseases such as systemic lupus erythematosus (SLE) and scleroderma, vasculitis, malignant hypertension, and malignancy (Table 70.1).[image: A329322_1_En_70_Fig3_HTML.jpg]
Fig. 70.3Presenting clinical features in patients with severely reduced ADAMTS13 levels. Data are from day of diagnosis, defined as day of the first plasma exchange treatment. Severe ADAMTS13 activity defined as less than 10 % of normal. Neurologic dysfunction ranged from minor (confusion, headache, etc.) to severe (coma, stroke, seizure, focal signs). Acute kidney injury (AKI) is defined as increased serum creatinine of more than 0.5 mg/dL/day for 2 consecutive days or dialysis together with a serum creatinine of greater than 4.0 mg/dL. Normal renal function is defined as all creatinine values less than 1.5 mg/dL. Complete “classic” pentad of TTP is defined as MAHA, thrombocytopenia, fever, neurologic abnormalities, and renal dysfunction Abbreviations: MAHA microangiopathic hemolytic anemia, CNS central nervous system, AKI acute kidney injury. (Data from: George JN. Diagnosis of thrombotic thrombocytopenic purpura-hemolytic uremic syndrome in adults. UpToDate, 2015; and from George [3])




Table 70.1Differential diagnosis of thrombocytopenia and microangiopathic hemolytic anemia and their clinical features, ADAMTS13 activity, treatment, and clinical course


	Clinical course
	80 % of patients recover; in patients with severe ADAMTS13 deficiency, the relapse rate is 50 %.
	Death/ESRD in 12 % of children; 45 % mortality rate in adults; relapse may not occur
	Mortality rate is only 7 %; recurrent episodes of bleeding, pancytopenia, infections
	Chronic course with a high mortality rate
	Favorable with frequent relapses
	Relapse may occur, but most subsequent pregnancies are unnaffected
	If treated early minimal end-organ damage; recurrence low long term anti-hypertensives
	Good outcomes if source control obtained & infection treated early
	Depends on staging and type of cancer
	Variable, with recurrent thrombosis despite anticoagulation
	Mortality is high because of multiple complications
	Favorable
	High risk of ESRD and death without anticomplement therapy.

	Treatment
	TPE, steroids
	Supportive care
	Steroids or IVIG
	
Immunosup-pression and TPE
	Immunosuppres-sion
	
Immunosup-pression and TPE
	Anti-hypertensives
	Antimi-crobials
	Surgery, chemo, radiation
	Anticoagulation
	Immunosuppres-sion
	Removal of drug, supportive care
	
Steroids, TPE, anticomplement therapy

	ADAMTS13 Level
	<10 %
	<10 % or >25 %
	Variable
	Variable
	Variable
	<10 % or >25 %
	>10 %
	>10 %
	>10 %
	>10 %
	>10 %
	>25 %
	Variable

	Clinical features
	Evidence of ischemic organ injury either in childhood or adulthood
	Diarrhea, more common in young children, typically with acute renal failure
	Features of TTP with pancytopenia and infectious complications
	Severe manifestations of the primary autoimmune disorder, usually including renal failure
	Dependent on vessels involved and type of vasculitis
	Preeclampsia ore eclampsia, features of HELLP
	High blood-pressure, ischemic/neurological symptoms
	Features of the primary infection and the organ affected
	Features of the primary malignancy
	Recurrent miscarriages, with end-organ damnage from arterial/venous clots
	Thrombotic microangiopathy usually limited to the kidney
	Gradual onset of renal failure over weeks to months
	Iniitally presents with acute renal failure in children or adults

	Etiology
	TTP: Hereditary or Acquired
	HUS
	Autoimmune Hemolysis /Evans Syndrome
	Autoimmune Disease (lupus nephritis, acute scleroderma)
	Vasculitis
	Pregnancy-Associated (e.g. HELLP syndrome or eclampsia)
	Malignant Hypertension
	Infections, either Viral severe bacterial (menor or fungal
	Malignancy
	Catastrophic Antiphospolipid Syndrome
	Hematopoietic Stem Cell Transplant
	Medication/drug indueced
	Complement-mediated thrombotic microangiopathy






ADAMTS13 Activity Level and Autoantibody Testing
In 1982, patients with hereditary TTP were observed to have unusually large multimers of von Willebrand factor (ULvWF). This led to the discovery and subsequent characterization of a von Willebrand factor-cleaving protease called ADAMTS13 (or A Disintegrin And Metalloproteinase with a ThromboSpondin type 1 motif, member 13) [3, 4]. In the absence of ADAMTS13, ULvWF multimers released from the vascular endothelium are not cleaved properly resulting in spontaneous platelet-rich microvascular thrombosis in conditions of high shear, such as in the brain, heart, and kidneys with resultant ischemic-induced organ dysfunction. ADAMTS13 deficiency is now well-described to be the causal factor for both hereditary TTP (in association with a confirmed ADAMTS13 mutation) and acquired TTP (in association with an ADAMTS13 autoantibody). Hereditary TTP, also known as Upshaw-Schulman syndrome, is caused by homozygous or compound heterozygous ADAMTS13 mutations, and may be apparent at birth or present later into adulthood when precipitated by a stressor such as pregnancy, infection, or surgery [5]. In acquired TTP, severely reduced ADAMTS13 activity levels of less than 5 % and presence of ADAMTS13 autoantibodies confirm the diagnosis [6, 7] and can help distinguish TTP from HUS with a specificity of 90 % [8, 9]. However, reduced ADAMTS13 activity (greater than 5 %, up to 40 %) may be seen in non-TTP disorders such as uremia, inflammatory states, post-operatively, and during pregnancy [10–12]. In addition to aiding in diagnosis, ADAMTS13 activity levels may help identify patients at increased risk for relapse after treatment. Importantly, definitive therapy with TPE should not be delayed while determining these levels.

Therapeutic Plasma Exchange
Since the advent of therapeutic plasma exchange (TPE) for treatment of TTP, mortality has significantly fallen from 90 % to nearly 10 % [13]. In addition to replenishment of ADAMTS13 levels, TPE also facilitates removal of ADAMTS13 autoantibodies. TPE, when compared to plasma infusion alone, can significantly improve treatment response rates and survival for patients with TTP. This was highlighted in a 1991 study by the Canadian Apheresis Study Group [14] where 123 TTP patients were randomly treated with either TPE or plasma infusion. Response rate, as defined by an increase in the platelet count, was significantly greater with TPE than plasma infusion at the end of the first treatment cycle (47 % vs. 25 %, p =0.025) and at 6 months (78 % vs. 49 %, p =0.002) (Fig. 70.4). In addition, significantly fewer patients treated with TPE died compared to plasma infusion, at both the end of the first treatment cycle (4 % vs. 16 %, p =0.035) and at 6 months (22 % vs. 37 %, p =0.036). Daily TPE at 1.5 plasma volumes should be exchanged for the first 3 days and then one plasma volume exchanged daily thereafter (Fig. 70.5). British guidelines recommend continuing TPE for an additional 2 days after the normalization of platelets (greater than 150,000 per cubic milliliter) to prevent relapse [2]. TPE is associated with a 2 % mortality rate and 26 % incidence of major complications (mostly central venous catheter-related), but considering the poor prognosis of untreated TTP, the benefits outweigh the risks [15, 16].[image: A329322_1_En_70_Fig4_HTML.jpg]
Fig. 70.4Therapeutic plasma exchange versus plasma infusion in TTP. Response rates and death between plasma infusion and plasma exchange were reported as statistically significant following the first treatment cycle (p =0.025 and p =0.035, respectively) and after 6 months (p =0.002 and p =0.036, respectively) (Data from Buskard et al. [14])
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Fig. 70.5Treatment algorithm for thrombotic thrombocytopenic purpura. Abbreviations: TTP thrombotic thrombocytopenic purpura, TPE therapeutic plasma exchange (Data from George JN, NEJM 2006 and British Guidelines, British Journal of Haematology 2012)






Fresh Frozen Plasma (FFP)
ADAMTS13 is a component in FFP and therefore FFP infusion can help replenish ADAMTS13 levels. As mentioned earlier, TPE improved outcomes better than FFP infusions alone; however, it still may be used in the treatment for TTP if there is any delay in starting TPE [2, 14]. If the patient is at an institution where TPE is not available, rapid and timely transfer to an institution with experience performing TPE is essential. There should be an ongoing infusion of FFP before and during transfer.

Immunosuppressive Agents
Expert consensus and various international hematologic society guidelines recommend high-dose corticosteroid therapy, such as pulsed methylprednisolone (1 g/day) for 3 days then prednisone taper, for all patients with TTP at presentation to ensure a durable remission. Rituximab has been shown to be safe and effective in TTP, especially for refractory disease (failure of platelets to improve despite TPE and corticosteroids), relapsing disease or if there is neurological or cardiac complications on presentation [2, 17, 18].

Drug-Induced Thrombotic Microangiopathy
Achieving and maintaining remission in TTP also depends on the discontinuation of any identified underlying drugs, if found. For example, the most common drugs implicated in drug-induced thrombotic microangiopathy (DITMA) are quinine, cyclosporine, and tacrolimus as a result of either immune-mediated or toxicity-mediated mechanisms [19]. Despite multiple published reports, there is an absence of high quality conclusive evidence implicating thienopyridine antiplatelet agents, such as clopidogrel and ticlodipine, in DITMA. Drugs most commonly associated with DITMA are listed in Table 70.2, and should be immediately discontinued in patients with suspect TTP. The precise incidence of each of these drugs in DITMA is unknown [20].Table 70.2Most common causes for drug-induced thrombotic microangiopathy (DITMA)


	Drug class/uses
	Drug name

	Antimalarial, leg cramps, beverages
	Quinine

	Immunosuppressives
	Cyclosporine

	Tacrolimus

	Sirolimus

	Interferon alpha

	Interferon beta

	Cancer therapy
	Gemcitabine

	Bevacizumab

	Mitomycin

	Pentostatin

	Sunitinib

	Antibiotic
	Trimethoprim-sulfamethoxazole

	Drugs of abuse
	Cocaine

	Ecstasy (MDMA, street name: Molly)

	Oxymorphone extended release (Opana ER)


Drugs known to cause DITMA are listed in order of most common to less common in each drug class/use
Of note, despite multiple published reports, antiplatelet agents such as clopidogrel and ticlodipine, have not been definitively proven to cause DITMA (Data from Reference [19])





Venous Thromboembolism Prophylaxis
Once the platelet count is greater than 50,000 per cubic milliliter, British guidelines recommend low-molecular weight heparin to help reduce the risk of developing venous thromboembolism [21]. Platelet transfusions are contraindicated unless necessary for invasive procedures to reduce bleeding risk or if there is active life-threatening hemorrhage [2].


Evidence Contour
Several aspects of the management of patients with TTP have weak evidence and require further research and validation.
Prevention of Relapses with Other Immunosuppressive Agents
Based on limited low-quality evidence, cyclosporine or tacrolimus may be considered a second-line therapy for relapsing TTP. Other immunosuppressives, such as vincristine and cyclophosphamide, with significant potential toxicity and unproven benefit, are not recommended. Splenectomy for acute refractory and relapsed disease is associated with favorable long-term relapse-free survival at the expense of high mortality [22, 23].

Anti-platelet Agents
Efficacy of aspirin and dipyramidole along with standard of care treatment (TPE and corticosteroids) for TTP was evaluated in a single small randomized controlled trial by the Italian Co-operative Group. They randomized 72 TTP patients to TPE and corticosteroids with or without aspirin and dipyramidole. Although response rates were no different between the two groups, there was a non-significant improvement in survival in the first 15 days in the anti-platelet group (14 % vs. 3 %) without increased bleeding rates [24]. The clinical effectiveness of anti-platelet agents remains unproven, but they are relatively safe and are reasonable additions to management once platelet counts are greater than 50 x 109/l [2].

Duration and Intensity of TPE
Although TPE is continued until the platelet count normalizes and then 2 days thereafter, the duration of treatment to prevent relapses is unknown [25]. Twice-daily TPE could be considered for resistant cases or those with progressive neurologic or cardiac dysfunction despite daily TPE [2], but has shown inconsistent results in studies [26].

Amount of FFP
The exact amount and frequency of FFP to be administered is unknown. It is generally accepted that if a delay in the initiation of TPE is anticipated, the equivalent of 1.5 plasma volumes of FFP should be infused daily (approximately 30–60 ml/kg/IV) until TPE is initiated [14].
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Case Presentation
A 36 year old female presented to the hospital with tongue swelling and bleeding after she bit her tongue. Due to worsening swelling of her tongue, she was emergently intubated in the emergency department and transferred to the ICU for further management of her airway. Her recent history was significant for fatigue, menorrhagia, multiple “colds” and sore throats, and recurrent infections of her umbilical piercing. On exam she was noted to have shotty cervical lymphadenopathy and a swollen tongue without evidence of lip swelling. There was evidence of cellulitis around her umbilical piercing, which was subsequently removed. CT neck demonstrated no abscess of the posterior oropharynx but was limited in ability to evaluate the tongue due to the presence of the endotracheal tube. Initial laboratory work showed a pancytopenia with a white blood cell count of 4.0 × 103/μL, hemoglobin 7.5 g/dl, and platelets 116 × 103/μL. Her peripheral smear showed evidence of “rare” blasts. Her coagulation derangements consisted of a prolonged prothrombin time (PT) of 16.1 s, INR of 1.32, partial thromboplastin time (PTT) of 36.5 s. Her D-dimer was greater than the upper level of detection at 500 μg/dL. Fibrin split products were >20 μg/dL, and her Fibrinogen was 344 mg/dL. Because of the patient’s pancytopenia, a bone marrow biopsy was obtained and showed a hypercellular marrow with markedly increased blasts, accounting for 95 % of the total cells. Chromosomal analysis demonstrated t(15;17) rearrangement.
Question
What is the diagnosis?

Answer
DIC in the setting of Acute Promyelocytic Leukemia (APML or AML M3)

Acute Promyelocytic leukemia (APML) is a form of acute myelocytic leukemia (AML), comprising approximately 10 % of AMLs diagnosed. APML is specifically characterized by a reciprocal translocation between the retinoic acid receptor-alpha (RAR-α) gene on chromosome 17 and the PML gene on chromosome 15. This rearrangement is known as t(15;17). APML often acutely presents clinically with extensive bleeding diathesis requiring ICU admission at the time of diagnosis [1]. Up to 15 % of APMLs will present with DIC. This can be due to the disease itself or the effect of undergoing induction chemotherapy [2, 3].
In the setting of acute APML, the extensive bleeding characteristics are due to hyper fibrinolysis driven primarily by fibrinolytics such as u-PA, t-PA, as well as protease elastase and chemotrypsin [4, 5] which are found in high levels in leukemic blast cells [4, 5]. The over production of these fibrinolytics in the setting of profound thrombocytopenia due to bone marrow dysfunction yield the profound bleeding disorder [1].
DIC is also closely associated with the induction therapy in APML. Treatment of APML consists primarily of use of All-trans-retinoic acid (ATRA). ATRA promotes differentiation of leukemic blasts. This process can transiently worsen DIC by consumption of pro-coagulation factors, namely Tissue Factor (TF) and Cancer Procoagulant (CP) [6, 7]. However, within approximately 48 h, as the leukemic blast burden improves so do the markers of DIC.

Principles of Management
Confirm the Diagnosis of AML
AML is a group of hematopoietic neoplasms arising from the precursors of the myeloid cell lines. AML is the most common cause of acute leukemia in adults, with approximately 20,000 cases annually and 10,000 deaths [8]. AML is classified based on specific genetic abnormalities (as in this case), or if it does not fit a specific genetic abnormality, by cell morphology.
Clinical features of AML are primary related to pancytopenia and high cellular turnover in proliferating leukemia cells. These include fatigue, weakness and pallor due to anemia, fever due to immune dysregulation and subsequent infection, infiltrative skin lesions (leukemia cutis), acute neutrophilic dematosis (Sweet syndrome) and petechiae and fundal hemorrhages due to thrombocytopenia or, as in the above case, DIC. Additionally patients may present with tumor lysis syndrome, characterized by hypocalcemia, hyperuricemia, hypokalemia and/or hyperphosphatemia. Circulating leukemic blast cells are frequently found on peripheral smear.
Confirmation of the diagnosis of AML is made by bone marrow aspiration or bone marrow biopsy, particularly when aspiration fails to yield the diagnosis. The diagnosis requires documentation of bone marrow infiltration and the myeloid origin of the cells, with the exception of genetic abnormalities specific to AML such as the t(15;17) in this case.

Make the Correct Diagnosis of DIC
Differential Diagnosis of DIC
The first step to treatment of DIC in the ICU is correct diagnosis. The differential diagnosis of DIC often revolves around discovery of new thrombocytopenia. The differential diagnosis of acute thrombocytopenia in the ICU is extensive and includes a multitude of commonly seen disorders in the ICU.
Common Causes of Thrombocytopenia in the ICU

                    	Sepsis Induced Destruction

	Sepsis Induced Sequestration

	Sepsis Induced Bone Marrow Suppression via Bacterial Toxins

	Pseudothrombocytopenia

	Hemodilution

	Acute and Chronic Liver Diseases

	Drug Induced Thrombocytopenias

	Disseminated Intravascular coagulation

	Heparin Induced Thrombocytopenia

	Thrombotic Thrombocytopenic Purpura/Hemolytic Uremic Syndroem

	HELLP syndrome (hemolysis, elevated liver test, and low platelets)

	Acute Hemorrhage

	Surgical Losses




                  


Laboratory Profile of DIC
The diagnosis of DIC is a clinical one made based on the coagulation parameters in the appropriate patient with the appropriate clinical situation. In a critically ill patient with thrombocytopenia, the classic coagulation profile of DIC consists of:	1.a prolonged prothrombin time (PT),


 

	2.a prolonged partial thromboplastin time (PTT),


 

	3.a decreased fibrinogen levels, and


 

	4.an elevated D-dimer or fibrin degradation products.


 





DIC can present in a fulminant manner with dramatic derangements of the above parameters. It’s also noted in the ICU in a much more subtle sub-acute smoldering manner which is why clinical suspicion is an important aspect in the recognition of DIC in the ICU.


Treat the Underlying Disease
The first and most important step in the clinical treatment of DIC is the treatment of the underlying cause. Correction of the underlying pathology will in turn correct the clotting derangements.
Common Causes of DIC in the ICU*


                  	Infection

	Malignancy

	Fulminant Liver Disease

	Trauma and Burns*


	Obstetric Complications

	Vasculitides

	Catastrophic Antiphospholipid Antibody Syndrome

	Fat Embolism

	Drugs

	Viper Envenomation*


	Extra-corporal Circulation

	Hemolytic transfusion reactions

                        
                          *
                        
                        Some experts consider some of these causes to be separate coagulopathies
                      




                

The treatment of AML varies based on a variety of factors including cytogenetics, age, occurrence in the course of therapy with cytotoxic agents for other conditions, and relapse or resistant AML. The most common regimens are the “7 + 3” regimens which consist of 7 days of a continuous infusion of standard dose cytarabine with dosing of a anthracycline, such as daunorubicin on days 1–3.
Depending on other factors, other drugs may be added to the above regimen or alternative regiment may be used. For example, ATRA can be combined with cytarabine and daunorubicin or with arsenic trioxide for therapy of APML.
Supportive care during chemotherapy is aimed at treating side effects of the specific regimens, electrolyte management, and hydration for tumor lysis syndrome (with additional treatment as needed), infection prophylaxis, and treatment of infections as a result of the immunosuppression induced by chemotherapy.

Supportive Care/Blood Product Transfusion for DIC
Once the underlying disease has been identified and treatment is directed toward the inciting event, the patient can then be supported with blood products as dictated by the laboratory abnormalities and clinic situations. No data exists determining appropriate transfusion thresholds, but common guidelines are usually followed. Fresh frozen plasma (FFP) and platelet transfusions should be reserved for those patients with active clinical bleeding or undergoing invasive procedures [9, 10]. Cryoprecipitate should be used to replace fibrinogen when the fibrinogen level has dropped below 100 g/dL. Transfusion of prothrombin complexes are not recommended as they can contain small amounts of activated complexes that can, in turn, worsen the clinical coagulopathy [9].


Evidence Contour
Several adjunctive therapies have been explored in the treatment of DIC, but their use remain controversial. These include heparin, anti-thrombin III, and recombinant factor VIIa.
Heparin
Empiric therapeutic doses of heparin is not recommended in DIC despite the fact that DIC is thought to be characterized by activation of the coagulation system. Therapeutic doses of heparin should only be considered in cases of DIC where thrombosis is diagnosed. However, some data do suggest that continuing low dose heparin in the setting of DIC is beneficial. In the severe sepsis population, several small studies do, in fact, show improved outcomes in patients on low dose heparin despite the presence of abnormal coagulation parameters [11].

Anti-thrombin III
A large randomized control trial was published in JAMA investigating the role of Anti-thrombin III in the setting of severe sepsis with thrombocytopenia between 30 ×103/μL and 100 ×103/μL. Approximately 2000 patients were enrolled. There was no difference in 28-day mortality between the two groups, which was the primary outcome [12].

Recombinant Factor VIIa
Widespread use of recombinant factor VIIa is not recommended in the setting of DIC, however 1 case report and a small case series have been published describing its use in the setting of active clinical bleeding refractory to conservative supportive measures. One case report notes the use of recombinant factor VIIa in a patient with APML with development of DIC in the setting of differentiation syndrome with treatment of ATRA. The patient had evidence of hemorrhagic shock after an iatrogenic puncture of the femoral artery. The patient received two doses of rFVIIa with improvement in clinical bleeding and hemodynamic parameters [13]. A second small case series reported as a letter to the editor noted improvement in the respiratory status in seven patients with APML with differentiation syndrome and diffuse alveolar hemorrhage [14].


References
1.
Warrell RP, De The H, Zhen-Yi W, Degos L. Acute Promyelocytic Leukemia. N Engl J Med. 2002;329:177–89.CrossRef

2.
Sarris AN, Kempin S, Berman E, et al. High incidence of disseminated intravascular coagulation during remission induction of adult patients with acute lymphoblastic leukemia. Blood. 1992;79:1305–10.PubMed

3.
Colman RW, Rubin RN. Disseminated intravascular coagulation due to malignancy. Semin Oncol. 1990;17:172–86.PubMed

4.
Francis Jr RB, Seyfert U. Tissue plasminogen activator antigen and activity in disseminated intravascular coagulation: clinicopathologic correlations. J Lab Clin Med. 1987;110:541–7.PubMed

5.
Bennett B, Booth NA, Croll A, et al. The bleeding disorder in acute promyelocytic leukemia: fibrinolysis due to u-TPA rather than defibrination. Br J Haematol. 1989;71:511–7.CrossRefPubMed

6.
Falanga A, Consonni R, Marchetti M, et al. Cancer procoagulant in the human promyelocytic cell line NB4 and its modulation by all-trans-retinoic-acid. Leukemia. 1988;8:156–9.

7.
DeStefano V, Teofili L, Sica S, et al. Effect of all-trans retinoic acid on procoagulant and fibrinolytic activities of cultured blast cells from patients with acute promyelocytic leukemia. Blood. 1995;86:3535–41.

8.
Dores GM, et al. Acute leukemia incidence and patient survival among children and adults in the United States, 2001–2007. Blood. 2012;119:34–43.CrossRefPubMedPubMedCentral

9.
Levi M. Disseminated intravascular coagulation; what’s new. Crit Care Clin. 2005;21:449.CrossRefPubMed

10.
O’Shaughnessy DF, Atterbury C, Boton Maggs P, et al. Guidelines for the use of fresh frozen plasma, cryoprecipate and cryosupernatant. Br J Haematol. 2004;126:11.CrossRefPubMed

11.
Wada H, Matsumoto T, Yamashita Y. Diagnosis and treatment of disseminated intravascular coagulation (DIC) according to four DIC guidelines. J Intensive Care. 2014;2:15.CrossRefPubMedPubMedCentral

12.
Warren BL, Eid A, Singer P, et al. High-dose antithrombin III in severe sepsis. JAMA. 2001;286:1869–78.CrossRefPubMed

13.
Zver S, Andoljsek D, Cernelc P. Effective treatment of life-threatening bleeding with recombinant activated factor VII in a patient with acute promyelocytic leukaemia. Eur J Haematol. 2004;72:455–6.CrossRefPubMed

14.
Alimoghaddam K, Ghavamzadeh A, Jahani M. Use of NovoSeven for arsenic trioxide-induced bleeding in PML. Am J Hematol. 2006;81:720.CrossRefPubMed




© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_72

72. Disseminated Intravascular Coagulation

Mario V. Fusaro1 and Giora Netzer2  
(1)Division of Pulmonary and Critical Care, New York Medical College, Westchester Medical Center, Valhalla, NY, USA

(2)Division of Pulmonary and Critical Care Medicine, Department of Epidemiology and Public Health, University of Maryland School of Medicine, Baltimore, MD, USA

 

 
Giora Netzer
Email: gnetzer@medicine.umaryland.edu



Keywords
Microangiopathic hemolytic anemiaBleedingCoagulationHemorrhagePurpuraTransfusionDICEndothelial injuryPeripheral smear
Case Presentation
A 64-year old woman with a history of non-small cell lung cancer, Type 2 diabetes, and hypertension presented to the emergency department with altered mental status and flank pain. In the emergency department, her initial blood pressure was 83/44 mmHg, with a pulse of 110 beats per minute. On physical examination, she was somnolent but arousable. She had a fine petechial rash on both lower extremities and bleeding from her peripheral IV sites. Laboratory testing results included: white blood cell count of 3,100/μl, creatinine of 2.5 mg/dl (her baseline being 1.0), International Normalized Ratio (INR) of 3.1, Partial Thromboplastin Time of 50 s, and platelet count of 33,000 cells/μl. The urine microscopy revealed 20–50 WBC/high-powered field; the urine culture is growing 100,000 colony-forming units of a gram negative bacillus. A computerized tomography (CT) scan of the abdomen and pelvis revealed left hydronephrosis, hydroureter, and perinephric stranding. A slide of the patient’s peripheral blood smear is shown in the Fig. 72.1.[image: A329322_1_En_72_Fig1_HTML.jpg]
Fig. 72.1Peripheral Smear of DIC





Question
What is the diagnosis?

Answer
Disseminated Intravascular Coagulation (DIC)

Disseminated Intravascular Coagulation (DIC) is a microangiopathic hemolytic anemia (MAHA) characterized by endothelial dysfunction, hemolysis, platelet aggregation, fibrin clot formation, and degradation. After clotting factors and platelets become depleted, bleeding may occur [1]. Because of this simultaneous thrombosis and bleeding, DIC is sometimes referred to as a “consumptive coagulopathy.” The underlying pathophysiology is generally initiated by endothelial or other cell injury, releasing thromboplastic factors which propagate the extrinsic coagulation pathway. This leads to overproduction of thrombin and systemic fibrin, and platelet activation, leading to systemic thrombosis. The simultaneous release of tissue plasminogen activator results in fibrin degradation, contributing to the bleeding diathesis [2]. Depending on the underlying etiology, the onset can be variable ranging from chronic to fulminant. Clinical manifestations of MAHAs include thrombocytopenia, altered mental status, bleeding, myocardial infarction, hemorrhagic/ischemic stroke, renal failure, bowel and limb ischemia, skin necrosis and purpura fulminans (discussed below). The differential diagnosis includes other MAHAs (hemolytic uremic syndrome and thrombotic thrombocytopenic purpura), as well as idiopathic thrombocytopenic purpura, end-stage liver disease, and heparin-induced thrombocytopenia (HIT). The most common underlying etiologies for DIC are sepsis, trauma, both hematologic and solid malignancies, ABO blood mismatch, obstetrical emergencies, and medications (particularly chemotherapeutic agents). Identification of a precipitating event is critical for diagnosis and treatment.
Causes of DIC

                	Sepsis

	Trauma

	Hematologic and Solid malignancies

	ABO blood mismatch

	Obstetrical emergencies

	Medications (particularly chemotherapeutic agents)

	Envenomation




              


Principles of Management
Diagnosis
The evaluation of DIC generally includes laboratory investigation of the INR, PTT, platelet count, fibrinogen level, D-dimer and peripheral blood smear. The distinguishing characteristics of DIC are the elevation in both the PT and PTT, with simultaneous reduction of fibrinogen and platelet counts [3]. Although no single laboratory parameter is specific for DIC, this constellation in the proper setting is highly suggestive. Severe derangements in only one or two of these values may suggest an alternative diagnosis. ITP and HIT do not have associated elevation in INR or PTT, while TTP and HUS may sometimes cause elevations. DIC and TTP can have overlapping laboratory features such as elevated LDH, schistocytes and low ADAMTS-13 levels. ADAMTS-13 is a metalloproteinase which cleaves von Willebrand factor and promotes clotting. In DIC, levels can be <30 % of normal while in TTP these are generally <5 % of normal [4]. Liver dysfunction may also confound the diagnosis of DIC, given the constellation of deranged PT/PTT, fibrinogen, and thrombocytopenia. Factor VIII levels may be low in DIC but normal in isolated liver dysfunction. These laboratory values are summarized in Table 72.1. Ultimately, DIC is a clinical diagnosis incorporating history of a causative etiology and characteristic laboratory derangements.Table 72.1Patterns of coagulopathy by disorder


	 	INR
	PTT
	Platelets
	Factor VIII
	Factor V
	ADAMTS-13

	DIC
	Elevated
	Elevated
	Low
	Low
	Low
	Low

	HUS/TTP
	Normal/elevated
	Normal/elevated
	Low
	Normal/elevated
	Normal/elevated
	Very low

	Liver
	Elevated
	Elevated
	Low
	Low
	Normal
	Low/Very low

	HIT
	Normal
	Normal/Elevated
	Low
	–
	–
	Low/Very low

	Warfarin
	Elevated
	Normal
	Normal
	Normal
	Normal
	–

	ITP
	Normal
	Normal
	Low
	Normal
	Normal
	Normal

	Heparin
	Normal
	Elevated
	Normal
	Normal
	Normal
	Normal



DIC Disseminated Intravascular Coagulation, HUS Hemolytic Uremic Syndrome, TTP Thrombotic Thrombocytopenic Purpura, Liver Dysfunction, HIT Heparin Induced Thrombocytopenia, ITP Idiopathic Thrombocytopenic Purpura





Treatment of the Underlying Disorder
The mainstay of therapy for DIC remains treatment of the underlying disorder. Patients with sepsis should be treated with early antibiotics and fluid resuscitation [5]. When malignancy is the underlying cause, chemotherapy, surgical resection, and/or radiation should be pursued to treat the underlying tumor to remove the driving process. In these cases, DIC may worsen as tumor cells are destroyed and leak cytoplasmic contents into the circulation. Care should be given to obstetrical patients to avoid placental damage.

Management of Acute Coagulopathy in Hemorrhaging Patients
Current guidelines caution against blood product administration in DIC patients who are not bleeding. In these non-bleeding patients, AABB guidelines recommend a red cell transfusion threshold of <7 g/dL [6], platelet counts of <10 × 109 cells/L [7], and against fresh frozen plasma (FFP) administration unless the patient is going for surgery or otherwise being massively transfused [8]. In hemorrhaging patients, platelets should be transfused if the count is below 50,000/dL. If the PTT or INR is elevated beyond 1.5, and bleeding is present, FFP may be given [8], though FFP administration may be of little benefit if the INR <1.85 [9]. If the fibrinogen level is <100 g/dL [10] in the setting of hemorrhage, cryoprecipitate should be given.

Thrombotic Predominant DIC and Purpura Fulminans
Perhaps the most devastating manifestation of DIC is widespread micro- and macro-thrombosis leading to a diffuse livedo rash known as purpura fulminans (Fig. 72.2). Additional manifestations include bowel ischemia, limb necrosis, stroke and myocardial infarction. Predominantly seen in children and infants, this phenomenon can also occur in adults, often secondary to Neisseria meningitidis, Staphylococcal or Streptococcal infections. Its pathophysiology likely multifactorial, potentially involving acquired deficiencies in protein C antithrombin III (ATIII), and endothelial cell infection [11]. Treatment for these patients remains poorly studied. The use of heparin to treat and prevent propagation of thrombosis is the mainstay of treatment; however, this is based on low quality data [12].[image: A329322_1_En_72_Fig2_HTML.jpg]
Fig. 72.2Example of skin lesions of purpura fulminans. (a) peripheral microembolization with inflammatory reaction; (b) peripheral microembolization with inflammatory reaction (From [21]. Reprinted with permission)







Evidence Contour
DIC’s complex pathophysiology, with both bleeding and thrombosis, has made the establishment of a single, effective therapy elusive.
Heparin Therapy
Routine heparin therapy for all sepsis-related DIC has been proposed. A randomized controlled trial in healthy volunteers of unfractionated heparin (UFH) or low-molecular weight heparin (LMWH) versus placebo, found less activation of the coagulation cascade after endotoxin administration measured by levels of prothrombin fragments and polymerized soluble fibrin [13]. A recent, small, randomized controlled trial (n =37) in patients with sepsis and early DIC suggested that low dose UFH administration may leads to a shorter ICU stay, less risk of DIC and organ dysfunction with an non-significant reduction in mortality at 28 days compared to placebo [14]. A recent meta-analysis of nine studies evaluating patients with severe sepsis and DIC found a non-significant trend towards reduced mortality in patients receiving UFH, LWMH or dalteparin compared with placebo [15]. Given these small trials, the routine use of therapeutic anticoagulation with heparin for all patients with DIC is not considered the standard of care. As discussed above, patients with thrombotic-predominant DIC should receive anticoagulation. The use of prophylactic heparin is recommended for all DIC patients in the absence of contraindications [10].

Thrombomodulin-α
Thrombomodulin-α is an endothelial protein that binds to thrombin and then activates protein C which, in turn, inactivates factors VIIIa and Va. This therapy is designed to halt the coagulation cascade by upstream activation of protein C. Uncontrolled prospective single arm trials have been promising in the setting of hematologic malignancy and sepsis [16, 17]. A large multicenter phase 2b randomized controlled trial of thrombomodulin-α versus placebo resulted in a non-significant trend reduction in case fatality in the treatment group, in patients with sepsis related DIC [18]. This drug is presently unavailable in the US and further study is needed before recommending for or against its use.

Antithrombin III (ATIII)
ATIII functions in the coagulation cascade by inactivating thrombin. This halts propagation of the coagulation cascade and blocks consumptive coagulopathy, though increasing the potential risk of bleeding. ATIII supplementation has been studied for use in sepsis with variable success. A meta-analysis of patients with DIC and sepsis noted a significant combined reduction in mortality with use of ATIII versus placebo [19]. A small, multicenter randomized controlled trial found that use of ATIII in patients with DIC from sepsis achieved lower DIC scores and higher platelet levels after 3 days but without change in 28-day mortality [20], though this study was not powered to detect a significant mortality difference. The Surviving Sepsis Guidelines recommend against use of ATIII in sepsis, and insufficient data exist to recommend this therapy for DIC at present.
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Case Presentation
A 57 year old man with history of idiopathic panniculitis on long-term steroid treatment presented tothe hospital with a 1 month history of dyspnea, malaise, nausea and vomiting. He was hypotensive and tachycardic with an acute kidney injury. Prior to this presentation, he had been hospitalized for 2 weeks at a nearby hospital with similar symptoms and had been found to have multifocal ground glass opacities on CT of the chest. His condition after admission improved with fluid resuscitation, stress-dose steroids, and treatment for presumed sepsis. Infectious and rheumatologic workups were negative. He was noted to have bilateral pulmonary infiltrates (Fig. 73.1a, b). One week after discharge, however, he presented again with systemic inflammatory response syndrome (SIRS). A bronchoscopy was performed which revealed only acute and chronic organizing pneumonia, with no evidence of infection. A bone marrow biopsy was performed, which demonstrated a hypercellular marrow. Pulse dose steroids were initiated for organizing pneumonia and he improved significantly over the next week with continuation of empiric antimicrobials and tapering of steroids. After one week of this regimen, however, he again decompensated with hypoxia and hypotension. Worsening infiltrates were noted on his chest radiograph (Fig. 73.1c). Ferritin was elevated at 7652 ng/mL, and sIL-2R was elevated at 3432 U/mL. Trigylcerides were normal and fibrinogen was elevated. Given his unremarkable bone marrow biopsy 7 days before and elevated fibrinogen, the possibility of hemophagocytic lymphohistiocytosis (HLH) was dismissed as his hyperferritinemia and elevated sIL-2R were attributed to history of blood transfusion and occult infection. He continued to improve with empiric antimicrobials and steroids, and was discharged from the hospital 5 days after admission to the ICU to complete a course of levofloxacin on 40 mg of prednisone daily (Fig. 73.1d).[image: A329322_1_En_73_Fig1_HTML.gif]
Fig. 73.1Chest radiograph on admission (a) demonstrated bilateral infiltrates, which corresponded to bilateral ground glass opacities and interstitial thickening on a CT performed the same day (b). After 1 month, pulmonary infiltrates were consistently more severe, despite multiple courses of antibiotics and diuresis (c). After treatment with etoposide and dexamethasone, infiltrates resolved by the time of discharge (d)





He presented to the hospital for the third time 2 days after discharge with hypotension and hypoxia requiring endotracheal intubation and vasopressors, and antibiotics and steroids were restarted. He was admitted to the ICU and his pulmonary status rapidly improved. After 3 days, however, he again decompensated with hypotension and an elevated lactate. He received intravenous fluids and intravenous steroids. Given the unclear association between changes in his antimicrobial regimen, steroid dosing, and clinical condition, his steroid dose was decreased from 40 mg prednisone daily by 10 mg each day. A repeat bone marrow biopsy was performed, which showed rare hemophagocytic macrophages but no evidence of malignancy. The next day, in the setting of reducing his steroid dose, he again had an episode of hypoxia and hypotension. Ferritin was measured at that time and was 9148 ng/mL, increased from 4074 ng/mL the day before (Fig. 73.2). sIL2-R was measured and was elevated at 3494 U/mL. A diagnosis of HLH was made, and he was started on chemotherapy with etoposide and high dose dexamethasone. Eight weeks had elapsed since his initial presentation.[image: A329322_1_En_73_Fig2_HTML.jpg]
Fig. 73.2Degree of hyperferritinemia varied significantly over the patient’s hospital course, with marked elevations at the time of diagnosis (arrow) and relapse of HLH





Question
How is hemophagocytic lymphohistiocytosis treated?

Answer
The patient was initiated on etoposide and dexamethasone without cyclosporine per the HLH-94 protocol. He rapidly improved and was moved to the hematology/oncology ward. His course was complicated by recurrent fevers and rising ferritin with the addition of filgrastim to his regimen after 3 weeks of therapy. This was discontinued and he improved uniformly from then on. After 1 month he was transferred to the physical medicine service for rehabilitation, and was subsequently discharged to home. He continued to do well 2 months after his diagnosis, and was preparing for allogeneic bone marrow transplant at that time.

HLH is a group of disorders characterized by aberrant immune activation leading to uncontrolled inflammation and, in many cases, critical illness. The underlying causes of HLH have been divided into primary causes, which encompass genetic defects in immune system regulation and often present in the neonatal period or early childhood, and secondary causes, which may be related to autoimmune disease, viral infection, or malignancy [1, 2]. However, there is growing appreciation that many adolescent and adult patients develop HLH due to the interaction of an underlying genetic defect with an environmental trigger, such as viral infection with Epstein-Barr virus or cytomegalovirus [3].
Presentation
In adults, HLH often presents with dramatic, but nonspecific, features of including fever, organomegaly, cytopenias, kidney injury, disseminated intravascular coagulation and altered mental status [4, 5]. As illustrated in the case above, in our experience rapid fluctuating hemodynamic instability and hypoxic respiratory failure are also common features resulting from the abnormal inflammatory response. These presenting symptoms and laboratory findings overlap significantly with severe sepsis. It is not uncommon for adult patients with HLH to have recently been hospitalized for presumed sepsis, and HLH is entertained as a diagnosis after one or more unexplained relapses. The most important step in recognizing HLH in the critically ill patient, therefore, is to consider it in the differential diagnosis alongside more common causes of shock and respiratory failure.

Diagnosis
While primary HLH is a genetic disorder and may be diagnosed by molecular testing with a suggestive family history and clinical presentation, secondary HLH is a clinical syndrome with diverse causes. Diagnostic criteria for HLH are currently based on the selection criteria for the HLH-2004 trial, which enrolled pediatric patients (Table 73.1, [6]).Table 73.1Diagnostic criteria for HLH derived from the HLH-2004 study


	The diagnosis of HLH may be established by

	
                            A. Molecular diagnosis consistent with HLH
                          

	Or

	
                            B. Five of the 8 criteria listed below:
                          

	 1. Fever >38.5 C

	 2. Splenomegaly

	 3. Cytopenias affecting 2 of 3 lineages in peripheral blood (RBC, platelets, or neutrophils)

	 4. Hypertriglyceridemia or hypofibrinogenemia

	 5. Hemophagocytosis in biopsy of the bone marrow, spleen, or liver

	 6. Low or absent NK cell activity

	 7. Hyperferritinemia

	 8. Elevated sCD25 (soluble IL-2 receptor)


Data from Jordan et al. [2]




The presence of fever, organomegaly, cytopenia, and hypertriglyceridemia or hypofibrinogenemia, while nonspecific, is widely accepted as helpful criteria in defining the syndrome. The presence of hemophagocytosis, despite lending HLH its name, is also nonspecific [7]. The search for appropriate biomarkers, then, remains an area of active and important investigation, as detailed below. In practice, the most critical information leading to the diagnosis of HLH is often derived from following the patient over several days, observing the response, or lack thereof, to treatment for sepsis or other common conditions, and the relationship of biomarkers to the patient’s evolving clinical condition.

Treatment
The largest trial of HLH treatment are the HLH-94 and HLH-2004 trials, which investigated the treatment of HLH with etoposide, dexamethasone, and cyclosporine in children and adolescents [6, 8]. Etoposide and dexamethasone have become the mainstay of treatment in adult patients with HLH. Early consultation with a hematologist and center experienced in the treatment of HLH is critical, both because immunomodulatory therapy for HLH is an area of active investigation, and because bone marrow transplantation is considered the curative therapy for patient with a known or suspected genetic cause of HLH.
Early therapies for HLH may be limited by end-organ damage present at the time of diagnosis, especially liver and kidney injury. As highlighted in the case presented here, treatment with high dose steroids may provide adequate temporizing therapy, allowing the patient to stabilize and ultimately receive definitive therapy.


Evidence Contour
Prognosis
As the case above highlights, adult patients in the ICU are often diagnosed with HLH after several episodes of apparent improvement followed by worsening, with periods of critical illness.
There are no randomized controlled trials of HLH treatment. The most comprehensively, longitudinally studied cohort of patients with HLH was enrolled in the HLH-1994 study, which exclusively studied children under age 16 [9]. In this cohort, cumulative 5 year mortality was 46 %, with 25 % mortality within 8 weeks of diagnosis. Survival was 66 % among those patients who underwent HSCT. HLH in adults is far more likely to be secondary than HLH in the pediatric population, though late presentations of primary HLH are possible [3]. While survival to discharge in many adult cohorts mirrors the pediatric population, long-term mortality in secondary HLH may be more reflective of underlying malignancy [10, 11].
Short-term mortality from HLH depends strongly on local treatment resources and supportive care, and varies widely among single-center studies from 50 to nearly 80 % prior to discharge [4, 12]. Across centers, however, HLH related to malignancy is found to have the highest mortality, followed by autoimmune and then infectious causes. These differences may be particularly striking when advanced supportive care is available. In a North American tertiary care center, patients with HLH secondary to causes other than malignancy had a median survival of 48 months, compared to less than 2 months in cases associated with malignancy [13]. Severity of illness at the time of diagnosis of HLH also appears to bear on outcome despite treatment, with thrombocytopenia, marked hyperferritinemia, and shock at ICU admission associated with mortality [13, 14].

Biomarker Testing
As highlighted in the case presentation, diagnosis of HLH is often difficult and delayed. Multiple conditions share at least several of the diagnostic criteria of HLH. Therefore, specific biomarkers for HLH would likely shorten time to diagnosis and therapy. Bone marrow hemophagocytosis, while lending its name to HLH, is neither sensitive nor specific for the disorder [7]. NK cell activity and sIL-2R levels are part of the HLH diagnostic criteria, but these laboratory studies are available in only a few reference laboratories. Ideally, biomarker testing would rely on commonly and rapidly available assays, such as those for determining ferritin levels.
In the pediatric population, hyperferritinemia (>10,000 μg/L) has a greater than 90 % specificity for HLH [15]. Furthermore, ferritin levels also reflect disease course and activity, and in children a marked decrease in ferritin (>96 %) portends decreased short term mortality during HLH treatment [16]. In critically ill adults, however, the increased prevalence of conditions which elevate ferritin, such as infection, malignancy, autoimmune disease, liver injury and chronic blood transfusion make hyperferritinemia a nonspecific finding for HLH [17, 18]. In addition, particular causes of secondary HLH may be associated with variable biomarker patterns. For example, HLH due to lymphoma may present with a high ratio of sIL-2R to ferritin compared to other causes [19]. Given that HLH is a disorder of immune dysregulation, efforts have been made to differentiate HLH from infection based on cytokine patterns in the pediatric population [20]. Whether this approach will be fruitful in adults requires further study.
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Case Presentation
A 43 year old woman was admitted to the ICU with altered mental status (AMS) and respiratory failure. Her medical history was notable for chronic lymphocytic leukemia and was status post non-myeloablative allogeneic hematopoietic stem cell transplant (HCT) with graft versus host disease (GVHD) of the skin treated with topical corticosteroids and ocular involvement treated with cyclosporine. Several months after her HCT she developed progressive shortness of breath and dry cough. Since her transplant, her FVC and FEV1 had fallen from 104 % and 106 % predicted to 42 % and 25 % respectively. High-resolution chest CT scan demonstrated mosaic attenuation and she was diagnosed with bronchiolitis obliterans syndrome (BOS). Despite treatment with prednisone 60 mg daily and tacrolimus 2 mg twice daily the patient experienced progressive symptoms over the following 2 months. She was admitted to the ICU for altered mental status and respiratory failure. CT scanning of the chest and brain demonstrated a cavitary right lung mass (Fig. 74.1) and a cavitary left brain mass (Fig. 74.2). Cultures from bronchoalveolar lavage and brain biopsy grew mucormycoses. Despite antifungal therapy and supportive care the she further deteriorated and care was withdrawn.[image: A329322_1_En_74_Fig1_HTML.jpg]
Fig. 74.1Chest CT. A CT of the chest show a right sided cavitary lesion concerning for fungal pneumonia




[image: A329322_1_En_74_Fig2_HTML.gif]
Fig. 74.2Head CT. A CT of the head reveals a mass lesion concerning for spread of her fungal infection





Question
How does time from transplant affect consideration of which complications may be present?

Answer
Complications following HCT pertain to the patient’s immune statuse and may be roughly divided into three “phases:” pre-engraftment during approximately the first month; engraftment during months 2-3; and post-engraftment after approximately the first 100 days following HCT.

Due to the transplant and the therapies an HCT patient receives for maintenance, the innate and acquired immune systems of this patient population do not function normally. This places these patients at increased risk for a host of infectious and non-infectious diseases.
Common ICU Admission Etiologies in HCT Patient

                Respiratory Failure
                	See Etiologies of Respiratory Failure on HCT Patient below




              

                Shock
                	Septic shock

	Hypovolemic shock

	Cardiogenic shock

	Obstructive shock (thrombosis)




              

                Renal failure resulting in metabolic derangements
                	Hyperkalemia

	Acidosis




              

                Gastrointestinal System
                	GI bleeding

	Enterocolitis

	Liver failure




              

                Central Nervous system
                	Intracranial hemorrhage

	Seizure

	Altered Mental Status




              

Currently there are greater than 50,000 HCTs performed yearly [1] thus, there are many patients at all stages in the post-transplant periods that could potentially develop a process requiring admission the ICU. This patient experienced several devastating complications related to her HCT including graft-versus-host disease, respiratory failure, and opportunistic infection. This chapter will focus on these issues that are commonplace in HCT patients that are admitted to the ICU, in particular, the impact of GVHD and the pulmonary complications of HCT.

