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Our goal for this text is to provide a resource for the care of the critically ill 
and injured patient in the community ED and ICU. Unlike a major academic 
center that may have all of the necessary resources and specialty consultants 
on site, the community hospital physician may be required to provide all of 
the required care themselves for definitive treatment or to stabilize the patient 
for transport to a referral center.

With that goal in mind, we have created a new book written