Principles of Management
Hematopoietic stem cell transplantation has become a relatively common procedure worldwide with a diverse array of indications. The indications range from leukemias and lymphomas to inborn errors of metabolism to autoimmune diseases. Other considerations include patient age, functional status, and suitable graft availability. There are four sources for a hematopoietic stem cell transplant: autologous transplantation refers to a patient receiving his own stem cells, in syngeneic transplantation a patient receives stem cells from an identical twin sibling, in allogeneic transplantation a patient receives stem cells from a non-identical sibling or an unrelated donor and in umbilical cord blood transplantation stem cells harvested from the umbilical cord and placental soon after a baby is born. In allogeneic transplantation, recipient and donor human leukocyte-associated antigens (HLA) are matched as best as possible. Graft-versus-host disease is common in allogeneic transplants and uncommon in autologous transplants. GVHD is generally more severe in the patients receiving transplants from mismatched donors [2].
In preparation for the transplant, conditioning regimens are used to treat the patient prior to the transplant and the severity of graft-versus-host disease appears be influenced by the conditioning regimen chosen [3]. The regimens are meant to suppress the recipient’s immune system enough that the graft is not rejected as well as eliminate the disease for which the patient is receiving the transplant. The myeloablative regimens are meant to completely destroy the recipient’s stem cell population and regimens often are made up of both chemotherapy and total body irradiation (TBI). Non-myeloablative regimens generally use lower doses of chemotherapy and TBI and are not designed to completely eradicate the recipient’s stem cell (or diseased cell) population. Eradication of the malignancy relies on the graft-versus tumor effect provided by the donor stem cells. Choice of regimen is influenced by the patient’s co-morbities, the condition that is being treated, the status of the disease being treated, and the likelihood of graft rejection [2].

Impact of Graft-Versus-Host Disease on the Critically Ill HCT Patient
Importantly, recipients of allogeneic HCT commonly develop GVHD and the graft versus tumor effect is generally associated with reduced relapse of malignancy however GVHD (both acute and chronic) is associated with significant morbidity and mortality [4]. GVHD is a common multisystem “side-effect” of HCT seen in patients with allogeneic HCT. It occurs when donor hematopoietic cells recognize the recipient’s organ tissues as foreign resulting in end-organ injury [5]. Acute GVHD typically occurs within 100 days of transplantation and is characterized by skin, GI tract and liver involvement. However, all organ systems can be involved [6]. Chronic GVHD commonly occurs outside the first 100 days after HCT though the clinical manifestations noted in the patient as opposed to the timing are perhaps more important in making the diagnosis of acute or chronic GVHD. While skin, GI tract and liver are also commonly involved in chronic GVHD, the findings of chronic GVHD are much different than what is seen in acute GVHD and tend to have an appearance similar to that of a patient with advanced autoimmune disease. Sclerotic skin lesions, which are strikingly similar to the cutaneous findings of scleroderma, are commonplace in chronic GVHD [7]. Both acute and chronic GVHD are associated with significant non-relapse morbidity and mortality in the HCT patient [8].
Mortality after HCT is higher in patients who have GVHD as opposed to those who do not and as the severity of GVHD increases, so does mortality. It has also been demonstrated that patients who receive allogeneic transplants from unrelated donors also have higher rates of GVHD and non-relapse mortality [9]. Al-Khadhimi et al. retrospectively evaluated 414 patients with related and unrelated HCT and demonstrated the incidence of severe acute GVHD was much higher in the recipient from unrelated donors (22.3 % vs 36.5 %). It was also shown that non-relapse mortality was significantly higher (33.3 % vs 46.5 %) at 60 months. In this cohort, only 15 % of patients with the severest (grade III and IV) level of acute GVHD were alive at 5 years [10]. While the clinical manifestations of acute and chronic GVHD share some similarities, having a history of acute GVHD is, in and of itself, a risk factor for chronic GVHD [11].
The patient described developed multiple manifestations of chronic GVHD disease including skin, ocular, and pulmonary. Bronchiolitis obliterans syndrome (BOS) is a common pulmonary manifestation of chronic GVHD and is thought to occur in between 1.7 and 26 % of patient receiving allogeneic HCT [12]. In a study by Au et al., the survival analysis hazard ratio was 1.6 for HCT patients with BOS when compared with those with HCT without BOS. Its incidence is closely associated with chronic GVHD, prior history of acute GVHD, older donor and recipient age, poor lung function prior to transplantation, early post-transplant respiratory viral infections, and the type of conditioning regimen prior to transplant [12]. Treatment generally includes systemic corticosteroids with and without other immune suppressing medications. The immune suppressing regimen often includes a prolonged course of high dose prednisone and in the event there is minimal response to prednisone, calcineurin inhibitors are added [13, 14]. Unfortunately, BOS often progresses despite attempts at therapy. These treatments for BOS often result in medication side effects and increased risk of opportunistic infections due to their significant immune suppressing properties [14].

Pulmonary Complications in the GVHD Patient
Respiratory failure, as occurred in this patient, exemplifies a common, yet heterogeneous problem in any ICU population. However, the HCT population is a unique group in which certain infectious and non-infectious pulmonary complications can be expected at various periods post-HCT. A retrospective review of 250 consecutive HCT patients, of who 33 were admitted to the ICU and the most common reason for ICU admit were pulmonary complications [16]. Indeed, respiratory failure carries a particularly poor prognosis in this population and can be a result of both infectious and non-infectious etiologies.
Etiologies of Respiratory Failure in HCT Patient

                Infectious
                	Bacteria:	GPC, GNR, polymicrobial with aspiration






	Viruses:	CMV, Herpesviruses, Respiratory viruses






	Fungus:	Aspergillus, Candida, Mucormycoses






	Mycobacteria:	Tuberculosis, non-tuberculous mycobacteria









              

Non-Infectious
	Diffuse Alveolar Hemorrhage

	Idiopathic Pneumonia syndrome

	Cryptogenic Organizing Pneumonia

	Pulmonary Edema

	Bronchiolitis Obliterans Syndrome

	Pulmonary veno-occlusive disease

	Radiation Pneumonitis






Due to the immunologic derangements and subsequent immune system recovery that occurs after an HCT, the patient will be at higher risk for numerous pulmonary complications depending on the post-transplant phase.

Recovery “Phases” Post-HCT
Recovery from HCT can divided into three phases which is helpful in allowing the physician rapidly assess and treat a broad differential. Phase 1 is the period immediately post-transplant to the point of cellular engraftment (defined as an absolute neutrophil count >0.5 × 109 cells/L), which occurs about 3–4 weeks post-transplant. Many of the infectious pulmonary complications in this period are related to the neutropenia that make risk of opportunistic infection from bacteria, fungi, and viruses commonplace. Phase 2 encompasses the period from engraftment to the point at which full immunity from the allograft is conferred, which can take up to 100 days post-transplant. During this period, humoral and cell-mediated immunity remain impaired. The final recovery stage, phase 3, commonly is characterized by ongoing defects in cell-mediated and humoral immunity, as well as diminished function of the reticuloendothelial system.

Common Infectious Complications of Phase 1
Bacterial infections, including gram negative, gram positive and anaerobic organisms, are commonplace during phase 1 due to the resultant neutropenia from the regimens used to perform the HCT itself. Patients who experience mucositis during phase 1 are at increased risk of bacterial translocation into the bloodstream and also aspiration from the dysphagia they often experience which can result in bacterial pneumonias. As such, during phase 1, when patients present with fever they require empiric broad spectrum antibiotic prophylaxis to treat both gram positive and gram negative organisms even if the source of the fever is elusive [17].
During the prolonged periods of neutropenia of phase 1, opportunistic infections from invasive Aspergillus are commonly seen, even with anti-fungal prophylaxis [18]. Notable risk factors include allogeneic HCT, acute GVHD, and older age. Clinical features often include dyspnea, fever, pleuritic chest pain and occasionally hemoptysis. Imaging will often show nodular opacities on chest radiograph and the “halo” sign on CT scanning. Treatment is generally with voriconazole or amphotericin, though the echinocandins are also used [19].
Herpesviruses are common viral infections seen in phase 1 [20, 21]. Disease activity results from reactivation of latent infection. In patients who do not receive prophylaxis with acyclovir, HSV will be shed in up to 80 % of seropositive patients. HSV pneumonitis requires evidence of tissue invasion for diagnosis and generally patients with pneumonitis will also have evidence of mucocutaneous involvement. Imaging can demonstrate diffuse or patchy opacities [21]. Treatment is generally with acyclovir.

Common Non-Infectious Phase 1 Pulmonary Complications of HCT
Diffuse alveolar hemorrhage (DAH), a phenomena occurring more commonly in autologous HCT than allogeneic HCTs, is characterized by fever, hypoxemia, coughing, and central bilateral pulmonary opacities. The diagnosis of DAH is made on bronchoalveolar lavage (BAL) when non-clearing hemorrhagic return is seen on successive lavage aliquots [22]. Due to the patchy nature of DAH, performing BALs in multiple areas of the lung may be required to establish a diagnosis. As with other non-infectious complications of HCT, there must be no evidence of infection present to establish a diagnosis of DAH. Corticosteroids are often used for treatment, though the in-hospital mortality of DAH approaches 80 % [23].
During phase 1, patients regularly develop pulmonary edema which can be either cardiogenic or non-cardiogenic in nature [24]. It is characterized by dyspnea, hypoxemia, bilateral rales, bilateral pulmonary interstitial opacities, and occasionally associated with pleural effusion. The etiology of the pulmonary edema is diverse though patients often have cardiac or renal dysfunction as a result of previous chemotherapeutics used (platinum based, anthracyclines, or cyclophosphamide being the most common), and hypoalbuminemia can also play a role. Increased vascular permeability as a result of sepsis, viral infection, aspiration, or hyper acute GVHD can result in non-cardiogenic pulmonary edema [25]. Typically, pulmonary edema will improve with diuresis and often has a good prognosis though patients with hepatic veno-occlusive disease can develop pulmonary edema that has significantly worse outcomes [26].
Engraftment syndrome occurs in about 7–10 % of patients with autologous HCT and is less common in patients with allogeneic HCT. Common features include fever, dyspnea, hypoxia, maculopapular rash (not attributable to medication), and bilateral pulmonary opacities. This syndrome occurs at the same time as the patient’s neutrophils recover. Infectious and cardiogenic etiologies must be ruled out to make the diagnosis. Patients tend to have a better prognosis than many of the other etiologies of respiratory failure and one case series reported excellent resolution of hypoxia and fever when treated with corticosteroids [27].

Common Infectious and Non-Infectious Pulmonary Complications in Phase 2
In the immunocompetent host, Cytomegalovirus (CMV) remains latent in the host’s leukocytes though will reactivate in the seropositive patient who becomes immunosuppressed. Most HCT patient receive prophylaxis for CMV and as such, CMV pneumonitis is no longer as common as previously in the transplant population [28]. It is seen in about 5 % of HCT patients and tends to occur between 6 and 12 weeks post-transplant. As is commonly seen with many forms of pneumonitis, it is characterized by fevers, dyspnea, hypoxia, and diffuse opacities on radiograph. Primary risk factors for CMV include previous CMV viremia, GVHD and use of high-dose glucocorticoids. The treatment typically includes intra-venous (IV) ganciclovir or valganciclovir. The mortality in the HCT patient with CMV pneumonia is quite high at 80–90 % [29].
There are a number of other viruses known to cause pulmonary complications in the HCT patient including RSV, influenza, parainfluenza, and human metapneumonvirus. While some may not carry the high mortality associated with CMV pneumonitis, most carry significant morbidity and mortality when they result in pneumonia [30].
The idiopathic pneumonia syndrome (IPS) is a common non-infectious complication of phase 2. This usually occurs 4 months post-HCT and is characterized by two phases: an early inflammatory phase followed by a fibrotic phase likely resulting from an impaired ability to recover in a normal fashion from an insult leading to injury [31]. The diagnosis of IPS is predicated on the fulfillment of two criteria: diffuse alveolar injury with symptoms suggestive of pneumonia without evidence of congestive heart failure or volume overload and no evidence of lower respiratory tract infection. Risk factors for IPS include the diagnosis of acute leukemia, the type of conditioning regimen – myleoablative, total body irradiation, severe acute GVHD, and age greater than 40 [31, 32]. A compelling study published in Blood in 2015 re-evaluated BAL samples of 69 patients previously diagnosed with IPS between 1992 and 2006 using PCR screening for 3 bacteria and 25 viruses. Pathogens were discovered in 39 patients, a significant proportion of whom had worse 100 day survival than those without pathogens. While the significance of these findings are uncertain, they suggest that aggressive search for infectious pathogens must be undertaken prior to making the diagnosis of IPS [33]. The HCT patient diagnosed with IPS is typically treated with high-dose corticosteroids though, unfortunately, prognosis is quite poor and ranges from 50 to 75 % [34]. More recently, a study looking at the etanercept in addition to corticosteroids did not confer an improved response. Interestingly, this study demonstrated better 28-day survival rates than historically documented perhaps owing to the fact that conditioning regimens, supportive care and frequency of BAL (thus allowing for identification of pathogens) has changed [35]. Unfortunately the 1-year survival rates post-IPS are high [34].

Phase 3 Pulmonary Complications Post HCT
Bronchiolitis Obliterans (BO) is a phase 3 complication which is characterized by progressive airflow obstruction (reduced FEV1 and FEV1/FVC ratio) seen in about 9 % of patients with allogeneic HCT [36]. GVHD is an important risk factor associated with BO. On high-resolution CT scanning will mosaic attenuation will commonly be seen, indicative of air-trapping. Many experts are initiating “FAM therapy” (inhaled fluticasone, azithromycin three times weekly, and montelukast) with any evidence of airflow obstruction HCT [37]. While there is no gold-standard therapy, immune suppression is most often increased, typically with prednisone and subsequent steroid sparing agents (cyclosporine or azathioprine are often chosen). Improvement in the obstructive physiology is unusual and the more rapid the fall in the patient’s FEV1, the worse the outcome. Mechanistically, is likely related to a progressive bronchial epithelial injury from the donor immune cells [38]. Unfortunately, as was seen in the patient presented, chronic immune suppressing therapy used to treat BO increases risk of opportunistic infection.
Organizing pneumonia (OP) is characterized by patchy bilateral pulmonary opacities on imaging and restrictive physiology. The etiology may be related to previously treated infection, chronic GVHD, radiation, or cryptogenic. Infection must be ruled out as patients will often present with dry cough, fevers and dyspnea. About 2/3 of patients with COP will respond well to treatment with corticosteroids. The risk factors associated with the development of COP include GVHD and allogeneic HCT [39].
Fungal infections and CMV infections are also seen during phase 3 depending upon whether the patient is receiving prophylactic medications against these organisms. Risk of opportunistic infection is also increased in patients receiving treatment for GVHD with prednisone and other immune suppressing agents.

Evaluation of Respiratory Failure
In an HCT patient admitted to the ICU with acute respiratory failure, knowing the time from transplant is helpful to the clinician in predicting what infectious and non-infectious processes are highest on the differential. Information regarding the severity of GVHD status and whether immune suppressing medications for control GVHD are being used can further whether the patient is at increased risk for opportunistic infections. In addition, knowledge of whether the patient has any active pulmonary disease either as a result of their HCT, such as radiation induced lung injury, BOS or other chronic lung diseases, such as emphysema, further adds to the understanding of how much pulmonary reserve the patient will have.
As with any critically ill patient in the ICU, diagnostic imaging is often the initial test of choice.
Having a low threshold to obtain cross sectional imaging is important in the HCT population given the broad differential for respiratory failure in this group. Unfortunately, many of the pulmonary processes affecting the post-HCT patient result in similar findings on CT scanning and fiber optic bronchoscopy with BAL is often the procedure of choice in separating between infectious and non-infectious pulmonary complications associated with HCT. Bronchoscopy is a useful adjunct to making a diagnosis in patients with respiratory failure, or abnormalities on CT scanning and has been shown to be useful in making diagnoses about 50 % of the time [1, 40]. Non-invasive diagnostics such as echocardiogram, blood cultures, fungal serologic testing, and induced sputum have been shown to be useful depending on the reason for respiratory failure [40].
In regards to the patient presented, multiple studies have demonstrated patients HCT patients diagnosed with invasive mold were receiving high dose corticosteroids daily are at greater risk for developing invasive fungal disease [41, 42]. This patient had a large cavity seen on CT scanning and in her and subsequent bronchoscopy was diagnostic for mucormycoses. Besides corticosteroid use, other common risks for invasive mold infection in the HCT include a matched unrelated donor, and GVHD [42] - both notable findings in this patient. This patient was treated with amphotericin and generally the choice of antifungal therapy depends on the type of infection suspected or proven and the mainstays of therapies include amphotericin, the azoles, and the echinocandins [43]. Most, if not all, critically ill HCT patients with suspected infection require the input of an infectious disease specialist.

Evidence Contour
When to Withhold or Withdraw Life Support
Much has been written about withholding care in the critically ill when deemed to be futile. To be sure, the prognosis for the HCT patient critically ill with respiratory failure or multi-system organ failure is poor though there is some data to suggest improving outcomes in patients admitted to the ICU [44–46]. Unfortunately, there is not yet a scale such as the APACHE III or SAPS II that can reliably predict an HCT patient’s mortality during their stay in the ICU. This is problematic as the ability to prognosticate to the patients, their family members or decision makers is useful for them to clarify their goals of care. In the past, there has been discussion in the medical literature about refusing ICU care for certain subpopulations of HCT patients particularly those with respiratory failure [47]. However, there is not yet a way of identifying a group with such poor prognosis that withholding care is appropriate. Post-Intensive Care Syndrome (PICS) is a growing area of study looking at the long term outcomes of patients who have been critically ill for longer than 1 week. The 1- and 5-year outcomes in mortality and quality of life patients with PICS are poor [48] though this growing body of work have provided us with direction of area to focus on to improve long-term outcomes. It would be beneficial to study the long term survival of HCT recipients who have survived critical illness in order to better allow the intensivist to prognosticate to families in the short- and long-term.
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Case Presentation
A 72 year old woman with no significant past medical history presented with abnormal labs from an urgent care facility. Her initial labs showed marked absolute lymphocyte leukocytosis of 1789.4 × 106 cells/mm3 with morphology suggesting Chronic Lymphocytic Leukemia. There was no evidence of acute tumor lysis syndrome at initial presentation as suggested by a potassium of 4.4 mEq/dL, uric acid of 4.7 mg/dL, calcium of 9.1 mg/dL and phosphorus level of 3.9 mg/dL. She was started on hydroxyurea, intravenous hydration, and allopurinol for prevention of tumor lysis syndrome. Flow cytometry revealed positivity for ATM and MYB gene deletions as well as del(13q) chromosome. Following initiation of therapy, the patient developed hyperkalemia resistant to medical treatment including sodium polystyrene sulfonate, calcium gluconate and insulin with dextrose, and was started on hemodialysis. Due to her confirmed diagnosis of chronic lymphocytic leukemia (CLL), she was started on induction chemotherapy with Rituximab and Bendamustine. A day later, her labs demonstrated elevated potassium to 6.7 mEq/dL, phosphorus to 16.6 mg/dL, and uric acid to 9.0 mg/dL. She also exhibited hypocalcemia, at 6.9 mg/dL.
Question
What is the cornerstone of management of acute tumor lysis syndrome?

Answer
Intensive supportive care for renal insufficiency and electrolyte abnormalities.

The optimal management of acute tumor lysis syndrome is preservation of renal function and prevention of life threatening cardiac arrhythmias and neuromuscular irritability by providing the best supportive care. The patient was transferred to the medical ICU for management of acute tumor lysis syndrome. She was given aggressive fluid hydration. Continuous renal replacement therapy was considered, though deferred given normal hemodynamics. Her potassium, phosphate, calcium and uric acid levels were monitored every 6 h and were managed appropriately. No significant dysrhythmias occurred during her course. Her electrolyte abnormalities subsequently resolved. She was transferred back to the general medical floor. Her renal function completely recovered eliminating the need for further renal replacement and she was subsequently discharged home and therapy. She was continued on allopurinol as an outpatient and has not had a recurrent episode of tumor lysis syndrome.

Principles of Management
There Are Laboratory and Clinical Classifications of Tumor Lysis Syndrome (TLS)
There are several different definitions of TLS which contain laboratory and clinical classifications, as can be found here [1]. According to Cairo and Bishop [2] laboratory TLS is diagnosed when two or more of the following metabolic abnormalities occur within 3 days before or up to 7 days after the initiation of therapy: hyperuricemia, hypocalcemia, hyperkalemia and hyperphosphatemia. They define clinical TLS as laboratory TLS accompanied by presence of acute kidney injury, seizures, cardiac dysrhythmia, or death. Acute kidney injury may result from urate nephropathy, endothelial dysfunction, local ischemia, or pro-inflammatory and pro-oxidative state secondary to elevated uric acid [3, 4]. Electrolyte abnormalities may lead to neuromuscular irritability including seizures and cardiac dysrhythmia that can be fatal. Laboratory TLS confers high risk of developing clinical TLS [5].

Risk Stratification for Development of Clinical TLS Is Complex, but Useful
Several models have been developed for adults with acute myeloid leukemia [6, 7] and children with acute lymphoblastic leukemia [8] to predict the risk of the tumor lysis syndrome. These models lack a standard definition of the tumor lysis syndrome, use different primary end points (i.e., either clinical tumor lysis syndrome or any type of the tumor lysis syndrome), do not have standardized supportive care guidelines, and scoring systems are complex. However, Howard et al. [5] proposed an algorithm for risk stratification depicted here, which suggests escalation of management including intravenous fluids, hypouricemic agents, progressively more frequent laboratory monitoring, and cardiac monitoring, depending on risk to develop clinical TLS.

Treatment Prephase with Low Intensity Chemotherapy May Prevent TLS in High-Risk Patients
Patients at high risk for developing tumor lysis syndrome may receive low-intensity initial therapy. The hypothesis is that slower lysis of tumor cells allows renal homeostasis to clear metabolites before their accumulation and subsequent organ damage. In patients with advanced B-cell Non-Hodgkin’s lymphoma and Burkitt’s lymphoma, this approach has involved treatment with low-dose cyclophosphamide, vincristine and prednisone for a week prior to the initiation of intensive chemotherapy. Several groups also subscribe to a week of prednisone monotherapy for childhood acute lymphoblastic leukemia [5].

Hydration Is Essential to Prevention and Treatment of TLS
All patients at risk for, or with, clinical TLS should receive intravenous hydration to optimize glomerular filtration and renal perfusion while maximizing urinary excretion of uric acid and phosphate [9]. Patients at intermediate or high risk for TLS should receive “hyperhydration”, with goal of 4–6 L per day up to 48 h prior to chemotherapy through 72 h following therapy [10]. Some have advocated for up to 3000 ml/m2/day for those at the highest risk [11]. The choice of hydration fluid varies depending upon the clinical circumstances. One expert panel suggests the initial use of 5 % dextrose in one-quarter normal (isotonic) saline [9]. In patients with hyponatremia or volume depletion, isotonic saline should be the initial hydration fluid. As there is a risk of hyperkalemia and hyperphosphatemia with calcium phosphate precipitation once tumor breakdown begins, potassium and calcium should be withheld from the initial hydration fluids. Use of sodium bicarbonate to cause urinary alkalization, while increasing urate excretion, reduces the solubility of calcium phosphate, and is no longer recommended for TLS management, particularly when hypouricemic agents are available [9]. Urinary alkalization has been associated with renal failure in pediatric patients treated with rasburicase [12]. Diuretics may be used to maintain increased urinary flow, though this is controversial (see section “Evidence Contour”).

Hypouricemic Agents Are Essential to the Prevention and Treatment of TLS
Reduction of uric acid with allopurinol and rasburicase can preserve or improve renal function [13]. Rasburicase additionally reduces serum phosphate as a secondary benefit. Allopurinol is a xanthine oxidase inhibitor that reduces the formation of uric acid though has no demonstrable effects on the excretion of already formed uric acid. This delay in therapeutic effect can allow urate nephropathy to develop. Furthermore, despite treatment with allopurinol, xanthine can accumulate and this can result in xanthine nephropathy [14, 15]. In a multicenter randomized study of the use of allopurinol versus rasburicase in pediatric patients at risk for TLS, the mean uric acid was significantly decreased in the rasburicase arm in intention to treat analysis. There was also a significant decrease in serum phosphorus, and favorable trends in serum creatinine in patients managed with rasburicase [16]. The serum creatinine level improved by 31 % in the rasburicase group but worsened by 12 % in the allopurinol group. In the study done by Pui et al. [13], there was no increase in phosphorus levels and decrease in creatinine levels among 131 patients who were at high risk for the tumor lysis syndrome and were treated with rasburicase. While either allopurinol or rasburicase may be considered for patients at intermediate risk for development of TLS, rasburicase is advised for a laboratory or clinical diagnosis of TLS [5]. However, Glucose 6 Phosphate Dehydrogenase deficiency is an absolute contraindication to rasburicase, related to risk of hemolysis, and at risk populations should be screened prior to rasburicase initiation if feasible.

Close Monitoring Is Essential in TLS
It is very important to strictly monitor urine output, laboratory values, and cardiac conduction in patients at risk for, and diagnosed with, TLS. As above, the degree of monitoring is related to the severity of risk, or diagnosis [5]. This monitoring should be done during the entire period for which the patient is at risk for development of TLS as this varies according to the therapeutic regimen.

Prevention of Cardiac Arrhythmias
Hyperkalemia and hypocalcemia are the most common electrolyte abnormalities in tumor lysis syndrome that can cause life-threatening dysrhythmias. Appropriate management of these abnormalities is outlined below:
Hyperkalemia
Limitation of oral intake of potassium and phosphate during the period at risk for acute tumor lysis syndrome is an important aspect of management [17]. Frequent measurement of potassium levels, with frequencies dependent on degree of risk or presence for TLS, should be performed. Oral sodium polystyrene sulfonate can be administered if hyperkalemia is detected. Hemodialysis and hemofiltration are effective in removal of potassium. Glucose in combination with insulin or beta agonists may be used as temporary measures. Calcium gluconate can be used in addition for cardiac membrane stabilization while awaiting the initiation of renal replacement therapy.

Hypocalcemia
Hypocalcemia can cause neuromuscular instability in addition to dysrhythmias. Management of elevated serum phosphorus level can be helpful in preventing hypocalcemia. Asymptomatic hypocalcemia does not need treatment. The treatment of symptomatic hypocalcemia should target the lowest dose of ionized calcium that is required to relieve the symptoms. Caution is required as excess calcium increases the calcium phosphate product formation and thereby increases the rate of crystallization (when the concentration exceeds 60 mg2). Phosphate binders are typically given to patients with acute tumor lysis syndrome although there is no definite evidence for benefit (See section “Evidence Contour”).


Acute Renal Failure Requiring Renal Replacement Therapy May Develop Despite Best Practice
Despite optimal attempts at prevention, acute renal failure develops in approximately 3–5 % of the patients with TLS. The introduction of rasburicase has brought down the need for dialysis during the induction phase of chemotherapy of high-risk hematologic malignancies. Despite the optimal use of rasburicase, approximately 5 % of adults and 1.5 % of children need dialysis during induction phase of chemotherapy [18]. Indications for renal replacement therapy in acute tumor lysis syndrome are similar to other causes, but the threshold for initiation can be lower as there is a potential for rapid potassium release from cell lysis and subsequent hyperkalemia particularly when urine output is low. Indications for renal replacement therapy include oliguria or anuria, persistent hyperkalemia, symptomatic hypocalcemia secondary to hyperphosphatemia, or calcium-phosphate product >70 mg2. The prognosis of complete renal recovery is excellent if dialysis is initiated early during the course, which thereby reduces serum uric acid and phosphate concentrations. Oliguria secondary to urate nephropathy responds well to hemodialysis with diuresis occurring with serum uric acid concentration below 10 mg/dL.


Evidence Contour
Although acute tumor lysis syndrome is extensively studied, there are several aspects of management, which remain controversial.
Use of IV Diuretics in Addition to IV Hydration Has Conflicting Clinical Outcomes
Administration of diuretics to patients with TLS to increase urinary outflow is believed by some to be renal protective. Based on the animal study of urate nephropathy involving elevated levels of serum uric acid that are induced by continuous infusion of uric acid, high urine output due to either high-dose furosemide or genetically induced diabetes insipidus protected the kidneys equally, while acetazolamide causing mild diuresis and bicarbonate provided only moderate renal protection [19]. However in human studies involving the prevention of AKI, the use of diuretics can lead to worse outcome [20, 21]. Randomized controlled trials are needed in order to establish the definite benefits of use of IV diuretics in conjunction with hydration in tumor lysis syndrome.

There Is Unclear Utility of Phosphate Binders in TLS with AKI
Phosphate binders may be used in the management of acute TLS. There is lack of definite evidence of efficacy of phosphate binders in patients with other etiologies of acute renal failure [22, 23]. However, this treatment is typically provided, with case support for its use [5, 22].

Choice of Renal Replacement Therapy Has Variable Outcomes
There is no clear consensus regarding which modality of renal replacement to choose in patients with acute tumor lysis syndrome. Hemodialysis is effective in removing uric acid with clearance of about 70–100 ml/min with reduction of serum uric acid levels by about 50 % with 6 h treatment [24]. Peritoneal dialysis is much less efficient. With regards to phosphate clearance, the rate usually ranges from 60 to 100 mL/min with hemodialysis depending on the dialyzer and blood flow. The usual phosphate burden in the patients with tumor lysis syndrome is about 2–7 g per day. This would warrant hemodialysis at 12–24 h. Continuous renal replacement modalities such as arteriovenous hemodialysis (CAVHD) with high dialysate rate, continuous veno-venous hemodialysis (CVVHD) and continuous veno-venous hemofiltration (CVVH) may be tolerated better. These modalities are also often effective in cases of renal failure from tumor lysis syndrome. The clearance of phosphorus with CAVHD can reach 40 mL/min at a dialysate flow rate of 4 l per hour. This can aid in the removal of up to 10 g of phosphorus per day. Furthermore, continuous renal replacement therapy does not cause rebound hyperphosphatemia which often occurs with intermittent hemodialysis. At present the modality chosen should reflect practitioner experience guided by the need for a high dialysate rate dictated by the perceived need for rapid correction of serum abnormalities.
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Case Presentation
A 74 year old man with a history of hypertension, hyperlipidemia, and diabetes mellitus presented with worsening fatigue, blurry vision, headache and shortness of breath over the previous 3 months. In addition, he noted gum bleeding when he brushed his teeth, despite proper oral care. Vitals were remarkable for tachypnea and an oxygen saturation of 82 % which improved to 87 % on 15 L O2 via nonrebreather. Physical exam was notable for 4/5 weakness in his right arm and leg, an enlarged spleen, and Roth spots, cotton wool spots, and tortuous veins (as seen in Fig. 76.1) on fundoscopic exam. His initial set of labs revealed a WBC of 145 thou/mcL, hemoglobin of 7.4 g/dL (decreased from a baseline of 13 g/dL 2 years prior), a creatinine of 1.3 mg/dL, a total protein of 8.4 g/dL and an albumin of 4.3 g/dL. CXR showed bilateral infiltrates in the lower lung bases (Fig. 76.2). CT of the chest showed no pulmonary emboli, but did confirm the presence of bilateral lower lobe infiltrates. Noncontrast CT of the brain was notable for age appropriate atrophy without signs of ischemia or hemorrhage. Peripheral blood smear was remarkable for marked blasts and a normocytic anemia.[image: A329322_1_En_76_Fig1_HTML.gif]
Fig. 76.1Fundoscopic photograph showing intraretinal hemorrhage (blue arrow), tortuous blood vessel (black arrow), cotton wool spots (yellow arrow), and Roth spots (green arrow) (From Shirley and McNicholl [1]. Reprinted with permission from BMJ Publishing Group Ltd.)




[image: A329322_1_En_76_Fig2_HTML.gif]
Fig. 76.2Initial chest x-ray showing bilateral infiltrates in the lower lung zones (From Wu et al. [2]. Reprinted with permission from Elsevier Limited)





Question
What is the most likely diagnosis?

Answer
Hyperviscosity Syndrome due to Hyperleukocytosis

This patient exhibited the classic triad of mucosal bleeding, visual changes, and focal neurologic deficits seen in hyperviscosity syndromes. The elevated WBC with blasts on the differential suggested the possibility of an underlying hematologic malignancy as the etiology of the patient’s symptoms. In this case, emergent intubation was necessary given the patient’s impending hypoxic respiratory failure. Flow cytometry was performed and the patient was preliminarily diagnosed with acute myelogenous leukemia (AML). Oncology was consulted, who recommended emergent leukapheresis. After the leukapheresis, the patient markedly improved and was subsequently extubated. He later received two more sessions of leukapheresis resulting in complete resolution of his symptoms and a reduction in his WBC count to 33 thou/mcL. As seen in Fig. 76.3, the patient’s CXR also cleared completely after treatment. Bone marrow biopsy and flow cytometry confirmed the diagnosis of AML. The patient was started on chemotherapy and tolerated his medical treatment well and was later discharged with outpatient follow up of his AML.[image: A329322_1_En_76_Fig3_HTML.gif]
Fig. 76.3Post chemotherapy CXR showing resolution of the patient’s lower lobe infiltrates (From Wu et al. [2]. Reprinted with permission from Elsevier Limited)






Principles of Management
Pathophysiology
Hyperviscosity syndrome (HVS) refers to the clinical constellation of symptoms exhibited due to an increase in serum viscosity. This increase in serum viscosity is the result of two major pathologic processes: most commonly paraproteinemias and less commonly excess cellular components (such as leukocytes and platelets). The resultant sluggish blood flow leads to a relative hypoperfusion and circulating proteins interfere with platelet aggregation causing prolonged bleeding time [3]. Classically, the patient will present with (among other symptoms) the triad of visual changes, mucosal bleeding, and focal neurological deficits [4]. Table 76.1 shows many of the end organ manifestations that can result from hyperviscosity syndromes.Table 76.1Clinical symptoms which can be seen in various hyperviscosity syndromes


	Organ system
	Hyperviscosity signs and symptoms
	Diagnostic modalities

	Neurologic
	Focal neurological deficits
Headache
Dizziness
Altered Level of Consciousness
Seizures
Coma
	CT Noncontrast Brain
MRI Brain
MRA Brain

	Pulmonary
	Shortness of Breath
Dyspnea
Hypoxemia
Wheezing
	CXR
CT Chest

	CVS
	Chest Pain
Palpitations
Chest Tightness
Acute MI
	Cardiac Enzymes
Echocardiogram

	Hematologic
	Increased Bleeding Time
Mucosal Bleeding
Anemia
Fatigue
	CBC with diff
PT/INR, PTT, fibrinogen, haptoglobin

	Ophthalmologic
	Blurry Vision
Retinal Vein Engorgement
Progressive loss of sight
Papilledema
	Fundoscopic Exam





In plasma, the main determinant of blood viscosity is protein concentration [5, 6]. Spherical proteins have a smaller effect on blood viscosity whereas larger proteins with high ratios of length to width (such as the pentameric IgM) can have an inordinate effect on viscosity [7]. This underlying mechanism explains the high incidence of HVS in lymphoplasmacytic lymphoma (formerly known as Waldenstroms Macrogloulinemia), a B cell lymphoma in which there are high levels of circulating IgM pentamers. The distribution of the gamma globulins also plays an important clinical role. IgM, predominantly an intravascular protein, exerts a greater effect on plasma viscosity compared to IgG and IgA (which are distributed more extravascularly) [5].
Leukostasis is the occlusion of blood vessels caused by hyperviscous blood due to an excessive number of circulating white blood cells. Hyperleukocytosis can be seen in both acute and chronic leukemias when the WBC is greater than 100,000 cells/mm3 and is more common when in their blast form [8]. Typically, it occurs in acute lymphoblastic leukemia (especially T cell variants), acute myeloid leukemia, and chronic myeloid leukemia during a blast crisis [8]. These immature blast cells (either myeloblasts or lymphoblasts) are larger and have a more rigid cellular membrane, making them more likely to cause leukostasis. Occlusion happens in small capillaries, and the excess WBCs release toxins that can damage the vascular endothelium resulting in local rupture and hemorrhage [8]. Leukostasis is a medical emergency when life-threatening symptoms develop and requires emergent cytoreduction. In our case, the patient exhibited hyperleukocytosis, as evidenced by his WBC of 145 thou/mcL and symptoms of leukostasis.

Diagnosis
The diagnosis of HVS requires a high degree of clinical suspicion supported by laboratory evidence showing an elevated protein level or hyperleukocytosis. Table 76.2 shows common cutoffs for which symptoms may be seen in both paraproteinemias as well as various blood disorders. It is important to emphasize that HVS remains primarily a clinical diagnosis that is additionally supported by laboratory data.Table 76.2A general guide for common cutoffs where the symptoms of hyperviscosity may present


	Common cutoffs for hyperviscosity syndromes

	Paraproteinemia
	IgM
	>3 g/dL

	IgA
	>10 g/dL

	IgG
	>15 g/dL

	Excessive cellular components
	AML
	>300 thou/dL

	ALL
	>600 thou/dL

	CML, Blast Phase
	>100 thou/dL

	CML, Accelerated Phase
	>100 thou/dL

	CML, Chronic Phase (when pregnant)
	>100 thou/dL

	Essential Thrombocytosis
	>1000 thou/dL


It is important to note that it is possible for symptoms to appear at lab values lower than those listed




When one clinically suspects HVS due to paraproteinemia, the total protein level must be checked to see if it is elevated. If so, the next step is to perform a serum protein electrophoresis. HVS due to paraproteinemia is most commonly seen in Waldenstrom macroglobulinemia with an IgM level >3 g/dL [5]. In multiple myeloma with monoclonal IgG paraproteins, HVS does not appear until levels are >15 g/dL [5]. In IgA myeloma, the symptoms usually occur with plasma IgA levels >10 g/dL [5]. The intravascular distribution of IgM explains why symptoms of HVS occur at a much lower IgM protein level compared to both IgG and IgA paraproteinemias. In our case, the normal albumin-protein gap suggests that a paraproteinemia was not the underlying etiology of the patient’s symptoms and pointed more to hyperleukocytosis.
It is also important to differentiate hyperleukocytosis from a leukemoid reaction when there is a nonmalignant etiology for the leukocytosis. Leukemoid reactions are seen in certain infections, including S. Aureus, Pneumococcus, tuberculosis, pertussis, and various inflammatory conditions. Differentiation is made by performing a thorough history, physical examination, and a peripheral smear. The peripheral smear in a leukemoid reaction will show mature lymphocytes and granulocytes. The total leukocyte count in a leukemoid reaction is typically greater than 50,000/mm3 but rarely exceeds 100,000/mm3 [9].
Hyperleukocytosis resulting in end-organ dysfunction is far more common in acute myeloid leukemia (AML) compared to acute lymphoblastic leukemia (ALL). This is in spite of the fact that ALL typically has a higher WBC count [8]. Certain subsets of AML are associated with hyperleukocytosis, namely myelomonocytic AML (FAB M4) and Monocytic AML (FAB M5) [10]. Hyperleukocytosis is often seen in ALL, though clinical leukostasis is uncommon [10]. Hyperleukocytosis can be seen in two different phases of CML: when CML progresses to a blast crisis, or when it has been untreated in the chronic phase. Similar to ALL, chronic lymphocytic leukemia (CLL) commonly presents with hyperleukocytosis, though leukostasis is not seen until the WBC is much higher. Table 76.2 lists the common cell count cutoffs for which leukostasis may present i in various leukemias. While these values provide a good guideline, it is important to realize that symptoms may be present at much lower levels.
Essential thrombocytosis, a chronic myeloproliferative disorder can present as a hyperviscosity syndrome when platelet counts are >1000 thou/dL [11]. In this case, the extreme thrombocytosis can cause symptoms similar to leukostasis and platelet pheresis must be considered to decrease the platelet levels.

Management
In the critical care setting, it is important to manage the complications of HVS as they arise. Large bore central venous access (preferentially with a dialysis catheter) should be established while awaiting the pheresis team. Pheresis involves the removal of a specific component of the patient’s blood. The type of pheresis required depends on the specific component removed (e.g. leukapheresis, plasmapheresis, platelet pheresis, etc.) [12]. Given the high tumor burden in hyperleukocytosis, it is important to monitor for signs of tumor lysis syndrome (TLS) and uric acid, potassium, phosphate, and renal function should be checked immediately upon identification of hyperleukocytosis [13, 14]. Initial management includes aggressive hydration, allopurinol to prevent TLS, and correction of any electrolyte abnormalities. IV fluids should be free of both potassium and calcium and should be started at 2–5 times normal maintenance fluids [8]. Fluids can be increased in symptomatic patients and in those with persistent TLS. Fluid rates should be decreased in anemic patients with a hemoglobin of <6 as this hemodilution may precipitate congestive heart failure [9]. Platelets should be transfused if <20,000/mm3 to decrease the possibility of a CNS bleed. Platelet transfusions do not significantly increase blood viscosity. In cases of severe anemia, transfusions must be used very judiciously before pheresis is initiated as RBCs may increase serum viscosity exacerbating the patient’s clinical symptoms [4]. Monitoring of vitals Q3-4 hours should be performed and any development of hemodynamic instability could indicate a hemorrhage or congestive heart failure. Pulmonary leukostasis can result in respiratory distress and hypoxic respiratory failure (as in our case) potentially requiring mechanical ventilator support [15]. Arterial pO2 can be falsely decreased because of the metabolic activity of malignant cells, a phenomenon termed ‘leukocyte larceny’ [16]. The reduced pO2 in the ABG sample is attributed to O2 consumption by the activated leukocytes after the blood has been drawn. Pulse oximetry provides a more accurate assessment of O2 saturation [16]. Pheresis should continue until the patient’s symptoms resolve and the components being pheresed are near normal.
Leukapheresis results in a reduction of a patient’s white blood cell count by 20–60 % per session [12]. Most patients only require a single session to see improvement in symptoms. It is important to remember that leukapheresis is only a temporizing measure while the definitive diagnosis is being determined. Definitive systemic therapy directed at the underlying condition should be instituted as early as possible. As a general rule of thumb, leukapheresis should be considered in most cases of symptomatic leukostasis that are the result of hyperleukocytosis. The exception to this is the chronic phase of CML, which is managed differently when hyperleukocytosis is present. In this phase, it is recommended to start systemic therapy with both hydroxyurea and a tyrosine kinase inhibitor (TKI) [17]. Hydroxyurea, given at a dose of 50–100 mg/kg PO has been shown to decrease WBC by 50–80 % in 24–48 h [18]. In chronic phase CML, leukapheresis is typically reserved for those that are pregnant, given that hydroxyurea and TKIs are not recommended during pregnancy [18]. Leukapheresis should however be considered when CML has progressed to either acute blast phase or accelerated phase and has resulted in hyperleukocytosis.
The management of hyperviscosity syndrome due to a paraproteinemia involves supportive management and treatment of the underlying etiology. Plasmapheresis was first performed in the 1950s and has been demonstrated to reverse many of the clinical manifestations of HVS [19]. Plasmapheresis involves the removal of whole plasma (which includes both the pathogenic substance as well as essential substances) and replaces it with a substitution fluid that is appropriately similar to the plasma removed. Typically, the choice of replacement fluid is either fresh frozen plasma or 4–6 % albumin and the choice of replacement fluid depends on both the coagulation state of the patient as well as their immune status [20]. Plasmapheresis is generally well tolerated and adverse reactions are similar to those of transfusing the replacement fluid alone (i.e. in administering FFP there is concern for allergic reaction, hypocalcemia, and a risk for viral infection) [20]. Plasmapheresis can be performed daily until the resolution of symptoms and then intermittently for symptom control [3]. If plasmapheresis cannot be instituted immediately, phlebotomy in conjunction with hydration can temporize symptoms until plasmapheresis can begin.


Evidence Contour
There are many potentially controversial aspects in the management hyperviscosity syndromes: how to measure blood viscosity, the lack of procedural standardization, and whether leukapheresis has a positive effect on overall survival.
How to Measure Viscosity
The measurement of plasma viscosity has not changed significantly since the 1940s. Viscosity is assessed via a ‘capillary tube’ called an Ostwald tube and is measured by observing the time required for serum or plasma to flow through this thin ‘U’ shaped glass tube under the influence of gravity [9]. The more viscous the sample, the slower it flows through the Ostwald tube. Viscosity of normal serum is 1.4–1.8 centipose and it is rare that symptoms of hyperviscosity appear until the serum viscosity is >3.0 centipose [12]. There are two major limitations in using this method to diagnose hyperviscosity. First, this method only measures plasma viscosity and while this is useful for paraproteinemias, it cannot be used to assess hyperviscosity from hyperleukocytosis. Second, the test itself is difficult to perform given that the Ostwald tubes are fragile and are easily broken. Some clinical laboratories do not offer this test, so diagnosis must be made primarily by clinical symptoms and corroborative lab findings.

Lack of Procedural Standardization
Though there have been many studies illustrating an improvement in symptoms after leukapheresis in HVS, there ultimately lacks standardization in regards to the procedure. No studies identify when it is best to begin and end leukapheresis, nor is it known which clinical and laboratory values should be followed in order to assess adequate response to therapy [12]. There have been no randomized trials for the use of leukapheresis for hyperleukocytosis, but given that the procedure is generally well tolerated, many oncologists choose to have the procedure performed while awaiting a definitive diagnosis [10].

Efficacy of Leukapheresis in AML
Multiple studies have looked at the efficacy of leukapheresis in the treatment of AML and have demonstrated variable outcomes. Leukapheresis was associated with a decrease in the 2-week mortality rate, but the procedure showed no improvement in overall survival [21]. This lack of survival outcome date is believed to be a result of the grim prognosis of the underlying disease [21]. It appears that the features most predictive of early death in AML is not related to leukapheresis, but rather other patient factors such as performance status, age, and disease complications [10]. Despite this, there is a general improvement in morbidity with both leukapheresis, mostly relating to a decrease in end organ hypoperfusion. For this reason, leukapheresis is still recommended initially in HVS due to AML.
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Case Presentation
A 47 year old man with a history of hypertension and coronary artery disease was involved in a multiple car motor vehicle accident. He was the restrained driver in a head-on collision going approximately 55 mph. He was noted to have a GCS of 12 (eyes 3, verbal 4, motor 5) at the scene and was transported to the emergency department for further evaluation. Upon examination in the emergency department his first set of vitals were T 37C, HR 110, BP 110/85, RR 22, SpO2 90 %, GCS 11 (eyes 3, verbal 3, motor 5). He was noted to have paradoxical chest rise, diminished breath sounds on the left, tracheal deviation to the right, multiple ecchymosis to his anterior chest wall bilaterally, and subcutaneous emphysema to his left anterior chest wall. The remainder of his exam was unremarkable (Fig. 77.1).[image: A329322_1_En_77_Fig1_HTML.gif]
Fig. 77.1Chest x-ray of a 45 year old male a victim of blunt trauma demonstrating left sided tension pneumothorax with rib fractures





Question
What is the diagnosis and what should be the next step of management?

Answer
Tension pneumothorax and needle decompression with subsequent tube thoracostomy insertion.

Evacuation of pleural air is the most important first step in a tension pneumothorax and can be done via needle decompression or catheter drainage [1]. After a tube thoracostomy was placed, 100 mL of blood was evacuated from the chest. The chest tube was placed to suction through a pleur-evac system. A post procedure chest x-ray was obtained which showed the chest tube in proper posterior-apical position with the last drainage hole within the chest cavity. The patient was stabilized and a chest CT was performed which revealed multiple rib fractures, consistent with a flail chest segment, multiple areas of lung contusion, and bilateral basilar pleural effusions.
The patient’s inspiratory effort became poor and he had multiple episodes of desaturation. An arterial blood gas showed a pH 7.27, CO2 55, O2 65, HCO3 25. The patient was subsequently intubated and placed on volume control mechanical ventilation, tidal volume 400 mL, respiratory rate 18, pressure support 10, PEEP 8, FIO2 100 %. Fluid balance was carefully monitored during his intubated status and protective lung ventilation was maintained.
The patient required IV pain control with placement of an epidural catheter for pain associated with his multiple rib fractures and flail segment. Over the next few days the pain was well controlled, hypoxia associated with lung contusions improved, daily spontaneous breathing and awakening trials were performed and the patient was successfully extubated. Chest tubes were removed after complete resolution of his pneumothorax and hemothorax and the patient was subsequently discharged to a rehabilitation center.

Principles of Management
Pneumothorax
Pneumothoraces associated with trauma can be diagnosed by clinical exam and radiological studies. Patients often present with shortness of breath, chest pain, cough, and tachypnea [2]. Clinical presentations of tension pneumothorax also include chest pain, dyspnea, tachypnea, and hypoxia, but additionally present with jugular venous distention, contralateral tracheal deviation, subcutaneous emphysema, and hyper-resonance to percussion [3]. High clinical suspicion for tension pneumothorax should lead to immediate needle decompression and then tube thoracostomy insertion. Diagnosis of pneumothorax can be done with chest x-ray, ultrasound (Videos 77.1 and 77.2) or chest CT2. Small spontaneous pneumothoraces, not associated with trauma, can be observed clinically and a chest tube can be deferred unless the patient becomes symptomatic or the pneumothorax expands [4]. Traumatic pneumothorax should be treated with closed tube thoracostomy (chest tube) placement.

Hemothorax
Once there is suspicion for a hemothorax, on either radiological findings or clinical concern, a tube thoracostomy should be performed. Diagnosis can be confirmed with plain chest films, looking for a meniscus sign of fluid blunting the costo-phrenic angle or diaphragmatic surface (Fig. 77.2). Approximately 400–500 mL of fluid is required to cause blunting of the costo-phrenic angle in a traditional upright chest x-ray. Additionally, ultrasound can be useful to detect fluid; however, the precise quantitative measurement of the amount of blood in the pleural cavity is often user dependent. Finally, computed tomography with the administration of intravenous contrast of the chest allows for a global picture of thoracic anatomy and can be useful in patients who may also have to be ruled out for aortic injury and operative planning for repair.[image: A329322_1_En_77_Fig2_HTML.jpg]
Fig. 77.2Patient with a retained left Hemothorax- Was taken to the operating room 4 days following initial trauma. A video-assisted thoracoscopy was performed. Intra-operative pictures confirm the presence of a large hemothorax





If the initial placement of a chest tube drains more than 1500 mL within a 24-h period or demonstrates a continuing bloody output for more than 150–200 ml per hour for 4 h, massive hemothorax is diagnosed and a surgical intervention in the form of a postero-lateral thoracotomy should be considered for hemorrhage control [5]. Persistent retained hemothorax, as defined as a hemothorax that persists after chest tube insertion and attempted drainage procedures, should be treated with early video-assisted thoracoscopic surgery (VATS) rather than repeated attempted drainage with additional chest tubes to avoid long-term lung scarring, pleural thickening, and infection/empyema formation [5] (Fig. 77.2).

Rib Fractures
Rib fractures are the most common injury in blunt chest trauma and can occur in 50 % of cases [6]. Injury to the first 3 ribs usually requires high-energy trauma, fractures of fourth to eighth ribs are most common, and fractures of the ninth to twelfth ribs usually indicate the possibility of co-existing intra-abdominal injury. Clinical suspicion for rib fractures includes, splinting, localized pain, overlying skin changes including ecchymosis or subcutaneous emphysema, and/or respiratory distress. A paradoxical chest rise with inspiration and expiration is typically consistent with rib fractures involving multiple sites and ribs. Diagnosis can be made with plain films of the chest, but this method has sensitivity as low as 15 % [7]. Therefore, use of CT imaging of the thorax allows for confirmation of the diagnosis of rib fractures and 3-D reconstruction of the thoracic wall for potential operative planning [7]. The treatment of rib fractures includes adequate pain control and aggressive pulmonary toilet [8]. Typically the physiological derangement associated with rib fractures is predominantly due to the underlying lung contusion [9, 10].

Lung Contusion
Blunt chest trauma is involved in nearly one-third of acute trauma admissions to the hospital, and lung contusion (LC) (Fig. 77.3) is an independent risk factor for the development of acute lung injury (ALI), acute respiratory distress syndrome (ARDS), and ventilator-associated pneumonia (VAP) [9, 11]. The lung is also the second commonest organ involved in blast trauma-induced LC, which often has a peri-hilar distribution and carries a high risk of mortality [12]. When LC injury leads to hypoxemia severe enough to meet the definition of ARDS, the prognostic and economic impacts are significant. In a 2004 study of trauma patients, the incremental hospital cost per patient with ARDS ($36,713 or $59,633, respectively) was much higher than for patients without ARDS ($24,715) [13].[image: A329322_1_En_77_Fig3_HTML.gif]
Fig. 77.3Chest CT scan showing bilateral lung contusion-presence of involvement of the non-dependent lobes with evidence of trauma are indicative of lung contusion. Other pertinent differential diagnosis should include gastric-aspiration induced lung injury





The pathophysiology of pulmonary contusion and blunt chest trauma includes inflammation, increased alveolo-capillary permeability and pulmonary edema, ventilation/perfusion mismatching, increased intrapulmonary shunting, and a loss of compliance [14]. Treatment modalities outside of the standard treatment of other forms of lung injury such as a conservative fluid strategy, mechanical ventilation with lung protective strategy and analgesic management of associated rib fractures are currently under investigation.


Evidence Contour
Pneumothorax
Several areas of management of pneumthoraces still remain controversial. Traditionally, all sizes of post-traumatic pneumothoraces required chest tube drainage. However, a small pneumothorax in a clinically stable patient can be observed with repeat chest x-ray and a tube can be avoided unless the patient develops respiratory distress or the pneumothorax expands on chest plain film [5].
The use of smaller 14-Fr pigtail catheters has also been a new addition to the treatment algorithm in the management of pneumothorax. This procedure has been shown to reduce pain associated with chest tube placement as well as tube placement duration, and is equally effective at draining pleural air as larger, more traditional chest tubes [15].
The use of continuous negative pressure once the chest tube is placed, as well as the optimal timing for water seal prior to removal has also had some controversy. In patients without a continued air-leak, the chest tube can be placed to water seal and does not require negative pressure [16].
The routine use of chest x-rays after insertion as well as removal of chest tubes has also been investigated. Many institutions have created protocols that require a chest x-ray (CXR) after insertion of a chest tube. Newer studies are now finding that this routine study rarely changes the clinical course for the patient and clinical evaluation of the patient and tube drainage can alert the practitioner to problems that may exist [17]. Traditional protocols have centered on obtaining CXRs after chest tube removal. If a patient is not mechanically ventilated and has appropriate mental status to communicate symptoms of respiratory distress, a post-chest tube removal CXR is not required [18, 19].

Hemothorax
Much of the controversy surrounding hemothorax management is related to utilization and timing of thoracotomy versus video-assisted thoracoscopic surgery (VATS). Traditional criteria for an urgent thoracotomy included more than 1500 mL of blood evacuated from the chest with initial chest tube insertion, persistent bleeding from the chest with 150 mL/h to 200 mL/h for 2–4 h, or persistent blood transfusion required to maintain hemodynamic stability [5]. The use of VATS versus open thoracotomy has also been evaluated given that open thoracotomies are associated with severe incisional pain, increased hospital length of stay, and high infection rates [20]. In multiple meta-analyses, VATS has been shown to be as effective as open thoracotomy and can reduce the amount of chest tube drainage, duration of tube drainage, duration of hospitalization, operation time, and amount of bleeding and need for transfusion when compared to non-operative management and open thoracotomy [20, 21].
For retained hemothorax, the timing of VATS has been investigated. Early VATS, before day three, for retained hemothorax has been shown to decrease operative difficulty, contamination of the clot, and hospital length of stay when compared to procedures that were performed later than 6 days [5, 21]. In an effort to reduce the number of operative procedures performed for retained hemothorax, the use of fibrinolytics has also been proposed. Based on clinical evidence, the routine use of fibrinolytics for retained hemothorax cannot be routinely recommended and is reserved for patients who are otherwise high risk for surgical intervention [5].

Rib Fractures
Traditionally, rib fractures have been managed non-operatively with a major emphasis on appropriate pain control. Patients with multiple rib fractures are at increased risk for atelectasis, hospital-acquired pneumonia, and subsequent deterioration into respiratory failure requiring mechanical ventilation [22]. The particular use of thoracic epidural analgesia has been shown to improve clinical status, reduced rates of pneumonia, a reduced length of ICU stay, and improved pain ratings by patients [22]. However, further research still needs to be completed in this area regarding trauma patients that are mechanically ventilated, have coagulopathy disorders, or have rib fractures involving the first four ribs.
Operative management of rib fractures has also been extensively studied and is still routinely under-utilized. Appropriate timing for surgical rib fixation (Fig. 77.4) is still unknown and early data has suggested that earlier fixation of flail segments can lead to shorter ICU and hospital lengths of stay [23]. Two systematic reviews suggest that surgical fixation of rib fractures and flail chest may have benefits, however the analyses are based on the pooling of primarily small retrospective and few prospective studies [24, 25]. However, a review of current literature does suggest that the overall morbidity of rib fractures may be a result of underlying lung contusion. Routine availability of plating material, as well as knowledge and training in surgical implantation is still growing and may become the standard of care for these patients in the future.[image: A329322_1_En_77_Fig4_HTML.gif]
Fig. 77.4(a) Chest CT scans reconstructions shows multiple rib fractures. This type of imaging is typically done prior to plate fixation seen in image (b) This procedure requires an extensive extra-pleural approach






Lung Contusion
The areas of controversy with respect to lung contusion is the relationship to ARDS. While there are some studies that show that the percentage of area involved (typically more than 40 %) is associated with an increased risk for ARDS, this relationship is not linear. Additionally from multiple studies done using animal models, it is well understood that the generation of acute inflammatory response following lung contusion is responsible for deterioration to ARDS. Finally, other factors that have been studied to be responsible for the deterioration of contusion to ARDS involves associated second hit injuries to the lung such as VAP and aspiration-induced lung injury.
As described above, lung contusion is an independent risk factor for ARDS and VAP. The treatment of lung contusion, independent of ARDS and VAP, has few specific elements independent of conservative fluid therapy, lung protective strategy, and pain control for associated rib fractures. Specific therapeutic strategies to improve oxygenation and alter the inflammatory response in trauma patients with LC continues to be a challenge. A few studies have suggested improvements with intravenous corticosteroids or antioxidants in animal models [26], but precise randomized studies in trauma patients have not yet been carried out. Similarly, improvements in lung function with exogenous surfactants in LC have been noted in animal models [27, 28], but this has not been translated to clinical studies in patients with LC. Finally, specific modalities of mechanical ventilation, such as APRV, have been investigated in non-randomized trials with improved benefit.


References
1.
Huang Y, Huang H, Li Q, Browning RF, Parrish S, Turner Jr JF, Zarogoulidis K, Kougioumtzi I, Dryllis G, Kioumis I, Pitsiou G, Machairiotis N, Katsikogiannis N, Courcoutsakis N, Madesis A, Diplaris K, Karaiskos T, Zarogoulidis P. Approach of the treatment for pneumothorax. J Thorac Dis. 2014;6 Suppl 4:S416.PubMedPubMedCentral

2.
Ince A, Ozucelik DN, Avci A, Nizam O, Dogan H, Topal MA. Management of pneumothorax in emergency medicine departments: multicenter trial. Iranian Red Crescent Med J. 2013;15(12).

3.
Roberts DJ, Leigh-Smith S, Faris PD, Blackmore C, James MT, Kirkpatrick AW, Stelfox HT. Clinical presentation of patients with tension pneumothorax: a systematic review. Ann Surg. 2015;261(6):1068–78.CrossRefPubMed

4.
Mahmood I, Tawfeek Z, El-Menyar A, Zarour A, Afifi I, Kumar S, Al-Thani H. Outcome of concurrent occult hemothorax and pneumothorax in trauma patients who required assisted ventilation. Emer Med Int. 2015(2015):6.

5.
Mowery NT, Gunter OL, Collier BR, Jose’J Jr D, Haut E, Hildreth A, Streib E. Practice management guidelines for management of hemothorax and occult pneumothorax. J Trauma Acute Care Surg. 2011;70(2):510–8.CrossRef

6.
Oikonomou A, Prassopoulos P. CT imaging of blunt chest trauma. Insights Imaging. 2011;2(3):281–95.CrossRefPubMedPubMedCentral

7.
Cho SH, Sung YM, Kim MS. Missed rib fractures on evaluation of initial chest CT for trauma patients: pattern analysis and diagnostic value of coronal multiplanar reconstruction images with multidetector row CT. Br J Radiol. 2012;85(1018):e845–50.CrossRefPubMedPubMedCentral

8.
Fowler TT, Taylor BC, Bellino MJ, Althausen PL. Surgical treatment of flail chest and rib fractures. J Am Acad Orthop Surg. 2014;22(12):751–60.CrossRefPubMed

9.
Cohn SM. Pulmonary contusion: review of the clinical entity. J Trauma. 1997;42(5):973–9.CrossRefPubMed

10.
Raghavendran K, Notter RH, Davidson BA, Helinski JD, Kunkel SL, Knight PR. Lung contusion: inflammatory mechanisms and interaction with other injuries. Shock. 2009;32(2):122–30.CrossRefPubMedPubMedCentral

11.
Miller PR, Croce MA, Bee TK, Qaisi WG, Smith CP, Collins GL, Fabian TC. ARDS after pulmonary contusion: accurate measurement of contusion volume identifies high-risk patients. J Trauma. 2001;51(2):223–8; discussion 229–30.CrossRefPubMed

12.
DePalma RG, Burris DG, Champion HR, Hodgson MJ. Blast injuries. N Engl J Med. 2005;352(13):1335–42.CrossRefPubMed

13.
Treggiari MM, Hudson LD, Martin DP, Weiss NS, Caldwell E, Rubenfeld G. Effect of acute lung injury and acute respiratory distress syndrome on outcome in critically ill trauma patients. Crit Care Med. 2004;32(2):327–31.CrossRefPubMed

14.
Oppenheimer L, Craven KD, Forkert L, Wood LD. Pathophysiology of pulmonary contusion in dogs. J Appl Physiol. 1979;47(4):718–28.PubMed

15.
Kulvatunyou N, Erickson L, Vijayasekaran A, Gries L, Joseph B, Friese RF, Rhee P. Randomized clinical trial of pigtail catheter versus chest tube in injured patients with uncomplicated traumatic pneumothorax. Br J Surg. 2014;101(2):17–22.CrossRefPubMed

16.
Morales CH, Mejía C, Roldan LA, Saldarriaga MF, Duque AF. Negative pleural suction in thoracic trauma patients: a randomized controlled trial. J Trauma Acute Care Surg. 2014;77(2):251–5.CrossRefPubMed

17.
Kong VY, Oosthuizen GV, Clarke DL. What is the yield of routine chest radiography following tube thoracostomy for trauma? Injury. 2015;46(1):45–8.CrossRefPubMed

18.
Goodman MD, Huber NL, Johannigman JA, Pritts TA. Omission of routine chest x-ray after chest tube removal is safe in selected trauma patients. Am J Surg. 2010;199(2):199–203.CrossRefPubMed

19.
Palesty JA, McKelvey AA, Dudrick SJ. The efficacy of X-rays after chest tube removal. Am J Surg. 2000;179(1):13–5.CrossRefPubMed

20.
Wu N, Wu L, Qiu C, Yu Z, Xiang Y, Wang M, Li Y. A comparison of video-assisted thoracoscopic surgery with open thoracotomy for the management of chest trauma: a systematic review and meta-analysis. World J Surg. 2014;39(4):950–52.

21.
Lin HL, Huang WY, Yang C, Chou SM, Chiang HI, Kuo LC, Chou YP. How early should VATS be performed for retained haemothorax in blunt chest trauma? Injury. 2014;45(9):1359–64.CrossRefPubMed

22.
Hashemzadeh S, Hashemzadeh K, Hosseinzadeh H, Maleki RA, Golzari S. Comparison thoracic epidural and intercostal block to improve ventilation parameters and reduce pain in patients with multiple rib fractures. J Cardiovasc Thorac Res. 2011;3(3):87.PubMedPubMedCentral

23.
Nirula R, Diaz Jr JJ, Trunkey DD, Mayberry JC. Rib fracture repair: indications, technical issues, and future directions. World J Surg. 2009;33(1):14–22.CrossRefPubMed

24.
Slobogean GP, MacPherson CA, Sun T, Pelletier ME, Hameed SM. Surgical fixation vs nonoperative management of flail chest: a meta-analysis. J Am Coll Surg. 2013;216(2):302–11.e1.CrossRefPubMed

25.
Leinicke JA, Elmore L, Freeman BD, Colditz GA. Operative management of rib fractures in the setting of flail chest: a systematic review and meta-analysis. Ann Surg. 2013;258(6):914–21.CrossRefPubMed

26.
Turut H, Ciralik H, Kilinc M, Ozbag D, Imrek SS. Effects of early administration of dexamethasone, N-acetylcysteine and aprotinin on inflammatory and oxidant-antioxidant status after lung contusion in rats. Injury. 2008.

27.
Strohmaier W, Trupka A, Pfeiler C, Thurnher M, Khakpour Z, Gippner-Steppert C, Jochum M, Redl H. Bilateral lavage with diluted surfactant improves lung function after unilateral lung contusion in pigs. Crit Care Med. 2005;33(10):2286–93.CrossRefPubMed

28.
Raghavendran K, Davidson BA, Knight PR, Wang Z, Helinski J, Chess PR, Notter RH. Surfactant dysfunction in lung contusion with and without superimposed gastric aspiration in a rat model. Shock. 2008;30(5):508–17.CrossRefPubMedPubMedCentral




© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_78

78. Blunt Abdominal Trauma

Elizabeth C. Gwinn1 and Pauline K. Park1  
(1)Acute Care Surgery, University of Michigan, Ann Arbor, MI, USA

 

 
Pauline K. Park
Email: parkpk@umich.edu



Keywords
Blunt solid organ injurySplenic injuryHepatic injuryNonoperative management of splenic injuryNonoperative management of hepatic injuryAngioembolization of splenic injuryAngioembolization of hepatic injurySplenectomy vaccinationsVenous thromboembolism in solid organ injury
Case Presentation
A 38 year old male with no significant past medical history presents as a Class 1 trauma after a motorcycle collision at 60 miles per hour. The patient was wearing a helmet and had loss of consciousness. En route to the hospital, the patient had a blood pressure of 86/40 and a heart rate of 120. EMS placed a cervical collar, inserted 2 large-bore peripheral IVs and administered 2 L of isotonic crystalloid. On arrival to emergency room, the patient has a blood pressure of 110/60 and a heart rate of 80. His Glasgow Coma Scale is 15. He complains of left-sided shoulder pain. He has bilateral equal but decreased breath sounds. His abdomen is soft and mildly tender in the left upper quadrant. He has no evidence of other injuries.
Question
How should this patient be managed?

Answer
Advanced Trauma Life Support (ATLS) guidelines [1]

This is a multiply injured blunt trauma patient with hypotension responsive to fluid administration. Management should proceed along ATLS guidelines. This starts with the ABCs of trauma: evaluation of the Airway with cervical spine stabilization, Breathing and Circulation with external hemorrhage control. The patient is able to talk and currently does not need an airway. Cervical spine protection is maintained. He is breathing easily. The patient has already received 2 L of crystalloid. If the patient demonstrates continued signs of bleeding, his resuscitation should continue with blood products.
The next task is to figure out if the initial hypotension reflects intra-cavitary hemorrhage. A chest x-ray, pelvis film and a focused assessment of sonography in trauma (FAST) exam should be performed [1–4].
If there is fluid on FAST exam and the patient becomes hemodynamically unstable, he should be taken to the operative room. However, as this patient is hemodynamically stable, further imaging can be performed.
Minimal fluid was seen on FAST exam in the left upper quadrant. CT imaging confirmed multiple left-sided rib fractures with underlying pulmonary contusions, left scapula fracture and grade III splenic laceration with active contrast extravasation (Fig. 78.1). Splenic angioembolization was indicated for treatment as the patient was hemodynamically stable (Fig. 78.2). Post-procedure ICU admission was indicated for serial abdominal examinations and monitoring for bleeding. His hemoglobin remained stable and his scapula fracture was managed with closed reduction and a sling. Thoracic epidural analgesia was used for pain management associated with his rib fractures. He was discharged in stable condition on hospital day 5 (Fig. 78.3).[image: A329322_1_En_78_Fig1_HTML.jpg]
Fig. 78.1Arrows mark site of active extravasation following splenic trauma




[image: A329322_1_En_78_Fig2_HTML.jpg]
Fig. 78.2Splenic bleeding site confirmed by angiography
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Fig. 78.3FAST – Location of probe placement for the trauma examination (u.surgery. (2009). Focused Abdominal Sonography for Trauma [PowerPoint slides]. Retrieved from http://​www.​slideshare.​net/​u.​surgery/​focused-abdominal-sonography-for-trauma)






Principles of Management
Unstable Versus Stable Blunt Abdominal Trauma
The initial management of blunt intra-abdominal injuries depends crucially on whether the patient is hemodynamically stable or unstable. Trauma patients who are unstable are bleeding until proven otherwise, and prompt evaluation is indicated to determine the source of bleeding. There are 5 areas into which a trauma patient can bleed to death – the chest, the abdomen, the pelvis and retroperitoneum, the thigh and externally [1].
The location of bleeding can be determined quickly with minimal testing in the trauma bay. A chest x-ray and pelvis film will determine if a patient has a massive hemothorax or an open pelvic fracture, respectively. The FAST exam rapidly evaluates 4 areas: the pericardium, the area between liver and right kidney, the area between spleen and left kidney, and the suprapubic area, with any free fluid presumed to represent hemorrhage [1]. Alternatively, a diagnostic peritoneal aspiration (DPA) or lavage (DPL) can be used to determine if there is fluid or blood within the peritoneal cavity.
Patients with blunt injury who are hemodynamically unstable with evidence of intraperitoneal hemorrhage on FAST or DPL should be taken to the operating room for an immediate laparotomy [5–9]. Patients who are hemodynamically stable can proceed with further 3D imaging and nonoperative management. The current management of blunt hepatic and splenic injury is selective nonoperative management (NOM) with operative management in those patients who present with hemodynamic instability or have ongoing evidence of bleeding [9–12].

Balanced Resuscitation
A tenet of trauma resuscitation is ensuring that patients have appropriate intravenous access [1]. Most patients can be managed with two large-bore (14–16 g) peripheral intravenous catheters. The type and amount of IVF that is optimal for trauma patients is constantly debated. Crystalloids are associated with improved survival in trauma patients compared to colloids [13]. Lactated Ringer’s is preferred to Normal Saline because it is associated with less metabolic acidosis in the setting of massive hemorrhagic shock in animal models [14].

The Inflammation and Host Response to Injury Project defined a systolic blood pressure less than 90 mmHg and/or a heart rate greater than 130 beats per minute as indicative of shock in a traumatically injured patient [15]. ATLS guidelines also recommend the initial administration of 1–2 l of isotonic crystalloid in the resuscitation of a trauma patient [1]. For a patient that requires further resuscitation, the administration of blood products is recommended, as excessive crystalloid resuscitation has been associated with increased morbidity and length of stay in blunt trauma patients [16]. Two recent trials investigating the timing and ratio of blood product administration have shown improved mortality with the early administration of plasma [17] and better hemostasis with fewer deaths from exsanguination without adverse effects with the administration of blood, plasma and platelets in a 1:1:1 ratio [18].
Prompt hemorrhage control should be the main goal of hemorrhagic shock management, and can be accomplished through the use of external hemorrhage control, Interventional Radiology for angioembolization or a surgical procedure.

Imaging and Diagnosis
Solid organ injury after blunt abdominal trauma in stable patients is best visualized by CT scan abdomen and pelvis with IV contrast [5–8]. The severity of liver and spleen injuries can be classified according to the American Association for the Surgery of Trauma organ grading scales (Tables 78.1 and 78.2) [19]. Blunt hollow viscus injury is uncommon but should be suspected in patients with extraluminal air on 3-D imaging, frank succus or particulate material on peritoneal lavage or evolving peritonitis on serial examination.Table 78.1Spleen injury scale


	Grade
	Injury type
	Description of injury
	AIS-90

	I
	Hematoma
	Subcapsular, <10 % surface area
	2

	Laceration
	Capsular tear, <1 cm parenchymal depth
	2

	II
	Hematoma
	Subcapsular, 10–50 % surface area intraparenchymal, <5 cm in diameter
	2

	Laceration
	Capsular tear, 1–3 cm parenchymal depth that does not involve a trabecular vessel
	3

	III
	Hematoma
	Subcapsular, >50 % surface area of expanding; ruptured subcapsular or parenchymal hematoma; intraparenchymal hematoma >5 cm or expanding
	3

	Laceration
	>3 cm parenchymal depth or involving trabecular vessels
	3

	IV
	Laceration
	Laceration involving segmental or hilar vessels producing major devascularization (>25 % of spleen)
	4

	V
	Laceration
	Completely shattered spleen
	5

	Vascular
	Hilar vascular injury which devascularizes spleen
	5




Table 78.2Liver injury scale


	Grade
	Injury type
	Description of injury
	AIS-90

	I
	Hematoma
	Subcapsular, <10 % surface area
	2

	Laceration
	Capsular tear, <1 cm parenchymal depth
	2

	II
	Hematoma
	Subcapsular, 10–50 % surface area intraparenchymal <10 cm in diameter
	2

	Laceration
	Capsular tear 1–3 parenchymal depth, <10 cm in length
	2

	III
	Hematoma
	Subcapsular, >50 % surface area of ruptured subcapsular or parenchymal hematoma; intraparenchymal hematoma >10 cm or expanding
	3

	Laceration
	>3 cm parenchymal depth
	3

	IV
	Laceration
	Parenchymal disruption involving 25–75 % of hepatic lobe or 1–3 Couinaud’s segments
	4

	V
	Laceration
	Parenchymal disruption involving >75 % of hepatic lobe or >3 Couinaud’s segments within a single lobe
	5

	Vascular
	Juxtahepatic venous injuries; ie, retrohepatic vena cava/central major hepatic veins
	5

	VI
	Vascular
	Hepatic avulsion
	6






Nonoperative Management (NOM) of Blunt Solid Organ Injury
Patients who are hemodynamically stable without peritonitis and are found to have a blunt spleen or liver injury can undergo NOM [5–8, 10, 20]. NOM involves a period of in-hospital observation, serial abdominal examinations, serial hematocrit measurements and possibly a period of bedrest [5, 6]. NOM should be undertaken in an environment and institution where patients can be appropriately monitored, undergo serial abdominal exams and the capability to provide operative intervention is readily available. Blunt kidney injuries are, in general, also treated successfully with NOM.

Angioembolization for Blunt Solid Organ Injury
Angioembolization should be considered as an adjunct to nonoperative management of blunt splenic injury in patients with a grade 3 or higher injury, a contrast blush on CT scan, moderate hemoperitoneum on CT scan and evidence of ongoing bleeding [5, 6]. Having an institutional protocol for angioembolization has led to decreased LOS and decreased use of hospital resources [21]. The implementation of protocols for angioembolization in patients who are high risk for failure of NOM (contrast blush and grades 3–5) are associated with increased success of NOM [22, 23]. For blunt hepatic injuries, angioembolization should be considered for stable patients with contrast extravasation on CT. Early embolization in blunt hepatic injury is associated with decreased transfusion requirements and decreased need for hepatic operative intervention [24, 25]. Angioembolization can also be used as an adjunct to operative management [26–28].

Post-splenectomy Vaccinations
An initial report by King and Schumacker in 1951 documented severe infection after splenectomy in infants [29]. Since then, overwhelming post-splenectomy infection (OPSI) and mortality from it has been documented and recognized in asplenic patients from a variety of different mechanisms, including patients who have undergone a splenectomy due to trauma [30]. The CDC recommends ensuring a complete vaccination panel after splenectomy: 13-valent and 1, 2 or 3 doses of 23-valent pneumococcal vaccine depending on previous vaccination, two doses of quadrivalent meningococcal vaccination followed by a dose every 5 years, Haemophilus Influenza type B vaccination and evaluation for influenza, Td/Tdap [tetanus, diphtheria, pertussis), varicella, human papillomavirus, zoster and measles, mumps, rubella vaccines [31]. Shatz and colleagues found that administration of vaccinations at 2 weeks post-splenectomy were associated with the best antibody response compared to vaccination at 1, 7, or 28 days [32].


Evidence Contour
Who Should Be Managed Nonoperatively?
Previously, age greater than 55, neurologic status, high grade of injury and associated injuries were considered contraindications to NOM of blunt splenic injury. Subsequent studies have shown that NOM is feasible and safe in these populations, although patients greater than 55 years old have a higher mortality rate with blunt splenic injury despite the choice of management strategy [33, 34]. These patients had a higher mortality with failure of NOM than the younger cohort [35]. Head injury or altered mental status is also not a contraindication to NOM of either hepatic or splenic injuries [36]. A review from 2013 cautioned clinicians to be aware of factors in the literature which are associated with increased failure of NOM: age greater than 40 years old, ISS of 25 or greater, and a AAST splenic injury grade 3 or higher [37]. Most studies agree that increasing grade of injury and an increased ISS are associated with an increased rate of failed NOM, but we are still able to achieve high levels of NOM success in these patients [11, 38, 39]. Patients with multiple injuries, including multiple solid organ injuries, can be managed nonoperatively, although they do have a higher failure rate [40]. For blunt hepatic injuries, intraperitoneal contrast and hemoperitoneum in multiple quadrants are predictive of the need for operative intervention, even in hemodynamically stable patients [41].

How Should Nonoperative Management Be Accomplished?
There are no guidelines published to outline the timing and frequency of hematocrit measurements, serial abdominal examinations, length of monitoring and duration of bed rest, if at all. A retrospective cohort study of blunt solid organ injury and the timing of mobilization did not demonstrate an increase in delayed hemorrhage based on early mobilization, and led the authors to conclude that bed rest should not be a part of NOM protocols for blunt solid organ injury [42]. Centers with established protocols for NOM have decreased LOS and a low rate of NOM failure. A protocol with clear inclusion and exclusion criteria for NOM along with an outline for the frequency and duration of serial abdominal examinations, hematocrit draws and length of bed rest has led to a decrease in hospital and ICU LOS and an increase of NOM success without an increase in mortality [43–45].

Is Follow-Up Imaging Necessary?
For blunt splenic injury managed initially without angioembolization, the need for or timing of follow up imaging is not clearly documented in the literature. A Delphi consensus statement regarding blunt splenic injury found a fifty-fifty split between experts regarding the need for repeat imaging during the initial hospital admission [9]. Shapiro and colleagues found that, among their trauma population, in the absence of clinical signs and symptoms of bleeding, a repeat CT scan did not change management [46]. However, subsequent studies have suggested that repeat imaging allows for the identification and subsequent angioembolization of splenic artery pseudoaneurysm (SPA) or arterial extravasation (AE) and reduces failure of NOM. Weinberg and colleagues described a protocol of repeat CT imaging at 24–48 h in all patients except those greater than 55 with a grade I injury and demonstrated a 97 % splenic salvage rate [47]. Leeper and colleagues developed a protocol of repeat CT imaging at 48 h after a sentinel event, which was associated with a decrease in the failure of NOM from 12 % to less than 1 % [48]. They recommend early repeat imaging to improve detection of SPA and AE, which can then be managed with SAE.
Routine follow up imaging for blunt hepatic injuries should be determined by patient’s signs and symptoms and does not need to be routinely done prior to discharge [49, 50]. When repeat imaging demonstrates complications, there is generally a variety of interventional or operative management strategies. Bile duct disruptions generally present in a delayed fashion after high-grade hepatic injuries [51]. HIDA scan is almost 100 % sensitive and specific for diagnosing biliary leaks, and high output leaks can be managed with endoscopic stenting of the biliary tree [52]. Hepatic abscesses after blunt trauma are managed with antibiotics and percutaneous catheter drainage at minimum and operative intervention at maximum [53]. Hemorrhage in patients initially treated nonoperatively usually occurs early, while biliary and infectious complications occur later [54].

When Should We Initiate Venous Thromboembolism (VTE) Prophylaxis in Solid Organ Injury Patients?
Trauma patients have the highest rate of VTE among all subgroups of hospitalized patients with rates up to 40 % for deep venous thrombosis and 20 % for pulmonary embolism [55, 56]. The Inflammation and the Host Response to Injury project guidelines and the CHEST guidelines for VTE in the trauma patient recommends the initiation of low-molecular weight heparin (LMWH) in conjunction with mechanical prophylaxis in the absence of contraindications [55, 56]. A retrospective study by Eberle and colleagues demonstrated no increase in failure rates of NOM or blood transfusion requirements when LMWH was initiated early (within 3 days of injury) versus late in patients with blunt solid organ injury [57]. Joseph and colleagues also demonstrated that there was no difference between the early (under 48 h), intermediate (48–72 h), and late (greater then 72 h) groups in terms of operative intervention or post prophylaxis blood transfusion in patients with blunt solid organ injury [58]. The EAST Practice Management Guidelines for both blunt hepatic and splenic injury states that there is no evidence that chemical VTE prophylaxis increases bleeding complications or the failure of NOM, however there are no prospective studies defining a “safe” initiation time for LMWH following blunt solid organ injury [5, 6].
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Case Presentation
A 52 year-old male with a history of hypertension, obesity, and depression presented to the emergency room with increasing abdominal pain. In the emergency room he was found to be hypotensive, with a blood pressure of 80/40, tachycardic to 120, and febrile with a temperature of 38.9 F. He had evidence of peritonitis on physical exam. His abdomen was rigid and distended, with diffuse tenderness to palpation and involuntary guarding in his lower abdomen. Abnormal laboratory exam values included a white blood cell count of 18,000 cells/mm3, and a serum creatinine concentration of 1.4 mg/dL. Cross-sectional imaging of his abdomen and pelvis is shown below (Fig. 79.1).[image: A329322_1_En_79_Fig1_HTML.jpg]
Fig. 79.1Perforated diverticulitis in the transverse colon





Question
How should this patient’s intraabdominal condition be managed?

Answer
This patient has an intraabdominal infection from a perforated transverse colon, as demonstrated by his physical exam findings, laboratory values and cross-sectional imaging. The patient should receive early goal-directed resuscitation based on the Surviving Sepsis Guidelines in the emergency room or the ICU [1]. Broad spectrum antibiotics to cover gram negative Enterobacteriaceae and enteric anaerobes should be initiated. He should be taken to the operating room expeditiously for exploratory laparotomy while undergoing ongoing resuscitation.


Principles of Management
Diagnosis
Intraabdominal infections should be suspected in patients with evidence of gastrointestinal symptoms such as nausea, anorexia, vomiting, diarrhea and abdominal pain. They may or may not have signs of inflammation including fever, tachycardia or tachypnea [2]. A history including recent abdominal operations may help identify the source of the intraabdominal infection. Physical exam is important but may be nonspecific in patients that are obtunded, intubated, sedated, elderly or on immunosuppressive therapy [2, 3]. Patients presenting with signs of peritonitis including abdominal rigidity, guarding and rebound tenderness should be considered for urgent laparotomy [4].
Basic laboratory tests including complete blood count, and electrolytes should be obtained. If a hepatobiliary or pancreatic source is suspected, liver enzymes and an amylase and lipase can be added [5]. Additional labs including those measuring end organ perfusion such as lactate and mixed venous oxygen saturation should be obtained if the patient is suspected of having severe sepsis or septic shock [1]. Further imaging studies should be obtained in patients with suspected intraabdominal infection, if feasible. Cross-sectional imaging with computed tomography (CT scan, Fig. 79.2) with intravenous contrast is the diagnostic modality of choice for most cases of intraabdominal infection such as appendicitis, diverticulitis and colitis. Enteral contrast is useful to differentiate the viscera for potentially pathologic fluid collections such as abscesses or anastomotic leaks. However, the utility of enteral contrast in the emergency situation is somewhat debatable, and should be utilized according to local protocols. Intravenous contrast permits optimal visualization of infectious processes, inflammation, ischemia, hemorrhage and solid organ assessment [3]. If a biliary source is suspected, ultrasound is the preferred imaging modality [6].[image: A329322_1_En_79_Fig2_HTML.jpg]
Fig. 79.2CT scan imaging demonstrating inflammatory changes around the mid-transverse colon with extraluminal air and fluid in this area, consistent with a perforation of the transverse colon and peritonitis






Resuscitation
Patients with intraabdominal infections become volume depleted by several mechanisms including decreased oral intake, increased sensible losses due to vomiting and diarrhea and increased insensible losses due to third spacing, fever and tachypnea [7]. Fluid resuscitation should begin as soon as a diagnosis of sepsis is suspected, following the Surviving Sepsis Campaign guidelines [1, 2, 7].
To Be Completed Within 3 h of Time of Presentation1


                  	1.Measure lactate level


 

	2.Obtain blood cultures prior to administration of antibiotics


 

	3.Administer broad spectrum antibiotics


 

	4.Administer 30 ml/kg crystalloid for hypotension or lactate ≥4 mmol/L


 




                

To Be Completed Within 6 h of Time of Presentation

                  	5.Apply vasopressors (for hypotension that does not respond to initial fluid resuscitation) to maintain a mean arterial pressure (MAP) ≥65 mmHg


 

	6.In the event of persistent hypotension after initial fluid administration (MAP < 65 mmHg) or if initial lactate was ≥4 mmol/L, re-assess volume status and tissue perfusion with either	Repeat focused exam (after initial fluid resuscitation) including vital signs, cardiopulmonary, capillary refill, pulse, and skin findings

	Or two of the following:	Measure CVP

	Measure ScvO2

	Bedside cardiovascular ultrasound

	Dynamic assessment of fluid responsiveness with passive leg raise or fluid challenge












 

	7.Re-measure lactate if initial lactate elevated.


 




                
[From: http://​www.​survivingsepsis.​org/​SiteCollectionDo​cuments/​SSC_​Bundle.​pdf]

In patients with severe infections and ongoing contamination, resuscitation may not be successful until source control is achieved, and a necessary source control procedure should not be unduly delayed in an effort to achieve all goals of resuscitation. However, resuscitation efforts should continue intraoperatively and postoperatively in such patients.

Source Control
Source control is one of the fundamental treatment strategies for intraabdominal sepsis. The goal is to remove the infected fluid, debride infected solid tissue, remove infected devices or foreign bodies and gain control of ongoing enteric drainage by correcting anatomic derangements [8]. It may be obtained by either operative intervention or percutaneous drainage, depending on size and location of the infection and acuity of the patient [4].
Operative intervention, either open or laparoscopic, should be performed in patients with peritonitis, suspected bowel ischemia or necrosis, evidence of uncontrolled, on-going contamination or those who have failed percutaneous drainage [2, 4, 7, 9]. In unstable patients, damage control surgery may be performed. This concept has been adopted from its use in trauma patients. It is a multistep process, with the first stage being evacuation of infected material and control of gross contamination, including wide drainage [2, 7, 10, 11]. The abdomen is temporarily closed and the patient then undergoes further resuscitation to restore more normal physiologic functions. Once resuscitation is complete, re-laparotomy for definitive source control and reconstruction can be performed. If the patient’s condition worsens during this resuscitative phase, earlier relaparotomy should be considered. The abdomen can be definitively closed once there are no concerns for ongoing ischemia, necrosis or infection [7].
Although planned re-laparotomy benefits some patients with severe peritonitis, its use should be restricted to patients who are physiologically unstable, are at risk for development of an abdominal compartment syndrome with early fascial closure, have a concern for ongoing bowel ischemia, or who will need further source control procedures to gain adequate control of the infection. The routine use of planned re-laparotomy for all patients with severe secondary peritonitis was not shown to be beneficial in a prospective randomized controlled trial [12]. Rather, on-demand re-laparotomy, employed in just those patients who manifested signs of ongoing infection, was found to be associated with shorter ICU and hospital lengths of stay and reduced expenses compared to planned re-laparotomy in all patients.
Percutaneous drainage is often the initial treatment for intraabdominal abscesses, as it as effective as surgical drainage and is less invasive, with resultant lower morbidity and mortality rates [2, 7, 13, 14]. It is also useful for patients who are poor surgical candidates [7]. It is also possible that it can serve as a temporizing measure in severely-ill patients, such as those with infected pancreatic necrosis.

Anti-Infective Therapy
Antimicrobial therapy should be started within one hour in patients with septic shock due to complicated intra-abdominal infections, and as soon as feasible in other patients who do not have evidence of hemodynamic or organ compromise [1, 2]. Therapy should be selected according to the whether or not the patient as a community-acquired or a health-care-associated infection (Tables 79.1 and 79.2). It should also be based on local microbiologic data.Table 79.1Agents and regimens that may be used for the initial empiric treatment of extra-biliary complicated intra-abdominal infection (community-acquired infection in adults)


	Regimen
	Mild to moderate severity: perforated or abscessed appendicitis and other infections of mild-to-moderate severity
	High risk or severity: severe physiologic disturbance, advanced age, or immunocompromised state

	Single agent
	Cefoxitin, ertapenem, moxifloxacin, tigecycline, and ticarcillin-clavulanic acid
	Imipenem-cilastatin, meropenem, doripenem, and piperacillin-tazobactam

	Combination
	Cefazolin, cefuroxime, ceftriaxone, cefotaxime, ciprofloxacin, or levofloxacin, each in combination with metronidazolea

	Cefepime, ceftazidime, ciprofloxacin, or levofloxacin, each in combination with metronidazolea



From Solomkin et al. [2]

aBecause of increasing resistance of Escherichia coli to fluoroquinolones, local population susceptibility profiles and, if available, isolate susceptibility should be reviewed



Table 79.2Recommendations for empiric antimicrobial therapy for health care – associated complicated intra-abdominal infection


	 	Regimen

	Organisms seen in health care-associated infection at the local institute
	Carbapenema

	Piperacillin-tazobactam
	Ceftazidime or cefepime, each with metronidazole
	Aminoglycoside
	Vancomycin

	<20 % resistant Pseudomonas aeruginosa, ESBL-producing Enterobacteriaceae, Acinetobacter, or other MDR GNB
	Recommended
	Recommended
	Recommended
	Not recommended
	Not recommended

	ESBL-producing Enterobacteriaceae
	Recommended
	Recommended
	Not recommended
	Recommended
	Not recommended

	
P. aeruginosa >20 % resistant to ceftazidime
	Recommended
	Recommended
	Not recommended
	Recommended
	Not recommended

	MRSA
	Not recommended
	Not recommended
	Not recommended
	Not recommended
	Recommended


From Solomkin et al. [2]

ESBL extended-spectrum b-lactamase, GNB gram-negative bacilli, MDR multidrug resistant, MRSA methicillin-resistant Staphylococcus aureus

“Recommended” indicates that the listed agent or class is recommended for empiric use, before culture and susceptibility data are available, at institutions that encounter these isolates from other health care–associated infections. These may be unit- or hospital-specific

aImipenem-cilastatin, meropenem, or doripenem




Empiric antibiotics should cover gram-negative aerobic and facultative bacilli and enteric anaerobic bacteria. Options include meropenem, imipenem-cilastatin, doripenem, piperacillin-tazobactam or ceftazidime or cefepime in combination with metronidazole. If resistant gram negative bacteria are anticipated in a patient with a health-care-associated infection, an aminoglycoside or another gram negative agent may be required, based on local antibiograms. Empiric coverage for enterococci using ampicillin or vancomycin is recommended for patients with health care-associated intra-abdominal infection, if the selected regimen does not already provide such coverage. Vancomycin is also recommended for the treatment of the occasional intraabdominal infection suspected or proven to be due to methicillin-resistant Staphylococcus aureus [2]. If Candida sp is grown from intraabdominal cultures or is strongly suspected to be a component of the infection, antifungal therapy is recommended. An echinocandin is recommended for critically ill patients or those with fluconazole-resistant Candida species.


Evidence Contour
There are several areas of management of intraabdominal infections that are continuing to evolve.
Laparoscopic Peritoneal Lavage
Patients with purulent (Hinchey III) or feculent (Hinchey IV) peritonitis from perforated diverticulitis typically were treated with a sigmoid resection and colostomy (Table 79.3). There is new data that laparoscopic peritoneal lavage, in combination with antibiotics, may be a safe and effective alternative with low morbidity and mortality, and spares the patient a stoma [15]. A recent systematic review [16] of data from 871 patients who underwent laparoscopic peritoneal lavage for perforated diverticulitis reported that laparotomy conversion was required in only 1 % of patients with Hinchey stage III vs. 45 % in patients with Hinchey stage IV diverticulitis. Ongoing RCTs will better define the role of this technique in patients with complicated diverticulitis.Table 79.3Modified Hinchey classification for diverticulitis


	Stage I
	Pericolic abscess confined by the mesentery of the colon

	Stage IIa
	Distant pelvic abscess amenable to percutaneous drainage

	Stage IIb
	Complex abscess associated with or without fistula

	Stage III
	Generalized purulent peritonitis

	Stage IV
	Fecal peritonitis






Minimally Invasive Approaches to Infected Pancreatic Necrosis
Pancreatic parenchymal and/or peripancreatic tissue necrosis (necrotizing pancreatitis) leads to additional morbidity and mortality in patients with acute pancreatitis. Approximately one third of patients with necrotizing pancreatitis will develop infected necrosis, and this also increases mortality due to sepsis and multisystem organ failure [17]. Patients with infected pancreatic necrosis often require intervention, and open surgical debridement, or necrosectomy, has been the traditional treatment. This invasive approach is associated with a high rate of complications and death [18]. It is now acceptable for patients with infected pancreatic necrosis to initially be treated conservatively with antibiotics and supportive care. Patients who have clinical decompensation should then undergo more invasive treatments [19]. Alternative interventions including minimally invasive techniques such as percutaneous drainage, endoscopic drainage and minimally invasive retroperitoneal necrosectomy are being used more frequently when patients fail maximal medical therapy. In a large multicenter trial, the “step-up” approach (source control by percutaneous drainage followed by minimally invasive necrosectomy if the patient fails to improve) as compared to patients randomized to open necrosectomy, reduced the rate of the composite endpoint of major complications or death, decreased total costs and improved health care resource utilization [18]. Further data regarding the timing, cost and long term outcomes of these procedures still need to be obtained.

Procalcitonin
Procalcitonin is a biomarker that can be used as an adjunctive diagnostic tool for discriminating infection as the cause of fever or sepsis in critically ill patients [20]. In intraabdominal infections there are different cutoff levels and assays, leading to discordant findings. In addition, it is a nonspecific marker of bacterial infection and does not provide a source of sepsis. Further studies need to be performed with improved assay accuracy and standardization for it to be a useful adjunct in the treatment of intraabdominal infections [21].
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Footnotes
1“Time of presentation” is defined as the time of triage in the emergency department or, if presenting from another care venue, from the earliest chart annotation consistent with all elements of severe sepsis or septic shock ascertained through chart review.
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Case Presentation
A 76 year old male presented to the emergency room with 3 days of intermittent lower abdominal pain and nausea. He had not vomited but had not eaten or drank liquids in the past day. He was passing gas until 24 h ago. He has a past medical history of coronary artery disease requiring a coronary artery bypass, atrial fibrillation for which he was anticoagulated with warfarin and benign prostatic hypertrophy. He has a past surgical history of a right colectomy with primary anastomosis 10 years ago. He has never had a bowel obstruction. He was afebrile, heart rate was 85 and blood pressure was 130/80. On exam, he was not in any distress, his mucous membranes were dry, his abdomen was slightly distended with a midline scar and minimally tender. There was no evidence of ventral or inguinal hernias. Lab studies revealed a WBC count of 10, no bands, hematocrit of 50, creatinine of 1.3 (baseline 1.0), lactate 1.2 and INR of 2.0. A CT scan of the abdomen and pelvis (below) showed dilated, fluid filled small bowel with a tapering in the RLQ, a stool filled colon and was without pneumatosis, portal venous gas or significant mesenteric edema (Fig. 80.1).[image: A329322_1_En_80_Fig1_HTML.jpg]
Fig. 80.1CT scan images of small bowel obstruction. (a) Representative axial section of CT scan of the abdomen and pelvis with PO and IV contrast showing dilated, fluid filled small bowel. (b) Representative coronal section of CT scan for the same patient showing dilated, fluid filled small bowel consistent with small bowel obstruction





Question
How do you manage a patient with a small bowel obstruction?

Answer
Since this patient had no signs of intestinal ischemia (fever, leukocytosis, tachycardia unresponsive to fluids, peritonitis), intestinal perforation (no pneumoperitoneum), a closed loop obstruction or hernia defect and had a history of prior abdominal surgery suggesting an etiology of adhesive small bowel disease, he was initially managed non-operatively with IVF resuscitation, NPO and nasogastric (NG) tube decompression. The NG tube initially evacuated 1.5 L of gastric and bilious fluid.

Over the course of the next 3 days, the NG tube output remained elevated but was more gastric in nature. He remained with only minimal abdominal tenderness but he was not passing gas per rectum or having bowel movements. As a result, laparotomy with lysis of adhesions was recommended for treatment of persistent small bowel obstruction and performed on hospital day 4. During the laparotomy, a combination of extensive moderate and dense adhesions was identified that twisted the bowel in a partially obstructed, but not ischemic, fashion. After lysis of adhesions, the small bowel was decompressed and its contents evacuated into the NG tube. The NG tube was removed on post-op day (POD) #1, diet started on POD#2, gas passed and bowel movement occurred on POD#3, and he was discharged to home on POD#5 once INR was therapeutic.

Standard Approach to Management
Small bowel obstruction (SBO) is most commonly due to adhesive disease, Crohn’s disease, tumors or hernias [1]. The primary concern with SBO is bowel ischemia or necrosis. Since there are no physical exam findings, lab values or imaging tests that will confirm the presence of ischemia, it is a combination of these signs, symptoms and tests that must be evaluated to determine if laparotomy is necessary. As stated in the scenario above, leukocytosis, tachycardia unresponsive to fluid administration, acidosis and peritonitis are all concerning for intestinal ischemia [2, 3]. The presence of pneumoperitoneum on imaging signifies bowel necrosis and perforation and should prompt emergent exploration. A closed loop obstruction on CT imaging with focal peritonitis should prompt exploration as well. With the increased frequency of CT use, concerning imaging findings include portal venous gas, mesenteric edema and inflammatory stranding that may favor earlier rather than later exploration.
Patients with SBO more commonly present without an absolute indication for exploration (Fig. 80.2). In patients without immediate concern for bowel ischemia, bowel rest with NPO and NG tube decompression, fluid resuscitation, correction of electrolyte abnormalities and minimization of narcotics are trialed for a few days. Approximately 75 % of SBOs treated non-operatively will not require surgery during that admission [4]. Any evidence of worsened pain, tachycardia, acidosis or leukocytosis necessitates laparotomy. Otherwise, patients can be successfully managed non-operatively for 3–4 days until signs and symptoms of SBO resolve with restoration of intestinal function. Predictive models for the need for laparotomy using presenting symptoms, physical exam, lab values and CT imaging findings have been described but are not yet fully validated [5, 6].[image: A329322_1_En_80_Fig2a_HTML.jpg][image: A329322_1_En_80_Fig2b_HTML.jpg]
Fig. 80.2Evidence-based Algorithm for Diagnosis (a) and Treatment (b) of Adhesive SBO (ASBO) (From DiSaverio et al. [7]. © Di Saverio et al.; licensee BioMed Central Ltd. 2013 [Creative Commons Attribution License])






Evidence Contour
Timing of Operating for SBO
An old surgical dogma was to never let the sun set or sun rise on a SBO. This is no longer the case. However, when to operate for a SBO continues to challenge surgeons. For patients with prior abdominal surgery who most likely have an adhesive SBO, a trial of 48–72 h of non-operative management is successful in relieving the obstruction in ~75 % of cases [7].
Recently, the use of water-soluble contrast via NG tube or by mouth has been used to both treat and assess patients with adhesive small bowel disease [8, 9]. Essentially, patients are given a small volume of water-soluble contrast and serial abdominal plain films are obtained. Passage of contrast into the colon within 24 h of administration indicates resolution of the SBO and trials of a diet can ensue. This technique leads to shorter lengths of stay [10].

Management Differences Between Small and Large Bowel Obstruction
The case in this chapter illustrates the course of care for SBO. SBO is much more common than large bowel obstruction (LBO). Although the presenting symptoms may be similar, the diagnostic work up and treatment are different. Adhesive disease does not normally lead to large bowel obstruction with the greatest concern with large bowel obstruction being cancer.
LBO is an emergency condition that requires early identification and intervention. Complete LBO, closed loop obstruction, evidence of colonic ischemia and volvulus commonly require emergency surgical intervention.
Other unique causes of large bowel obstruction include cecal or sigmoid volvulus, colonic ileus (Ogilvie’s syndrome), toxic megacolon with Clostridium difficile infection, diverticular stricture and fecal impaction [11]. The clinical scenario for each of these potential causes of large bowel obstruction should help in delineating the cause and initial management steps. Also unique to patients with large bowel obstruction, especially in those who are debilitated and cannot undergo surgery [12] or who need to have an acute obstruction temporized [13], is the use of colonic stents to bypass an area of stricture or obstruction [14].

Management of Acute Small Bowel Obstruction in a Patient with No Prior Abdominal Surgery or Pathology
Less than 10 % of cases of small bowel obstruction will be present in patients without prior abdominal surgery. With the known etiologies of small bowel obstruction being adhesions, inflammatory bowel disease and hernias, an SBO in a virgin abdomen presents a clinical conundrum. Unfortunately, there is little evidence available to guide clinical management. Currently, unless the patient clearly has evidence of an infectious or inflammatory etiology for the obstruction, exploration with either laparoscopy or laparotomy is recommended given the concern for an underlying malignancy. However, recent data would suggest that up to 75 % of laparotomies for SBO in a virgin abdomen are due to adhesions [15]. Regardless, until more data is available, we recommend either laparoscopy or laparotomy for the evaluation of SBO in patients with a virgin abdomen and no obvious infectious or inflammatory source.

CT Imaging Findings Indicative of a Need for Exploration
With the frequent use of CT scanning in the emergency room for patients with abdominal pain or complaints consistent with bowel obstruction, the use of characteristic CT findings to predict the need for laparotomy has developed. An often identified CT finding for SBO is the “transition zone” or “transition point”. While interesting for preoperative planning, a transition zone does not necessitate laparotomy nor does it decrease the chance that the SBO will resolve with non-operative management [16, 17].
Pneumatosis intestinalis identified on CT without either physical exam or laboratory values consistent with intestinal ischemia is no longer an absolute indication for exploratory laparotomy [18, 19]. Imaging findings that should contribute to a more heightened need for exploration include closed loop obstruction, mesenteric edema and reduced enhancement of mesenteric veins [20, 21]. In line with the theme of this chapter, one test alone, and in this case CT imaging, should not be used to determine the need for surgical intervention for a SBO. Rather, it is a combination of physical exam, clinical scenario, lab values and imaging that most appropriately identify those patients who need emergent laparotomy versus those who can trial a course of non-operative management.


References
1.
Miller G, Boman J, Shrier I, Gordon PH. Etiology of small bowel obstruction. Am J Surg. 2000;180(1):33–6.CrossRefPubMed

2.
Maung AA, Johnson DC, Piper GL, Barbosa RR, Rowell SE, Bokhari F, Collins JN, Gordon JR, Ra JH, Kerwin AJ, Eastern Association for the Surgery of Trauma. Evaluation and management of small-bowel obstruction: an Eastern Association for the Surgery of Trauma practice management guideline. J Trauma Acute Care Surg. 2012;73(5 Suppl 4):S362–9.CrossRefPubMed

3.
Landercasper J, Cogbill TH, Merry WH, Stolee RT, Strutt PJ. Long-term outcome after hospitalization for small-bowel obstruction. Arch Surg. 1993;128(7):765–70; discussion 770–1.CrossRefPubMed

4.
Foster NM, McGory ML, Zingmond DS, Ko CY. Small bowel obstruction: a population-based appraisal. J Am Coll Surg. 2006;203(2):170–6. Epub 2006 Jul 7.CrossRefPubMed

5.
Zielinski MD, Eiken PW, Bannon MP, Heller SF, Lohse CM, Huebner M, Sarr MG. Small bowel obstruction-who needs an operation? A multivariate prediction model. World J Surg. 2010;34(5):910–9.CrossRefPubMedPubMedCentral

6.
O'Leary EA, Desale SY, Yi WS, Fujita KA, Hynes CF, Chandra SK, Sava JA. Letting the sun set on small bowel obstruction: can a simple risk score tell us when nonoperative care is inappropriate? Am Surg. 2014;80(6):572–9.PubMed

7.
Di Saverio S, Coccolini F, Galati M, Smerieri N, Biffl WL, Ansaloni L, Tugnoli G, Velmahos GC, Sartelli M, Bendinelli C, Fraga GP, Kelly MD, Moore FA, Mandalà V, Mandalà S, Masetti M, Jovine E, Pinna AD, Peitzman AB, Leppaniemi A, Sugarbaker PH, Goor HV, Moore EE, Jeekel J, Catena F. Bologna guidelines for diagnosis and management of adhesive small bowel obstruction (ASBO): 2013 update of the evidence-based guidelines from the world society of emergency surgery ASBO working group. World J Emerg Surg. 2013;8(1):42.

8.
Goussous N, Eiken PW, Bannon MP, Zielinski MD. Enhancement of a small bowel obstruction model using the gastrografin® challenge test. J Gastrointest Surg. 2013;17(1):110–6; discussion p. 116–7.

9.
Di Saverio S, Catena F, Ansaloni L, Gavioli M, Valentino M, Pinna AD. Water-soluble contrast medium (gastrografin) value in adhesive small intestine obstruction (ASIO): a prospective, randomized, controlled, clinical trial. World J Surg. 2008;32(10):2293–304.CrossRefPubMed

10.
Loftus T, Moore F, VanZant E, Bala T, Brakenridge S, Croft C, Lottenberg L, Richards W, Mozingo D, Atteberry L, Mohr A, Jordan J. A protocol for the management of adhesive small bowel obstruction. J Trauma Acute Care Surg. 2015;78(1):13–9; discussion 19–21.CrossRefPubMedPubMedCentral

11.
Sawai RS. Management of colonic obstruction: a review. Clin Colon Rectal Surg. 2012;25(4):200–3.CrossRefPubMedPubMedCentral

12.
van den Berg MW, Ledeboer M, Dijkgraaf MG, Fockens P, Ter Borg F, van Hooft JE. Long-term results of palliative stent placement for acute malignant colonic obstruction. Surg Endosc. 2014;29(6):1580–5.

13.
van Hooft JE, van Halsema EE, Vanbiervliet G, Beets-Tan RG, DeWitt JM, Donnellan F, Dumonceau JM, Glynne-Jones RG, Hassan C, Jiménez-Perez J, Meisner S, Muthusamy VR, Parker MC, Regimbeau JM, Sabbagh C, Sagar J, Tanis PJ, Vandervoort J, Webster GJ, Manes G, Barthet MA, Repici A. Self-expandable metal stents for obstructing colonic and extracolonic cancer: European Society of Gastrointestinal Endoscopy (ESGE) Clinical Guideline. Endoscopy. 2014;46(11):990–1053.CrossRefPubMed

14.
Boyle DJ, Thorn C, Saini A, Elton C, Atkin GK, Mitchell IC, Lotzof K, Marcus A, Mathur P. Predictive factors for successful colonic stenting in acute large-bowel obstruction: a 15-year cohort analysis. Dis Colon Rectum. 2015;58(3):358–62.CrossRefPubMed

15.
Beardsley C, Furtado R, Mosse C, Gananadha S, Fergusson J, Jeans P, Beenen E. Small bowel obstruction in the virgin abdomen: the need for a mandatory laparotomy explored. Am J Surg. 2014;208(2):243–8.CrossRefPubMed

16.
Colon MJ, Telem DA, Wong D, Divino CM. The relevance of transition zones on computed tomography in the management of small bowel obstruction. Surgery. 2010;147(3):373–7.CrossRefPubMed

17.
Jones K, Mangram AJ, Lebron RA, Nadalo L, Dunn E. Can a computed tomography scoring system predict the need for surgery in small-bowel obstruction? Am J Surg. 2007;194(6):780–3; discussion 783–4.CrossRefPubMed

18.
Duron VP, Rutigliano S, Machan JT, Dupuy DE, Mazzaglia PJ. Computed tomographic diagnosis of pneumatosis intestinalis: clinical measures predictive of the need for surgical intervention. Arch Surg. 2011;146(5):506–10.CrossRefPubMed

19.
Morris MS, Gee AC, Cho SD, Limbaugh K, Underwood S, Ham B, Schreiber MA. Management and outcome of pneumatosis intestinalis. Am J Surg. 2008;195(5):679–82; discussion 682–3.CrossRefPubMed

20.
Nakashima K, Ishimaru H, Fujimoto T, Mizowaki T, Mitarai K, Nakashima K, Matsuoka Y, Uetani M. Diagnostic performance of CT findings for bowel ischemia and necrosis in closed-loop small-bowel obstruction. Abdom Imaging. 2014;40(5):1097–103.

21.
Zalcman M, Sy M, Donckier V, Closset J, Gansbeke DV. Helical CT signs in the diagnosis of intestinal ischemia in small-bowel obstruction. AJR Am J Roentgenol. 2000;175(6):1601–7.CrossRefPubMed




© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_81

81. Management of Acute Compartment Syndrome

Ming-Jim Yang1, Frederick A. Moore1 and Janeen R. Jordan1  
(1)Department of Surgery, University of Florida, Gainesville, FL, USA

 

 
Janeen R. Jordan
Email: jordanja29@gmail.com



Keywords
Compartment syndromeIntraabdominal hypertensionIntra-compartmental pressureLaparotomyFasciotomyDamage control resuscitationOpen abdomenDermatotraction
Case Presentation
An 82 year old female with a history of liver cirrhosis secondary to hemochromatosis, coronary artery disease, CHF, and COPD was brought through the ED after a head-on motor vehicle collision. She complained initially of abdominal pain and right leg pain. Physical exam revealed a tender and distended abdomen in the right and left upper quadrants and a visible right lower leg deformity with a 4 cm wound over the lateral aspect of her thigh with exposed bone. A FAST exam was positive in the right upper quadrant. CT scan revealed a grade 2 liver laceration with active contrast extravasation (Fig. 81.1), a grade 3 splenic laceration, and a distal comminuted femur fracture (Fig. 81.2). An emergent hepatic and splenic artery embolization was performed followed by application of an tibial traction pin.[image: A329322_1_En_81_Fig1_HTML.jpg]
Fig. 81.1CT Scan abdomen, Grade 2 liver laceration with active contrast extravasation




[image: A329322_1_En_81_Fig2_HTML.jpg]
Fig. 81.2Extremity radiograph with distal communited femur fracture





Postoperatively, she continued to have episodes of hypotension requiring continued resuscitation. Within the first 24 h, the patient received 6 L of crystalloid, 3U pRBC, and 500 cc of albumin. Despite the resuscitation, the patient developed acute renal failure requiring CVVH.
Question
What differential diagnoses should be considered?

Answer
Abdominal and extremity compartment syndrome.

Old age, trauma and high volume resuscitation are risk factors for abdominal and extremity compartment syndromes. Since clinical exam is unreliable in predicting intra-abdominal pressures (IAP), surveillance of intra-abdominal pressures using transbladder pressure monitoring should be implemented. The fractured leg should be assessed with serial exams and intracompartmental pressure measurements. For this patient, transbladder pressures were monitored every 4 h.
Postinjury day 3, she presented with poor oxygenation while still on mechanical ventilation with peak pressures of 41. IAP was found to be 29. She was taken emergently to the operating room for a decompressive laparotomy. Her open abdomen was managed using a damage control technique employing a negative pressure therapy dressing. She continued to experience hypotensive episodes requiring cystalloid boluses.
On post-decompression day 2, her nurse noted increased swelling of her right lower extremity. On physical exam, passive movement of the leg seemed to cause her “agitation” that would not improve with normal doses of pain medication. Intracompartmental pressures in her right anterior compartment showed an absolute value of 40 mmHg with a diastolic blood pressure of 57 mmHg [image: 
$$ \left(\varDelta\ P=17\right) $$
]. An emergent 4 compartment fasciotomy was performed at the bedside. Muscle swelling without muscle necrosis was noted at the completion of the fasciotomy. Her fasciotomy wounds were initially managed with wet-to-dry gauze wraps with normal saline but were changed to a negative pressure therapy (NPT) dressing after 48 h. Her subsequent hospital course was notable only for a temporary abdominal coverage with a prosthetic mesh on postinjury day 10, followed by skin grafting on postinjury day 14. Delayed primary closure of her fasciotomy wound was achieved after 5 days of negative pressure therapy.

Principles of Management
Diagnosis
Compartment syndrome is a state of decreased tissue perfusion in a specific body compartment due to increased intracompartmental pressures from either interstitial edema, or increased intracompartmental contents or fluid. Early diagnosis is the key to successful management. Clinical exam alone has been shown to be inadequate for diagnosis of an acute compartment syndrome [1, 2]. Surveillance with a combination of serial clinical exams and intra-compartmental pressure monitoring is the most efficient approach to diagnosis in both the abdomen and extremity [3, 4].
Abdomen
Abdominal surgery, fluid resuscitation >3500 ml/24 h, ileus, pulmonary, renal, or liver dysfunction, hypothermia, acidosis, anemia, oliguria, and elevated GAP CO2 (gastric mucosal CO2 minus end-tidal CO2 tension) have been identified as risk factors for abdominal compartment syndrome in three prospective trials [5–7]. Patients with at least 2 risk factors should be surveyed with intra-abdominal pressure measurments taken via transbladder catheter. The measurements should be taken by instilling 25 cc of normal saline through the catheter and connecting the catheter to a pressure monitor. The patient should be supine and the monitor should be zeroed at the midaxillary line at the iliac crest. Patients sometimes require sedation and neuromuscular blockade to obtain an accurate intra-abdominal pressure reading via urinary catheter, as activity and abdominal muscle tensing will falsely elevate bladder pressures.
Organ dysfunction has been detected with IAPs as low as 10–15 mmHg [8]. The World Society of the Abdominal Compartment Syndrome (WSACS) has defined intra-abdominal hypertension (IAH) as a pathological state where the IAP is persistently greater than 12 mmHg. The spectrum of IAH is broken into 4 categories of increasing severity (Table 81.1).Table 81.1Intra-abdominal hypertension grading scale


	Grade
	IAP (mmHg)

	1
	12–15

	2
	16–20

	3
	21–25

	4
	25 +


Adapted from Malbrain et al. [8]




Abdominal compartment syndrome is defined as an abdominal compartment pressure of greater than 20 mmHg (class 3 or greater) that is associated with new organ dysfunction [8]. Common organ dysfunction associated with abdominal compartment syndrome include respiratory (high peak and plateau airway pressures, hypercarbia and hypoxemia) and renal (oliguria, increasing serum creatinine, acute kidney injury) dysfunction.

Extremity
Risk factors for extremity compartment syndrome can be separated into fracture vs. non-fracture factors. Fracture-related risk factors include tibial diaphyseal fractures, soft tissue injury, crush injury and distal radial fractures [9]. Non-fracture risk factors include older age, greater number of comorbidities, presence of a coagulopathy such as hemophilia A or warfarin therapy, an increased base deficit, lactate and pRBC transfusion [10, 11]. Patients with at least two risk factors should undergo surveillance via serial clinical exams and intracompartmental pressure monitoring.
Clinical presentation of acute extremity compartment syndrome is most notably characterized by pain out of proportion to exam and pain with passive stretch [4]. Paresthesias and paralysis are late signs. These clinical signs have a sensitivity of 14–16 % but a specificity of 97 % [2]. Intracompartmental pressures can be obtained via commercial monitoring devices or an arterial blood pressure assembly. The threshold for diagnosing an acute compartment syndrome is a dynamic threshold termed [image: 
$$ \varDelta\ P $$
]. It is defined as the difference between the diastolic blood pressure and the intracompartmental pressure. A threshold of less than 30 mmHg has generally been accepted as an indication for fasciotomy [12]. The sensitivity and specificity of continuous compartmental monitoring with a [image: 
$$ \varDelta\ P $$
] of less than 30 is 94 and 98 %, respectively [12].


Decompression
Definitive treatment of compartment syndrome involves surgical decompression of the compartment.
Abdomen
The gold standard for treatment of acute abdominal compartment syndrome is a decompressive laparotomy. Laparotomy is associated with a decrease in intra-abdominal pressure with improvement in cardiac, pulmonary and renal indices Despite these improvements, mortality still remains high at 46 % [13]. Temporizing measures have been developed to decrease intra-abdominal pressure in hopes of preventing an abdominal compartment syndrome such as sedation, supine positioning, and neuromuscular blockade [3]. Etiologies due to increased luminal or abdominal fluid collections could benefit from evacuation through nasogastric/orogastric suctioning and/or drainage of the fluid collections [3]. These measures should be implemented early before the development ofACS [3].

Extremity
Upon diagnosis of acute extremity compartment syndrome, emergent fasciotomy to release the compartment should be performed. The one exception is when there is suspicion that the compartment syndrome may have been ongoing for greater than 24 h. In a retrospective review of 336 combat veterans, delayed fasciotomy was associated with greater rates of muscle excision (25 vs. 11 %), amputation (31 vs. 15 %) and mortality (19 vs. 5 %) [14]. These results supported the findings of Finkelstein et al who described the clinical course in 5 patients who underwent delayed fasciotomy after 35 h of acute extremity compartment syndrome [15]. One patient died from multi-organ failure and septicemia, and the remaining four patients required amputations to treat refractory infections, multi-organ failure and sepsis. They speculated that after 24 h most of the tissues in the leg had died and by exposing that dead tissue to the open air, it provided a substrate for bacterial infection [15]. Thus, after 24 h, patients suffering from acute compartment syndrome, should probably be considered for amputation rather than fasciotomy.


Wound Management
Once the compartment is released, it should remain open until the acute compartment syndrome has resolved. The patient then has an open wound that will require closure. Negative pressure therapy has been shown to help with wound closure in both the abdomen and extremity.
Abdomen
The WSACS has recommended negative pressure therapy (NPT) to help manage the open abdomen [3]. NPT has been shown to decrease bowel wall edema, remove cytokines, and reduce the incidence of intra-abdominal abscesses [16]. In their review of the literature, the WSACS showed that NPT significantly decreased mortality by 298 deaths per 1000 patients and increased primary closure by 350 per 1000 patients [3]. One potential complication of NPT is an entero-atmospheric fistula (EAF). With NPT, EAF incidence ranges in the literature from 2 to 20 %, as compared to the rate of EAF formation with planned ventral hernia repair, 5–9 % [17, 18]. As per the WSACS analysis, the calculated relative risk of EAF with NPT is 3.57 [3]. Following NPT, delayed primary closure should be attempted; but if that is unable to be achieved, a prosthetic mesh can be sewn in place, followed by skin grafting. The resulting ventral hernia can then be repaired electively after 6–12 months [19].

Extremity
Delayed primary closure is the goal for all fasciotomy wounds. If a fasciotomy cannot be closed primarily, a skin graft may be necessary for coverage. Negative pressure therapy has been studied as an adjunct to attain delayed primary closure. Zannis et al. retrospectively compared 458 patients who underwent fasciotomy in a 10-year period. They looked at rates of primary closure between NPT use and regular dressing changes and found that NPT use was associated with a greater percentage of primary closure as compared to traditional dressings changes (78.8 vs. 50.8 %). Additionally, the fasciotomy wounds closed in fewer days with NPT use (7.1 vs. 9.6 days forprimary closure; 8.5 vs. 11.5 for secondary intention) [20].



Evidence Contour
Compartment syndrome is still being actively studied, and new management strategies for all aspects of acute compartment syndrome are still being discussed.
Abdomen
Abdominal Perfusion Pressure
Abdominal perfusion pressure has been suggested as a preferable means of diagnosing compartment syndrome over absolute pressure alone. Abdominal perfusion pressure is defined as the difference between the mean arterial pressure (MAP) and the IAP. In a retrospective study by Cheatham et al., they examined 149 patients with IAH or ACS who underwent IAP monitoring in a 25 month period [21]. Using ROC curve analysis, they found that APP as defined above was a better predictor of patient survival than either MAP or IAP alone.

Fluid Management
The WSACS has suggested that a damage – control resuscitation (DCR) protocol, ie. permissive hypotension, limited crystalloids and increased FFP:RBC ratio, may be beneficial during the initial resuscitation. This is supported by a prospective series of 141 trauma patients by Cotton et al who looked at providing blood products early in exsanguinating trauma. They found a decreased incidence of abdominal compartment syndrome and increased survival [22]. This was subsequently supported by another retrospective series of 390 patients who either received DCR or not [23]. Both studies found that giving a greater FFP:RBC ratio earlier in a patient’s resuscitation significantly reduces the amount of crystalloid administered and the incidence of ACS [22, 23]. Both studies are criticized for their use of historical controls and relatively small sample sizes. The WSACS has also recommended implementation of a fluid management protocol for at-risk patients to achieve an even or negative fluid balance once resuscitation is completed [3]. Currently, many ICU’s use a combination of diuresis, albumin and continuous renal replacement therapies (CRRT) to achieve that balance. These modalities have not been studied specifically in the context of their effects on IAP though. A Belgium study is currently examining the effects of CRRT on intra-abdominal pressure.

Percutaneous Drainage
Percutaneous drainage has been studied as a possible alternative means of decompressing the abdomen in order to avoid the complications of decompressive laparotomy such as lateralization of the fascia, EAF and non-closure of the abdomen. The evidence for this practice lies mainly in case reports in burn patients and secondary ACS where there is a buildup of intraperitoneal fluid from massive resuscitation. A case control study of 62 patients by Cheatham et al comparing percutaneous drainage vs. open decompression for all etiologies showed that percutaneous drainage was not inferior to open decompression in regards to hospital stay (40 vs. 49, P = 0.4) and mortality (58 vs. 39 %, P = 0.2). They did see a non-statistically significant trend in recurrent ACS with percutaneous drainage (64 vs 48 %; P = 0.39) [24]. Several ongoing trials are looking at percutaneous drainage in the setting of acute pancreatitis, severe sepsis and managing IAH.


Extremity
Infared Spectroscopy
Near – infared spectroscopy (NIS) is an optical technique that measures the oxygenated state of hemoglobin within a tissue. It has been proposed as more direct means of assessing tissue perfusion in the context of extremity compartment syndrome. There are no clinical studies to support the use of near – infared spectroscopy in diagnosing an acute extremity compartment syndrome at this time, but an animal model of extremity compartment syndrome has shown a strong correlation between compartment pressures and spectroscopy readings [25]. There are currently 9 ongoing clinical trials at different stages of completion that are looking at near- infared spectroscopy as a diagnostic tool for extremity compartment syndrome.

Dermotraction
Split thickness skin grafts (STSG) are the gold standard for fasciotomy closure if delayed primary closure cannot be achieved. STSGs create a second wound, can cause pain at the donor site, cause numbness at the graft site, and is associated with weakness in the underlying muscle due to the lack of fascia [26]. For these reasons, many surgeons have explored other means of achieving delayed primary closure. Using either sutures or a commercial device, the concept is to apply gradual mechanical traction to the fascia over time to achieve closure. Most dermatotraction techniques are based on the “shoelace” technique [27] where vessel loops are criss-crossed from both sides of the wound and then stapled to the skin edge. The vessels are tightened every 48 h until closure is achieved. The evidence behind this technique and the devices are all reported in small case series ranging from 2 to 56 patients [26]. Larger comparative studies will have to be performed to assess non-inferiority of this technique with negative pressure therapy.
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Case Presentation
A 34 year old male presented to the outside hospital with a 2 day history of shortness of breath, chest pain, and syncope while walking. He had yellow sputum, a saturation of 85 % on room air, and a RLL infiltrate on CXR (Fig. 82.1). Blood cultures were negative. He was started on levofloxacin and only required 2 L of O2 via nasal cannula. The next day, he had worsening shortness of breath and rapidly increasing oxygen requirements. He was intubated and started on vancomycin and piperacillin/tazobactam. CT showed bilateral lower lobe consolidation and enlarged mediastinal lymph nodes. His ABG with FiO2 1.0 and PEEP 18 cm H2O was 7.45/44/65. He was transferred to a quaternary care center. Oseltamivir and azithromycin were added. Influenza A PCR test returned positive. Neuromuscular blockade, recruitment maneuvers, proning, and inhaled nitric oxide as rescue strategies for severe hypoxemia improved his oxygenation initially, but PaO2 then worsened to 45 and CXR demonstrated worsening bilateral infiltrates (Fig. 82.2). He also developed hypotension requiring multiple vasopressors and CRRT was initiated for acute anuric kidney injury.[image: A329322_1_En_82_Fig1_HTML.jpg]
Fig. 82.1Admission Chest Radiograph




[image: A329322_1_En_82_Fig2_HTML.jpg]
Fig. 82.2Hospital day 2 Chest Radiograph





Question
What intervention would you consider next?

Answer
Extracorporeal membrane oxygenation (ECMO) evaluation

This patient has severe ARDS (paO2/FiO2 ratio < 100) [1] and was initiated on lung protective ventilation measures per the ARDSnet strategy [2]. With the development of severe hypoxemia, appropriate rescue strategies were implemented (proning, neuromuscular blockade, recruitment maneuvers, and inhaled nitric oxide). When severe refractory hypoxemia developed, he was evaluated for ECMO. A bicaval dual lumen ECMO cannula was placed via the right internal jugular vein under serial X-ray guidance [3] (Figs. 82.3 and 82.4).[image: A329322_1_En_82_Fig3_HTML.jpg]
Fig. 82.3Guidewire from right IJ to right iliac vein




[image: A329322_1_En_82_Fig4_HTML.jpg]
Fig. 82.431-French Bicaval Dual-lumen Cannula for VV-ECMO via right IJ vein





A heparin bolus (100 u/kg IV) was administered and a 31 French bicaval dual-lumen cannula was advanced into position with the tip in the subdiaphragmatic, perihepatic inferior vena cava (Figs. 82.3, 82.4, and 82.5). Venovenous ECMO was initiated with a sweep of 2 L/min on a single oxygenator and a blood flow rate of 4 L/min on the centrifugal pump. His ABG on these settings were 7.38/42/75. Continuous heparin infusion was initiated for systemic anticoagulation. FiO2 was weaned to 50 %, inhaled nitric oxide weaned off, neuromuscular blockade was discontinued, and spontaneous ventilation was initiated. VV-ECMO was weaned when native lung oxygenation improved.[image: A329322_1_En_82_Fig5_HTML.jpg]
Fig. 82.5Optimal position of the bicaval dual-lumen cannula with de-oxygenated blood outflow to ECMO circuit and oxygenated blood inflow to right atrium via medial infusion port






Principles of Management
ECMO Indications
ECMO should be considered for the most severe forms of acute respiratory failure, including severe hypoxemia and severe ARDS when other less costly strategies fail (Fig. 82.6). ECMO replaces pulmonary function, allows ultra-protective mechanical ventilation settings, and may facilitate lung healing.[image: A329322_1_En_82_Fig6_HTML.gif]
Fig. 82.6Treatment and Rescue Strategies in ARDS (Definition Task Force ARDS [1])





ECMO should be considered in hypoxic respiratory failure from any cause when the risk of mortality is 50 % or greater, and is indicated when the risk of mortality is 80 % or greater. A 50 % mortality risk is associated with a PaO2/FiO2 < 150 on FiO2 > 90 % and/or Murray score 2–3 (Table 82.1). An 80 % mortality is associated with a PaO2/FiO2 < 100 on FiO2 > 90 % and/or Murray score 3–4 despite optimal care for 6 h or more. Other indications include CO2 retention on mechanical ventilation despite high Pplateau (>30 cm H2O), severe air leak syndromes, a need for intubation in a patient on the lung transplant list, and immediate cardiac or respiratory collapse (PE, blocked airway, unresponsive to optimal care).Table 82.1Murray Score for consideration of ECMO


	Parameter/score
	0
	1
	2
	3
	4

	PaO2/FiO2

(On 100 % Oxygen)
	≥300 mmHg
≥40 kPa
	225–299
30–40
	175–224
23–30
	100–174
13–23
	<100
<13

	CXR
	Normal
	1 point per quadrant infiltrated

	PEEP (cmH2O)
	≤5
	6–8
	9–11
	12–14
	≥15

	Compliance (ml/cmH2O)
	≥80
	60–79
	40–59
	20–39
	≤19


VV ECMO inclusion criteria – Murray score = average score of all 4 parameters




ECMO survival in adults with severe respiratory failure has significantly improved. The ELSO registry report from 1986 to 2006 included 1473 patients with severe respiratory failure treated with ECMO and 50 % survived to hospital discharge [4]. In the most recent study of adult patients with severe acute respiratory failure treated with ECMO from 2000 to 2012 from the Extracorporeal Life Support Organization (ELSO) international registry, 1338 (57 %) of 2355 patients were discharged alive from hospital [5]. Hospital survival was 71 % in 2009 Influenza A (H1N1) ARDS patients treated with ECMO [6]. Referral to an ECMO Center was associated with significantly decreased mortality among patients with severe ARDS due to 2009 Influenza A (H1N1) viral pneumonia [7]. But it is recognized that data from retrospective series will never eliminate the bias of patient selection to receive ECMO.
Positive reports from the prospective randomized CESAR trial in 2009 (Conventional Ventilation or ECMO for Severe Adult Respiratory Failure trial) and from the H1N1 pandemic, in addition to reduced complexity and increased safety of ECMO have led to an increased use of ECMO for severe ARDS. The CESAR trial documented no death or severe disability in 63 % of patients randomized to the Leicester protocol, which included ECMO, compared to 47 % on conventional treatment [8]. The CESAR trial confirmed significant benefit for a strategy of referral to a single ECMO-capable hospital for ECMO assessment and management if criteria were met. Overall survival for adult respiratory ECMO is 57 % and since the H1N1 pandemic of 2009, and ECMO usage for adult respiratory failure remains above 400 cases per year [6, 9].

ECMO Contraindications
Although there are no absolute contraindications to ECMO, the following factors should be considered relative contraindications:	1.Mechanical ventilation at high settings (FiO2 > 0.9, P-plat >30 cm H2O) for 7 days or more (Lower likelihood of recovery if >5 days on the ventilator at these settings)


 

	2.Major pharmacologic immunosuppression (absolute neutrophil count <400/mm3)


 

	3.Contraindications to systemic anticoagulation (includes recent or expanding CNS hemorrhage)


 

	4.Increasing risk with advanced age


 






Initial ECMO Management
Venovenous ECMO access is adequate with either a bicaval dual-lumen cannula via the right internal jugular vein or two separate cannulas in the femoral and jugular veins (Fig. 82.7). Flow via the centrifugal pump should start at 50–80 cc/dry kg/min and then turned down to maintain SaO2 >80–85 % at rest mechanical ventilation settings. The sweep gas flow should be titrated to a near-normal PaCO2. Anticoagulation with heparin should maintain a PTT of 40–50 s. Ventilator pressures and FiO2 are initially high during ECMO cannulation but should be decreased to FiO2 0.4–0.5 with Pplateau < 25 cm H2O and optimal Ppeep (10–15 cm H2O) to avoid damage but prevent atelectasis and total consolidation.[image: A329322_1_En_82_Fig7_HTML.gif]
Fig. 82.7(a) Traditional ECMO (right IJ/femoral vein) vs. dual lumen Avalon VV-ECMO (less mixing, no streaming, allows patient ambulation), (b) Patient on venovenous ECMO awaiting lung transplantation (Courtesy of Charles Hoopes, MD, with permission) and (c) ECMO circuit






Weaning Off of ECMO
As native ventilation and oxygenation improve, incrementally decrease the sweep to maintain adequate ventilation and SaO2 > 95 %. If the SaO2 is stable on these settings, a trial off ECMO can be done by clamping the sweep gas while on lung protective ventilation settings. If SaO2 > 95 % and PaCO2 < 50 mmHg for an hour, consider discontinuing ECMO.

Post-ECMO Considerations
The post-ECMO incidence of venous thrombus is common (particularly with femoral venous cannulae), with rates of pulmonary emboli found on post ECMO H1N1 confirmed cases as high as 50 % in a single center case report. Traditionally, IVC filters are placed after ECMO decannulation, however, a technique for guidewire exchange of the ECMO cannula to allow IVC filter placement using intravascular ultrasound has been described and successfully demonstrated [10].

Extracorporeal CO2 Removal (ECCO2R)
Extracorporeal CO2 Removal (ECCO2R) is a related technology that only addresses CO2 exchange. The first clinical study of the safety and efficacy of using partial ECCO2R with a pump-less, arterio-venous gas exchange device to treat acute hypercapnic respiratory failure on non-invasive ventilation (NIV) was done in 2012 [11]. In the retrospective review, 14 of the 21 patients treated with ECCO2R had an acute exacerbation of COPD and 90 % of the 21 did not require intubation. No significant mortality difference was found. A subsequent pilot study was performed on COPD patients receiving partial ECCO2R and showed that all 9 patients with COPD requiring NIV avoided intubation. The group of 11 patients who were already intubated had a lesser degree of benefit, suggesting that ECCO2R may provide more clinical benefit if applied prior to ventilator dependence [12]. Additional pilot studies and randomized clinical trials for ECCO2R therapy as an adjunct to NIV in COPD are underway [13, 14].


Evidence Contour
ECMO
The use of adult ECMO in the setting of ARDS has increased dramatically since the H1N1 pandemic as well as the CESAR trial. Although the trial showed a significant mortality benefit in the group transferred for ECMO evaluation vs the conventional ventilation group, 25 % in the ECMO evaluation arm did not receive ECMO therapy and the control cohort did not receive standardized lung protective ventilation [8]. However, considering that transporting patients on ECMO can be done safely [15], the intervention of referring an eligible patient to a specialized center with ECMO capability resulted in a significant mortality benefit (31 % reduction in mortality in specialized center).

Prolonged ECMO
Since ECMO is now being used in severe ARDS patients who have failed other rescue strategies (neuromuscular blockade, prone position and inhaled nitric oxide), we have noted that more prolonged ECMO support is commonly required. A recent study of the Extracorporeal Life Support Organization (ELSO) registry confirmed that 974 patients had prolonged ECMO defined as ≥14 days ECMO support, with a mean ECMO duration of 25 days (range 15–208 days) [16]. Interestingly, hospital survival rate for prolonged ECMO for ARDS was 45.4 %, and prolonged ECMO survival increased in recent years since it has been used more frequently and ambulation is now possible with the dual-lumen cannulae.

ECMO Trial Data
A meta-analysis of the three ECMO randomized controlled trials documented a summary risk ratio of 0.93 (95 % CI 0.71–1.22), providing insufficient evidence to provide firm recommendations for ECMO [17]. The use of ECMO for severe ARDS thus remains controversial. However, clinicians consider ECMO within the context of other rescue strategies for severe hypoxemia and severe acute respiratory failure (Fig. 82.6).
Further evidence of the efficacy of venovenous ECMO in adult patients with severe ARDS from the ongoing ECMO to rescue Lung Injury in severe ARDS (EOLIA; ClinicalTrials.gov NCT01470703) [18] trial may lead to further expansion of ECMO use. This is a multicenter international RCT with best care possible in the ECMO arm with ECMO initiated in every patient randomized using the most recent ECMO technology (CardioHelp, Maquet, Inc.) and transport of randomized patients to the referral center under ECMO support. ECMO will be managed only in highly experienced centers. The control arm will be highly protective mechanical ventilation with plateau pressure limited to ≤24 cm H2O and high PEEP, high recruitment strategy of the EXPRESS trial. An ethical cross-over option to ECMO is available if a control patient develops refractory hypoxemia.
The inclusion criteria for the EOLIA trial are provided in Fig. 82.8. The primary endpoint will be all-cause mortality at day 60.[image: A329322_1_En_82_Fig8_HTML.gif]
Fig. 82.8EOLIA trial Inclusion Criteria and Randomization groups






ECMO Outcome Prediction
A number of prognostic scoring systems have been proposed for patients with ARDS supported with ECMO. The most recent is the Respiratory ECMO Survival Prediction (RESP) score which includes 12 simple variables that are readily available to clinicians and obtained from a large derivation cohort (n = 2355) [5, 19]. Future additional research is needed to validate these predictive scores and assist in determination of the optimal patients who would benefit from ECMO.
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Case Presentation
A 35 year old male with a history of alcohol and drug abuse is brought to the Emergency Department after sustaining partial and full thickness burns to his bilateral anterior upper extremities, chest, face, and neck. On physical exam, the patient has singed nasal hairs as well as soot in the perioral region. His extremities appear well perfused. He is mildly sedated but appropriately oriented (Fig. 83.1).[image: A329322_1_En_83_Fig1_HTML.gif]
Fig. 83.1A 35 year old male presents with partial and full thickness burns as depicted as a result of severe trauma and thermal injury. There is significant soft tissue damage, and eminent airway compromise as a result of the injury





Question
What is the most important first step in management?

Answer
In the setting of thermal injury, a complete primary survey must be performed in accordance with ACLS guidelines to assess the exact nature of injuries [1, 2]. On presentation, the airway must be secured, breathing must be assessed and large bore IV access must be placed to facilitate aggressive fluid resuscitation [3]. Though it is preferred to obtain IV access in non-burned tissues, sometimes this is necessary. Despite higher infectious risk, central access might still be required. Prior to presentation, it is of utmost importance to isolate the patient from the cause of the injury, using aggressive irrigation of the tissues if necessary in the setting of chemical injury.

This patient presents with facial burns, and it is critical to assess airway patency immediately on arrival. Bronchoscopy is the definitive form of airway assessment. Although it is also important to take note of physical exam findings that can indicate potential injury to the airway such as singed nasal hairs or soot in the airway, these exam findings are not always accurate, and early protection of the airway is critical to the immediate survival of patients presenting with thermal injuries [4]. If there is even minor concern for inhalation injury, immediate intubation is required. Chest X-ray can be performed at this time to ensure appropriate placement of the endotracheal tube and to serve as a baseline given that pneumonia is the most common inpatient complication and cause of death for patients with burns. Importantly, succinyl choline must be avoided on induction of anesthesia in patients with long-standing thermal injury given the high risk for hyperkalemia due to upregulation of acetylcholine receptors post-injury.
Once the airway has been secured and the patient is hemodynamically stable, the extent of burn injury must be quantified. Total body surface area (TBSA) is a critical factor in this process (Table 83.1). TBSA impacts survival. Patients with greater than 10 % TBSA burns are commonly admitted to an intensive care unit for monitoring. Importantly, only deep partial and full thickness burns are included in the determination of TBSA; superficial injuries are not included (Table 83.2). This patient has approximately 36 % TBSA burns (9 % anterior bilateral upper extremities, 9 % head/neck). There are three zones of tissue injury: 1. zone of coagulation, 2. zone of stasis, 3. zone of hyperemia. The zone of coagulation is the site most severely and irreversibly injured by the initial injury. The zone of stasis however, can be salvaged with appropriate resuscitation. The zone of hyperemia although damaged, can heal on its own without required additional interventions. Thus, immediate, aggressive resuscitation is critical to maximize tissue viability and salvage of the zone of stasis [1]. After the primary survey, the next step is to promptly initiate aggressive fluid resuscitation.Table 83.1Distribution of total body surface area


	Anatomic surface
	Percentage of total body surface area

	Head and neck
	9 %

	Anterior trunk
	18 %

	Posterior trunk
	18 %

	Upper extremities
	9 % each

	Lower extremities
	18 % each

	Genitalia
	1 %




Table 83.2Lund and Browder chart


	Age (years)
	0–1
	1–4
	5–9
	10–14
	15
	Adult

	Head
	9.5
	8.5
	6.5
	5.5
	4.5
	3.5

	Anterior or Posterior Thigh
	2.75
	3.25
	4
	4.5
	4.5
	4.75

	Anterior or Posterior Leg
	2.5
	2.5
	2.75
	3
	3.25
	3.5

	Arm
	2
	2
	2
	2
	2
	2

	Forearm
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Hand
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Genitalia
	1
	1
	1
	1
	1
	1

	Gluteus
	5
	5
	5
	5
	5
	5

	Anterior or Posterior Thorax
	13
	13
	13
	13
	13
	13

	Neck
	1
	1
	1
	1
	1
	1

	Foot
	1.75
	1.75
	1.75
	1.75
	1.75
	1.75


Method of estimating surface area affected by the burn that accounts for age as a factor affecting growth [20]





Principles of Management
Diagnosis
Several factors must be considered on initial evaluation of a burn. The type of burn (scald, electrical, chemical, or flame), depth of the burn (superficial partial, deep partial, full thickness), mechanism of injury, comorbidities, and social situation must be thoroughly investigated [5]. Superficial partial thickness burns penetrate through the superficial dermis, and are associated with severe pain given the lack of complete injury to the adnexal structures (Fig. 83.2). These burns commonly heal without surgical intervention. Deep partial thickness burns extend to the reticular dermis, and may not be associated with pain. Compared to the mildly hyperemic tissues of superficial partial thickness injuries, deep partial thickness burns are lobster red in color. Due to complete loss of adnexal structures, the tissues become dry, non-tender, and commonly require surgical intervention to ensure appropriate healing. Full thickness burns extend beyond the dermis into the subcutaneous tissues. Immediate surgical intervention is critical to optimal healing of these burns, and significantly minimizes the risk for burn wound cellulitis and sepsis [6].[image: A329322_1_En_83_Fig2_HTML.gif]
Fig. 83.2Anatomy of the skin and subcutaneous tissue important in determining the percentage of total body surface area involved after thermal injury (From Nelingan et al. [1]. Reprinted with permission from Elsevier Limited)





Question
What are the three most common complications that occur in patients with burns?

Answer
The most common complication and cause of death in patients with burns is pneumonia.

This can be decreased with early wake and extubate strategies as used in the general critical care population. The second and third most common complications are wound cellulitis and burn wound infection and urinary tract infections, respectively [6]. These complications can be decreased with early debridement and grafting and early removal of foley catheters when no longer needed to assess resuscitation.
Question
What are appropriate options for local wound care?

Answer
This patient received daily sulfamylon or silver nitrate soaks to his upper extremities. The facial burns were treated with bacitracin and xeroform dressings daily.


Wound Care
Proper wound care is the cornerstone of proper burn care [5]. Superficial partial thickness burns can be treated with bacitracin and xeroform dressings. These dressings provide a moist environment to facilitate prompt reepithelialization of the traumatized tissues. Xenograft can also be used to treat painful superficial partial thickness burns. Burns on the face, especially over areas of exposed cartilage, are treated with sulfamylon ointment. It is important to obtain regular basic metabolic panels given the risk of metabolic acidosis that can occur with use of sulfamylon. Sulfamylon soaks can also be utilized over the whole body, and are performed two to three times daily given the broad-spectrum antimicrobial coverage. Importantly sulfamylon does not cover fungal species. Silver nitrate soaks are an alternative and have broad bacterial and fungal coverage and are cheaper than sulfamylon soaks. Silvadene is another commonly used ointment. Unlike sulfamylon, however, silvadene does not penetrate eschar and is associated with leukopenia. Silvadene can be mixed with nystatin to broaden coverage. Although known to have antimicrobial properties, the use of silver dressings in the setting of burn injury has not been shown to minimize wound infections [7] (Table 83.3).Table 83.3Commonly used topical ointments for local wound care


	Topical agent
	Targeted microorganisms
	Complications

	Bacitracin
	Gram-positives and Gram-negatives
	Allergic reaction (hyperemia)

	Silvadene
	Gram-positives and Gram-negatives
	Leukopenia

	Sulfamylon
	Gram-positives
	Metabolic acidosis

	Silver nitrate
	Staphylococcus, Gram-negative aerobes and fungal species
	Hyponatremia, hypokalemia






Surgical Intervention
One of the most critical factors for improving mortality, decreasing morbidity, and minimizing the risk of complications including infection is prompt operative intervention. Deep partial thickness and full thickness burns should be treated as soon as possible with tangential excision to the level of healthy bleeding tissue followed by coverage with split thickness skin autografts if possible. Without immediate debridement, the incidence of cellulitis increases dramatically, and is a frequent cause of sepsis in patients with burns [6]. If immediate coverage with autograft is not possible, homograft or xenograft may be necessary [8]. Additionally, for extremity burns specifically, escharotomies or even fasciotomies may be necessary to ensure proper perfusion distally as in the case of this patient [1]. Additionally, if patients have large areas of chest or abdominal burns and a large resuscitation is expected, early escharotomies may mitigate difficulty ventilating and abdominal compartment syndrome respectively.

Fluid Management
Aggressive fluid resuscitation must be initiated immediately. For patients with greater than 20 % TBSA burns, the Parkland formula is most commonly used to control fluid administration. According to this formula, the first 24 h post-injury are the most critical in preventing burn-induced shock. On presentation, fluid titration using Lactated Ringer’s solution is performed according to TBSA and weight of the patient in kilograms [1].
Parkland Formula

                  [image: 
$$ 4\times \%\mathrm{TBSA}\times \mathrm{weight}\ \left(\mathrm{kg}\right)=\mathrm{total}\ \mathrm{IV}\ \mathrm{fluid}\ \mathrm{to}\ \mathrm{be}\ \mathrm{administered}\ \mathrm{over}\ \mathrm{first}\ 24\ \mathrm{h} $$
]



                  [image: 
$$ \begin{array}{l}\mathrm{First}\ \mathrm{h}\mathrm{alf}\ \mathrm{of}\ \mathrm{IV}\ \mathrm{fluid}\ \mathrm{total}\ \mathrm{administered}\ 8\ \mathrm{h}\ \mathrm{post}-\mathrm{injury}+ s\mathrm{econd}\ \mathrm{h}\mathrm{alf}\ \mathrm{administered}\ \\ {}\kern20.75em \mathrm{during}\ \mathrm{next}\ 16\ \mathrm{h}\ \mathrm{post}-\mathrm{injury}\end{array} $$
]



                


Supportive Care

                	1.Pneumonia is the most common cause of death in patients after thermal injury [1]. Thus, all intubated patients must receive prophylaxis with antiseptic oral rinses and regular spontaneous breathing trials. Broad-spectrum, properly dosed intravenous antibiotics must be initiated as soon as infection is suspected [9].


 

	2.Significant metabolic demands are placed on the body during the process of wound healing. Thus, early use of enteral feeding with a high protein diet if possible is important [10].


 

	3.Patients with burns are predisposed to developing joint contractures, especially at the elbows and axillary regions. Use of regular physical therapy and splinting is important to minimize the risk for severe joint contractures.


 

	4.Given the prolonged immobility of patients with burn injury, pharmacologic deep venous thrombosis prophylaxis is required.


 




              


Evidence Contour
Several aspects of management in the patient with thermal injury remain without consensus in the face of available clinical trials.
Fluid Resuscitation Monitoring
Aggressive fluid resuscitation during the first 24–48 h post-injury improves outcomes in patients with burns. However, over-resuscitation can result in significant complications including abdominal compartment syndrome and respiratory failure due to pulmonary edema. Although numerous formulas exist to quantify the amount of fluid that should be administered, controversy exists as to how to adequately assess the overall fluid status of patients with thermal injuries. While some believe that a urine output of 0.5–1 mL/kg/h is adequate, others believe that the use of non-invasive hemodynamic indicators such as cardiac index, mean arterial pressure, central venous pressure, and lactate levels is more reliable. No consensus exists currently [11].

Scar Management
Although it is known that skin grafting performed within 3 weeks of the initial injury minimizes the risk for hypertrophic scarring and contracture, it remains unclear what the best method of chronic scar management is. Various modalities including silicone sheeting, steroid injections, scar massage, fat grafting, and laser treatments have been used in the past, but no consensus exists as to treatment duration, timing of initiation, and individualized indications for use [12–15]. More recently, fractionated CO2 lasers have been shown to improve both aesthetic and functional outcomes in patients with hypertrophic scars after burn injury [16].
Conclusion
More than six million injuries and 400,000 deaths occur each year as a result of thermal trauma, and the mean cost per patient is approximately $88,218 [17–19]. Given the extent of these injuries, standardized protocols are required to provide uniform and systematic care. With prompt initiation of treatment protocols focused on aggressive resuscitation and recognition of common complications, it is possible to improve survival outcomes and minimize complications in this group of patients.
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Case Presentation
A 30-year-old man sustained multiple gunshot wounds to the lower extremities and perineum following an altercation. On initial primary survey, he was found to have a loss of pulses in the left lower extremity with associated unstable femur fracture. Moderate bleeding occurred from the leg wound initially, but was not pulsatile. Representative images from the trauma computed tomography (CT) are shown below (Figs. 84.1, 84.2, 84.3, and 84.4).[image: A329322_1_En_84_Fig1_HTML.jpg]
Fig. 84.1Axial CT with arterial phase imaging demonstrates an intact left superficial femoral artery (SFA) without evidence of filling abnormality




[image: A329322_1_En_84_Fig2_HTML.jpg]
Fig. 84.2Axial CT demonstrates occlusion of the left SFA in the more distal extremity. Note the normal, patent right SFA




[image: A329322_1_En_84_Fig3_HTML.jpg]
Fig. 84.3Axial CT from the mid-distal thigh demonstrates an intact left SFA just caudal to the occluded segment without evidence of filling defect




[image: A329322_1_En_84_Fig4_HTML.jpg]
Fig. 84.4Ballistic fracture of left femur with pelvic and knee foreign bodies





Question
What is the diagnosis and what is the next step in management?

Answer
Acute limb ischemia secondary to high velocity penetrating trauma. Consider the merits of immediate bone fixation versus a revascularization first approach. Consultation to Vascular Surgery and Orthopedic Surgery at an early juncture may facilitate an optimal multidisciplinary approach in order appropriately sequence reperfusion and musculoskeletal fixation.

The CTA demonstrated a left SFA injury with segmental thrombosis but no active extravasation. Vascular Surgery and Orthopedic Surgery were consulted. In the operating room, the patient was hemodynamically stable. The ischemic time at operation was approximately 4.5 h. A decision was made to locally explore the wound, obtain proximal and distal vascular control, and then place an intraoperative vascular shunt while the orthopedic surgeons performed an external fixation of the femur (Fig. 84.5). After completion of the femur fixation, saphenous vein from the contralateral leg was harvested and reversed. An interposition reversed great saphenous vein reconstruction was then performed for definitive vascular reconstruction. Four compartment fasciotomies were next performed to limit potential for compartment syndrome given the ischemic time. The patient was subsequently admitted to the intensive care unit with hourly neurovascular checks ensuring that Doppler signals were present. The patient recovered and arterial brachial index (ABI) obtained prior to discharge was 1.09 on the right and 1.08 on the left.[image: A329322_1_En_84_Fig5_HTML.jpg]
Fig. 84.5This example of in-line arterial shunting using a 12 French carotid bypass shunt (Bard®) demonstrates tension on silastic loops for proximal and distal fixation of the shunt. This restores arterial inflow to the ischemia extremity immediately, and definitive vascular reconstruction can be performed after bony stabilization. The ballistic cavity is easily seen






Principles of Management
Initial Evaluation
When there are hard signs of vascular injury including active hemorrhage, rapidly expanding hematoma, absent pulses or a palpable thrill/bruit, immediate operative exploration is warranted. Patients who present without these signs, however, should undergo complete physical exam with special attention to the vascular exam. Physical exam in conjunction with arterial pressure index measurement by Doppler has high sensitivity for injury [1, 2]. As such, patients with lower extremity trauma should also undergo arterial pressure indices in which the Doppler pressure for the affected extremity distal to the presumed injury site is indexed to the higher of the two upper extremity arterial Doppler pressures. In the setting of a normal physical exam and pressure index >0.9, patients may be observed and/or discharged home safely with follow up [3]. Those patients who have either an abnormal physical exam and/or ankle-brachial index (ABI) <0.9 should have further imaging.

Diagnostic Imaging
CT angiography (CTA) has mostly replaced catheter angiography for the primary modality of diagnostic imaging in lower extremity trauma. Many recent studies have found the sensitivity and specificity of CTA approach 100 % [4, 5]. Catheter angiography is still considered as an additional technique when the CTA is not diagnostic, when an overabundance of metal hardware renders image quality inferior due to scatter artifact, or when endovascular intervention is considered highly likely following the diagnostic portion of the procedure.

Intervention and Post-operative Management
Intervention includes open exploration of the wound after obtaining proximal and distal control. Temporary balloon occlusion for proximal control using endovascular techniques is more commonly employed in contemporary practice, especially for injuries approaching the junctional region (groin). It is important to prep both extremities in the operating room for potential vein harvest from the unaffected limb.
Management of displaced orthopedic injuries should take into account the complexity of the reduction/fixation procedure and duration of ischemia to the limb. If ischemic time is limited, orthopedic injuries should be addressed prior to definitive repair. If ischemic time is prolonged, however, vascular shunting can be used as an adjunct while the orthopedic repair occurs in order to quickly restore blood flow to the extremity.
Thorough irrigation should be employed if there is a large wound with contamination, and autologous conduit such as greater saphenous vein from the opposite, unaffected extremity should be considered as a preferred choice when suitable. If the patient has inadequate vein for conduit, prosthetic graft with muscular coverage or a tunnel avoiding the contaminated wound bed may be considered.
Fasciotomies should be considered if there is extensive trauma to the leg or if there has been prolonged ischemia time (i.e. > 4–6 h). If the decision is made not to perform fasciotomies it is important to have the patient in an ICU where hourly neurovascular checks and monitoring for a tense compartment may occur. The patient should undergo ankle-brachial index measurements prior to discharge and at follow-up.


Evidence Contour
Controversial Aspects of Management/Imaging
The modern era of vascular trauma has changed most significantly when it comes to diagnostic imaging modalities. As mentioned earlier, the gold standard for diagnostic imaging in lower extremity trauma has historically included catheter angiography. This paradigm is now changing, with improvements in CTA technology and software advancements making 3-dimensional reconstructions highly informative and diagnostic. In a recent study including 484 arterial injuries, CTA was used in 39.6 % of the vascular trauma, whereas catheter angiography and open exploration occurred with frequencies of 11.4 % and 29.7 %, respectively [6]. Finally, a review of 9 studies representing 540 patients undergoing CTA to diagnose extremity arterial injuries had only seven missed injuries, resulting in a 1.3 % false negative rate [7]. The follow up in the majority of these studies was limited. However, the new management guidelines for lower extremity trauma from the Eastern Association for the Surgery of Trauma recommend that CTA should be the primary diagnostic imaging modality for vascular trauma [3].

Endovascular Treatment Approach to Lower Extremity Vascular Trauma
Although open surgical intervention remains the gold standard approach for lower extremity vascular trauma, the era of endovascular surgical interventions has caused many to consider utilizing these techniques when appropriate in this trauma subset. Literature on the topic is limited, but continues to grow, and encompasses successful endovascular approaches to blunt and penetrating iliac artery, superficial femoral artery (SFA), popliteal artery and tibial arterial trauma [8–12]. Nearly all high level trauma hospitals in the United States include an endovascular suite or hybrid open/endovascular operating room in some form, making consideration of emergency endovascular interventions for trauma a possibility. At a minimum, high-quality C-arm technology with a vascular software package is available for use with a standard trauma operating room bed in which the pedestal has been configured to allow imaging of the lower extremities.
Patient selection for endovascular treatment of lower extremity trauma is imperative. Complex endovascular procedures may be time consuming and require systemic heparinization in the majority of cases except in cases of coil embolization for hemorrhage control. With this in mind, the trauma surgeon is best suited for decision making regarding risks related to anticoagulation. If patients have contraindications for heparinization such as concomitant traumatic brain injury, endovascular techniques requiring this adjunct should be removed from the patient’s treatment algorithm. Specialized endovascular procedures should also not increase the treatment times as prompt restoration of arterial inflow is the goal.
A readily available endovascular inventory for trauma and appropriately trained staff are also prerequisite for considering the utilization of these techniques. The inventory should include sheath sizes ranging between 5 and 11 French of varying lengths (10 cm standard length, 45–65 cm for distal lower extremity interventions using contralateral femoral approach), standard and exchange length wires (140–180 cm-long; 260–300 cm-long) of various types (hydrophilic, braided low stiffness, braided mid-high stiffness support wires), and appropriate therapeutic devises (percutaneous angioplasty balloons, stents, covered stents, embolization coils or plugs). Endovascular management of lower extremity vascular injury will be limited unless institutional mechanisms allow this degree of infrastructure to be present and available for use for the injured trauma patient.


References
1.
Weaver FA, Yellin AE, Bauer M, et al. Is arterial proximity a valid indication for arteriography in penetrating extremity trauma? A prospective analysis. Arch Surg. 1990;125:1256–60.CrossRefPubMed

2.
Schwartz MR, Weaver FA, Bauer M, et al. Refining the indications for arteriography in penetrating extremity trauma: a prospective analysis. J Vasc Surg. 1993;17:116–22.CrossRefPubMed

3.
Fox N, Rajani RR, Bokhari F, et al. Evaluation and management of penetrating lower extremity arterial trauma: An Eastern Association for the Surgery of Trauma practice management guideline. J Trauma Acute Care Surg. 2012;73:S315–20.CrossRefPubMed

4.
Inaba K, Branco B, Reddy S, et al. Prospective evaluation of multidetector computed tomography for extremity vascular trauma. J Trauma. 2011;70:808–15.CrossRefPubMed

5.
Seamon MJ, Smoger D, Torres D, et al. A prospective validation of a current practice: the detection of extremity vascular injury with CT angiography. J Trauma. 2009;67:238–44.CrossRefPubMed

6.
DuBose JJ, Savage SA, Fabian TC, et al. The American Association for the Surgery of Trauma PROspective Observational Vascular Injury Treatment (PROOVIT) registry: multicenter data on modern vascular injury diagnosis, management, and outcomes. J Trauma Acute Care Surg. 2015;78:215–23.CrossRefPubMed

7.
Patterson BO, Hold PJ, Cleanthis M, et al. Imaging vascular trauma. Br J Surg. 2012;99:494–505.CrossRefPubMed

8.
Stewart DK, Brown PM, Tinsley EA Jr., et al. Use of stent grafts in lower extremity trauma. Ann Vasc Surg. 2011;25:264.e9–e13.

9.
Arthurs ZM, Sohn VY, Starnes BW. Vascular trauma: endovascular management and techniques. Surg Clin North Am. 2007;87:1179–92.CrossRefPubMed

10.
Hutto JD, Reed AB. Endovascular repair of an acute blunt popliteal artery injury. J Vasc Surg. 2007;45:188–90.CrossRefPubMed

11.
Reuben BC, Whitten MG, Sarfati M, et al. Increasing use of endovascular therapy in acute arterial injuries: analysis of the National Trauma Data Bank. J Vasc Surg. 2007;46:1222–6.CrossRefPubMed

12.
Johnson CA. Endovascular management of peripheral vascular trauma. Sem Intervent Rad. 2010;27:39–43.




© Springer International Publishing Switzerland 2017
Robert C. Hyzy (ed.)Evidence-Based Critical Care10.1007/978-3-319-43341-7_85

85. Management of Necrotizing Soft Tissue Infection

Heather Leigh Evans1   and Eileen M. Bulger2
(1)Surgery, University of Washington/Harborview Medical Center, Seattle, WA, USA

(2)Surgery, University of Washington, Seattle, WA, USA

 

 
Heather Leigh Evans
Email: hlevans@u.washington.edu



Keywords
Necrotizing fasciitisNecrotizing soft tissue infectionSource controlSeptic shockDebridementToxic shock syndromeStreptococcal sepsis
Case Presentation
A 50 year-old woman with history of congestive heart failure presented to the emergency room of her local community hospital complaining of progressive right elbow pain and swelling that developed after a minor fall at home 4 days prior. Her husband reported that she had profuse watery diarrhea 1 week prior, while continuing to take her home medications, which included Lasix. Since the fall, she had remained in bed with generalized weakness and poor PO intake. In the ED, her initial systolic blood pressure is 70 mmHg and the right forearm is noted to be swollen and tense, erythematous, warm and exquisitely painful to passive range of motion. Induration extends to the proximal posterior upper arm. WBC is 21, lactic acid 10.8, creatinine 11, sodium 119. She rapidly receives ceftriaxone and clindamycin, 3 L of crystalloid resuscitation and norepinephrine and vasopressin infusions are started.
The orthopedic surgeon on call takes her urgently to the operating room to treat what is strongly suspected to be a necrotizing soft tissue infection. The forearm skin is incised and the superficial volar compartment fascia released, the muscles are noted to be generally viable. No debridement is performed. A wound vacuum dressing is placed and she is transported to the ICU. Overnight, norepinephrine is discontinued, but her WBC increases to 36 and oliguria develops. She is transferred emergently to a tertiary care center, arriving in the emergency department intubated and sedated on mechanical ventilation, systolic blood pressure in the 80’s despite ongoing treatment with vasopressin and sodium bicarbonate infusion for progressive metabolic acidosis (pH 7.09). Her sodium level is 131. The Gram stain from blood cultures obtained at the prior facility shows Gram positive cocci in chains.
Question
What is the approach that should be applied to guide the management of this patient?

Answer
Surgical source control

Norepinephrine is restarted, 3 L of lactated ringers fluid are administered immediately and additional antibiotics (vancomycin) are administered while the general surgeon on call evaluates the patient and arranges for emergent re-exploration. She is taken to the operating room where the wound vac dressing is removed. The wound is thoroughly evaluated, the incisions extended both proximally and distally to facilitate examination of the entire length of the forearm to the hand and the superficial and deep volar compartments to the forearm are found to be non-viable (Fig. 85.1).[image: A329322_1_En_85_Fig1_HTML.gif]
Fig. 85.1Necrotic muscle visible in superficial and deep volar compartments to distal forearm (rightmost aspect of photo). Transition of viability is noted just below the elbow joint





The general surgeon calls an emergent intra-operative consult to the on-call hand surgeon. Together, the two identify necrotic soft tissue throughout the forearm, with gray dishwasher fluid exuding from the soft tissues. There is dead muscle in both the volar and dorsal compartments and a transition zone of viability just proximal to the elbow; the biceps, triceps, and brachialis appear normal. The two surgeons agree that the forearm cannot be salvaged. Given the degree of swelling that extends through the elbow joint, a mid-humeral amputation is performed in order to gain proximal control and arrest the progressive infection. After achieving hemostasis, the wound is not closed, but is covered with a gauze dressing soaked in Dakin’s solution. The patient is transported still intubated and mechanically ventilated to the critical care unit, with blood pressure still supported by norepinephrine and vasopressin. Post-operatively, her WBC remains in the 30’s and her oliguria continues. The final cultures are reported as Group A beta-hemolytic Streptococcus. Given her ongoing shock and leukocytosis, the patient is taken back to the operating room the following day where additional sharp debridement of the mid-humeral amputation site is performed.
The patient is extubated the following day and vasopressin is discontinued. Antibiotics are narrowed to ceftriaxone. Over the next week, her WBC normalizes, she is weaned off norepinephrine, and her acute kidney injury resolves. On hospital day 8, the amputation site is revised with a formal myodesis and skin closure. She is discharged home on hospital day 10. Eight months later, the patient was fitted for a prosthetic arm.

Principles of Management
Rapid Diagnosis
While necrotizing soft tissue infections (NSTI) are very rare (estimated 1000 cases annually in the United States), because of the potential for rapid escalation to overwhelming septic shock with multisystem organ failure, early recognition of the possibility of necrotizing soft tissue infection is imperative. Even with optimal treatment, mortality ranges as high as 25–35 %. Unfortunately, the early signs and symptoms of NSTI can be identical to those seen with cellulitis or localized abscess. Generally, erythema, pain beyond the obvious margin of infection, swelling and fever are most common. More suggestive of NSTI are skin induration and pain disproportionate to examination findings. The most obvious “hard” clinical signs of skin bullae, ecchymosis and necrosis, cutaneous anesthesia, and gas on clinical or radiographic examination do not appear until much later in the course of the disease. NSTI can affect any region of the body, but the extremities and genito-perineal areas are most common. Inoculation of bacteria through the skin barrier is typically due to history of trauma, injection, insect bites or surgery, but may also occur via systemic dissemination from recent oropharyngeal or gastrointestinal infection.
After suspicion is established with history and physical exam features, laboratory data confirms metabolic derangement, generally with leukocytosis and other signs of acute inflammation (e.g., elevated CRP). Evidence of organ failure may be present on presentation as well, and the more deranged the laboratory values, the higher the likelihood of a bad outcome. Radiography is seldom helpful in making the diagnosis, but computed tomography may help to define the extent of the disease on presentation. It should be recognized, however, that in the setting of high clinical suspicion, the gold standard for diagnosis of NSTI remains operative exploration without delay. In questionable cases, a skin incision carried down to the fascia allows evaluation of adherence of the fascia to other soft tissue layers. In classic necrotizing fasciitis, the diseased fascia is no longer adherent to the adjoining layers, allowing the surgeon to easily slide his or her finger along the fascial plane. Necrotizing adipositis or deep necrotizing myositis may also be diagnosed with local exploration for necrotic tissue.

Empiric Broad Spectrum Antibiotic Therapy and Resuscitation
Even prior to definitive diagnosis, patients with suspected NSTI should receive treatment appropriate for sepsis or septic shock, including empiric administration of broad spectrum antibiotics and fluid resuscitation. As definitive microbiology is not available until after blood and intra-operative tissue cultures are obtained, empiric antibiotics should cover Gram positive, Gram negative and anaerobic organisms. While the site and etiology of infection heavily influences the causative organism, with perineal infections tending to be polymicrobial NSTIs, antibiotics should cover both Type 1 polymicrobial infections (including Clostridia spp.) as well as Type 2 Group A Beta-hemolytic Streptococcus (GAS) infections. Type 3 infections, caused by marine organisms such as Vibrio spp., are more typically seen in warm-water coastal regions, or associated with the ingestion of shellfish. Empiric coverage against MRSA should be included for patients with history of colonization or recent healthcare exposure. Antibiotics may be tailored to final culture results, and generally, antibiotics are continued until operative debridement has been completed and the patient’s immune response begins to resolve.

Surgical Source Control
The cornerstone of treatment for NSTI is early and wide surgical debridement of affected tissue, in order to obtain source control and arrest progression of disease. Delay from presentation to initial surgical debridement is associated with increased number of subsequent debridements and a higher incidence of septic shock and acute renal failure [1–5]. With a 24-h delay from presentation, there is an estimated ninefold increase in mortality [6]. As NSTI can continue and advance despite apparent initial adequate debridement, mandatory return to the operating room within 12–24 h is advisable in the most critically ill patients. Worsening of disease as measured by increased leukocytosis or progressive organ failure, or local spread of erythema and/or induration from the debridement site, should also prompt additional debridements until clinical improvement is established.


Evidence Contour
NSTI treatment is not without controversy. The preponderance of evidence available is from retrospective observational studies, and because of the relative rarity of this disease and its high mortality, randomized controlled trials of novel interventions are also challenging and rare.
Predicting NSTI Diagnosis and Outcome
Multiple scoring systems have been developed to facilitate diagnosis, but even the most widely used score, the laboratory risk indicator for necrotizing fasciitis (LRINEC) which uses level of C-reactive protein, white blood count, hemoglobin level, serum sodium level, serum creatinine level, and serum glucose level at admission, has never been validated prospectively [7]. While hyponatremia and extremes of WBC are also helpful in indicating severity of systematic derangement, and may portend poor outcome, these laboratory features are non-specific. Magnetic resonance imaging has similarly been shown to be fairly sensitive, but lacks specificity as the tissue enhancement on T2-weighted imaging is frequently seen after trauma and other noninfectious inflammatory processes [8]. Finally, ultrasonography can be used to detect superficial abscesses but lacks sensitivity or specificity for NSTIs [9].

Early Amputation
The decision to perform an emergent extremity amputation is difficult, but when life-threatening infection is present, limb sacrifice may be warranted. For example, a 5-year review at our institution revealed that clostridial infection was an independent predictor for both limb loss and mortality [10]. The functional outcomes of early amputation and complex limb salvage have been demonstrated to be equivalent at 7 year follow up in a meta-analysis [11].

Adjunctive Therapies
Immunomodulatory Therapy
In infections caused by staphylococcal and streptococcal spp., exotoxins may engage the body in a especially robust immune response. Through activation of T cells, a polyclonal expansion and release of proinflammatory cytokines ensures that can lead to the combination of septic shock and multiple organ failure known as “toxic shock syndrome.” While intravenous immunoglobulin has been used to neutralize antibodies against streptococcal superantigens, IVIG preparations vary, and success of its administration relies upon adequate antibodies from pooled human serum [12]. Two studies suggested a potential reduction in mortality, but these studies were limited by sample size and lack of randomization [13, 14]. A novel drug that selectively inhibits the direct binding of superantigen exotoxins to the CD28 costimulatory receptor on T-helper 1 lymphocytes was evaluated in a phase 2 randomized placebo controlled trial. This study established the drug’s safety and pharmacokinetics in a population of patients with NSTI, and demonstrated promising results in decreasing the incidence of organ failure [15]. While not yet available for clinical use, the development of this therapy signals a new hope for targeting this mechanism of disease progression, and mitigation of the morbidity of NSTI.

Hyperbaric Oxygen
Hyperbaric oxygen (HBO) therapy is performed in a high-pressure chamber, resulting in delivery of oxygen at two to three times typical atmospheric pressure. This leads to substantially increased tissue oxygen tension as high as 300 mmHg, which based on animal and human studies, is thought to reduce tissue edema, stimulate fibroblast growth, increase the killing ability of leukocytes by augmenting the oxidative burst, have independent cytotoxic effects on some anaerobes, inhibit bacterial toxin elaboration and release, and enhance antibiotic efficacy. Multiple studies have examined the use of HBO in the treatment of NSTIs with mixed results. Early single-institution and small retrospective studies suggested a mortality benefit for patients with NSTI who were treated with HBO [16, 17]. Recent studies with larger sample sizes have failed to show a beneficial effect on mortality [18–20]. Due to lack of clear benefit, and to significant limitations on care delivery possible in hyperbaric chambers, HBO therapy should be limited to hemodynamically stable patients in whom HBO therapy will not delay surgical debridement.
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Case Presentation
A 44 year-old morbidly obese male (470 lbs, BMI 55) with a history of type II diabetes mellitus developed fever (102.5 °C) and “shaking chills” 5 days earlier, followed 24 h later by nausea and vomiting. At that time, he presented to an urgent care center and was felt to have influenza and was discharged with a prescription for Tamiflu. His symptoms persisted, and 2 days prior to admission he developed right upper quadrant (RUQ) abdominal pain and worsening malaise. He was evaluated at an outlying emergency room, where he was noted to have jaundice with a temperature of 39.2 ° C, P 120 bpm, BP 96/60 mmHg, and marked RUQ tenderness. A RUQ ultrasound revealed numerous gallstones, a thickened gallbladder wall with pericholecystic fluid, and a common bile duct (CBD) measuring 8 mm. Pertinent labs included a white blood cell (WBC) count of 21,000/mm3 with 20 % bands, creatinine mg/dL of 3.1, glucose 389 mg/dL, total bilirubin 5.4 mg/dL (direct 4.0), alkaline phosphatase (ALP) 227, aspartate aminotransferase (AST) 140, and alanine aminotransferase (ALT) 258. Appropriate initial care was instituted at the outlying hospital, and he was transferred to an intensive care unit (ICU) at a tertiary hospital for further management.
Question
What is the diagnosis and how should this patient be managed?

Answer
Acute cholecystitis, possible ascending cholangitis

The patient was admitted to the surgical ICU and was given 2 l of normal saline while central venous and arterial catheters were inserted. Blood cultures were obtained and the patient was started on piperacillin/tazobactam as empiric antibiotic coverage and norepinephrine to target a mean arterial pressure (MAP) of 65 mmHg, as well as an insulin infusion for treatment of hyperglycemia. Shortly thereafter, he required intubation for worsening mental status and progressive pulmonary failure. Both the surgery and gastroenterology services were consulted, and the patient was taken urgently to the operating room where an endoscopic retrograde cholangiopancreatography (ERCP) was performed initially. This revealed a non-dilated biliary tree with contrast filling the cystic duct (but not the gallbladder) and without filling defects (Fig. 86.1). There was a small amount of sludge present but no pus. The biliary tree was swept, a sphincterotomy was performed, and a stent was placed. The patient then underwent laparoscopy, which revealed gallbladder necrosis. Laparoscopic cholecystectomy was attempted but was difficult given the patients large, fatty liver and bleeding. The procedure was converted to an open operation where a subtotal cholecystectomy was performed with placement of 2 closed-suction drains. Bile cultures were obtained. His immediate postoperative course was notable for worsening septic shock requiring the addition of vasopressin, renal failure necessitating continuous renal replacement therapy, and hyperglycemia. Blood and bile cultures grew Escherichia coli which were intermediately sensitive to piperacillin/tazobactam, and his antibiotics were changed to cefepime and metronidazole for a planned 14-day course. After 4 days, the patient weaned from all vasopressors and was able to tolerate intermittent hemodialysis. He was extubated uneventfully on postoperative day #8 but continued to require nocturnal biPAP upon discharge to a rehab facility.[image: A329322_1_En_86_Fig1_HTML.gif]
Fig. 86.1Cholangiogram obtained during ERCP. Note the non-dilated biliary tree, absence of filling defects, and the patent cystic duct (arrow) but lack of gallbladder filling






Principles of Management
Diagnosis
The Tokyo Guidelines, first described in 2007 and revised in 2013, were developed to provide guidance for the management of acute cholecystitis and cholangitis. With respect to acute cholecystitis, the diagnosis is suspected when at least one local sign of inflammation (Murphy’s sign, RUQ mass/pain/tenderness) is present with one (or more) systemic signs of inflammation (fever, elevated C-reactive protein (CRP), elevated WBC count) [1]. The diagnosis may be confirmed with supportive diagnostic imaging. Using these criteria, the sensitivity is 91.2 %, specificity 96.9 %, positive predictive value 96.7 %, and negative predictive value of 91.6 % with an overall accuracy rate of 94 % [1].
In the case of acute cholangitis, the diagnosis is suspected when one or more systemic signs of inflammation (fever and/or shaking chills, increased CRP, abnormal WBC count) is present with cholestasis, as evidenced by jaundice or abnormal liver function tests (LFT’s) (ALP, gamma-glutamyl transferase (gGTP), AST, ALT >1.5× upper limit of normal) [2]. The diagnosis may be confirmed with imaging evidence of biliary dilatation or demonstration of the etiology (stricture, stone, etc.). These criteria are reasonably sensitive (91.8 %) but have moderate specificity (77.7 %). Importantly, 5.9 % of pathologically-proven cases of acute cholecystitis also fulfill these criteria, underscoring the difficulty with distinguishing these two entities at times [2].

Severity Assessment
In addition to standardizing diagnostic criteria, the Tokyo criteria also stratify both acute cholecystitis and cholangitis into varying degrees of severity with the intent of guiding management for each stage of the disease. For acute cholecystitis, three grades ranging from mild (grade I) to severe (grade III) have been described [1, 3]. Grade III acute cholecystitis is accompanied by dysfunction of either the cardiovascular, neurological, respiratory, renal, hepatic, or hematological systems. Grade II (moderate) is acute cholecystitis associated with marked leukocytosis (>18,000/mm3), palpable tender RUQ mass, duration of symptoms >72 h, or marked local inflammation (gangrenous or emphysematous cholecystitis, biliary peritonitis, or pericholecystic/hepatic abscess), and grade I (mild) does not meet either of the above criteria. In the case of acute cholangitis, three grades also exist which are similar to those described for acute cholecystitis [2, 3]. In grade III (severe), acute cholangitis is associated with dysfunction of at least one organ/system as described for cholecystitis above. For grade II (moderate) disease, acute cholangitis is associated with either high fever (≥39 °C), age ≥75, abnormal WBC (>12,000 or <4000/mm3), hyperbilirubinemia (≥5 mg/dL), or hypoalbuminemia (<0.7× lower limit of normal). Grade I (mild) cholangitis does not meet criteria for either grade II or III disease (Tables 86.1 and 86.2).Table 86.1Severity assessment for acute cholecystitis according to the revised Tokyo Guidelines


	
Grade III (severe) acute cholecystitis is associated with dysfunction in any one of the following:

	1. Cardiovascular
	Hypotension requiring treatment with dopamine ≥5 μg/kg per min, or any dose of norepinephrine

	2. Neurologic
	Decreased level of consciousness

	3. Respiratory
	PaO2/FiO2 ratio <300

	4. Renal
	Oliguria, creatinine >2.0 mg/dL

	5. Hepatic
	PT-INR >1.5

	6. Hematologic
	Platelet count <100,000/mm3


	
Grade II (moderate) acute cholecystitis is associated with any one of the following:

	1. Elevated WBC count (>18,000/mm3)

	2. Palpable tender mass in the RUQ

	3. Duration of symptoms >72 h

	4. Marked local inflammation (gangrenous or emphysematous cholecystitis, pericholecystic or hepatic abscess, biliary peritonitis)

	
Grade I (mild) acute cholecystitis does not meet the criteria for grade II or III disease


Adapted from Yokoe et al. [1]



Table 86.2Severity assessment for acute cholangitis according to the revised Tokyo Guidelines


	
Grade III (severe) acute cholangitis is associated with dysfunction in any one of the following:

	1. Cardiovascular
	Hypotension requiring treatment with dopamine ≥5 μg/kg per min, or any dose of norepinephrine

	2. Neurologic
	Disturbance of consciousness

	3. Respiratory
	PaO2/FiO2 ratio <300

	4. Renal
	Oliguria, creatinine >2.0 mg/dL

	5. Hepatic
	PT-INR >1.5

	6. Hematologic
	Platelet count <100,000/mm3


	
Grade II (moderate) acute cholangitis is associated with any two of the following:

	1. Abnormal WBC count (>12,000/mm3, <4000/mm3)

	2. High fever (≥39 °C)

	3. Age ≥75 years

	4. Hyperbilirubinemia (total bilirubin ≥5 mg/dL)

	5. Hypoalbuminemia (<0.7 × lower limit of normal)

	
Grade I (mild) acute cholangitis does not meet the criteria for grade II or III disease


Adapted from Kiriyama et al. [2]





Medical Management
Medical management should be initiated as soon as the diagnosis of acute cholecystitis or cholangitis is suspected [3]. This includes making the patient nil per os (NPO) and providing intravenous fluids, antibiotics, and analgesics, closely monitoring the patient’s vital signs and urinary output, while simultaneously determining the disease severity. Antimicrobial therapy should be directed at the likely pathogens, which typically are of enteric origin (Escherichia coli, Klebsiella, Enterococcus, or anaerobic bacteria), and a sample of bile should be sent for culture and sensitivity testing when possible [4]. Selection of the appropriate empiric antibiotic also requires knowledge of disease severity, nosocomial or community-acquired nature of the infection, and patient factors such as recent antibiotic exposure, history of immunosuppression, or presence of a biliary-enteric anastomosis. Knowledge of the local susceptibility profile is also helpful.
The Surgical Infection Society has published guidelines for empiric treatment of biliary infection in adults [5] (Table 86.3). Data regarding duration of antimicrobial therapy are lacking. Most experts would agree that antibiotics can safely be discontinued within 24 h in mild disease (i.e., following cholecystectomy for grade I cholecystitis) but that longer courses are likely necessary in more severe disease. In cases of severe disease, longer antimicrobial courses may be indicated. A recent randomized trial of 518 patients with complicated intra-abdominal infection and adequate source control confirmed that a fixed-duration antibiotic therapy (4 days) achieved similar outcomes (primary composite outcome of surgical site infection, recurrent intra-abdominal infection or death within 30 days after the index source control procedure) as a longer course of antibiotics (approximately 8 days) that extended until after the resolution of physiological abnormalities (fever, leukocytosis and ileus) [6].Table 86.3Empiric treatment of biliary infection in adults


	Infection
	Regimen

	Mild-moderate community-acquired acute cholecystitis
	Cefazolin, cefuroxime, or ceftriaxone

	Community-acquired acute cholecystitis of high severity or in the setting of advanced age or immunosuppression
	Imipenem-cilastatin, meropenem, doripenem, piperacillin-tazobactam, ciprofloxacin, levofloxacin, or cefepime each in combination with metronidazolea


	Acute cholangitis of any severity following bilio-enteric anastomosis
	Imipenem-cilastatin, meropenem, doripenem, piperacillin-tazobactam, ciprofloxacin, levofloxacin, or cefepime each in combination with metronidazolea


	Healthcare-associated biliary infection
	Imipenem-cilastatin, meropenem, doripenem, piperacillin-tazobactam, ciprofloxacin, levofloxacin, or cefepime each in combination with metronidazole, vancomycin added to each regimena



Adapted from Solomkin et al. [5]

aGiven increasing resistance of E. coli to fluoroquinolones, local population susceptibility profiles and isolate susceptibility (if available) should be reviewed





Surgical and/or Interventional Management
In the case of acute cholecystitis, it is well-established that early (within 48 h of symptom onset) cholecystectomy is associated with several advantages including reduced healthcare costs and length of stay without increased morbidity or mortality. Furthermore, the laparoscopic approach has been shown to be safe when performed by skilled operators. According to the Tokyo Guidelines, early (within 72 h of symptom onset) laparoscopic cholecystectomy is the preferred procedure in cases of grade I and grade II disease [7, 8]. However, if severe inflammation is encountered or suspected, conversion to open cholecystectomy or percutaneous or open gallbladder drainage are safe and preferable options. Grade III acute cholecystitis is managed with supportive therapy and early gallbladder drainage. Cholecystectomy is performed at a later date if indicated (may not be necessary in some cases of cholecystitis) [9].
Biliary drainage is the most crucial component of therapy for acute cholangitis and may be performed by endoscopic, percutaneous interventional, or surgical means [3, 8]. Surgery is rarely utilized at present and is associated with the highest mortality rate. Endoscopic biliary drainage (ERCP) is currently the gold standard given the minimally invasive nature and high success rates. Percutaneous transhepatic cholangiographic (PTC) drainage, in general, is second-line therapy and is most useful in patients with an inaccessible papilla due to altered anatomy (i.e., Roux-en-Y anastomosis) or upper GI obstruction. According to the Tokyo Guidelines, once the diagnosis has been established, medical therapy is instituted as described above. For patients with grade I disease, an initial trial of medical management is acceptable for 24 h but if the patient fails to improve or worsens, biliary drainage should be pursued. In cases of grade II and III disease, urgent biliary decompression is recommended.


Evidence Contour
In general, the tenets of treatment for acute cholecystitis and cholangitis are well-established. However, uncertainty exists regarding the utility of certain diagnostic studies and consensus for duration of antimicrobial therapy are lacking. In addition, the type and timing of intervention for both cholecystitis and cholangitis are debatable.
Diagnostic Studies
It is generally recommended that the initial diagnostic study for patients with RUQ abdominal pain is ultrasonography. The sensitivity of ultrasound for the diagnosis of acute cholecystitis is 81 % with specificity of 83 % [10, 11]. Though HIDA scan has superior sensitivity (96 %) and specificity (90 %), ultrasound generally is the first-line test as it is more widely available, faster, allows evaluation for gallstones, and allows assessment of the intra- and extrahepatic bile ducts. Furthermore, point-of-care ultrasonography performed by ED physicians for suspected cholecystitis has similar test characteristics to radiology-performed ultrasound and may have applicability in the ICU setting when performed by trained intensivists [12]. HIDA is probably best utilized in uncertain cases when the diagnosis could alter management plans and the patient can tolerate several hours in the radiology suite. Computed tomography (CT) is most useful in equivocal cases and can identify another etiology of the infection or complications of cholecystitis such as gangrene, abscess, perforation, and intraluminal hemorrhage [13]. As an initial test, CT suffers from low sensitivity (39 %) and positive predictive value (50 %). However, the negative predictive value (89 %) is acceptable so it is useful to exclude the diagnosis in patients with low clinical suspicion and nonspecific symptoms.
In the case of cholangitis, ultrasonography is helpful as it will demonstrate biliary dilatation and can also assess for cholecystitis. However, this study may not provide information on the nature of the obstruction. Common causes include choledocholithiasis and both benign and malignant strictures. In cases where urgent decompression is needed (grade III ± grade II), ERCP is both therapeutic and can provide diagnostic information. CT is not recommended as the primary imaging modality in patients with suspected cholangitis but may be obtained if the patient has sepsis of uncertain etiology. The gallstone detection rate is poor, but if choledocholithiasis is demonstrated there is no need for further imaging [11]. Magnetic resonance cholangiopancreatography (MRCP) is a noninvasive method for detecting common bile duct (CBD) stones with a specificity of 96.6 % and a negative predictive value of nearly 100 % [14]. This test should not be ordered in patients in whom ERCP is required (grade III ± grade II cholangitis) but may be useful in milder cases of disease where a negative study would result in nonoperative therapy.

Duration of Antibiotics
As mentioned earlier, data regarding duration of antibiotic therapy in biliary infections are lacking. The 2009 Surgical Infection Society guidelines recommend discontinuation of antibiotics within 24 h of cholecystectomy in the case of mild disease (B-II) and suggest limiting therapy to 4–7 days in cases of more severe disease unless source control is difficult to achieve (B-III) [5]. A point of emphasis from these guidelines, however, was the need to study the appropriate duration of antibiotic therapy as the use of antibiotics in the absence of guidelines is erratic, costly, and without clear benefit [15].
A recent observational study examined the relationship between surgical site infections and duration of antibiotic therapy in 287 patients with grade II acute cholecystitis who underwent cholecystectomy within 72 h. Most patients (58.2 %) received >7 days of antibiotics, while 26.1 % received 5–7 days and 15.7 % had 0–4 days antibiotic therapy [16]. Interestingly, there were no significant differences in frequency of surgical site infection between the groups after risk adjustment, suggesting that a shorter course is reasonable. A larger Swiss database study went one step further, suggesting that antibiotic prophylaxis in acute cholecystectomy may not be beneficial. In this study, 13,911 patients who underwent acute cholecystectomies for gallstone-related complications (73.2 %) and uncomplicated gallstone disease (26.8 %) were reviewed and the relationship between antibiotic prophylaxis and the development of a postoperative infection requiring antibiotics or abscess formation was reported. Of note, 59 % of patients (n = 8205) in this study had acute cholecystitis. Using multivariable logistic regression, no significant benefit was seen with antibiotic prophylaxis in terms of reduced incidence of postoperative infection requiring antibiotics or abscess formation [17].
Data regarding duration of therapy in acute cholangitis are even more scant. The Tokyo Guidelines recommend 5–7 days of antibiotics for patients with acute cholangitis [18] and the Surviving Sepsis Campaign recommends 7–10 days of antibiotics in patients with sepsis [19]. A recent small, prospective study reported on fever-based management of patients with grade II-III acute cholangitis treated with urgent biliary decompression [20]. Eighteen patients with grade II (n = 14) or III (n = 4) cholangitis underwent biliary decompression with a mean time to drainage of 6 h after diagnosis. Antibiotics were continued until the patient was afebrile (temperature < 37 °C) for a period of 24 h, and recurrence within 3 days and at 4 weeks was reported. Body temperature normalized after a median of 2 days and antibiotics were administered for a median of 3 days. Four patients required 5–7 days of antibiotics, and interestingly these patients were all found to have bacteria resistant to the initial antibiotic, underscoring the importance of obtaining cultures when feasible. No patients suffered a recurrence of cholangitis within 3 days of discontinuing antibiotics or at 4 weeks follow-up. Although the study was a small group of highly-selected patients, it suggests that a shorter course of antibiotics may suffice.

Type and Timing of Intervention
No randomized controlled trials have been completed stratifying the surgical management of cholecystitis by grade of disease. As mentioned above, it is well-accepted that early laparoscopic cholecystectomy is safe and is associated with lower morbidity and shorter postoperative stay relative to open cholecystectomy [21, 22]. Furthermore, early (preferably within 48 h) laparoscopic cholecystectomy is associated with decreased length of stay, decreased rates of re-admission, and greater cost savings without an increase in morbidity or conversion to an open procedure when compared to delayed (>6 weeks) laparoscopic cholecystectomy [23].
Two types of patients warrant special mention; those with acute acalculous cholecystitis and those with a prolonged duration of symptoms or who present a prohibitive operative risk.
Acalculous cholecystitis often occurs in chronically ill patients who are more likely to already be in an ICU setting and on antibiotics for unexplained fever. For this reason, diagnosis is often delayed and may be difficult to establish as ultrasound and CT findings may be non-specific. Laparoscopic cholecystectomy may be attempted but conversion rates are high (28 %) [24]. Percutaneous cholecystostomy is probably preferable as the procedure is highly effective and has low morbidity [25–27].
For patients with a prolonged duration of symptoms (>72 h), the Tokyo Guidelines recommend either an attempt at laparoscopic cholecystectomy or gallbladder drainage. However, operative times are prolonged and conversion rates are higher when surgery is delayed beyond 48 h [28]. Antibiotics ± percutaneous cholecystostomy may be used in these patients and in those who present a prohibitive operative risk. The need for interval cholecystectomy remains controversial as there are no randomized controlled trials on the subject. Delayed interval cholecystectomy is typically recommended but recent studies cite a low rate of recurrence (0–16.7 %) following cholecystostomy alone in patients with both calculous [26, 27] and acalculous [25] cholecystitis. Similarly, treatment with antibiotics alone was associated with a low (13.7 %) recurrence rate in 226 patients followed for a median of 308 days [29].
Although biliary decompression is the most crucial component of therapy in the case of cholangitis, the optimal timing is still debated. A retrospective study of 90 patients at the Johns Hopkins Hospital showed that unsuccessful or delayed ERCP was associated with prolonged length of stay and increased costs. Furthermore, a delay in ERCP was independently associated with increased risk of death, persistent organ failure, and/or ICU admission (OR 7.8, p = 0.04) [30]. However, “delayed” ERCP was defined as being performed 72 h after admission, which is far later than what the Tokyo Guidelines recommend. A recent study by Mok et al. attempted to better define the optimal timing of biliary decompression. The authors retrospectively reviewed 250 patients who had undergone either ERCP (n = 228) or percutaneous biliary drainage (PBD; n = 22) and reported all-cause mortality with respect to time of intervention [31]. The risk for hospital mortality was significantly less in the earliest quartile (intervention within 11 h) when compared to the latest (>42 h) quartile (RR 0.34, 95 % CI 0.12–0.99, p = 0.049), and the risk of hospital readmission was also less. Other secondary endpoints, such as multiple organ failure, sepsis, systemic inflammatory response syndrome, and length of stay showed no differences.
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Case Presentation
A 28 year old African-American woman presented to her primary care physician 3 months postpartum with a chief complaint of progressive shortness of breath. She reported a progressive onset during the last month of gestation which was out of proportion compared to her previous pregnancy. At that time, the symptoms were attributed to normal physiologic changes of gravidity. However, her symptoms did not improve in the first few weeks after delivery and progressed to include orthopnea, nocturnal cough, and lower extremity swelling. A transthoracic echocardiogram revealed four chamber enlargement, severely reduced left ventricular systolic function with an ejection fraction of 5–10 %, right ventricular dysfunction, moderate mitral and tricuspid regurgitation, and an elevated pulmonary artery systolic pressure of 56 mmHg. Additionally, there was a left ventricular thrombus noted on the anteroseptal wall. A right heart catheterization revealed elevated filling pressures and low cardiac output consistent with acute decompensated heart failure with a reduced ejection fraction (HFrEF). She was given intravenous diuretics and intravenous heparin and dobutamine infusions were initiated.
On day 1 of her hospitalization, the patient developed acute mental status changes and right sided hemiplegia. She was emergently intubated for airway protection. CT imaging ruled out intracerebral hemorrhage, but CT angiography revealed a large area of left middle cerebral artery territory ischemia and distal left internal carotid artery occlusion. She underwent catheter embolectomy. Her medical course was further complicated by hemorrhagic conversion of cerebral ischemia and impending central brain herniation prompting emergent craniotomy. On day 4, she was extubated and the right sided paresis improved. Anticoagulation with intravenous heparin was continued throughout her hospitalization.
Inotropic therapy with dobutamine was also continued and she underwent aggressive intravenous diuresis. After her filling pressures and cardiac indices were optimized, the dobutamine infusion was weaned and discontinued. Therapy with an angiotensin converting enzyme inhibitor and a beta blocker was initiated. Given gestational hypertension, preeclampsia history, and an active 10 pack year history of tobacco use, the patient underwent a selective coronary angiogram which ruled out obstructive coronary artery disease. Cardiac MR was obtained for further assessment of myocardial structure and function. This revealed dissipation of the left ventricular mural thrombus and viable myocardium. There was no late gadolinium enhancement indicative of infarction, inflammation or infiltration. The left ventricular ejection fraction had increased to 35 % (Figs. 87.1 and 87.2).[image: A329322_1_En_87_Fig1_HTML.jpg]
Fig. 87.1Chest X-ray on admission showing cardiomegaly without significant pulmonary congestion
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Fig. 87.2Trans-thoracic echocardiogram 4-chamber view showing enlargement of both left and right ventricles consistent with a dilated cardiomyopathy





The patient was discharged to a skilled nursing facility. Guideline directed medical therapy was optimized as an outpatient as tolerated based on heart rate and blood pressure measurements. Transthoracic echocardiogram repeated 3 months post hospitalization revealed normal left ventricular dimensions, only mildly reduced left systolic function (LVEF 50 %), mildly reduced right ventricular systolic function, no significant valvular disease, and borderline elevated pulmonary pressures of 40 mmHg.
Question
What is her diagnosis and her treatment regimen?

Answer
Peripartum Cardiomyopathy

Peripartum cardiomyopathy (PPCM) is defined as (1) the new development of cardiomyopathy in a previously healthy woman in the final month of gestation or up to 5 months postpartum; (2) demonstration of left ventricular systolic dysfunction (ejection fraction < 45 %, and/or fractional shortening < 30 %, end-diastolic dimension > 2.7 cm/m2) and; (3) the absence of an identifiable cause or any prior heart disease [1]. The overall incidence is relatively low, less than 0.1 % of pregnancies, and the majority of patients present in the first 4 months postpartum and are in the upper or lower end of the child bearing age. The etiology of PPCM may be multi-factorial and it remains a diagnosis of exclusion. A familial predisposition has been reported. Viral myocarditis has been proposed and supported by findings of myocyte edema, necrosis, fibrosis and lymphocytic infiltration on myocardial biopsy. A pathologic immune response to fetal cells in the maternal myocardium after delivery (micro-chimerism), exaggerated mal-adaptive hemodynamic response during pregnancy characterized by increased cardiac output, decreased afterload, left ventricular hypertrophy and dysfunction, excessive secretion of prolactin, increased pro-inflammatory cytokines, mal-nutrition and selenium deficiency, and prolonged use of tocolytic drugs have all been proposed as mechanisms contributing to the development of PPCM [2].
Symptoms of PPCM include progressive dyspnea, orthopnea, cough, unintentional weight gain or retention of weight post-partum, and peripheral edema. If mild, these same symptoms may be attributed to physiological changes of pregnancy resulting in a delay in the diagnosis. One series demonstrated a significant correlation between major adverse event rates and several weeks’ delay in diagnosis; therefore heightened awareness is crucial [3]. Chest discomfort and palpitations are common and may be due to dysrhythmias. There is a higher incidence of systemic embolization in PPCM. Historical clues indicative of thromboembolic phenomena include transient loss of vision, aphasia, dysphagia, asymmetric lower extremity edema, digital cyanosis, abdominal pain and decreased urine output.
Risk factors associated with the development of PPCM include African American race, advanced maternal age, multiparity, multigravidity, tocolysis, gestational hypertension or preeclampsia [3, 4]. Major adverse events are more common in non-Caucasian women, initial left ventricular ejection fraction ≤25 % and delay in diagnosis, and are attributed to the development of left ventricular thrombus, ventricular arrhythmias, and refractory heart failure [3]. Complications and long term effects include cardiac arrest, thromboembolic events, limb ischemia, neurological deficits, and use of temporary or permanent mechanical circulatory support devices, death, and heart transplantation (Table 87.1). Patients who have suffered a neurological insult have residual long-term morbidity [3–5].Table 87.1Maternal risk factors and adverse events in PPCM


	Maternal risk factors
	Major adverse events
	Long term effects of major adverse events

	Advanced maternal age
African American race
Non-Caucasian ethnicity
Multiparity
Multigravidity
Twin pregnancy
Poor socioeconomic status
Gestational Hypertension
Pre-eclampsia
	Cardiopulmonary arrest
Refractory heart failure
Atrial fibrillation or flutter
Ventricular Arrhythmia
Cerebrovascular accident
Limb ischemia
	Death
Permanent pacemaker
Implantable cardioverter defibrillator
Temporary mechanical circulatory support
Left ventricular assist device
Heart transplantation
Neurologic deficits





PPCM patients who recover their left ventricular systolic function have a good prognosis. Evidence suggests that 30–50 % of patients can fully recover left ventricular function on optimal medical therapy. There is a risk for recurrence of PPCM among these patients with subsequent pregnancies [6]. The precise risk is difficult to predict, and there are no guidelines on this issue. PPCM patients with persistent left ventricular dysfunction are clearly at risk for recurrence with subsequent pregnancies. They are also at high risk for premature births and spontaneous abortions. These patients should be strongly counseled against future pregnancies. Patients who fully recover their cardiac function have a 20 % risk of relapse with subsequent pregnancies. Patients who have a normal cardiac contractile reserve on an exercise echocardiogram may be at an even lower risk for relapse with subsequent pregnancy. These patients could undergo another pregnancy under careful monitoring with serial echocardiograms, and NT pro-BNP measurements without a relapse of PPCM. It is also not clear if women who fully recover their cardiac function can safely discontinue their heart failure therapy without the risk of decline in their LVEF. In the absence of guidelines, most physicians tend to continue medical therapy in recovered patients. Reported mortality worldwide in PPCM ranges between 5 and 32 % [7, 8]. Patients who present in severe heart failure or shock have a higher mortality. Mortality is also threefold higher in patients who have a fractional shortening of <20 % and a left ventricular end-diastolic dimension of >6 cm at initial presentation. Mortality rates have improved in recent years with early diagnosis and implementation of guideline based medical therapy.

Principles of Management
Diagnosis
Initially, the clinician must to perform a careful bedside clinical assessment looking for signs of hypoperfusion or signs of congestion that will help to identify the hemodynamic profile of the patient [9]. Signs of hypoperfusion include: cool extremities, altered mental status, decreased pulse pressure and renal insufficiency, while signs of congestion include: jugular venous distention, lower extremity edema, rales on auscultation. In most cases, the clinical evaluation will be enough to define the hemodynamic profile of the patient. However, sometimes invasive monitoring with pulmonary artery catheterization may be necessary to make the diagnosis and guide therapy, although there are no studies that compare invasive hemodynamic monitoring plus treatment versus standard of care alone in this population [10]. Once the hemodynamic profile of the patient has been established, the therapy will be guided to relieve congestion and/or improve cardiac output.
Initial assessment in PPCM should include transthoracic echocardiography to evaluate cardiac size and function, and investigate the presence of a left ventricular thrombus which is not uncommon [1]. Cardiac magnetic resonance (CMR) provides a more accurate measurement of both ventricular volumes, ejection fraction, and has a higher sensitivity for the detection of a left ventricular thrombus. Late gadolinium enhancement and T2 weighted imaging can provide important diagnostic information regarding inflammation or myocarditis and fibrosis. Depending on concomitant co-morbidities and maternal age, assessment for ischemia should be made with coronary angiography or stress testing.
Electrocardiogram findings include sinus tachycardia, left ventricular hypertrophy and ST-T wave repolarization abnormalities [11]. Patients may present with supraventricular or ventricular arrhythmias or cardiac arrest, as observed in patients with any form of cardiomyopathy. The electrocardiogram can help differentiate other causes of acute heart failure, including myocardial infarction or ischemia, cardiac tamponade, pulmonary embolus, mitral stenosis, or hemodynamically significant dysrhythmias.
Laboratory investigation includes measurement of NT-pro brain natriuretic peptide (NT-proBNP) or brain natriuretic peptide (BNP). The median serum levels of NT-proBNP observed in the first week postpartum after a normal pregnancy is typically about 100 ng/mL but can reach levels up to 700 ng/mL. This is attributed to increased venous return and preload after decompression of the IVC at childbirth [12–14]. However, in peripartum cardiomyopathy NT-proBNP levels are significantly higher with levels in the range of nearly 1000–3000 ng/mL [14].
Differential diagnoses should guide other diagnostic investigations including left heart catheterization and cardiac biomarkers if there is a suspicion of pregnancy-associated myocardial ischemia or infarction, ventilation-perfusion scanning or CT pulmonary angiogram and D-dimer if pulmonary embolus is suspected, and checking HIV assays as a potential cause for non-dilated cardiomyopathy [5]. Ultimately imaging modalities and laboratory data are complementary to a thorough physical examination and invasive hemodynamic assessment may be needed for directed therapeutic approach (Table 87.2).Table 87.2Diagnosis of PPCM


	Clinical suspicion
	Symptoms and signs
	Diagnostic studies

	Previously healthy woman with new onset heart failure in the last month of gestation or first 4 months post-partum
Risk factors for PPCM
Family History
	Dyspnea at rest or exertion
Fatigue
Exercise intolerance
Edema
Chest pain
Palpitations
Cough
Weight gain
Weakness
Jugular venous distension
Tachycardia
S3 or S4 gallop
	Complete blood count and differential
Complete chemistry
BNP or NT-proBNP
Cardiac troponin-T (if needed)
Chest X-ray (if needed)
EKG
Transthoracic echocardiogram
CMR
Endomyocardial biopsy (if indicated)






Standard Medical Therapy for Heart Failure
The medical therapy for acute decompensated heart failure in peripartum cardiomyopathy is the same as to those patients with acute systolic heart failure from other etiologies (Table 87.3). In general, oxygen should be administered to patients with oxygen saturations lower than 90 %. If the patient is in distress, they should be promptly intubated and placed on mechanical ventilation to reduce the work of breathing. For patients with pulmonary congestion, especially those who present with pulmonary edema, the use of intravenous diuretics will help with immediate relief of the symptoms. Loop diuretics should be used cautiously in the antepartum period as precipitous decreases in blood pressure from a large diuresis can compromise placental blood flow. Thiazide diuretics may be a useful alternative in these patients. Vasodilators like, nitroglycerine, nitropusside and nesiritide can be used in combination with diuretic therapy and will help to decrease preload and afterload in those patients who present with elevated blood pressures. However, these medications should be avoided in patients with systolic blood pressure less than 100 mmHg. Inotropes like dobutamine and milrinone are indicated in patients who present with decreased perfusion or in cardiogenic shock in order to improve the cardiac output and maintain adequate organ perfusion. Other inotropic drugs like levosimendan, although used extensively in other countries, are not approved in the United States [5]. The use of vasopressors like norepinephrine, epinephrine and dopamine is associated with an increase in afterload and a subsequent decrease in the cardiac output and their use should be restricted to patients with marked hypotension despite adequate filling pressures and cardiac output.Table 87.3Pharmacologic therapy in PPCM


	Clinical presentation
	Medication
	Dose
	During pregnancy
	During lactation

	
                            Acute decompensated heart failure
                          

	Fetal monitoring in antepartum women
	Furosemide
Bumetanide
	20–600 mg daily
0.5–10 mg daily
	Compatible
Compatible
	Compatible
Compatible

	
If SBP ≥100 mmHg


	Nitroglycerine
	0.1–5.0 mcg/kg/min
	Compatible
	Compatible

	Nitroprusside
	0.2–5 mcg/kg/min
	Unknown
	Unknown

	Milrinone
	0.125–0.75mcg/kg/min
	Compatible
	Unknown

	Dobutamine
	2–10 mcg/kg/min
	Compatible
	Unknown

	
If SBP ≤ 80 mmHg


	Norepinephrine
	0.01–3 mcg/kg/min
	Compatible
	Unknown

	Epinephrine
	0.01–2 mcg/kg/min
	Compatible
	Unknown

	Dopamine
	2.5–20 mcg/kg/min
	Compatible
	Unknown

	
                            Chronic heart failure
                          

	Angiotensin-converting enzyme inhibitor (ACE-I)
	Lisinopril
Enalapril
Captopril
losartan
	2.5–40 mg daily
2.5–10 mg BID
6.25–50 mg TID
25–150 mg daily
	Discontinue
Discontinue
Discontinue
Discontinue
	Discontinue
Discontinue
Discontinue
Discontinue

	Angiotensin II receptor blockers (ARBs)
	Valsartan
	40–160 mg BID
	Discontinue
	Discontinue

	Alternative to ACE-I/ARBs
	Hydralazine
Isosorbide dinitrite
	25–100 mg TID
10–30 mg TID or QID
	Compatible
Compatible
	Compatible
Compatible

	Beta blockers
	Carvedilol
Metoprolol succinate
	3.125–50 mg BID
12.5–200 mg daily
	Discontinue
Compatible
	Discontinue
Compatible

	Aldosterone antagonists
	Epleronone
Spironolactone
	25 mg daily
12.5–25 mg daily
	Unknown
Compatible
	Unknown
Discontinue

	Digoxin
	 	0.125–0.25 mg daily
	Compatible
	Compatible

	
                            Targeted therapies
                          

	 	Bromocriptine
IV immunoglobulin
Pentoxifylline
	2.5 mg BID for 2 weeks, then 2.5 mg daily for 4–6 weeks
1 g/kg daily for 2 days
400 mg TID
	Compatible
Compatible
Compatible
Unknown
	Discontinue
Unknown
Discontinue
Unknown






Chronic Medical Therapy
Once hemodynamic stabilization is achieved, the patients should be started on chronic therapy for heart failure with reduced ejection fraction in accordance with the AHA/ACC guidelines targeting goal doses, including angiotensin converting enzyme inhibitors (ACE-I) or angiotensin II receptor blockers (ARBs), hydralazine-nitrate for those patients intolerant or with contraindications to the use of ACE-I or ARBs, and aldosterone antagonists. Beta blockers should be started once the patients are euvolemic and no longer requiring intravenous therapies [15]. It is important to remember that during pregnancy the use of ACE-I and ARBs is contraindicated due to fetal toxicity. Eplerenone, an aldosterone antagonist, is generally contraindicated during pregnancy due to lack of studies on fetal toxicity and beta blockers with B2 receptor antagonism should be avoided due to their anti-tocolytic action [5].
Anticoagulation
Acute and/or chronic anticoagulation is needed in patients with paroxysmal or persistent atrial arrhythmias, demonstrable left ventricular thrombus or clinical evidence for embolic event. The use of novel oral anti-coagulants is not recommended in PPCM.

Implantable Cardioverter Defibrillator
Patients with symptomatic, sustained ventricular tachycardia or survivors of cardiac arrest will need an implantable cardioverter defibrillator (ICD) prior to discharge from the hospital. Patients with LVEF <35 % should receive a wearable external defibrillator (Lifevest) at the time of discharge from the hospital. If the LVEF remains under 35 % despite 3 months of optimal guideline based medical therapy at goal doses, they should receive a prophylactic ICD for primary prevention against sudden cardiac death.


Mechanical Support
For those patients who remain unstable and in persistent heart failure despite optimal medical therapy or for those that are inotrope dependent, the use of temporary or durable mechanical circulatory support and heart transplantation evaluation should be considered. Mechanical support with a left ventricular assist device should be considered first in these patients due to the likelihood of full recovery of left ventricular function at 6 months in nearly half of the patients with PPCM [5]. The evidence for use of mechanical circulatory support in these patients is anecdotal and there are no studies comparing the different types of device therapies [10]. For some of these patients, IABP is adequate support as a temporary (up to 5–7 days) bridge to recovery or bridge to LVAD; other temporary support strategies like Centrimag extra-corporeal support system, Impella CP, and Tandemheart pVAD are also helpful for temporary support (2–4 weeks) as a bridge to recovery or LVAD; and finally durable LVADs can be use as a long term bridge to recovery or transplantation [16]. In an analysis from the INTERMACs registry, women with PPCM who received support with LVAD had a better survival than women with other forms of cardiomyopathy [17]. In the same analysis, just 48 % of the women with LVAD and a history of PPCM needed cardiac transplantation after 3 years on mechanical support. It should be noted that cardiac transplantation may carry a higher risk for allograft rejection in these patients.

Delivery
If the cardiomyopathy is diagnosed during gestation, there is no need for early delivery unless the mother presents with hemodynamic instability [5]. Early delivery can often precipitate and worsen the signs and symptoms of heart failure. In that case, the primary objective is to achieve maternal cardiovascular benefit and vaginal delivery is preferred except in women requiring mechanical support or for obstetrical complications [5].

Postpartum Supportive Care
Women who are malnourished should undergo nutritional counseling and receive appropriate nutritional supplements. Many of the drugs used to treat HFrEF should be avoided if the patient is breast feeding. Perhaps, it is safest to avoid breast feeding in PPCM patients to avoid the risk of getting drugs ingested by the infant through breast milk. Breast feeding does not need to be interrupted for administration of gadolinium to obtain a cardiac MR for diagnostic purposes [5].


Evidence Contour
Several studies have suggested a role for inflammation in the pathogenesis of PPCM. There is an increase in inflammatory markers in PPCM patients, including tumor necrosis factor-α (TNF-α), C-reactive protein (CRP), Interleukin-6 and interferon γ [18]. In addition, during pregnancy there is an increase in oxidative stress [19]. In animal models, this increase in oxidative stress leads to an overexpression of the signal transducer and activator of transcription 3 (Stat 3). Stat-3 increases cathepsin D, an enzyme that cleaves prolactin into its active form. This active form of prolactin has pro-apoptotic and anti-angiogenic properties that can lead to a destruction of cardiac myocytes, and cardiac dysfunction [20].
Immunotherapy and Anti-inflammatory Mediators
Based on these findings, some authors have suggested the use of targeted therapies such as intravenous immunoglobulin [21], pentoxifylline (that decreases action of TNF-α, CRP and fas/apoptosis antigen 1) [22] and bromocriptine (a dopamine agonist that decreases prolactin production) [23–26] based on promising results with improvement in mortality, LV function and functional capacity in small studies. Because of the lack of large, randomized clinical studies, these medications are not recommended as part of the routine therapy in PPCM. In addition, bromocriptine use has been associated with several reports of myocardial infarction and anticoagulation should be used routinely with this medication [27].
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Case Presentation
A 45 year old obese, multiparous (G3P3), African American female with no other past medical history and an uncomplicated prenatal course, presents with twins at 40 weeks gestation. Her prior vaginal deliveries were uncomplicated. She experiences a tumultuous labor of many hours with delivery by Cesarean section because of fetal distress. Shortly after delivery, she suddenly complains of shortness of breath. Her oxygen saturation falls from 98 to 74 %, blood pressure falls to 86/50, and she suffers a generalized seizure. You also note oozing at her IV insertion sites and increased bloody vaginal discharge.
Question
What diagnosis is suspected?

Answer
Amniotic Fluid Embolism Syndrome (AFE) is a clinical diagnosis of exclusion, that is rare (estimated between 1.7 and 12 cases per 100,000 deliveries) [1–9] but with high mortality (most recent data estimates 11–43 %) [1–9] and morbidity (especially neurologic injury). It is unpredictable, unpreventable and usually occurs with an abrupt onset during pregnancy or shortly after delivery with a constellation of multi systemic symptoms [10].

She is intubated for airway protection and to improve oxygenation. Ativan is given to control seizure activity. A 500 cc crystalloid bolus results in minimal blood pressure improvement. Stat labs are ordered: ABG with PaO2 of 60, Hgb of 7 (previously 14), platelet of 90, (PT, PTT, INR, D-dimer, fibrinogen levels consistent with DIC). Stat blood transfusion is ordered. Oxygenation improves to 96 % and blood pressure to 118/72. The patient is transferred to the ICU where an arterial line and central venous catheter are placed. Portable chest x-ray is obtained. Norepinephrine infusion is started.
Symptoms

                	1.Hypoxemia (most common) and respiratory failure


 

	2.Hypotension from cardiogenic shock


 

	3.Disseminated intravascular coagulation


 

	4.Seizures or coma


 




              

Risk Factors

                	1.Precipitous or tumultuous labor [10]


 

	2.Advanced maternal age [6, 7, 11, 12]


 

	3.Cesarean [6–8, 11, 12] and instrumental delivery [10]


 

	4.Placenta previa and abruption [6, 11]


 

	5.Multiparity [12]


 

	6.Multiple birth delivery [8, 11]


 

	7.Cervical lacerations [10]


 

	8.Fetal distress [8, 11]


 

	9.Eclampsia [11]


 

	10.Medical induction of labor [8, 11]


 




              

Pathophysiology
The precise mechanism is unclear. It is proposed that amniotic fluid enters the maternal circulation through endocervical veins, placental insertion site, or a site of uterine trauma [13]. There is evidence of a biphasic pattern of cardiogenic shock. During the initial phase (15–30 min) there is acute pulmonary hypertension and right heart failure followed by a later phase of left ventricular dysfunction [14].
Hypoxemia is primarily due to severe ventilation/perfusion mismatching contributed to by acute pulmonary hypertension in the initial phase and cardiogenic pulmonary edema in the second phase [15]. Physical obstruction or vasoconstriction of pulmonary vasculature caused by amniotic fluid emboli may be the main mechanism of the brief phase of right ventricular failure [10], whereas, the second phase appears to be due to an anaphylactoid reaction mediated by immunologic factors such as complement activation [5, 16, 17]. These findings may explain why there are often few or no anatomical changes seen at autopsy in the pulmonary vasculature unlike the occlusive thrombi associated with pulmonary emboli.


Principles of Management
Diagnosis
The most important aspect of diagnosis is maintaining a high index of suspicion. There are currently variations in definitions of AFE among nations, but most diagnoses are based on clinical symptoms. All definitions include an acute onset of symptoms (hypoxia/respiratory distress, hypotension/cardiac arrest, DIC, and coma/seizure) in a pregnant or peripartum woman that requires intervention with no other clear alternative explanation.
There is a recent suggestion that there is more than one type of AFE. One type is characterized as AFE that starts with cardiopulmonary collapse and another type that presents initially with uterine atonic bleeding/DIC [5].

Management
There is no specific treatment of AFE. Management consists of supportive care with the main objectives to correct hypoxemia and hypotension to prevent ischemic sequelae such as hypoxic brain injury, acute kidney injury and to maintain oxygen delivery to any unborn fetus.

Initial Assessment
Initial assessment should include continuous cardiac/respiratory monitoring of maternal oxyhemoglobin saturation, heart rate, rhythm, respiratory rate, and non-invasive blood pressure, as well as fetal heart rate if applicable. Preparations should be made to insert both an arterial catheter and central venous catheter, but placement should not delay supportive therapies. The arterial catheter provides continuous invasive blood pressure monitoring and access for frequent arterial blood gases. A central venous catheter is used for infusion of fluids, medications, blood products, and access for venous blood testing [1].
Routine placement of a pulmonary arterial catheter for hemodynamic monitoring is usually not advised but may be useful in select patients with shock, pulmonary edema, and whose intravascular volume is uncertain.

Oxygenation
Provide supplemental oxygen with a goal maternal PaO2 > 65. This goal is chosen because PaO2 of 65 lies on the flat portion of the hemoglobin dissociation curve where small changes in PaO2 do not cause large changes in oxyhemoglobin saturation and oxygen delivery. Oxygen should be provided through high flow supplemental oxygen via facemask or invasive mechanical ventilation if needed (with adjustment of fraction of inspired oxygen, positive end-expiratory oxygenation, and inspiratory to expiratory ratio).
Noninvasive positive pressure ventilation should be avoided due to high risk of aspiration during pregnancy. Intrapartum women may also need red blood cell transfusion and inotropic agents to increase maternal cardiac output and maintain oxygen delivery to the fetus [1].

Hemodynamic Support
Hypotensive patients require repletion of intravascular volume when they are clinically hypovolemic. In normovolemic or hypervolemic patients, a vasopressor is the treatment of choice. In patients whose intravascular status is unclear, treatment can either begin empirically with a vasopressor or hemodynamic monitoring with fluid repletion if indicated.
Norepinephine and dopamine are initial vasoactive agents of choice. Dobutamine can be added to increase cardiac output and decrease afterload in cardiogenic shock. Dobutamine should be added after vasopressors have increased blood pressure and to prevent hypotension when dobutamine is used alone.
There should be cautious use of intravenous fluids in patients with AFE since pulmonary edema is a common feature of AFE. Intravenous fluids should be given in small bolus with reassessment after each bolus and fluids discontinued once normovolemic or if there are signs of pulmonary edema.
In addition to intravenous fluids and vasoactive agents, blood transfusions are needed in cases of AFE with coagulopathy or DIC.

Delivery of Fetus
If AFE presents intrapartum, the decision for immediate delivery of the fetus is usually mandated to support maternal hemodynamics. Efforts should be made to correct coagulopathy prior to emergent cesarean; otherwise blood products (blood, fresh frozen plasma, platelets, and cryoprecipitate) should be available in the operating room.


Evidence Contour
Diagnosis
In 1926, the presence of amniotic fluid debris was first described in the pulmonary vasculature of a mother who died suddenly in labor [18], but the syndrome was not recognized until 1941 when an autopsy series revealed fetal mucin and squamous cells in the pulmonary vasculature of women who died suddenly of shock during labor [19]. Previously, amniotic fluid found in a blood sample from the distal port of a pulmonary artery catheter was pathognomonic for AFE. Amniotic fluid debris is also found in the circulation of healthy pregnant women without AFE [20] and there are cases of AFE that meet clinical criteria, but have no amniotic or fetal components detected in the lungs post mortem [5].
Several serum markers for an ancillary diagnosis of AFE have been proposed. Low levels of C3 and C4 had a sensitivity between 88 and 100 % and a specificity of 100 % for the diagnosis of AFE [21]. In a recent study of over 400 cases of AFE in Japan, levels of zinc coproporphyrin-1 and sialyl Tn antigen levels were increased in cases of AFE that presented mainly with cardiopulmonary collapse, and C3 and C4 levels were reduced in cases of AFE that mainly involved DIC and atonic bleeding [5].
Insulin-like growth factor binding protein-1 was also found to be higher in women with AFE in a case control study compared to women with post-partum hemorrhage, normal pregnancy, complicated pregnancy and nonpregnant women with pulmonary embolism [22], but this has not been fully validated for routine clinical practice.
C1 esterase inhibitor levels were decreased in patients with AFE, and many deceased patients from AFE had C1 esterase inhibitor levels far below 25 %. The suggested mechanism is that decreased levels of C1 esterase inhibitor un-inhibit the complement system and contribute to uterine atony, DIC and the anaphylactoid reaction seen in AFE [5].

Adjunctive Therapies
Some adjunct therapies reported include the use of nitric oxide [23] and a right ventricular assist device [24] in patients with pulmonary hypertension and right ventricular failure.
Cardiopulmonary bypass with thromboembolectomy [25], intra-aortic balloon pump counterpulsation, and extracorporal membrane oxygenation (ECMO) [26, 27] have been used in patients with severe left ventricular failure and hypoxemia.
Recombinant human factor VIIa (rVIIa) has been used in patients with severe coagulopathy and bleeding, especially in those undergoing surgery to control postpartum hemorrhage. It is controversial in its use in AFE because rVIIa may be associated with thrombotic morbidity and mortality [24, 28]. Although in a recent case report, rVIIa was used in a case with AFE and resulted in clinical improvement of her coagulopathy and without apparent adverse thrombotic effect [29].
Low levels of C1 esterase inhibitor are associated with AFE and C1 esterase contained in fresh frozen plasma seems to contribute to improvement. This suggests that obtaining levels may be applicable for prognosis and supplemental C1 esterase inhibitor (indicated currently for hereditary angioedema) may be a potential treatment for AFE [5].
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Case Presentation
A 26 year-old gravida 3 para 2 with no known prior medical history presents at 34 weeks gestation to the emergency room with shortness of breath that worsened in the last 24 h. She had been sick for the last week and had been to her primary care provider who treated her symptomatically. Vital signs are remarkable for an oxygen saturation of 88 % on room air and tachycardia. On exam she appears to be tachypneic, using accessory muscles of respiration. Coarse breath sounds are heard on auscultation. She has mild pedal edema. A rapid flu test comes back positive. Chest X-ray shows diffuse interstitial infiltrates (Fig. 89.1). She is admitted to the intensive care unit and started on supplemental oxygen and oseltamivir. A blood gas obtained an hour after admission shows a PCO2 of 40 and a PaO2 of 70 on an FIO2 of 100 %.[image: A329322_1_En_89_Fig1_HTML.gif]
Fig. 89.1Patient’s chest x-ray





Question
What is her diagnosis?

Answer
ARDS associated with Influenza pneumonia.

Question
What will you do next?

Answer
Intubate the patient with precautions for possible difficulty airway and initiate mechanical ventilation. Initiate empiric antibacterial therapy along with neuraminidase inhibitors.


Principles of Management
Physiologic Respiratory Changes Seen in Pregnancy
Dyspnea on exertion is a common complaint reported by gravid patients as the pregnancy progresses. The etiology is the increase in oxygen consumption by almost 20 %. However, the body compensates for this by increasing both respiratory rate and tidal volume, thereby increasing minute ventilation [1, 2]. These changes make the partial pressure of oxygen slightly higher than normal on a blood gas, and would range from 100 to 110 mmHg. The partial pressure of carbon dioxide would be lower than normal for a non-pregnant patient and ranges from 27 to 32 mmHg [3]. Low pulmonary reserves that arise from reductions in functional residual capacity and increased oxygen consumption make pregnant women develop hypoxemia more rapidly [4].
Differential Diagnosis of Pulmonary Conditions in Pregnancy

                  Conditions Unique to Pregnancy
                
Pulmonary edema	Pre-eclampsia related

	Tocolytic induced pulmonary edema

	Peripartum cardiomyopathy

	Ovarian hyper stimulation syndrome

	Mendelson syndrome

	Amniotic emboli






                  Conditions not Unique to Pregnancy
                
Exacerbation of underlying pulmonary conditions	Asthma

	Obstructive sleep apnea





Pulmonary infections
Pulmonary emboli
ARDS secondary to trauma, burns, sepsis

Pulmonary Edema
Pulmonary edema can be broadly classified as cardiogenic or non-cardiogenic. Cardiac output increases very early on and is the highest in the post-partum period. Plasma volume expands due to sodium and water retention, thereby increasing preload, but afterload reduces due to vasodilation systemically [5]. The most common causes of non-cardiogenic acute pulmonary edema in pregnancy are the use of tocolytic agents, fluid overload, preeclampsia, sepsis, trauma or following aspiration of gastric contents [6, 7].

Pre-eclampsia associated pulmonary edema – Pulmonary edema is a frequently encountered complication in patients with pre-eclampsia with most cases occurring after delivery. Initial management involves lowering the blood pressure urgently especially in patients who have severe elevations of blood pressure that persists longer than 15 min. Once pulmonary edema occurs, parenteral therapy is more effective, and nitroglycerine is the agent of choice as recommended by The European Society of Cardiology [8]. Diuretics should be instituted to promote pre load reduction recognizing that the preeclamptic patient may have complex fluid balance needs due to low oncotic pressure. When necessary, noninvasive ventilation is recommended, in patients with increased work of breathing or hypoxemia as it is known to improve these parameters and can decrease the need for invasive mechanical ventilation by [9].

Tocolytic induced pulmonary edema is relatively uncommon [10]. Tocolytics such as ritodrine and terbutaline are beta agonists that increase heart rate and stroke volume but cause peripheral vasodilation and decrease blood pressure. Management involves firstly stopping the tocolytic therapy and treating pulmonary edema with diuretics. These patients tend to recover well and reported mortality is low [11].

Peripartum cardiomyopathy – These patients usually have no known prior heart disease and present with congestive heart failure typically in the last month of pregnancy and up to 5 months post-partum. Unfortunately, the mortality can be as high as 20–50 % [12, 13].

Ovarian hyperstimulation syndrome (OHSS) is another uncommon cause of pulmonary edema with a prevalence of 1–10 %. Mechanisms are not entirely clear but involve increased vascular permeability. Treatment is supportive care [14].

Aspiration – Certain factors such as an incompetent lower esophageal sphincter coupled with a decrease in stomach motility can increase the risk for aspiration. One must have a high index of suspicion as not all events are witnessed. Treatment is usually supportive [15].

Airway Disease

Asthma is seen very frequently with prevalence in pregnancy ranging from 1 to 8 % [16]. Certain factors easily obtained by a good history can help you understand who is at increased risk of complications from asthma, these being history of exacerbations, intubations, and recent steroid use. Most exacerbations are characterized by cough, wheezing, and dyspnea. The National Asthma Education and Prevention (NAEP) group recommends obtaining a baseline peak expiratory flow in order to guide further management. If the patient is approaching less than half of what their baseline is, then treatment with supplemental oxygen to correct hypoxemia and bronchodilators such as a beta-agonist and anticholinergic agents are to be given. A target oxygen saturation above 90 % with consideration for invasive mechanical ventilation in those who are in impending respiratory failure. A partial pressure of carbon dioxide within the normal range of 36–40 on an arterial blood gas can be a early sign of imment respiratory failure in the gravid patient. Intravenous steroids also have to be instituted. Care should be taken during mechanical ventilation to avoid a short expiratory time that can cause auto peep [16]. Intravenous magnesium sulfate may be beneficial in acute severe asthma in addition to bronchodilators especially in patients with coexistent hypertension or preterm uterine contractions [16, 17].

Large airway obstruction mostly arises due to a difficult intubation and the incidence is anywhere between 0.4 and 5.5 %. Intubation may be difficult during pregnancy and the peripartum period due to upper airway edema, pharyngeal mucosal friability and diminished airway caliber, especially late in pregnancy. The gravid patient especially third trimester, should be considered a difficult airway patient with high risk of aspiration and decreased oxygen reserve. Other causes of airway obstruction such as tumors, hematoma and laryngeal edema are rarely encountered [18, 19].

Obstructive Sleep Apnea in Pregnancy
Increased upper airway resistance may occur in pregnancy as a result of pharyngeal edema and increased pharyngeal tone could potentially worsen OSA in pregnant women. Incidence of OSA is estimated to be between 8.4 % in the first trimester and 19.7 % in the third trimester [20]. Maternal risks include increased morbidity from conditions that have been associated with OSA and underlying obesity such as preeclampsia, eclampsia, gestational hypertension, cardiomyopathy and gestational diabetes [21]. These patients are at higher risk for hypoxemia during labor, and continuous monitoring is necessary. CPAP therapy remains the first line of therapy and women are instructed to bring in their device when they come during labor.


Pulmonary Infections in Pregnancy
Viral Pneumonia
Varicella and influenza are the most common pathogens associated with viral pneumonia in pregnancy [22].
Estimated mortality rate amongst the H1N1 pandemic ranged from 12.5 to 42.1 % [23]. The risk of hospitalization is highest in the third trimester. Mortality related to influenza is mostly due to secondary bacterial pneumonia, although the 2009 H1N1 pandemic differed in this aspect with more patients dying primarily from the effects of H1N1 virus. The most commonly implicated pathogens are S. pneumonia and Staphylococcus aureus followed by H. influenza and it is reasonable to start empiric antibacterial agents at the time of presentation [24].

Bacterial Pneumonia

Streptococcus pneumonia followed by Hemophilus Influenza are the most commonly encountered agents [22]. Some of the risk factors for pneumonia in pregnancy include anemia, asthma, antepartum corticosteroids given to enhance fetal lung maturity, and the use of tocolytic agents to induce labor [25].
Oxygen supplementation is necessary with a goal of keeping the partial pressure of oxygen above 70 mmHg. The penicillins, cephalosporins, and macrolides are considered safe to use in pregnancy [22]. A history of contact with farm animals should raise suspicion for Q fever and therapy with macrolides is preferred [26].


Neuromuscular Diseases and Central Causes
Central causes of respiratory failure such as drugs, tumors, hemorrhage, and infection should be treated for in a similar manner as the general population with treatment of the underlying cause and mechanical ventilation if necessary. Conditions such as kyphoscoliosis may precipitate hypercapnic respiratory failure in pregnancy [27]. These patients should be closely monitored with arterial blood gasses, vital capacity and maximal and minimal inspiratory pressures [28].
Magnesium sulfate which is used as a tocolytic and to prevent seizures in pre-eclampsia can cause respiratory depression at levels greater than 12, and respiratory arrest at levels of 16–18.
Careful monitoring of magnesium sulfate dosing and infusion rates and monitoring maternal deep tendon reflexes and urine output with serum magnesium levels with precise infusion rates is necessary.

Pneumothorax in Pregnancy
Pneumothorax may occur because of hyperemesis, pushing efforts in labor, underlying lung disease, and without obvious precipitating cause [29]. Hamman’s syndrome of intrapartum subcutaneous emphysema, pneumomediastinum, or pneumothorax results from the forceful “pushing” efforts during labor and about 200 cases have been reported worldwide before [30]. The clinical presentation is usually chest pain with breathlessness and presence of crackles or ‘Hamman’s sign ‘in the left lateral decubitus position in systole. Most cases resolve spontaneously, but emergent chest tube placement might be required in some cases.

Pulmonary Embolism in Pregnancy
Embolic events rank among the major causes of maternal mortality in modern obstetrics. Risk factors include venous stasis, advanced age, sepsis, obesity and cesarean section. Hypoxemia is common. With massive embolism, circulatory failure is more prominent. Diagnosis is made by compression ultrasonography and if negative they will need perfusion study. If the diagnosis of PE is strongly considered, then treatment with unfractionated heparin should be started immediately unless a high risk or contraindication is present for the use of any anticoagulants.
Unfractionated heparin and low-molecular weight heparin are safe to use during pregnancy because they do not cross the placenta. TPA has also been used during pregnancy although there are no controlled trials [31, 32].

Cystic Fibrosis
Cystic fibrosis is the most common congenital pulmonary disease encountered during pregnancy. It is a restrictive and obstructive disorder, with a predisposition to infection. Bronchodilators and chest physiotherapy should be recommended, and chest infections should be treated aggressively [33].


Evidence Contour
The critically ill pregnant patient requires a multidisciplinary approach and early inclusion of obstetrical expertise is paramount in managing these patients especially in the third trimester.
Ventilation Strategies in the Pregnant Patient
Challenges
Pregnant women have hypocapnia due to hyperventilation at baseline. Thus, the arterial carbon dioxide tension (PaCO2) tends to be lower in a pregnant woman, and a normal PaCO2 is a sign of impending respiratory failure. Intubation may be difficult during pregnancy and the peripartum period due to upper airway edema and diminished airway caliber, especially late in pregnancy.

Goals of Ventilation
The goal is to rest the fatigued respiratory muscles while providing suitable gas exchange. Respiratory muscle rest involves institution of invasive or noninvasive mechanical support, and the ventilator must overcome pressures related to airway resistance and elastic properties of the lung to allow adequate ventilation and gas exchange.

Non-invasive Ventilation
A trial of NIV can be instituted early on in patients with pulmonary edema. Favorable outcomes have been reported in case reports and series [34].

Mechanical Ventilation
Low tidal ventilation strategy is recommended [35]. PEEP improves oxygenation and should be used to provide a PaO2 > 65 mmHg while administering the least FiO2. The target PaCO2 is 30–32 mmHg since this is the normal level during pregnancy. Marked respiratory alkalosis should be avoided because it may decrease uterine blood flow. Maternal permissive hypercapnia may also be deleterious to the fetus because of resultant fetal respiratory acidosis although this mode of ventilation has been used safely in pregnant women in small trials.
Propofol remains the first choice for sedation in these patients and if paralytics are clinically of cisatracurium would be the preferred agent [36].

Extra Corporeal Membrane Oxygenation (ECMO)
This technique has been used a rescue therapy for refractory ARDS with reported maternal and fetal survival rates between 80 % and 70 %, respectively [37, 38]. Most of the published literature is from the 2009 H1N1 influenza pandemic. Early institution with careful patient selection and judicial management of anticoagulation might improve successful outcomes [38, 39].

Prone Ventilation
Use of prone positioning in the third trimester has not been widely studied however case reports have appeared in the literature with apparently acceptable results. As in other severe ARDS patients, proning requires careful attention to inadvertent decannulation of lines or extubation. The pressure points especially eyes need to be protected and no hyperextension of joints. There needs to be adequate room for the abdomen to expand passively. This can be achieved by the use of appropriately sized bolsters at chest and hip level to help elevate the patient above the mattress. This also allows for anterior displacement of uterus off of the inferior vena cava which is necessary for adequate venous return after 20 weeks gestation. Close monitoring of mother and fetus including continuous fetal cardiotocography should be in place if fetus of viable age [40, 41].

Delivery
Delivery of the fetus can improve the maternal condition in several obstetrical disease states. In ARDS, it appears perhaps to improve oxygenation and management of the mother but does not definitively improve maternal survival [35, 42].
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Case Presentation
A 36 year old primiparous woman at 32 weeks gestation with a past medical history of morbid obesity (BMI is 43 kg/m2) and tobacco use presents to Labor and Delivery complaining of headache and abdominal pain. On arrival to Labor and Delivery her blood pressure is 160/92 mmHg, her pulse is 110 beats per minute (bpm), respirations are 20 breaths per minute and oxygen saturation is 96 % on room air. She feels occasional contractions but denies any vaginal bleeding or leakage of fluid and appreciates good fetal movement. Her abdominal pain is located on the right side under her ribcage, and she has had nausea and vomiting. The headache woke her from sleep; she had taken acetaminophen 1000 mg at home with no relief. On physical exam, she has tenderness in the right upper quadrant but no guarding or rebound. She has edema in her face, hands, and lower extremities. Her reflexes are +3/4 bilaterally, and clonus is present. A repeat blood pressure 15 min later is 155/90 mmHg. Fetal heart tracing shows minimal variability and a baseline of 130 beats per minute. Irregular contractions every 3–7 min are noted on tocometer. She reports that her headache is worse with accompanying “spots” in her vision. Laboratory tests including complete blood count and urinalysis were performed. Her protein/creatinine ratio results at 0.63, platelets are 90 K/uL, hemoglobin is 10 mg/dL, creatinine is 1.2 mg/dL, aspartate aminotransferase (AST) is 295 U/L and alanine aminotransferase (ALT) is 316 U/L. A bedside glucose is 82 mg/dL.
Question
What initial therapy should be started in this patient?

Answer
Magnesium Sulfate

This patient meets criteria for preeclampsia with severe features, and, therefore, her initial treatment should be intravenous magnesium sulfate for seizure prophylaxis. A 6 g bolus of intravenous magnesium sulfate over 30 min and then a maintenance dose of 2 g/h was ordered. Betamethasone 12 mg IM was given for fetal lung maturity development and a second dose was ordered for 24 h later. As her magnesium bolus is just being hung she appears agitated and begins to seize. The seizure last 30 s and the 6 g magnesium sulfate bolus is given over the next 20 min. Fetal monitoring demonstrates fetal heart rate deceleration down to 60 bpm lasting 4 min with a return to baseline at 120 bpm and minimal variability. She has no past medical history of seizures.
Question
What is the diagnosis?

Answer
Eclampsia

Eclampsia is diagnosed in a pregnant patient with new onset seizures that cannot be attributed to another cause in patients with hypertension or other signs or symptoms of preeclampsia. Magnesium sulfate remains the treatment of choice and has been shown to decrease the risk of seizure reoccurrence compared to other anticonvulsants [1]. Magnesium sulfate is continued and on postictal exam, the patient appears lethargic but responsive. With the diagnosis of eclampsia, the decision is made to move toward delivery. On cervical exam, her cervix is long, thick and closed, and the fetus is breech on bedside ultrasound. The decision is made to proceed with cesarean delivery secondary to breech presentation of the fetus. She is still complaining of headache and spots in her vision and blood pressure is 170/113. A repeat blood pressure 15 min later is 185/109.
Question
While continuing to prepare for delivery, what is the next step in the management of this patient?

Answer
Antihypertensive rescue therapy

Since she has had two severe-range blood pressures (greater than 160 mmHg diastolic or 110 mmHg diastolic) 15 min apart and antihypertensive therapy should be given to reduce the risk of cerebral hemorrhage and stroke [2, 3]. She is given Labetalol 20 mg IV slow-push over 2 min. A repeat blood pressure 10 min later is 155/117 mmHg and additional 40 mg IV labetalol is given over 2 min. Ten minutes after that her blood pressure is 158/95 mmHg. Coagulation studies are sent in preparation for delivery. A peripheral smear, haptoglobin and lactate dehydrogenase (LD) levels were sent earlier and have just resulted: Her LD level is 875 IU/L, haptoglobin is 20 mg/dL, and her peripheral smear shows schistocytes.
Question
What additional diagnosis is made in light of these laboratory findings?

Answer
HELLP syndrome

“HELLP” (Hemolysis, Elevated Liver Enzymes and Low Platelets) syndrome is characterized by microangiopathic hemolytic anemia (diagnosed by the presence of schistocytes on peripheral smear, anemia, lactate dehydrogenase grater than 600 U/L and haptoglobin less than or equal to 25 mg/dL), thrombocytopenia (platelets less than 100,000), and abnormal liver function (elevated transaminase levels) in a pregnant patient usually occurring in the setting of preeclampsia/eclampsia [4]. HELLP syndrome is progressive and can cause significant maternal and fetal morbidity and mortality. Delivery is recommended if HELLP syndrome is diagnosed after 34 weeks gestational age or sooner if there is disseminated intravascular coagulation, liver hemorrhage or infarction, pulmonary edema, renal failure, placental abruption, non-reassuring fetal status, eclampsia or other preeclampsia with severe features where expectant management is contraindicated such as uncontrolled severe hypertension [2, 5]. Antenatal steroids such as dexamethasone given in HELLP have not been shown to improve maternal outcomes [2, 6]. Our patient’s coagulation studies resulted with fibrinogen level of 99 mg/dL, international normalized ration (INR) of 2.1 and activated partial thromboplastin time (APTT) of 68 s. On the way to the operating room she begins to have moderate vaginal bleeding. She is now complaining of severe diffuse abdominal pain and recurrent late decelerations are seen on fetal monitoring.
Question
What new clinical diagnosis is now suspected in this patient?

Answer
Placental Abruption.

Placental abruption occurs when the placenta prematurely separates from the uterus causing bleeding and fetal compromise from blood loss at the maternal-fetal interface. Placental abruption can lead to maternal disseminated intravascular coagulation and fetal demise. Placental abruption is a known complication of HELLP syndrome and has a strong association with development of disseminated intravascular coagulation (DIC) [4]. The clinical presentation of placental abruption is abdominal pain and vaginal bleeding after 20 weeks gestation and fetal compromise [7]. Our patient is typed and crossed for six units of packed red blood cells, two units of platelets and two units of fresh frozen plasma. A Foley urinary catheter, an arterial line and a second large bore IV site are placed and one unit of fresh frozen plasma is administered. She is placed under general anesthesia and cesarean section is performed. A 1217 g male fetus is delivered with APGARs of 5 and 6. Estimated blood loss during the surgery is 3.5 l. She receives one unit of packed red blood cells and 2 units of fresh frozen plasma intra-operatively. In recovery her blood pressure is 155/97, heart rate is 110 bpm, oxygenation is 96 % on room air and respiratory rate is 16 breaths per minute. Her latest laboratory values show fibrinogen of 150 mg/dL, INR of 1.5, platelets of 70 K/uL and hemoglobin of 8.0 mg/dL. Magnesium sulfate is continued for seizure prophylaxis for 24 h postpartum. She recovers well over the next few days, her laboratory values and blood pressures improve and she is discharged from the hospital in stable condition on post-operative day number four.

Principles of Management
Diagnosis
Diagnosis of preeclampsia is made when a patient has significant proteinuria of greater than 300 mg of protein in a 24 h urine collection or a protein/creatinine ratio of 0.3 mg/dL and blood pressure measurements of greater than 140 mmHg systolic or 90 mmHg diastolic on two instances 4 h. Preeclampsia with severe features is diagnosed when at least one of the following criteria is met:	Blood pressure measurements of greater than or equal to 160 mmHg systolic or 110 mmHg diastolic on two occasions

	Thrombocytopenia with platelet count less than 100 K/uL

	Impaired liver function as indicated by AST or ALT to twice their normal concentration, severe persistent right upper quadrant pain or epigastric pain unresponsive to medication and not accounted for by alternative diagnosis

	Progressive renal insufficiency as indicated by serum creatinine of greater than 1.1 mg/dL or doubling of the serum creatinine in the absence of renal disease.

	Pulmonary edema

	New-onset cerebral or visual disturbances including worsening headache not relieved with medication or accounted for by alternative diagnosis and new onset seizures (eclampsia) [2].





Additional signs and symptoms of preeclampsia include systemic edema (hands, face, lower extremities), rapid weight gain, hyperreflexia, oliguria or anuria, fetal growth restriction, nausea and vomiting, chest pain and shortness of breath. In severe preeclampsia systemic endothelial dysfunction leads to end-organ damage secondary to inadequate vascular perfusion. Untreated, severe preeclampsia can lead coagulopathy, multi-organ failure and death [7].
Eclampsia is the development of new onset seizures that cannot be attributed to another cause occurring after 20 weeks gestation, usually in the setting of hypertension and proteinuria.
HELLP Syndrome (Hemolysis, Elevated Liver enzymes and Low Platelets) is diagnosed in a pregnant patient after 20 weeks gestation with evidence of hemolysis from microangiopathic anemia (schistocytes on peripheral smear, anemia, lactate dehydrogenase greater than 600 U/L, total bilirubin greater than 1.2 mg/dL), thrombocytopenia (platelets less than 100 K U/L and elevated liver transaminases to at least twice their normal level often in the setting of preeclampsia, although hypertension and proteinuria do not always occur [8].
Preeclampsia, Eclampsia and HELLP are all considered part of the same disease spectrum that carries high rate of maternal and fetal morbidity and mortality. These are progressive conditions that warrant prompt evaluation and management. The primary disease process in these states is endothelial dysfunction and vasospasm. Thus can affect many organ systems in the body:	
Neurological: Cerebral edema, vascular occlusion, and cerebral hemorrhage have all been associated preeclampsia. Cerebral manifestations include scotomata, blindness, headache, tinnitus, dizziness, fever, mental confusion and seizure. Hyperreflexia of deep tendon reflexes and clonus may be present.

	
Cardiovascular: Hypertension, cardiomyopathy, heart failure

	
Pulmonary: Pulmonary edema, aspiration from eclamptic seizure

	
Hematologic: Disseminated Intravascular Coagulation, intravascular volume depletion, third spacing of fluid manifesting as edema of the face and extremities

	
Gastrointestinal: Liver enlargement, liver capsule edema, intrahepatic hemorrhage, infarction. Aspartate aminotransferase (AST) and alanine aminotransferase may be elevated. Liver capsule rupture can occur and has an extremely high mortality rate.

	
Renal: proteinuria, renal failure, oliguria, anuria, rhabdomyolysis from eclamptic seizure

	
Fetal: Placental insufficiency, fetal demise, placental abruption [7]






Seizure Prophylaxis
Magnesium sulfate is first line therapy for seizure prophylaxis in patients with preeclampsia [2, 7]. Magnesium sulfate is a calcium channel blocker and smooth muscle antagonist; it also depresses central nervous system irritability. The initial dose for seizure prophylaxis is intravenous bolus of 4 or 6 g over 15–30 min followed by a maintenance dose of 2 g/h IV. Magnesium is renally cleared. In worsening renal function, magnesium levels should be drawn to titrate magnesium dose and the patient frequently checked for signs of magnesium toxicity (loss of deep tendon reflexes and respiratory depression). If magnesium toxicity occurs, calcium gluconate is the first line agent to reverse this complication. Magnesium should be continued at 2 g/h until 12–24 h postpartum, or until diuresis has occurred [7].

Treatment of Eclamptic Seizure
An actively seizing eclamptic patient should be placed in the left lateral recumbent position, given oxygen as needed and oral secretions should be suctioned to prevent aspiration. Magnesium sulfate is the treatment of choice for eclamptic seizures [1, 2, 9]. If seizures reoccur and magnesium is already being given a second IV bolus of 2 g of magnesium can be given over 3–5 min. If this does not work, other anticonvulsants such as diazepam or lorazepam should be given [7, 9, 10].

Antenatal Steroids and Delivery
Delivery is the definitive treatment for preeclampsia, eclampsia and HELLP syndrome although it can take a few days after delivery for the disease process to resolve fully. Additionally, postpartum preeclampsia and eclampsia can still develop weeks after delivery. Delivery is indicated when there are signs of maternal and/or fetal compromise. Delivery should occur after maternal stabilization in the setting of eclampsia or cardiovascular and/or hemodynamic instability if possible. In patients with preeclampsia without severe features delivery can be delayed until 37 weeks gestation. In patients with preeclampsia with severe features greater than 34 weeks gestation delivery should not be delayed. In patients with preeclampsia with severe features before 34 weeks gestation delivery should be delayed if possible until antenatal steroids are administered, and steroid benefit is achieved. In cases of unstable maternal or fetal conditions, this may not be possible. Cesarean section should be reserved for the usual obstetric indications but induction of labor should be carried out as swiftly as possible [2]. In patients with suspected liver hematoma cesarean section is indicated if vaginal delivery is not imminent as subcapsular liver hematomas are at risk of rupturing and this complication has a very high maternal and fetal mortality rate [11].

Anti-hypertensive Therapy
The use of anti-hypertensive therapy in a preeclamptic patient should be limited to preventing maternal intracranial bleeding or stroke. The risk of intracranial hemorrhage and stroke is increased when maternal blood pressures are above 160 mmHg diastolic and 110 mmHg systolic. There is no proven fetal benefit to lowering blood pressures lower than this cut off in preeclamptic patients and no evidence that lower maternal blood pressure will decrease the risk of seizure. Lowering maternal blood pressure too aggressively could potentially lead to decreased placental perfusion and fetal compromise. Antihypertensive therapy should be initiated when two blood pressures taken 15 min apart are greater than 160 mmHg diastolic or 110 mmHg diastolic. First line antihypertensive treatment in pregnancy includes intravenous labetalol or hydralazine or oral nifedipine [2, 3, 7]. Labetalol is more commonly used since hydralazine can cause precipitous decreases in blood pressure in those patients who are volume depleted as often seen in preeclamptic patients. Nifedipine is a calcium channel blocker and caution is advised when using this medication concurrently with magnesium sulfate. Labetalol is given starting at 20 mg IV push over two minutes. The dose is increased to 40 mg, then 80 mg every 10 min if blood pressure has not improved to less than 160 mmHg systolic or 110 mmHg diastolic. If blood pressure is still not lowered after 80 mg labetalol, hydralazine 10 mg IV push over 2 min can be given. Alternatively antihypertensive therapy can be initiated with hydralazine 5–10 mg IV push over 2 min and repeated in 10 min if blood pressure is still not controlled. After two doses of hydralazine have not shown to control blood pressure, therapy with labetalol should be initiated. If these regimens are unable to control blood pressure, further management should be decided upon per maternal-fetal medicine or critical care specialist [2]. Sodium nitroprusside is not often used but may be considered in a hypertensive emergency if other medications fail. Diuretics should only be used to treat pulmonary edema in a pregnant preeclamptic patient. These patients are often intravascularly depleted, and diuretics are not recommended for blood pressure management [9].

Treatment of DIC
Disseminated intravascular coagulation (DIC) occurs in up to 10 % of patients with severe preeclampsia [7] and can present with severe bleeding, shock, hemoptysis, dyspnea and acute renal failure. The diagnosis is made with clinical presentation as well as laboratory findings consistent with coagulopathy such as low fibrinogen, thrombocytopenia, prolonged PT, prolonged APTT and elevated INR. Large bore intravenous access should be achieved. An arterial line should be considered for close monitoring. Fluid and product resuscitation should be begun. Most hospitals have a Massive Transfusion Protocol and this should be initiated. As in all cases of DIC, the underlying cause should be treated and in the pregnant patient with severe preeclampsia, eclampsia or HELLP definitive treatment is delivery. Cesarean delivery is preferred in a patient with hemodynamic instability and worsening DIC despite blood product replacement. An attempt should be made to improve clotting ability before surgery if possible. Surgeons with the experience to perform cesarean hysterectomy and manage intrapartum hemorrhage should attend the delivery. The patient should be cared for in the critical care unit postpartum with blood product replacement and hemodynamic monitoring as needed [12].


Evidence Contour
Magnesium Sulfate Therapy
Magnesium sulfate is the cornerstone of seizure prevention and treatment in patients with severe preeclampsia, eclampsia and HELLP syndrome. The Magpie Trial published in 2002 randomized 10,000 women with preeclampsia to magnesium or placebo for prevention of eclampsia and demonstrated that the women who received magnesium had a 58 % lower risk of seizure. The Collaborative Eclampsia Trial reported in the Lancet in 2003 an international multicenter trial comparing magnesium sulfate and diazepam and magnesium sulfate and phenytoin for the anticonvulsant treatment of eclampsia. Magnesium sulfate reduced the rate of recurrent seizure by greater than 50 % in this study [13].

Invasive Monitoring
The preeclamptic patient with refractory oliguria or anuria and pulmonary edema is a candidate for invasive monitoring. Invasive monitoring can help determine the underlying etiology of the pulmonary edema and, therefore, guide treatment. A study of eight preeclamptic patients with severe preeclampsia and pulmonary edema postpartum monitored with pulmonary artery Swan-Ganz catheters showed that the etiology of the pulmonary edema is not the same for every preeclamptic patient: five patients had changes in colloid oncotic pressure, three patients had pulmonary capillary leak, two had left ventricular failure, and in three of the patients central venous pressure was significantly lower than simultaneously obtained pulmonary capillary wedge pressure [14]. A Cochrane review of pulmonary artery catheter use in pregnant women showed there are no randomized controlled trials of monitoring preeclamptic women with pulmonary artery catheters; further studies are needed and no firm recommendation can be made to use this form of monitoring over central venous monitoring [15].

Dexamethasone Therapy in HELLP Syndrome
Dexamethasone was used in the past for treatment of HELLP but a Cochrane review in 2010 showed that this therapy did significantly improve platelet counts in patients with HELLP syndrome but did not improve maternal outcomes or perinatal mortality [6]. The American College of Obstetricians and Gynecologist states in their task force statement on hypertension and pregnancy that dexamethasone therapy in patients with HELLP syndrome may be justified in situations where platelet improvement could be clinically valuable [2].

Differentiation from Acute Fatty Liver of Pregnancy (AFLP)
It is often difficult to distinguish AFLP from Pre-eclampsia with HELLP syndrome as it carries similar symptoms and laboratory findings. Symptoms include persistent nausea, vomiting and epigastric pain which are features of both diseases [16–20]. Laboratory findings include liver function abnormalities, elevated creatinine, coagulopathies and hypoglycemia. Some distinguishing features may be a higher level of bilirubin possibly causing jaundice, higher levels of creatinine contributing to renal failure with possible need for dialysis and higher levels of uric acid and neutrophils [17, 18, 20]. In contrast to HELLP coagulopathies, AFLP causes prolongation in prothrombin time, this is thought to be secondary to increased consumption and decreased production by the hepatocytes, and is associated with thrombocytopenia often <50,000 and a hypofibrinogenemia [20, 21]. AFLP also causes acidosis and hypoglycemia which are uncommon in HELLP syndrome. Laboratory values should reach their nadir 2 days postpartum while clinical improvement may not be until postpartum day 3–4, and return to normal values may take as long as 6–21 days [20]. Some more severe complications of AFLP include pancreatitis, acute renal failure, disseminated intravascular coagulopathy (DIC), gastrointestinal bleeding, pulmonary edema, encephalopathy, diabetes insipidus [22] and intractable hypoglycemia [16, 18]. Most common period for the diagnosis of AFLP is during the third trimester.
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Case Presentation
A 24 year old man with a medical history significant for epilepsy, treated for years with levetiracetam, who had lamotrigine added to his medication regimen. He presents 3 weeks afterwards with a 5-day history of a tingling erythematous rash on both palms, that spread to involve his face, neck, chest, abdomen, back, upper and lower extremities over the next 4 days. Within 1 day of developing the palmar rash, he developed sore throat, oral pain, and widespread ulcerations of the lips and oral mucosa, as well as fever and generalized fatigue. He also developed an ulceration of the urethral meatus with significant dysuria.
His examination revealed multiple, scattered 5–15 mm erythematous macules with dusky purple centers, some of which had a targetoid appearance involving the face, trunk, limbs, hands, penile shaft and the peri-inguinal areas.
The lips were cracked and dry with widespread erythematous erosions involving the buccal mucosa, soft and hard palate, and beneath the tongue. There was a discrete erythematous erosion of the glans penis extending into the urethral meatus (Fig. 91.1).[image: A329322_1_En_91_Fig1_HTML.gif]
Fig. 91.1(a, b) Large loose flaccid bullae which quickly desquamate leaving behind moist erosions. Nikolsky sign was positive with gentle pressure on non-bullous skin causing sloughing. Asboe-Hansen sign was positive with gentle pressure on bullae causing advancement of bullae. Both indicate epidermal necrosis and are sensitive signs for SJS/TEN





Question
What is the most likely diagnosis for this patient’s skin eruption?

Answer
Stevens-Johnson syndrome

Stevens-Johnson syndrome and the more severe toxic epidermal necrolysis (TEN) encompass a spectrum of potentially life threatening cutaneous diseases with systemic manifestations [1]. It presents typically with a prodrome of fever, anorexia, pharyngitis and headaches, followed by extensive detachment of the epidermis, in a widespread erythematous or confluent purpuric macules or atypical flat targetoid lesions, which evolve into vesicles or bullae. Skin sloughing follows, and can occur in sheets during the acute phase. Lateral pressure on the skin can produce sloughing of the epidermis and exposure of the dermis, known as Nikolsky sign, characteristic of the syndrome but seen in other severe skin eruptions.
Mucosal involvement is almost universal, occurring in more than 95 % of cases of SJS/TEN, and usually precedes the skin manifestations by a few days. It is characterized by painful, hemorrhagic erosions that can be widespread and commonly involve the eyes, oropharyngeal, anal and genital mucosae. Ulcers and crusts form on the affected mucosal sites and can result in bleeding or infection.
Ocular involvement occurs in more than 60 % of SJS/TEN cases, and can range from mild conjunctivitis, to the more severe membranous or pseudomembranous conjunctivitis, with goblet cell and lachrymal gland loss leading to alterations in the amount and consistency of the tear film, with resultant photophobia, eye dryness and severe pain, prompting an ophthalmologic evaluation early in the course of the disease [2].
The severity of the SJS/TEN syndrome is based on the percentage of epidermal detachment of the body surface area (BSA). It ranges from a BSA of less than 10 % in SJS, to 10–30 % of BSA involvement in the SJS/TEN overlap, to more than 30 % of BSA involved in TEN. The mortality can range from 9 % for SJS to 48 % for TEN [3].
It remains a rare disease, with an incidence of 2–7 cases per million per year, and SJS incidence is almost 3 times that of TEN [4]. It can affect virtually any age group, even occurring in newborns, with an average age of presentation in the sixth decade. It is more prevalent in women and the elderly.
The SCORTEN score was developed to predict the risk of death early in the course of the disease (Table 91.1). It contains seven clinical criteria and laboratory values, with one point given for the worse of each criterion, and a maximal score of seven predicting the expected highest mortality [5].Table 91.1Scorten Score


	Clinical
	 	Score

	Age
	≥40 years
	1

	BSA involveda

	≥10 %
	1

	Malignancy
	yes
	1

	Tachycardia
	≥120 BPM
	1

	BUN
	≥27 mg/dLb

	1

	Serum glucose
	≥250 mg/dLc

	1

	Serum bicarbonate
	≤20 mEq/L
	1

	Total
	 	0–7


A SCORTEN score of 0–1 predicts a mortality rate is 3.2 %. A score of 2 predicts a mortality rate of 12.2 %, a score of 3 predicts a mortality rate of 35.3 %, a score of 4 predicts a mortality rate of 58.3 %, and a score of ≥5 predicts a mortality rate of 90.0 %

aSkin detachment on day 1

b10 mmol/L

c14 mmol/L




In most instances, SJS/TEN is caused by drugs, emphasizing the need for obtaining a detailed history focusing on patterns of drug intake, and on any new added drugs and their association with the onset of the disease [6]. Drugs most associated with SJS include anti-infective agents such as nevirapine, sulfonamide antibiotics, allopurinol, anti-epileptics such as carbamazepine, lamotrigine, phenytoin, phenobarbital, cyclooxygenase inhibitors including NSAIDs.
Fewer cases of SJS/TEN are due to infections, especially Mycoplasma pneumonia [7] or viruses, such as coxsakie, Epstein–Barr, human herpes virus 6 and 7, cytomegalovirus, especially in children [8].
SJS, and more commonly TEN, can have systemic manifestations by involving the epithelial linings of internal organs, which include acute renal failure with micro albuminuria, as a result of glomerular and tubular epithelial involvement. Pulmonary manifestations such as adult respiratory distress syndrome, bronchiolitis obliterans and infectious pneumonitis, can lead to respiratory failure and death [9]. Gastrointestinal manifestations present with oral and pharyngeal mucosal lesions that can evolve into painful crusts from ruptured vesicles, leading to dysphagia. In the severe cases, it can result in inadequate nutritional and fluid intake. Extension to the entire gastrointestinal tract has been reported [10] leading to diarrhea, gastrointestinal bleeding, cholestatic hepatitis [11] and intestinal necrosis [12].
Pathogenesis
SJS/TEN syndrome is considered a delayed, type IV hypersensitivity reaction to an offending agent, usually a drug. It has been recently established that certain drugs can bind non-covalently to peptide grooves on human leukocyte antigen (HLA) proteins in susceptible individuals. The drug-HLA complex is then presented on keratinocyte cell surface and recognized by the TCR of CD8+ cells, leading to activation of these cells into cytotoxic T lymphocytes, (CTLs) and NK cells, which triggers the secretion of effector chemokines such as granulysin, a cationic cytolytic protein with direct cytotoxic effects leading to extensive keratinocyte apoptosis [13].
SJS/TEN has been linked to certain HLA alleles, such as the association of Carbamazepine-induced SJS to the HLA-B 15:02 allele, found in Han ethnic Chinese with the US Food and Drug Administration to recommending screening for HLA-B 15:02 prior to starting carbamazepine therapy for patients of Southeast Asian ancestry [14]. Other associations include Abacavir, linked to the HLA-B 57:01 allele, or Allopurinol, linked to HLA-b 58:01 [15].


Principles of Management
Supportive Care
The key aspects of treatment for SJS/TEN consists of removal of any suspected offending drug agent with supportive care, and prompt transfer to preferentially a burn unit or a skilled intensive care unit with experience in treating these patients. Adjuvant systemic therapies have shown equivocal outcomes across the literature [16–19].
Supportive therapy is aimed at limiting associated complications. Burn units have experience in handling patients with extensive epidermal damage and sloughing as seen in SJS/TEN. Prompt identification of SJS/TEN via skin biopsy is critical, since minimizing the time between the onset of skin symptoms and transfer to a burn unit has been shown to directly influence survival [16]. Supportive care is focused on fluid and electrolyte replacement, preserving the barrier function of the skin, promoting re-epithelialization of denuded areas, prevention and treatment of infection, and prevention of ocular damage. Volume status, protein and electrolyte replacement is crucial due to significant losses of fluid and protein. This contributes to an overall catabolic state which can lead to mortality. Administration of large volumes of fluids, electrolytes, crystalloids, and TPN are often needed. Venous access sites should be obtained away from involved areas [17]. Gentle and meticulous daily wound care is essential and dermatology consult is necessary when available.
Intact areas of skin should be left dry. Blistered and detached skin surfaces should have vaseline gauze applied until re-epithelialization, as it provides a low friction coverage to these areas [17]. Silicone dressings can also be applied to more eroded areas and left in place until re-epithelialization has occurred. Topical antibiotics such as mupirocin should be applied to the most affected areas, especially to facial mucosal areas such as the nares, mouth and ears [19], but silver sulfadiazine should be avoided if sulfa was suspected offending agent [18]. Systemic antibiotic prophylactic therapy, which used to be the standard of care, is no longer practiced routinely because of risk of cross reactivity with prescribed antibiotics [18]. Damage to the eye and ocular structures is a significant risk and an ophthalmology consult is essential, for frequent evaluation during the disease course but also for follow up and to treat any sequelae that may have occurred. Damage can be minimized by topical antibiotic use, frequent lubrication, and lysis of adhesions by an ophthalmologist [20]. Oral cleaning should be done frequently with antiseptic spray and removal of any oral crusting should be done as needed [20].


Evidence Contour
Several aspects of management in the patient with SJS and TEN are without consensus in the face of high quality clinical trials. The evidence of systemic therapy for SJS and TEN patients remains conflicting, without any convincing role for adjuvant therapies. There have been no prospective controlled trials for treatment of SJS and TEN, and given the low incidence of the disease, larger controlled trials are very difficult to perform.
Systemic Corticosteroids
Systemic corticosteroids have been frequently used for treatment of patients with TEN despite theoretical increase in infection risk. Prior studies have suggested an increase in mortality with steroid use [21] although newer evidence does not corroborate this [22]. Their use remains controversial with no general consensus on the therapy [17].

Intravenous Immunoglobulins (IVIG)
IVIG has been used for treatment of TEN for the past 15 years given early case reports and series demonstrating potential mortality benefit. Larger follow-up studies demonstrated less convincing benefit or no improvement in mortality. A 2012 meta-analysis of IVIG for TEN did not find a clinical benefit from IVIG [23]. The earlier studies demonstrating efficacy suffered from a lack of control group, heterogeneity of hospital supportive care, and heterogeneity of patients’ population [17, 24, 28].

Cyclosporine
Cyclosporine has showed promising results for treatment of SJS/TEN [25–27]. A European pilot study of 29 patients with SJS/TEN demonstrated cyclosporine therapy to be well tolerated without increased risk of infection. Of these 29 patients, the expected death rate was 2.75 % per the SCORTEN score, and the actual death rate was 0 % [25]. Another study showed direct mortality benefit from cyclosporine compared to IVIG in a total 71 patients [27]. These results did not reach a statistical significance because of the small sample size, and thus, larger follow-up studies for confirmation are needed.

TNF Alpha Inhibitors
TNF alpha inhibitors from recent studies are showing possible mortality benefit, with one such study form Italy showing improvement in 10/10 patients treated with a single dose of etanercept (50 mg) without significant side effects [30, 31].

Thalidomide
Thalidomide has been shown to increase mortality in SJS/TEN, and a randomized control trial was discontinued due to increased mortality in 10/12 patients on thalidomide therapy vs 3/10 in the control arm [29].


Summary
In summary, the mainstay of treatment for SJS/TEN involves prompt withdrawal of any offending agents, supportive care with transfer to a burn or intensive care unit. The evidence for use of systemic therapies are not yet conclusive [17, 20], at this point, and their role is at best equivocal.
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Case Presentation
A 53 year-old man with a history of alcohol abuse, presented to the emergency department with altered mental status, agitation, tremors and visual hallucinations. His family members recall the patient drinking 1 pint of vodka and 2 cases of beer a day, which he had stopped in preparation for a screening colonoscopy. His vital signs were notable for a BP 230/120 mmHg, pulse 160 bpm, temperature 101 F, respiratory rate 27/min, and pulse oximetry 82 % on room air. Laboratory data was significant for WBC 27,000, Creatinine 1.5, Potassium 2.6 and CK 17,000. Capillary glucose levels was 160 mg/dL, and computed tomography of the brain showed cortical atrophy, which was more than expected for patient’s age. The patient was admitted to the intensive care unit for further management.
Question
What is the most likely diagnosis on this patient?

Answer
Alcohol Withdrawal Delirium (AWD) – Delirium tremens (DTs)

DTs is defined as alcohol withdrawal and clouding of the sensorium (delirium) [1, 3] (Table 92.1). This patient was admitted to the medical intensive care unit (ICU), where his Clinical Institute Withdrawal Assessment scale for Alcohol, Revised (CIWA-Ar) score was calculated to be 19 (Table 92.2). The patient was given IV thiamine, and then started on intravenous fluids. Serum electrolytes were closely monitored and any deficits corrected. Subsequent testing including urinalysis, urine toxicology, chest x-ray and electrocardiogram were normal. The patient was started on intravenous lorazepam 1–5 mg IV every 5–15 min as needed and adjusted for patient’s somnolence. As his agitation and hallucinations were not well controlled, haloperidol was started (0.5–5 mg intravenously every hour, not exceeding 20 mg/h). Electrocardiograms were closely monitored for any QT prolongation. As the patient’s symptoms continued to progress, he was electively intubated and started on IV propofol with benzodiazepines and haloperidol continued on as-needed bases and titrated according to the Richmond Agitation Severity Scale (RASS). After 72 h, the patient’s symptoms were better controlled and he was extubated. His sedatives were then administered on as needed bases according to CIWA-Ar protocol. He was eventually transferred to a medical floor in improved condition.Table 92.1Delirium tremens DSM V criteria [27]


	
Alcohol withdrawal:
	
Delirium:

	
                          A. Discontinuation of prolonged heavy alcohol intake
                        

B. At least two of the following symptoms:
 Autonomic hyperactivity
 Hand tremors
 Insomnia
 Nausea or vomit
 Transient hallucinations or illusions
 Psychomotor agitation
 Anxiety
 Generalized tonic clonic seizures
	Decreased attention or awareness
Disturbance in attention, awareness, memory, orientation, language, Visuospatial ability, perception, or all of these abilities that is a change from the normal level and fluctuates in severity during the day
Disturbances in memory, orientation, language, visuospatial ability, or perception
No evidence of coma or other evolving neurocognitive disorders

	
Predictors of delirium tremens: [1]

	 CIWA-AR scores > 15

	 Tachycardia (heart rate > 100 bpm)

	 Hypertension (systolic blood pressure > 150 mmHg)

	 Older age

	 Recent or prior seizures/AWS

	 Recent misuse of other depressant drugs

	 Electrolyte abnormalities

	 Other comorbidities (cardiac, pulmonary, gastrointestinal)




Table 92.2The revised clinical institute withdrawal assessment for alcohol scale (CIWA-Ar) [4]


[image: A329322_1_En_92_Tab2_HTML.gif]
A score greater than 10 indicates the need for admission to the hospital, with higher scores correlating with severity of withdrawal and probability of seizures [5, 6]





Principles of Management
Diagnosis
Alcohol withdrawal is a clinical diagnosis based on appropriate patient history and symptoms, with reasonable exclusion of other etiologies (e.g. infectious workup if patient presents with fever). Patients should have a history of chronic alcohol abuse with a recent abrupt reduction in intake. The symptoms of alcohol withdrawal can be divided into three broad categories: CNS excitation, autonomic hyperactivity, and psychosis. CNS excitation occurs 12–48 h following alcohol cessation, and is due to decreased inhibitory tone of the γ-amino butyric acid (GABA) receptor, and increased excitatory activity of the N-methyl-aspartate glutamate receptor (previously suppressed by alcohol intake). The patient may present with anxiety, agitation and restlessness, which, if left untreated, can progress to seizures. Most of the seizures are self- limited but can progress to status epilepticus. Autonomic hyperactivity typically occurs 24–48 h following alcohol cessation and is related to increased noradrenergic response. The patient may experience fevers, tachycardia, hypertension, diaphoresis and fevers. Psychosis occurs due to excess dopamine release through the mesolimbic tract. The patient will show confusion, hallucinations, and paranoia [3, 7].

Initial Phase of Care
The management of alcohol withdrawal is directed towards alleviating symptoms of withdrawal and avoiding its progression into seizures or DTs. For patients with marked alteration in mentation, hemodynamic instability, or those requiring frequent nursing assessment and intervention, ICU admission is suggested. Due to disease and medication related alterations in mentation; patients may require endotracheal intubation for airway protection. Benzodiazepines (e.g. lorazepam, diazepam) remain the first line of treatment, and are typically given intravenously to patients requiring ICU monitoring. Initially, a symptom-triggered escalating dose strategy has been shown to reduce the duration of therapy and the total dose of the medication given [8]. The goal of this protocol is to rapidly increase the doses until a desired level of sedation is achieved, before severe agitation occurs (Table 92.3). In cases of DTs, continuous benzodiazepine infusion may be required to alleviate symptoms [1, 7, 9, 10]. As propylene glycol toxicity may occur with high doses of IV lorazepam, it is recommend to check serum osmolarity (Osm) and the osmolar gap in these patients, and to stop the infusion if serum osm >350 mOsm/kg or serum osmol gap >10 [10, 11].Table 92.3Pharmacologic treatment of alcohol withdrawal delirium [9, 12]


	Drug
	Loading dose
	Repeated dosing regimen if ineffective

	Diazepam
	5 mg IV
	1. Repeat dose of 2.5 mg IV in 10 min, then
2. Administer additional 2.5 mg dose, then
3. Repeat dosing every 10 min increasing to 5 mg, then 10 mg, then 20 mg as is needed

	Lorazepam
	1–4 mg IV
	1–4 mg IV every 5–15 min, can repeat hourly

	1–40 mg IM
	Repeat 1–40 mg IM

	Phenobarbital
	260 mg IV
	130–260 mg IV every 15–20 min

	
The following drugs must be utilized as adjunct therapy or in combination with benzodiazepines for the treatment of DT’s [12–16]

	Propofol
	
                            Can be bolused and/or administered as an infusion (5–80 ug/kg/min)
                          

	Haloperidol
	
                            0.5–5 mg IV/IM every 30–60 min
                          

	Dexmedetomidine
	
                            Infusion: 0.2–0.7 ug/kg/h, with no bolus.
                          


Note: phenobarbital and propofol must be administered in an ICU. Phenobarbital may be administered as monotherapy or in combination with benzodiazepines for refractory DTs. In the ICU, medications are titrated according to the Richmond Agitation Severity Score (RASS)




The goal of care must also include nutritional supplementation and hydration, with emphasis in avoiding excessive fluid administration. Blood glucose and electrolytes must be monitored closely. Thiamine (500 mg IV once or twice a day for 3 days) is recommended to prevent the development of Wernicke encephalopathy, and it’s particularly important to be given before the administration of IV dextrose, as the latter can precipitate acute thiamine efficiency [1, 9, 10].


Evidence Contour
Several aspects of management in the patient with alcohol withdrawal remain without consensus in the face of available clinical trials.
Patient Disposition
ICU admission is frequent in patients admitted to the hospital with acute alcohol withdrawal; studies have described between a 20–30 % risk of ICU admission [15]. In patients admitted to the intensive care unit, many will ultimately require mechanical ventilation [11]. Early identification and treatment with symptom-triggered benzodiazepine dose strategy, done on the floor, can reduce ICU admissions. A phenobarbital protocol, given outside the ICU, has also been described to reduce ICU admission [12]. However adjuvant/alternate therapies including propofol and dexmedetomidine infusions require ICU transfer for their administration. Whether there is a benefit for admission to ICU level care in patients with moderate withdrawal symptoms prior to decompensation is currently unknown. Likewise, outcomes with early or delayed intubation have not been prospectively evaluated [11]. However given risk of ultimate ICU need overall, a low threshold for ICU transfer is advised.

Propofol
In patients requiring mechanical ventilation, propofol may be used for the treatment of alcohol withdrawal. In a retrospective cohort analysis, no significant difference was found in length of hospital stay, ICU stay, or mechanical ventilation when patients were treated with benzodiazepine monotherapy, propofol monotherapy, or benzodiazepine plus propofol [17].

Phenobarbital
Traditionally, benzodiazepines have been recommended as the first line of treatment in AWS, as barbiturates have a narrower therapeutic window, a higher likelihood for respiratory depression, and greater potential for interaction with other medications.
The use of phenobarbital in alcohol withdrawal has been typically reserved for those cases resistant to conventional therapy with benzodiazepines, which is defined as a patient requiring more than 40 mg diazepam (or 10 m lorazepam) in 1 h. In these cases, barbiturates have been proven to be effective. As demonstrated by Gold et Al in a retrospective study performed in patients admitted to a medical ICU for severe AWS, higher doses of diazepam in combination with barbiturates were associated with a twofold decrease in mechanical ventilation [18].
In Denmark, barbiturates have been used in the treatment of DTs for decades. In a prospective study performed by Kramp and Rafaelsen, diazepam and phenobarbital were compared in the treatment of DTs. No difference was found between the two drugs in cases of mild- moderate AWS, nevertheless phenobarbital was found to be superior to diazepam in the treatment of DTs [19].
In a recent prospective study, a single use of IV phenobarbital, together with a symptom guided lorazepam regimen, resulted in decreased ICU admission rate in emergency department patients with AWS, and was not associated with increased adverse events [12].
This evidence supports the use of phenobarbital in severe cases of AWS or DTs. In mild to moderate cases, benzodiazepines still remain the standard of care, at least until further prospective studies confirm safety and efficacy of phenobarbital.

Central Alpha 2 Agonists
Stimulation of the presynaptic alpha 2 receptors decreases the release of norepinephrine and activation of the autonomous nervous system, with anxiolytic, analgesic, anesthetic and sympatholytic effects [20]. Both clonidine and dexmedetomidine are alpha 2 agonists, nevertheless the latter is administered IV, has a shorter half-life (approximately 2 h), and is eight times more potent [20, 21]. These medications cannot be utilized solely for AWS but in conjunction with benzodiazepines [22]. Several small retrospective trials have shown that the addition of dexmedetomidine to benzodiazepine treatment decreases the total use of benzodiazepines. The most common side effects observed were hypotension and bradycardia [14, 20, 23, 24]. Since no randomized control trials have evaluated the use of dexmedetomidine in the intensive care unit, neither proven its efficacy to prevent seizures or DTs, this drug should be used with care.

Antipsychotics
Intravenous antipsychotics may be utilized for the treatment of psychosis when patients fail to respond to the usual care with benzodiazepines. These medications should be used with caution, as they can lower the seizure threshold, cause neuroleptic malignant syndrome, or prolong the QT interval [9]. If utilized, close monitoring of QTc and electrolytes is recommended [1, 7].

Anticonvulsants
Benzodiazepines (alone or in conjunction with propofol or phenobarbital) are the gold standard for the treatment of alcohol withdrawal seizures. The use of phenytoin has been proven to be non-beneficial in preventing recurrences of seizures [6, 25]. Carbamazepine has been utilized with success in the treatment of AWS, and when compared to oxazepam, at least two studies have shown the efficacy of this medication to reduce withdrawal symptoms [26]. Its use in the ICU still requires further research.

Other Agents
Gabapentin, valproic acid, and baclofen have shown promising results in small studies in the treatment of AWS. Still, larger studies are needed to assess safety and efficacy [26].
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Case Presentation
An 85 year old man was admitted to the ICU for acute respiratory failure from pneumonia and hypotension and altered mental status. He was known to have lung cancer and CT scan obtained in ER showed what appeared to be metastases in his brain.
After stabilizing the patient the ICU, the team met with the family who were composed of a grandson who lives in another state, an elderly sister with dementia and a daughter-in-law who has been intermittently looking in on him for years. At that point the patient was unable to participate in the discussion because he is obtunded.
After telling the family about his acute and chronic illnesses and the treatments he has been receiving the team began a discussion about goals of care. The family stated that he did not have a written advance directive nor had he documented a healthcare proxy. In the course of these discussions, the grandson said that he wants “everything done”, the sister only nodded, and the daughter-in-law disagreed saying that the patient did not like hospitals, was lonely, and wanted to die. She favored minimal medical interventions and a focus on comfort. They asked questions about his prognosis such as whether he will live and what he will be like afterward.
After more discussion the topic of Do Not Resuscitate (DNR) was raised. The family did not want him to suffer but worried if he is DNR he would not get antibiotics and would be ignored by the ICU team. Eventually, a consensus decision with the ICU team was made. The goals of care would be to focus on comfort with some medical care such as fluids and antibiotics and oxygen for limited period of time to see if he could easily recover from the acute event. By the second day the patient was in renal failure and still hypotensive.
Question
Based on the discussion of goals of care should additional life support measures, such as dialysis, now be provided?

Answer
According to the current understanding of the goals of care the answer would be no. However, current management with antibiotics, fluids and oxygen would continue.

Given the deterioration in the patient’s clinical condition a continued dialog with the patient’s family to inform them of this change is important. When the family was made aware of the deterioration in the patient’s clinical condition the patient’s goals of care were subsequently changed to comfort measures only (CMO). Palliative care was then consulted and additional medical interventions were withheld. The patient expired a day later.

Principles of Management
Making Decisions in the ICU
The manner in which important medical decisions are made has changed throughout the history of medicine. For much of the time, almost all decisions were made by physicians in a manner often referred to as medical paternalism. In the later twentieth century, however, cultural views changed and the pendulum swung to a more patient-centered model and the idea of medical autonomy became key tenet of medical decision making. New medical technologies drove much of this change as increasingly complex decisions needed be made on life-or-death issues. These decisions often encompassed elements of both medical care as well as personal views on how and when a person dies. In the last several decades, the problems of using either a predominantly paternalistic or autonomy-based decision model have become clear. Put succinctly, paternalism often fails to consider patients’ values and autonomy can often lead to decisions made that fail to recognize medical realities and may place heavy burdens on families. Increasingly, the medical community is advocating for a model of decision making referred to as a shared-decision model that seeks to incorporate elements of both models. This will be discussed in more detail later in the chapter.
Unfortunately, as in the case described here, ICU patients are often unable to participate in these shared-decisions, and as a result, physicians must rely heavily upon surrogate decision making [1]. There are numerous challenges that exist when using surrogate decision makers. As this case illustrates, sometimes it is not clear who should be used as a surrogate and often surrogates propose differing views. As a matter of convention, physicians often look to family but sometimes there are family characteristics that make them less than optimal decision makers. When a patient cannot speak for him or herself and does not have a clear written directive the team then looks for a healthcare proxy, or someone legally designated as a decision maker. In the absence of that they look to a surrogate. A surrogate is someone who (ideally): (1) knows what the patient would want and (2) has the patient’s best interests in mind. Choosing a surrogate can be challenging. In as case such as this, two key principles should be applied. One is that ICU team should work to create some consensus among the family and the second is that weight should be given to the surrogate who would know what the patient would want. In some cases, where no family is available, close friends or neighbors can be used to help guide the goals of care if the team feels they are fulfilling the principles of surrogacy.
More problems exist with surrogate decision making. Studies have shown that even close relatives are not always able to guess what complex or life determining treatments their loved one would want or not want [2]. Surrogates and physicians are thus often left with questions regarding decisions they have made. Additionally, it is clear that putting the burden of such critical decisions on family can impose a tremendous emotional burden, in some cases leading to long-term psychiatric morbidity. Psychiatric morbidity, manifesting as symptoms of post-traumatic stress disorder (PTSD) in surrogates at 90 days, has been associated with shared decision making. Nearly 1/3 of surrogates will have these symptoms, and the risk is higher in patients involved in shared decision making regarding end-of-life (EOL) decisions [3]. Despite the limitations of shared decision making, particularly the use of surrogates, it is accepted as striking the appropriate balance between autonomy and paternalism.

Prognostication
Another big challenge facing ICU physicians when engaging families in discussions regarding EOL care is identifying who is at the end of life. Failure to predict may prevent timely discussions and over prediction of mortality can lead to family mistrust of the medical staff. There are many tools available for prognostication, including published data for mortality in certain diseases, mortality scoring tools, and physician experience. Published data is often hard to use for a particular patient, as each patient may or may not fit within the specific entry criteria in those studies. Also, medical therapies for a particular disease state can change rapidly making studies that are only a couple years old irrelevant. Many severity scoring systems have been to help with prognostication (APACHE, SAPS, SOFA) but predictions are at best 90 % accurate [4] and only can give predications based on a few components of physiology making them accurate for groups but less helpful for specific individuals. Physicians and ICU staff are much less accurate, predicting incorrectly as much as 44 % of the time [5]. In the case of this ICU patient, family is also concerned with morbidity and after care which can be even harder to predict. Nevertheless, the team should include discussion of post-treatment morbidity in goals of care discussions and they should be transparent about the difficulties in accurately predicting outcomes. Additionally, this case illustrates that the effect of uncertainty at the time of admission can be ameliorated by changing goals of care as the time makes the prognosis more clear.

What Constitutes Good End of Life Care?
Given how many people now die in ICUs, there has been increasing emphasis placed on improving this element of patient care. Problems arise, however, when one tries to determine what elements of care are good. The Institute of Medicine, in 1998, proposed “that people should be able to expect and achieve a decent or good death—one that is free from avoidable distress and suffering for patients, families, and caregivers; in general accord with patients’ and families, wishes; and reasonably consistent with clinical, cultural, and ethical standards.” [6] A good death is the goal for all patients, but the manner in which that arrives is an area where the medical community continues to struggle.
There are clearly things that have been shown to improve EOL care. Tools like the Quality of Dying and Death (QODD) questionnaire have helped identify key components of EOL care that improve family outcomes and experiences. Support for the family, family presence at time of dying, perceived nursing skill, decision-making support, and documentation of patient wishes regarding EOL care were all associated with improved QODD scores. Lower QODD scores were seen when patients had CPR within the last hour of life [7–9]. Communication is the cornerstone of effective EOL care. Particular factors in family meetings have been shown to improve family outcomes, including higher proportion of family speech, increased empathic statements ensuring non-abandonment, symptom control and decision-making. Interestingly, the length of family conferences was not associated with improved satisfaction [10–12].
Access to spiritual care at family request, including the presence of a spiritual advisor in the last day of life, can also improve satisfaction [13]. Shared decision-making, evaluating the patient’s end-of-life wishes, a physician recommendation to withdraw life-prolonging interventions, and death after these interventions have been withdrawn have all improved family satisfaction with end of life care. Patients that died on full support have family members with worse satisfaction [14, 15]. Finally, withdrawal of life-sustaining therapies is often a key component of EOL care. Family understanding of the withdrawal process, proceeding as expected and management of symptoms was also associated with improved satisfaction [16].


Evidence Contour
Code Status and the ICU Patient
The Do-not-resuscitate (DNR) order and related treatment decisions remain some of the most controversial topics in medicine and especially ICU care. The underlying concept is that patients may reach a state of poor health such that they do not want to be revived when dying or the treating physician feels that such resuscitation would be ineffective. The modern iteration of this rose to prominence after cardiopulmonary resuscitation (CPR) was invented, an intervention that literally allowed doctors to revive someone who would normally have been considered dead (i.e. pulseless). The main controversies arose from several elements of this decision such as: who decides, what constitutes “resuscitation” and how does this decision impact other elements of care.
Background
In the 1960s the technique of closed cardiac massage for resuscitating patients who were pulseless was popularized and began to be used commonly in hospitals. Not long after that the medical literature began to detail a number of adverse complications that could occur [17] as well as stories of patients who received it unwanted while dying. In a famous letter to the British Medical Journal a physician wrote of a colleague’s agonizing death from untreatable gastric cancer. He was repeatedly resuscitated over the course of days despite pleas to be left to die [18]. The ensuing years were chaotic in terms of defining who should decide when not to administer CPR and the process by which that should occur. In the early years, the doctors made such decisions almost unilaterally and often without the patient’s knowledge. Other publicized cases from the 1970s drew attention to the lack of disclosure and a confused process by which these decisions were being made in hospitals. Finally, in the 1980s and 1990s several major professional societies and journals began publishing consensus-based guidelines which helped to unify, somewhat, the process [19–22]. Despite these efforts, DNR other code status designations remain a source of controversy and confusion.

Problems with DNR
One major problem is defining what the term means. To some, DNR designates only that CPR and/or the Advanced Cardiac Life Support (ACLS) protocols will not be performed. This may or may not include respiratory support, electrical cardioversion, chemical cardioversion, and other acute interventions meant to save a life. In many cases it is clear that either the patient or physician is using the term to go beyond CPR and denote a general limitation of aggressive, life- saving procedures that could include things like hemodialysis, blood transfusions, surgery and many other interventions. At the very least, physicians and other healthcare providers should understand that there is lack of consensus as to what DNR means for any given patient and care should be taken among all providers and families to clarify.
Some efforts to customize or better define a given patient’s code status have resulted in improvements but new problems as well. Many institutions have tried using complex, menu-like systems that list a variety of life supporting interventions. It is now possible to see a patient who wishes to be resuscitated but not intubated (DNI), or intubated but not resuscitated. These designations start from the best intentions but often end up creating more confusion or creating situations that are medically futile or impossible to carry-out. Hospitals can find themselves confronted with situations where a patient is refusing one form of therapy that may lead to cardiac arrest but still wishes to have ACLS. Additionally, many physicians feel that asking patients to decide on specific complex interventions violates principles of good informed consent since the indications, risks, and benefits are too complex for them to fully understand.

Who Should Make Decisions About Life Support?
Two important principles involved in DNR orders are the concepts of futility and patient autonomy. Modern western medical ethics values a patient’s right to determine which treatments he or she wishes to receive and this principle was the primary driver of much of the evolution of DNR orders. As mentioned earlier, for many years physicians had the sole ability to decide when aggressive care should not be offered based on perceived futility. It was not until the later part of the twentieth century that it became acceptable for patients to make these decisions. During this time medical culture changed on many fronts with much more emphasis placed on the patient’s right to determine their care. This was largely a positive change that led to more personalized care that was in keeping with personal values.
There was a downside to this focus on autonomy, unfortunately. By asking patients or their families to make decisions on acute, complex, life-saving interventions we may burden them with guilt, stress, and the potential to make poor decisions based on limited understanding of the medical benefits and risks. As an example, the physicians may feel they are being nice when asking this family if they want CPR or ACLS performed on the patient but by doing so they have given them a life-or-death decision that must often be made with little time, in a time of great stress and emotion and with insufficient medical knowledge to fully comprehend the benefits. Because of this, medical culture in the United States has been evolving towards a shared-decision model care plans.

Going Forward with Life-Sustaining Treatment Decisions
In light of the experience and knowledge learned in the last several decades, new ideas for life sustaining care decisions are being discussed and advocated. These seek to preserve the good elements of patient autonomy and the ability to limit or refuse life prolonging treatments but reduce the guilt, stress, and poor decisions that may result from current paradigms. The following elements describe key features of the process of making these decisions currently.	Care limitation decisions should be made in Shared Decision model that includes input from both the patient (or surrogates) and the physicians. Treatments that are felt to be useless should not be offered by the physician team as this will only introduce confusion and the opportunity for poor decisions. Physicians have the responsibility to be transparent about their decision making process and to give as much weight as possible to the wishes of the patient.

	Physicians should recognize that prognostication is often difficult and inaccurate, especially when predicting morbidity. Their decisions and discussions with patients should acknowledge this.

	Physicians should recognize that there is considerable variation in the use of the term DNR and recognize that even among their team there may be differing understandings of the term. Efforts should be made to clarify, among all groups, the specifics of the care plan.

	In many cases, it is better to avoid such specific designations as DNR or DNI and to solicit more general goals from families and patients and then tailor medical interventions based on those stated goals. Communication and transparency of these decisions is important.





It is important for physicians to make it clear to patients and family that decisions to limit some aspects of life sustaining care does not necessarily limit any other aspects of care.


Futility and Requests for Inappropriate Treatments
Defining Futility
Owing to ongoing advances in medical care, any definition of medical futility is situational and subject to ongoing reconsideration. There have been many definitions put forth of the term “medically futile” but most prove inadequate for practical use. For much of the last century, the term was used to describe either a patient who simply could not be kept alive (i.e. refractory shock) or a patient in whom death was inevitable in the near future (i.e. advanced cancer). The term, “terminally ill” probably better describes the second situation. Nevertheless, these concepts have often been invoked as a justification for limiting life-saving interventions yet both are problematic. With modern medical interventions such as extracorporeal membrane oxygenation (ECMO) and others that can support vital organ functions, there are fewer times when physicians cannot keep a patient alive. Additionally, as patients with advanced illnesses are increasingly treated in ICUs with the goal of only a few more weeks or days of life, it becomes clear that one person’s definition of “terminally ill” may not be another’s. In the most recent joint statement from some of the key professional societies addressing such issues the authors chose avoid using the word futility whenever possible given its subjective nature.
As mentioned, in 2015, several professional societies (American Thoracic Society, American Association of Critical Care Nurses, American College of Chest Physicians, European Society for Intensive Care Medicine, and Society of Critical Care Medicine) jointly produced and published a statement addressing conflicts of this nature. The statement makes several points that sum up the key components of addressing requests for potentially inappropriate care in ICUs.	Institutions should implement strategies to prevent intractable treatment conflicts, including proactive communication and early involvement of expert consultants.

	The term “potentially inappropriate” should be used, rather than futile, to describe treatments that have at least some chance of accomplishing the effect sought by the patient, but clinicians believe that competing ethical considerations justify not providing them. Clinicians should explain and advocate for the treatment plan they believe is appropriate.

	Conflicts regarding potentially inappropriate treatments that remain intractable despite intensive communication and negotiation should be managed by a fair process of conflict resolution; this process should include hospital review, attempts to find a willing provider at another institution, and opportunity for external review of decisions. When time pressures make it infeasible to complete all steps of the conflict resolution process and clinicians have a high degree of certainty that the requested treatment is outside accepted practice, they should seek procedural oversight to the extent allowed by the clinical situation and need not provide the requested treatment.

	Use of the term “futile” should be restricted to the rare situations in which surrogates request interventions that simply cannot accomplish their intended physiologic goal. Clinicians should not provide futile interventions.

	The medical profession should lead public engagement efforts and advocate for policies and legislation about when life-prolonging technologies should not be used [7].





This statement acknowledges that it is increasingly difficult to label a patient as medically futile or terminally ill but also recognizes that it is common for situations to arise in which the patient or surrogates are requesting therapies that are felt to be inappropriate.
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Continuous arteriovenous rewarming (CAVR)

Continuous electroencephalographic (cEEG) monitoring

Continuous positive airway pressure (CPAP)

Continuous venovenous hemofiltration (CVVH)

Continuous venovenous rewarming (CVVR)

Contrast-enhanced ultrasonography (CEUS)

Convalescent plasma

Convulsive status epilepticus (CSE)

Coronary angiography, post-cardiac arrest syndrome

Coronary perfusion pressure (CPP)

Corticosteroids
ARDS
community acquired pneumonia
COPD exacerbation
IPF
replacement
role
status asthmaticus
systemic

CORTICUS trial

CPIS
SeeClinical pulmonary infection score (CPIS)

CPR
SeeCardiopulmonary resuscitation (CPR)

C-reactive protein (CRP)

Creatine kinase (CK)

CREST trial, AIS

Critical illness, PICS

Critical-illness related corticosteroid insufficiency (CIRCI)
decision tree for investigation

CRP
SeeC-reactive protein (CRP)

Crystalloids

CSE
SeeConvulsive status epilepticus (CSE)

CT angiography (CTA)
hemoptysis
pulmonary angiogram

Cuff leak test

CURB-65 Score

CVC placement
SeeCentral venous catheter (CVC) placement

CVVH
SeeContinuous venovenous hemofiltration (CVVH)

Cyclophosphamide
diffuse alveolar hemorrhage
IPF

Cyclosporin A

Cystic fibrosis

Cytomegalovirus (CMV)

Cytoxan
SeeCyclophosphamide


D

Dabigatran

DAH
SeeDiffuse alveolar hemorrhage (DAH)

Damage–control resuscitation (DCR) protocol

Dantrolene, NMS

Decision making, life support

Decontamination

Deep venous thrombosis (DVT)

De-escalate antimicrobial therapy

Defibrillation

Dehydration

Delayed interval cholecystectomy

Delirium
antipsychotics
case study
component
long-term outcomes
monitoring
prevention of
risk factors for
sedation and

Delirium tremens (DTs)

Demyelination, osmotic

Dengue
aspects of care
case study
classification
illness and diagnosis
management, principles
supportive treatment
volume replacement

Dengue hemorrhagic fever (DHF)

Dengue shock syndrome (DSS)

Descending thoracic aorta (DTA)

Desmopressin

Dexamethasone, bacterial meningitis

Dexmedetomidine

DHF
SeeDengue hemorrhagic fever (DHF)

Diabetes mellitus

Diabetic ketoacidosis (DKA)
bicarbonate infusion
case study
complications
diagnosis
electrolyte repletion
euglycemic
fluid replacement therapy
fluid resuscitation

                vs.
                HHS
              
insulin therapy
management algorithm
potassium and
precipitating condition, treatment
site of care

Diagnostic peritoneal aspiration (DPA)

Diagnostic peritoneal lavage (DPL)

Dialysis, initiation of

Diarrhea, watery

DIC
SeeDisseminated intravascular coagulation (DIC)

Diffuse alveolar hemorrhage (DAH)
case study
classification
diagnosis
differential diagnosis
recombinant Factor VII
Rituximab
treatment

Digoxin, ventricular arrhythmias

Dihydropyridine

Dilated cardiomyopathy

Direct current cardioversion (DCCV)

Direct factor Xa and thrombin inhibitors

Disseminated intravascular coagulation (DIC)
antithrombin III
case study
causes of
diagnosis
differential diagnosis
heparin therapy
laboratory profile of
peripheral smear of
recombinant factor VIIa
rhabdomyolysis
supportive care/blood product transfusion for
thrombomodulin-α
thrombotic predominant
treatment

Disseminated strongyloides infection

Distributive shock

DITMA
SeeDrug-induced thrombotic microangiopathy (DITMA)

Diuretic dosing
acute heart failure
AKI

Diuretic Optimization Strategies Evaluation (DOSE)

Diverticulitis, Hinchey classification for

Diverticulosis

Do-not-intubate (DNI) orders

Do Not Resuscitate (DNR)

Dopamine

DPA
SeeDiagnostic peritoneal aspiration (DPA)

DPL
SeeDiagnostic peritoneal lavage (DPL)

Driving pressure, ARDS

Drug-eluting stents (DES)

Drug-induced thrombotic microangiopathy (DITMA)

Drug-resistant pathogens (DRP)

DSS
SeeDengue shock syndrome (DSS)

DTA
SeeDescending thoracic aorta (DTA)

DTs
SeeDelirium tremens (DTs)

Dual antiplatelet therapy (DAPT)
acute coronary syndrome
acute stroke management

Dual-lumen endotracheal tubes

DVT
SeeDeep venous thrombosis (DVT)

Dysautonomia, in NMS

Dysmotility

Dyspnea


E

Early goal directed therapy (EGDT)

Ebola virus disease (EVD)
active screening
case study
clinical care
bedside assessments
monitoring
team structure
CVC placement
decontamination
diagnostic evaluation
diagnostic testing
blood analysis
imaging
invasive procedures
emergency response teams
endotracheal intubation
establishing likelihood of
evidence contour
fluid and electrolytes
infection control
isolation
mechanical ventilation
modality
nutrition
personal protective equipment (PPE)
protocols and policies
provisions of care
renal replacement therapy
specimen collection and handling
staffing model
supportive therapy
targeted therapy
testing for
waste management

Ecchymosis
from thrombocytopenia

Echinocandins

Eclampsia
antenatal steroids and delivery
magnesium sulfate therapy
treatment of

ECLS
SeeExtracorporeal life support (ECLS)

ECMO
SeeExtracorporeal membrane oxygenation (ECMO)

Edema
origin of
pulmonary
SeePulmonary edema

Effusive-constrictive pericarditis (ECP)

EGDT
SeeEarly goal directed therapy (EGDT)

Ehrlichiosis

Electrical injury

Electroconvulsive therapy (ECT)

Electroencephalogram (EEG)
anoxic brain injury
status epilepticus

Electrolyte-free water clearance (EFWC)

Elevated intracranial pressure

ELISA IgM test

Embolic stroke

Embolization

Emergency coronary angiography

Emergency department (ED)
neuroleptic malignant syndrome
status epilepticus
TBI

Enalaprilat, hypertensive crises

Encephalopathy, hepatic

Endocarditis
antimicrobial therapy
cardiac device related
case study
diagnosis
epidemiology
follow-up evaluation
indications for surgery
microorganism
Modified Duke criteria
neuroimaging in
non-emergent surgery, timing of
septic cerebral embolic stroke

                valve repair
                vs.
                replacement
              

End of life (EOL) care

End-organ perfusion

Endoscopic biliary drainage

Endoscopic retrograde cholangiopancreatography (ERCP)

Endovascular rewarming, hypothermia

Endovascular therapy, without IV tPA

Endovascular thrombectomy

Engraftment syndrome

Enteral feeding

Enteral nutrition (EN)

Entero-atmospheric fistula (EAF)

EOLIA trial

Eosinophilic granulomatosis with polyangiitis (EGPA)

Epidural hematoma

Erythromycin

Esmolol
acute aortic syndromes
hypertensive crises

Esophageal varix

Esophagogastroduodenoscopy (EGD)
intubation for

Ethylene glycol ingestion
aldehyde dehydrogenase blockade
case study
cofactor supplementation
diagnosis

                fomepizole
                vs
                . ethanol
              
gastric decontamination/lavage/charcoal
hemodialysis
methanol
serum and urine alkalization
ventilator and circulatory support

Etomidate

Etoposide

Euglycemic DKA

European Hypothermia after Cardiac Arrest (HACA)

EVD
SeeEbola virus disease (EVD)

Extended Focused Assessment with Ultrasound in Trauma (E-FAST)

Extracorporeal cardiopulmonary resuscitation (ECPR)


                Extracorporeal CO
                2
                Removal (ECCO
                2
                R)
              

Extracorporeal life support (ECLS)
IPF
status asthmaticus

Extracorporeal membrane oxygenation (ECMO)
ARDS
case study
contraindications

                ECCO
                2
                R
              
indications
management
Murray score for consideration of
outcome prediction
post-ECMO considerations
prolonged
trial data
weaning off of

Extracorporeal plasmapheresis

Extracorporeal rewarming, hypothermia

Extracranial arterial stenosis (ECAS)

Extremity compartment syndrome

Ezetimibe, in ACS


F

Falciparum malaria
SeeMalaria

FAM therapy

Fasciotomy

FAST
SeeFocused assessment with sonography in trauma (FAST)

Fecal microbiota transplant

Feedings
enteral
in pancreatitis
trophic

Fenestrated tracheostomy tube

Fenoldopam, hypertensive crises

Fever
See alsoLeptospirosis
Blackwater
NMS

Fibrinolysis

Fibrosis
cystic
IPF
SeeIdiopathic pulmonary fibrosis (IPF)

Fidaxomicin

Flexible bronchoscopy

Fluid management
ARDS
rhabdomyolysis

Focused assessment with sonography in trauma (FAST)

Foley urinary catheter

Folic acid, methanol ingestion

Fomepizole
aldehyde dehydrogenase blockade

Fondaparinux

Free T3 (triiodothyronine)

Free T4 (thyroxine)

Fresh frozen plasma (FFP)

Frisen Scale

Futility, ICU


G

Gallstone pancreatitis

Gastric decontamination

Gastric residuals

Gastrointestinal bleed (GIB)
anticoagulant, reversal
blood transfusion
case study
clinical factors
coagulopathy, reversal
diagnosis
nasogastric lavage
proton pump inhibitor therapy
risk stratification
salvage therapy
thrombocytopenia
warfarin, reversal

Gastrointestinal decontamination

Geneva Score, pulmonary embolism

German Registry for Acute Aortic Dissection Type A (GERAADA) study

GIB
SeeGastrointestinal bleed (GIB)

Glasgow-Blatchford Score (GBS)

Glasgow Coma Scale/Score (GCS)
ICH
TBI

Glasgow Motor Score (GMS)

Glomerulonephritis

Glucagon, calcium channel blocker poisonings

Glucocorticoids

Glycoprotein IIb/IIIa inhibitors, ACS

Graft versus host disease (GVHD)

Gram negative bacilli (GNB) meningitis

Granulocyte colony-stimulating factor (G-CSF)

Granulomatosis with polyangiitis (GPA)


H

Hamman’s syndrome

Hantavirus

HAS-BLED score

HCT
SeeHematopoietic stem cell transplantation (HCT)

Healthcare-associated pneumonia (HCAP)

Heart failure
See alsoAcute heart failure (AHF)
acute stroke management
medical therapy for

Heart failure with preserved ejection fraction (HFpEF)

Heart failure with reduced ejection fraction (HFrEF)

Heart rate control, in septic shock

Heliox, status asthmaticus

HELLP syndrome
antenatal steroids and delivery
dexamethasone therapy in
magnesium sulfate therapy

Helmet ventilation, ARDS

Hematochezia

Hematologic values

Hematopoietic stem cell transplantation (HCT)
case study
etiology
GVHD
infectious complications
primer on
prognosis
pulmonary complications
recovery from
respiratory failure

Hemicraniectomy

Hemodialysis, ethylene glycol ingestion

Hemodynamics
directed resuscitation

Hemoglobinuria

Hemolysis

Hemolytic anemia, microangiopathic

Hemolytic uremic syndrome

Hemophagocytic lymphohistiocytosis (HLH)
biomarker testing
case study
diagnosis
presentation
prognosis
treatment

Hemoptysis
approach to managing life threatening
assessment
case study
causes of
clinical algorithm to
computed tomography
CT angiography
diseases associated with

                dual lumen
                vs.
                unilateral airway intubation
              
epidemiology
plain radiographs
recurrent bleeding

                rigid
                vs.
                flexible bronchoscopy
              
sources of hemorrhage
systemic treatments for

Hemorrhage

                active
                vs.
                non-active
              
acute coagulopathy
intracerebral
SeeIntracerebral hemorrhage (ICH)
intraretinal
sources of

                stable
                vs.
                unstable
              
variceal
SeeVariceal hemorrhage

Hemorrhagic shock
antifibrinolytics
coagulopathy and
crystalloid administration
damage control surgery
expedite anatomic control of bleeding
hemostatic resuscitation
invasive non-surgical hemorrhage control
ionized calcium repletion
massive transfusion protocol
permissive hypotension
point-of-care monitor
transfusion therapy
vasopressors

Hemorrhoids

Hemostasis
interventions

Hemostatic resuscitation

Hemothorax

Heparin
SeeUnfractionated heparin (UFH)

Hepatic encephalopathy

Hepatic injury
angioembolization of
blunt

Hepatic steatosis, asymptomatic

Hepatic support system

Hepatitis

Hepatorenal syndrome (HRS)
clinical diagnosis of
management

Hernia

Herpesviruses (HSV)

HHS
SeeHyperosmolar hyperglycemic syndrome (HHS)

HIDA scan

High-flow nasal cannula (HFNC)

High frequency oscillatory ventilation (HFOV)

HLH
SeeHemophagocytic lymphohistiocytosis (HLH)

HRS
SeeHepatorenal syndrome (HRS)

Human leukocyte-associated antigens (HLA)

HVS
SeeHyperviscosity syndrome (HVS)

Hydralazine, hypertensive crises

Hydrocortisone

Hyperbaric oxygen (HBO) therapy

Hypercalcemia

Hypercapnia, permissive

Hyperferritinemia

Hyperglycemia

Hyperglycemic crisis

Hyperinflation, status asthmaticus

Hyperkalemia

Hyperleukocytosis

Hyperosmolar hyperglycemic syndrome (HHS)
anticoagulation
case study
diagnosis

                vs.
                DKA
              
electrolytes correction
magnesium
phosphate
potassium
sodium
fluid therapy
insulin therapy
type of IV fluid

Hyperosmolar therapy, ICH

Hyperosmotic agents

Hyperphosphatemia

Hypertension

Hypertensive crises
case study
diagnosis
physical examination
secondary causes
treatment
beta blockers
blood pressure control
drugs and clinical scenarios
pharmacotherapy

Hyperthermia, neuroleptic malignant syndrome

Hypertonic saline
ICH

Hypertriglyceridemia

Hyperviscosity syndrome (HVS)
case study
clinical symptoms
diagnosis
lack of procedural standardization
management
pathophysiology
plasma viscosity measurement

Hypocalcaemia

Hypoglycemia

Hypoinsulinemia

Hypokalemia

Hypomagnesaemia

Hyponatremia

                acute
                vs.
                chronic
              
adrenal deficiency
and association with mortality
avoidance of overcorrection
bolus therapy
case study
causes of
correction rate monitoring
despite suppressed ADH
diagnosis
drugs associated with
evaluation
hypotonic
hypovolemic
with increased extracellular volume/sodium
lasting correction
novel treatments
with reduced ECV/sodium
risk stratification
serum sodium correction
treatment algorithm

Hypotension
ethylene glycol ingestion
tricyclic antidepressant toxicity due to

Hypothermia
adjunctive testing
anoxic brain injury
bacterial meningitis
case study
classification and staging
clinical findings
core afterdrop
diagnosis
disposition
endovascular rewarming
extracorporeal support
ICH
patient monitoring
pediatric patients
post-cardiac arrest management
rewarming
active and passive
in cardiac arrest
extracorporeal
TBI
transcutaneous pacing
withholding CPR
without pulse

Hypothermic targeted temperature management (HTTM)

Hypothyroidism

Hypotonic fluids

Hypotonic hyponatremia

Hypoventilation, status asthmaticus

Hypovolemia
hyponatremia

Hypovolemic shock
albumin role in
IV access

                normal saline
                vs.
                balanced solutions
              
physiologic reserve
pressors
resuscitation
volume responsiveness monitor

Hypoxemia

Hypoxic-ischemic encephalopathy


I

IABP
SeeIntra-aortic balloon pump (IABP)

Ideal body weight (IBW), calculation

Idiopathic pneumonia syndrome (IPS)

Idiopathic pulmonary fibrosis (IPF)
anticoagulation
anti-fibrotic medications
case study
corticosteroids
CT scan
cyclophosphamide
cyclosporin A
diagnosis
exacerbation during surgical procedures
extracorporeal life support
high flow nasal cannula
incidence and prognosis
noninvasive ventilation
palliative care
pulmonary transplantation
restrictive operative fluid balance
supportive care
ventilator settings

IE
SeeInfective endocarditis (IE)

ILCOR
SeeInternational Liaison Committee on Resuscitation (ILCOR)

ILD
SeeInterstitial lung disease (ILD)

Ileus, hyperinfection associated with paralytic

Immune dysregulation

Immunocompromised pneumonia
antimicrobial therapy
case study
chest X-ray
CT scan
diagnosis
empiric treatment
etiology
noninvasive ventilation
presentation
serologic tests
serum tests for
supportive care
utility of invasive testing

Immunonutrition

Immunosuppressive agents

Impella


                Impella Device
                TM
              

Implantable cardioverter defibrillator (ICD)

Infectious Diseases Society of America (IDSA)

Infective endocarditis (IE)
antimicrobial therapy
cardiac device related
case study
diagnosis
epidemiology
follow-up evaluation
indications for surgery
Modified Duke criteria
neuroimaging in
non-emergent surgery, timing of
septic cerebral embolic stroke

                valve repair
                vs.
                replacement
              

Inferior vena cava (IVC)
filter placement

Inflammation and Host Response to Injury Project

Inflammatory bowel disease

Inhaled nitric oxide (iNO)

Inhibitors, TNF alpha

Inotropes
cardiogenic shock
therapy

Inotropes agents
acute heart failure

Insulin-like growth factor binding protein-1

Insulin therapy
calcium channel blocker poisonings
diabetic ketoacidosis
HHS

Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial 2 (INTERACT2)

Intensive Care Delirium Screening Checklist (ICDSC)

Intensive care unit (ICU)
admission, indications for
code status and ICU patient
with COPD exacerbations
decision making
life support
decompensated RV failure in
end of life care
futility
hemoptysis
life-sustaining treatment decisions
problems with DNR
prognostication
venous thromboembolism in
case study
clinical presentation
diagnosis
epidemiology
evidence contour
pulmonary embolism severity
risk factors
treatment

International Liaison Committee on Resuscitation (ILCOR)

Interstitial lung disease (ILD)

Interventional Radiology (IR)

Intra-abdominal hypertension (IAH)

Intraabdominal infections
anti-infective therapy
case study
diagnosis
empiric antimicrobial therapy for health care
laparoscopic peritoneal lavage
procalcitonin
resuscitation
source control
treatment of extra-biliary complicated

Intra-abdominal pressure (IAP)

Intra-aortic balloon pump (IABP)
myocardial infarction

Intracerebral hemorrhage (ICH)
acute management
calculation
case study
clinical presentation
complications
CT
diagnosis
hyperosmolar therapy
hypertension management
hypothermia
natural history
score
seizure prophylaxis
spot sign

Intra-compartmental pressure

Intracranial arterial stenosis (ICAS)

Intracranial hypertension, in ALF

Intracranial pressure (ICP)
indication of
management
traumatic brain injury

Intramural hematomas (IMH)

Intraparenchymal hematoma

Intraretinal hemorrhage

Intravenous fluids, AKI

Intravenous immunoglobulins (IVIG)

Intravenous lipid emulsions

Intravenous vasodilators

Invasive mechanical ventilation (IMV)
indications for
status asthmaticus

Iodinated radiocontrast agents

Ionized calcium repletion, hemorrhagic shock

IPF
SeeIdiopathic pulmonary fibrosis (IPF)

IPS
SeeIdiopathic pneumonia syndrome (IPS)

Ischemia
See alsoAcute arterial ischemia
acute limb
bowel
post-cardiac arrest syndrome

Ischemic colitis

Ischemic-hypoxic encephalopathy
SeeAnoxic brain injury

Isopropyl alcohol

Itraconazole

IVIG
SeeIntravenous immunoglobulins (IVIG)


J

Jarisch-Herxheimer reaction

Jaundice

Jugular bulb oximetry

Jugular venous distention (JVD)


K

Kernig’s signs

Ketogenic diet

Kidney Disease Improving Global Outcomes (KDIGO)

Kidney injury, acute
SeeAcute kidney injury (AKI)


L

Labetalol
hypertensive crises

Laboratory risk indicator for necrotizing fasciitis (LRINEC)

Lactated Ringer’s

Lactic acidosis
from beta agonist
bicarbonate infusion in

Laparotomy

Large bowel obstruction (LBO)

LC
SeeLung contusion (LC)

L-Carnitine

Left ventricular assist devices (LVADs)

Left ventricular failure (LVF)

Left ventricular function

Left ventricular thrombus

Leptospirosis
antibiotic administration
case study
clinical presentation
corticosteroids role
diagnostic tools
culture
molecular tests
reference standard
serology
differential diagnosis
drug resistance
epidemiology
laboratory presentation
microbiology
prevention
risk factors

Leucopenia

Leukapheresis, in AML

Leukocyte larceny

Leukostasis

LGIB
SeeLower gastrointestinal bleeding (LGIB)

Lidocaine
arrhythmias
ventricular arrhythmias

Life-threatening asthma

Limb ischemia, acute

Linezolid

Lipase

Lipid, in tube feeds

LIPS
SeeLung injury prediction score (LIPS)


                Listeria monocytogenes
              

Liver failure, acute
SeeAcute liver failure (ALF)

Liver injury scale

Liver transplantation

Long-term acute care hospital (LTAC)

Loop diuretics

Lower extremity trauma
vascular, endovascular treatment approach

Lower gastrointestinal bleeding (LGIB)
appropriate patient disposition
blood transfusion goals
case study
definition
diagnostic imaging modalities
differential diagnosis
initial evaluation
initial resuscitation and management
management
massive transfusions
mesenteric angiography
nasogastric tube lavage
predicting severity and outcomes of
provocation testing
surgery
urgent colonoscopy

Low molecular weight heparin (LMWH)

LTAC
SeeLong-term acute care hospital (LTAC)

Lumbar puncture (LP)

Lung contusion (LC)

Lung injury prediction score (LIPS)

Lung Open Ventilation Study (LOVS)

Lung protective ventilation (LPV), ARDS

Lymphopenia


M

Maculopapular rash

Magnesium
status asthmaticus
for ventricular arrhythmias

Magnesium sulfate therapy

Magnetic resonance imaging (MRI)
acute aortic syndromes
anoxic brain injury
pituitary and hypothalamus
status epilepticus

MAHA
SeeMicroangiopathic hemolytic anemia (MAHA)

Malaria
anemia and coagulopathy
antigen rapid detection test
bacterial infection
blood products
case study
cerebral
clinical management principles
definition
diagnosis
diagnostic modalities
exchange transfusion
fever
hypoglycemia
management, principles
molecular methods
monitoring parasite density
neurologic involvement
nutrition
quantitative buffy coat
respiratory system
retina in patient with
seizure management
serology
treatment
volume management

Malignant hyperthermia (MH)

Mannitol

Massive hemoptysis
SeeHemoptysis

Massive transfusion protocol, hemorrhagic shock

MAT
SeeMicroscopic agglutination test (MAT)

MATCH trial, AIS

MDCT
SeeMultidetector Computed Tomography (MDCT)

Mechanical chest compressions

Mechanical circulatory support
acute heart failure
cardiogenic shock
percutaneous
temporary surgical
ventricular arrhythmias
ECMO
IABP

Mechanical intubation, IPF

Mechanical ventilation
ARDS
prolonged
SeeProlonged mechanical ventilation (PMV)
TBI
weaning from

Medical paternalism

Medication-induced movement disorder

MELD score

Meningococcemia

Mental health

Mesenteric angiography

Metabolic acidosis

Methanol, ethylene glycol ingestion


                Methicillin-resistant
                Staphylococcus aureus
                (MRSA)
              
community-acquired
drugs to suppress toxin with


                Methicillin-sensitive
                Staphylococcus aureus
              

Methimazole

Methylene blue, calcium channel blocker poisonings

Michigan alcohol withdrawal severity (MAWS) scoring system

Microangiopathic hemolytic anemia (MAHA)

Microdialysis, cerebral

Micronutrient goals

Microscopic agglutination test (MAT)

Microscopic polyangiitis (MPA)

Microvascular thrombosis

Mitral valve repair

Modification of Diet in Renal Disease (MDRD) formula

Modified Rankin score

Montreal Cognitive Assessment (MoCA)

Morphine, ACS

MPA
SeeMicroscopic polyangiitis (MPA)

MRI with diffusion-weighted imaging (MRI-DWI)

Mud fever
SeeLeptospirosis

Multidetector Computed Tomography (MDCT)

Multidrug resistant (MDR)
community acquired pneumonia
pathogens
risk factors
VAP

Multivessel revascularization, cardiogenic shock

Muscle biopsy

Muscle damage

Muscle injury

Muscular rigidity, NMS

Mycoplasma pneumonia

Myelinolysis

Myocardial dysfunction, in post-cardiac arrest syndrome

Myocardial infarction
case study
diagnosis
epidemiology
intra-aortic balloon pump
Killip Class definition
LV failure
mechanical complications
VSR

Myocarditis, viral

Myoglobin

Myxedema coma (myxedema)
case study
corticosteroid replacement
diagnosis
supportive care
symptoms and signs
thyroid hormone replacement
thyroxine replacement


N

Nanukayami fever
SeeLeptospirosis

National Acute Brain Injury Study: Hypothermia II

National Health Safety Network

National Institutes of Health Stroke Scale (NIHSS) score

NCSE
SeeNon-convulsive status epilepticus (NCSE)

Necrosis
pancreatic

Necrotizing fasciitis

Necrotizing soft tissue infection (NSTI)
antibiotic therapy and resuscitation
case study
debridement
diagnosis and outcome
early amputation
hyperbaric oxygen therapy
immunomodulatory therapy
rapid diagnosis
surgical source control

Negative pressure therapy (NPT)

Negative pressure ventilation (NIV)
altered mental status
ARDS
asthma exacerbation
full face mask
hi-flow nasal cannula
indications and contraindications
pneumonia patients
predictors of failure


                Neisseria meningitidis
              

Nephrostomy

Nesiritide, acute heart failure

Neurocritical Care Society (NCS)

Neurointensive care

Neuroleptic malignant syndrome (NMS)
altered mental status
autonomic dysfunction
benzodiazepines
bromocriptine
case study
dantrolene
diagnosis
differential diagnosis for
ECT
hyperthermia
medication history and temporal clues
muscular rigidity

Neurologic outcome

Neuromuscular blockade, ARDS

Neuromuscular diseases

Neuromuscular paralysis, TBI

Neuroprognostication
post-cardiac arrest syndrome

Neuroprotective agents, TBI

Nicardipine, hypertensive crises

NICE-SUGAR trial

Nifedipine

NIPPV
SeeNoninvasive positive pressure ventilation (NIPPV)

Nitrates, ACS

Nitroglycerin
acute heart failure
hypertensive crises

NMS
SeeNeuroleptic malignant syndrome (NMS)

Non-cardiogenic acute pulmonary edema

Non-convulsive status epilepticus (NCSE)

Non-dihydropyridines

Non-Hodgkin’s lymphoma

Noninvasive mechanical ventilation

Noninvasive positive pressure ventilation (NIPPV)
after extubation
DNI orders
immunocompromised pneumonia
status asthmaticus

Non-neutrocytic bacterascites

Nonoperative management (NOM)

Nonselective beta blockers (NSBB)

Non-steroidal anti-inflammatory drugs (NSAIDs)

Non-ST segment elevation ACS (NSTE-ACS)

Non-ST segment elevation MI (NSTEMI)

Norepinephrine
decompensated RV failure

Normal saline

Normoglycemia

Normothermia

Novel oral anticoagulants (NOAC)

NSBB
SeeNonselective beta blockers (NSBB)

NSTEMI
SeeNon-ST segment elevation MI (NSTEMI)

NSTI
SeeNecrotizing soft tissue infection (NSTI)

NT-pro brain natriuretic peptide (NT-proBNP)

Nuchal rigidity

Nutrition
in AKI
in critically Ill patient


O

Obesity

Obstructive shock

Obstructive sleep apnea, in pregnancy

OD
SeeOsmotic demyelination (OD)

ODS
SeeOsmotic demyelination syndrome (ODS)

OHSS
SeeOvarian hyperstimulation syndrome (OHSS)

Oliguria, refractory

OMEGA trial

Ommaya reservoir

Open lung ventilation

Opiate

Organizing pneumonia (OP)

Osmotic demyelination (OD)

Osmotic demyelination syndrome (ODS)
outcomes
prevention

Osmotic diuresis

Out-of-hospital cardiac arrests (OHCA)

Ovarian hyperstimulation syndrome (OHSS)

Overwhelming post-splenectomy infection (OPSI)

Oxygenation, ARDS

Oxygen therapy, ACS


P

Palliative care, IPF

Pancreatic necrosis

Pancreatic pseudocyst

Pancreatitis
acute
SeeAcute pancreatitis
alcoholic
feeding in
gallstone

Panton-Valentine leukocidin (PVL)

Papillary muscle rupture

Paralytic ileus, hyperinfection associated with

Parapneumonic effusions

Paraproteinemias

Parasitemia

Parenteral nutrition (PN)
CALORIES Trial

Partial thromboplastin time (PTT)

PASP
SeePulmonary artery systolic pressure (PASP)


                Passy-Muir
                ®
                speaking valve
              

Pathogen-directed therapy, community acquired pneumonia

PCC
SeeProthrombin complex concentrate (PCC)

PDS
SeePericardial decompression syndrome (PDS)

PE
SeePulmonary embolism (PE)

PEEP
SeePositive end-expiratory pressure (PEEP)

PEITHO trial, pulmonary embolism

Penetrating aortic ulcers (PAU)

Percutaneous cholecystostomy

Percutaneous coronary intervention (PCI)

Percutaneous dilational tracheostomy

Percutaneous transhepatic cholangiographic (PTC) drainage

Perforated diverticulitis

Pericardial decompression syndrome (PDS)

Pericardial effusion

Pericardiocentesis

Peripartum cardiomyopathy (PPCM)
anticoagulation
anti-inflammatory mediators
case study
chronic medical therapy
delivery
diagnosis
immunotherapy
implantable cardioverter defibrillator
maternal risk factors and adverse events in
mechanical support
pharmacologic therapy in
postpartum supportive care
symptoms

Peripheral intravenous (PIV) catheters

Permissive hypercapnia

Personal protective equipment (PPE)

PESI
SeePulmonary Embolism Severity Index (PESI)

Petechiae

Phenobarbital

Phentolamine, hypertensive crises

Phosphate binders, in TLS

Phosphodiesterase 5 (PDE5) inhibitors

Physical impairment, PICS

PICS-F
SeePost-Intensive Care Syndrome-Family (PICS-F)

Placental abruption

Plain radiographs, hemoptysis

Plasmapheresis
extracorporeal


                Plasmodium falciparum
              

Plateau airway pressure

Platelet transfusion

Plethysmography variation index (PVI)

PMV
SeeProlonged mechanical ventilation (PMV)

PN
SeeParenteral nutrition (PN)

Pneumonia
bacterial
case study
chest X-ray
community acquired
SeeCommunity acquired pneumonia (CAP)
CT scan
diagnosis
empiric treatment
etiology
immunocompromised
immunosuppressed
mycoplasma
negative pressure ventilation
noninvasive ventilation
presentation
serum tests for
supportive care
utility of invasive testing
viral

Pneumonia Severity Index (PSI)

Pneumonitis

Pneumothorax
in pregnancy

Point-of-care ultrasound, RV failure

POINT trial, AIS

Polyenes


                Polymerase chain reaction (PCR),
                Pneumocystis
              

Posaconazole

Positive end-expiratory pressure (PEEP)
ARDS
IPF
RV dysfunction

Post-cardiac arrest syndrome (PCAS)
brain injury
case study
emergency coronary angiography
glucose control
hemodynamic optimization
hypothermic TTM
myocardial dysfunction
neuroprognostication
organ donation
patient selection
persistent precipitating pathology
with refractory cardiogenic shock
seizures
STEMI and ACS
systemic ischemia/reperfusion response
ventilation and oxygenation

Post exposure prophylaxis

Post-intensive care syndrome (PICS)
ABCDEF bundle
case study
cognitive rehabilitation
diagnosis
ICU follow up clinic
physical impairment
prevention
rehabilitation

Post-Intensive Care Syndrome-Family (PICS-F)

Post-pyloric feed

Post-traumatic seizures

Post-traumatic stress disorder (PTSD)

PPE
SeePersonal protective equipment (PPE)

PPI
SeeProton pump inhibitor (PPI)

Preeclampsia
antenatal steroids and delivery
anti-hypertensive therapy
diagnosis
invasive monitoring
magnesium sulfate therapy
seizure prophylaxis
treatment

Pregnancy
airway disease
bacterial pneumonia
cystic fibrosis
differential diagnosis of pulmonary conditions in
neuromuscular diseases and central causes
obstructive sleep apnea in
physiologic respiratory changes in
pneumothorax in
pulmonary edema
pulmonary embolism in
pulmonary infections in
ventilation strategies in
challenges
delivery of fetus
ECMO
goals of ventilation
mechanical ventilation
non-invasive ventilation
prone ventilation
viral pneumonia

Pressors, hypovolemic shock

Procalcitonin (PCT)

Prokinetic agents

Prolonged mechanical ventilation (PMV)
assess expected survival
case study
daily tracheostomy collar trials
diagnosis
early mobility
place tracheostomy
Provent14 score
speaking valve trials
survivorship clinics
symptom burden
timing of tracheostomy
tracheostomy removal
transfer benefit to LTAC
weaning from

Prone ventilation, ARDS

Prophylactic dialysis

Prophylaxis
antibiotics
post exposure
seizure

Propofol

Propranolol

Propylthiouracil (PTU)

PROTECT trial, pulmonary embolism

Prothrombin complex concentrate (PCC)

Protocolized Care for Early Septic Shock (ProCESS) trial

Proton pump inhibitor (PPI)

Pseudocyst, pancreatic


                Pseudomonas
              

PTSD
SeePost-traumatic stress disorder (PTSD)

Pulmonary artery catheterization (PAC)

Pulmonary artery pressure

Pulmonary artery systolic pressure (PASP)

Pulmonary complications, HCT patient

Pulmonary edema
cardiogenic
chest x-ray
non-cardiogenic acute
pre-eclampsia associated
tocolytic induced

Pulmonary embolism (PE)
clinical presentation
diagnosis
Geneva Score
hemodynamically stable
IVC filter placement
in PEITHO trial
in pregnancy
in PROTECT trial
severity
treatment
Wells criteria

Pulmonary Embolism Severity Index (PESI)

Pulmonary hypertension

Pulmonary infections, in pregnancy

Pulmonary transplantation, IPF

Pulmonary vascular resistance (PVR)

Pulmonary vasculature

Pulseless electrical activity (PEA)

Pulse pressure variation (PPV)

Pulsus paradoxus

Purpura

Purpura fulminans

P2Y12 receptor inhibitors, ACS

Pyuria


Q

Quality of Dying and Death (QODD) questionnaire

Quantitative buffy coat (QBC)

Quick Sepsis Organ Failure Assessment Score (qSOFA)


R

Radiocontrast agents, iodinated

Radiofrequency catheter ablation, ventricular arrhythmias

Randomized controlled trial (RCT)
acute exacerbation of COPD
AKI
diuretics
status epilepticus
VAP

Rapid detection test (RDT), antigen

Rasburicase

Rash
maculopapular
petechial

RASS
SeeRichmond Agitation-Sedation Scale (RASS)

RCT
SeeRandomized controlled trial (RCT)

Recombinant Factor VII

Recombinant Factor VIIa (rFVIIa)
to correct coagulopathy
infusion protocol

Recombinant human factor VIIa (rVIIa)

Recurrent bleeding, hemoptysis

Refractory cardiogenic shock, PCAS

Refractory oliguria

Refractory status epilepticus (RSE)

Rehabilitation, PICS

Relative adrenal insufficiency

Renal-dose dopamine

Renal failure
See alsoAcute renal failure (ARF)
in rhabdomyolysis

Renal replacement therapy (RRT)

Renin-angiotensin-aldosterone system (RAAS)

Reperfusion therapy

Respiratory failure
acute
causes of
in HCT patient

Resuscitation
cardiac arrest management
hemodynamic directed
quality assurance
ECPR
for hemorrhagic shock
hypovolemic shock

Return of spontaneous circulation (ROSC)

Revascularization, cardiogenic shock

Rewarming, for hypothermia
active and passive
in cardiac arrest
extracorporeal

Rhabdomyolysis
antioxidants
bicarbonate therapy
case study
causes of
complications, management
diagnosis
diuretics
fluid therapy
free radical scavengers
management, principles
mannitol
renal failure in
in skeletal muscle

Rice-field fever
SeeLeptospirosis

Richmond Agitation-Sedation Scale (RASS)

Richmond Agitation Severity Scale (RASS)

Rickettsial disease

Right ventricular failure, decompensation

Rigid bronchoscopy

Rituximab
diffuse alveolar hemorrhage

Rivaroxaban

Rockall score

RRT
SeeRenal replacement therapy (RRT)

RSE
SeeRefractory status epilepticus (RSE)

Rumack-Matthew nomogram


S


                Saline
                vs.
                Albumin Fluid Evaluation (SAFE) trial
              

Salivary cortisol testing

SAS
SeeSedation-Agitation Scale (SAS)

SATs
SeeSpontaneous awakening trials (SATs)

SBO
SeeSmall bowel obstruction (SBO)

SBP
SeeSpontaneous bacterial peritonitis (SBP)

Scar management

SCCM
SeeSociety of Critical Care Medicine (SCCM)

Sclerotherapy

Sclerotic skin lesion

Scrub typhus

SE
SeeStatus epilepticus (SE)

Secondary bacterial peritonitis

Sedation
anoxic brain injury
benzodiazepines with
case study
choice
and delirium
monitoring
spontaneous awakening trials
TBI

Sedation-Agitation Scale (SAS)

Seizure management
eclamptic
malaria
PCAS
post-traumatic
prophylaxis
TCA toxicity

Sengstaken-Blakemore tube

Sepsis
See alsoUrosepsis
AKI
antimicrobial therapy
case study
definition and recognition
EGDT
fluid management
glycemic control and nutrition
hemodynamic response
sequella after surviving severe
SIRS criteria in
surviving sepsis campaign bundle
treatment
ventilator management

Septic shock
antimicrobial therapy
blood pressure target in
case study
definition and recognition
EGDT
fluid management
fluid resuscitation in
glycemic control and nutrition
heart rate control in
sequella after surviving severe
steroid replacement in
tissue perfusion
treatment
vasopressors
ventilator management

Serotonin syndrome (SS)

Serum cortisol measurement

Serum creatinine

Serum myoglobin

SFA
SeeSuperficial femoral artery (SFA)

Shared decision making

SHEA
SeeSociety for Healthcare Epidemiology of America (SHEA)

Shivering

Shock
bedside echocardiography
cardiogenic
case study
definition
differential diagnosis
distributive
hypovolemia
types
volume responsiveness assessment

Short acting anti-cholinergic agents

SIADH
SeeSyndrome of inappropriate antidiuretic hormone activity (SIADH)

SIRS
SeeSystemic inflammatory response syndrome (SIRS)

Site-of-care decisions, CAP

SJS
SeeStevens-Johnson syndrome (SJS)

Skeletal muscle, rhabdomyolysis in

Skin eruption

Skin mottling

SLE
SeeSystemic lupus erythematosus (SLE)

Sleep apnea, in pregnancy

Small bowel obstruction (SBO)
acute
CT imaging findings
management
standard approach to management
timing of operating for

Society for Healthcare Epidemiology of America (SHEA)

Society of Critical Care Medicine (SCCM)

Sodium bicarbonate, calcium channel blocker poisonings

Sodium nitroprusside, hypertensive crises

Solid organ injury, blunt
SeeBlunt solid organ injury

Somatosensory evoked potentials (SSEPs)

SPA
SeeSplenic artery pseudoaneurysm (SPA)

Spleen injury scale

Splenectomy vaccinations

Splenic artery pseudoaneurysm (SPA)

Splenic injury, blunt

Split thickness skin grafts (STSG)

Spontaneous awakening trials (SATs)

Spontaneous bacterial peritonitis (SBP)
albumin
antibiotic prophylaxis
antibiotics
case study
diagnosis
duration of therapy
management
microbiologic etiology
NSBB
patient with non-neutrocytic bacterascites
treatment

Spontaneous breathing trial (SBT)

Spot sign

SRSE
SeeSuper-refractory status epilepticus (SRSE)

SS
SeeSerotonin syndrome (SS)

Statin therapy, ACS

Status asthmaticus
adjuvant pharmacologic treatments
anesthetics
arterial blood gases, monitoring of
barotrauma, recognizing
bronchoscopy
case study
corticosteroids
ECLS
heliox
hyperinflation
hypoventilation
inhaled bronchodilators
intravenous bronchodilators
lactic acidosis from beta agonist
magnesium
noninvasive positive pressure ventilation
permissive hypercapnia
ventilator strategies

Status epilepticus (SE)
case study
cerebrospinal fluid
complications
diagnosis of
EEG
electroconvulsive therapy
etiology
goals of treatment
medical management
medications
multidisciplinary care
non-convulsive
pharmacologic therapy
refractory
second-line therapy
systemic complication
treatment options in

STE-ACS
SeeST-segment elevation ACS (STE-ACS)

STEMI
SeeST-segment elevation myocardial infarction (STEMI)

Stent-retriever device

Steroid replacement
additional testing
concurrent fluid management
dose and duration
in septic shock
steroid selection

Steroids
bacterial meningitis
TBI

Stevens-Johnson syndrome (SJS)
cyclosporine
pathogenesis
supportive care
thalidomide

STOPAH trial


                Streptococcus pneumonia
              

Strokes
See alsoAcute stroke management
rehabilitation in
“wake-up,” 309

Stroke volume (SV)

Stroke volume variation (SVV)

Strongyloides hyperinfection syndrome
anti-parasitics
case study
diagnosis
disseminated infection and hyperinfection
epidemiology
hyperinfection associated with paralytic ileus
life cycle
management, principles
severe infections
supportive care and follow up

Strongyloides stercoralis

ST-segment elevation ACS (STE-ACS)

ST-segment elevation myocardial infarction (STEMI)
complete revascularization in
fibrinolytic regimens for
manual thrombectomy during primary PCI in
PCI after successful thrombolysis in
post-cardiac arrest syndrome

STSG
SeeSplit thickness skin grafts (STSG)

Stuttgart disease
SeeLeptospirosis

Subdural hematoma

Superficial femoral artery (SFA)

Super-refractory status epilepticus (SRSE)

Superselective embolization

Supraventricular tachycardias

Surgical Trial in Intracerebral Haemorrahage (STICH)

Surrogate decision making

Swamp fever
SeeLeptospirosis

Swan-ganz catheter

Swineherd’s disease
SeeLeptospirosis

Syndrome of inappropriate antidiuretic hormone activity (SIADH)
causes of
diagnostics

Systemic inflammatory response syndrome (SIRS)
criteria in sepsis

Systemic lupus erythematosus (SLE)

Systolic pressure variation (SPV)


T


                TandemHeart
                ®
              


                Tandem Heart pump
                TM
              

TAPSE
SeeTricuspid annular plane systolic excursion (TAPSE)

Targeted temperature management (TTM)

TBI
SeeTraumatic brain injury (TBI)

TBSA
SeeTotal body surface area (TBSA)

T-cell function

TEE
SeeTransesophageal echocardiogram (TEE)

Therapeutic hypothermia
SeeHypothermia

Therapeutic plasma exchange (TPE)

Thermal injury
case study
diagnosis
fluid management
fluid resuscitation monitoring
scar management
supportive care
surgical intervention
wound care

Thionamides

Thoracic pump theory

Thoracic trauma
case study
hemothorax
lung contusion
pneumothorax
rib fractures


                Thoratec Device
                TM
              

Thrombectomy
endovascular
with PCI

Thrombocytopenia
causes of
differential diagnosis
ecchymosis from

Thrombocytosis

Thromboembolism, prophylaxis

Thrombolysis
catheter-directed
contraindications to
in hemodynamically stable acute PE
hemodynamic benefits

Thrombomodulin-α

Thrombosis, microvascular

Thrombotic microangiopathy, drug-induced

Thrombotic thrombocytopenic purpura (TTP)
ADAMTS13 activity level and autoantibody testing
anti-platelet agents
case study
diagnosis
drug-induced thrombotic microangiopathy
FFP
immunosuppressive agents
prevention
TPE
treatment algorithm
venous thromboembolism prophylaxis

Thyroid hormone
replacement

Thyroid stimulating hormone (TSH)

Thyroid storm
case study
diagnosis
clinical tools
criteria
etiology
incidence
iodinated radiocontrast agents
medication dosing guide
beta-blockers
glucocorticoids
iodine solutions
thionamides
treatment
triggers of

Thyroxine replacement

Tight glycemic control, AKI

Tissue plasminogen activator (tPA)
acute stroke management
community acquired pneumonia

TKM-Ebola

TLS
SeeTumor lysis syndrome (TLS)

TNF alpha inhibitors

Tocolytic induced pulmonary edema

Total body irradiation (TBI)

Total body surface area (TBSA)

Tourniquet test

Toxic epidermal necrolysis (TEN) syndrome
cyclosporine
intravenous immunoglobulins
pathogenesis
supportive care
systemic corticosteroids
thalidomide

Toxic shock syndrome

tPA
SeeTissue plasminogen activator (tPA)

TPE
SeeTherapeutic plasma exchange (TPE)

Tracheostomy
collar trials

                Passy-Muir
                ®
                speaking valve
              
placement of
for prolonged transition
removal
timing of

Trans-arterial embolization (TAE)

Transcoronary ethanol ablation, ventricular arrhythmias

Transesophageal echocardiogram (TEE)
acute aortic syndromes
endocarditis
myocardial infarction

Transfusion therapy, hemorrhagic shock

Transjugular intrahepatic portosystemic shunt (TIPS) placement

Transpulmonary pressure, ARDS

Transthoracic echocardiogram (TTE)
acute aortic syndromes
cardiac tamponade
endocarditis
myocardial infarction
PASP

Trauma
vascular

Traumatic brain injury (TBI)
analgesia
case study
invasive intracranial pressure monitoring
mechanical ventilation
neuromonitoring
neuromuscular paralysis
neuroprotective agents
post-traumatic seizures
prehospital and emergency department
primary and secondary
prophylactic antibiotics
sedation
severity of
steroids
surgical treatment
therapeutic hypothermia

Traumatic cerebral contusion

Triazoles

Tricuspid annular plane systolic excursion (TAPSE)

Tricyclic antidepressant (TCA) toxicity
antiarrhythmic drugs
case studies
diagnosis
EKG finding
extracorporeal elimination
gastrointestinal decontamination
hypertonic saline
hypotension and vasopressor support
intravenous lipid emulsion
plasma alkalinization
seizure management
sodium channel blockade

Triiodothyronine (T3)

Trophic feedings

TTP
SeeThrombotic thrombocytopenic purpura (TTP)

Tumor lysis syndrome (TLS)
acute renal failure
with AKI
case study
clinical classifications
clinical outcomes
hypouricemic agents
low intensity chemotherapy
monitoring
phosphate binders in
prevention and treatment
renal replacement therapy
risk stratification for development of clinical

Type A dissections

Type B dissections


U

UGIB
SeeUpper gastrointestinal bleed (UGIB)

Ultrafiltration (UF)

Ultrasound
cardiac arrest management
hypertensive crises

Undifferentiated shock
bedside echocardiography
case study
types
volume responsiveness assessment

Unfractionated heparin (UFH)

Unstable angina (UA)

Upper gastrointestinal bleed (UGIB)

Urea

Uremic syndrome, hemolytic

Ureteral stent

Uric acid, reduction of

Urinary alkalization

Urinary tract
infection
obstruction

Urine
alkalinization of
output

Urosepsis
case study
diagnosis
empiric anitbiotic choice
empiric antimicrobial administration
indications for imaging
intervention method
procedures/surgery


V

VAE
SeeVentilator Associated Event (VAE)

VALI
SeeVentilator associated lung injury (VALI)

VAP
SeeVentilator-associated pneumonia (VAP)

Vaptans

Variceal bleeding

Variceal hemorrhage
acid suppression
antibiotic prophylaxis
balloon tamponade
BRTO
case study
correction of coagulopathy
endotracheal intubation
hemostasis interventions
initial resuscitation
red blood cell transfusion
surgery
TIPS placement
vasoactive medications
vasoconstrictor agents for

Vascular ectasias

Vascular injury

Vasculitides, ANCA-ssociated

Vasoconstrictor, agents for variceal hemorrhage

Vasodilation
acute heart failure
AKI
ARDS

Vasopressin

Vasopressin V2 receptor antagonist (vaptan)

Vasopressors
AKI
calcium channel blocker poisonings
cardiogenic shock
hemorrhagic shock
tricyclic antidepressant toxicity

VATS
SeeVideo-assisted thoracoscopic surgery (VATS)

Venoarterial Extracorporeal Membrane Oxygenation (v-a ECMO)

Venous thromboembolism (VTE), in ICU
case study
clinical presentation
diagnosis
epidemiology
evidence contour
PROTECT trial
pulmonary embolism severity
risk factors
treatment

Venous thromboembolism (VTE) prophylaxis

Ventilator Associated Event (VAE)

Ventilator associated lung injury (VALI)

Ventilator-associated pneumonia (VAP)
ATS/IDSA guidelines
case study
CDC surveillance definition
de-escalate antimicrobial therapy
diagnosis and treatment
duration of antimicrobial therapy

                invasive
                vs.
                noninvasive sampling strategies
              
MRSA
multidrug resistant organisms
new and old strategies to prevent
RCT

Ventricular arrhythmias
amiodarone
anti-arrhythmic drug therapy
beta blockers
cardiac sympathetic denervation
case study
diagnosis
digoxin immune fab
general measures
lidocaine
mechanical circulatory support
ECMO
IABP
radiofrequency catheter ablation
transcoronary ethanol ablation

Ventricular assist devices

Ventricular septal rupture (VSR)
percutaneous closure
timing of surgery

Ventriculoperitoneal (VP) shunts

Ventriculostomy catheter

Video-assisted thoracoscopic surgery (VATS)

Viral hemorrhagic fever
SeeEbola virus disease (EVD)

Viral illness, acute

Viral myocarditis

Viral pneumonia

Virchow’s triad

Vitamin D supplementation

Volume responsiveness
dynamic measures
end-expiratory occlusion
hypovolemic shock
passive leg raising
predictors of
static filling pressure

Voriconazole

VSR
SeeVentricular septal rupture (VSR)


W

“Wake-up” strokes

Waldenstroms macrogloulinemia

Warfarin

Waterborne fever
SeeLeptospirosis

Watery diarrhea

Weaning from mechanical ventilation
case study
evidence contour
management, principles

                pressure support
                vs.
                T-tube
              
protocols
telemetry monitoring

Weil’s disease
SeeLeptospirosis

Weil-Vasilyev disease
SeeLeptospirosis

Wells criteria, for PE

Wernicke-Korsakoff syndrome

World Society of the Abdominal Compartment Syndrome (WSACS)


Z

ZMapp

Zoonosis
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Severe ARDS defined according to usual criteria, and

Meeting 1 of the 3 following criteria of severity

a. PaO/Fi0, ratio <50 mm Hg with FiO, >80 % for >3 h, despite
optimization of mechanical ventiation and despite possible recourse to
usual adjunctive therapies (NO, recruitment maneuvers, prone position,
HFO ventilation, almitrine infusion) OB

b, PaO,/FiO, ratio <80 mm Hg with FiO, >80 % for >6 h, despite
optimization of mechanical ventilation and despite possible recourse to
usual adjunctive therapies (NO, recruitment maneuvers, prone position,
HFO ventiation, almitrine infusion) OR

c. pH <7.25 for >6 h (AR increased to 35/min) resulting from MV
settings adjusted to keep Pplat <32 om H20 (first, Vt reduction by steps of
1 mLKg to 4 mLkg then PEEP reduction to a minimum of 8 cm H,0
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¥

nt tment

~ Venovenous ECMO will be started as rapidly
as possible
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assist control mode, Fi0, 30-60 %, PEEP 210
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H0 an low pressure levelz10 om H,0
~ECMO weaning according to protocol
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~ Conventional management of ARDS
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PEEP adapted 50 as not to exceed plateau
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adjunctive therapeutics can be used: NO,
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~ Cross-over option to ECMO possibe if
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NOJprostacyclin and if technically possible a
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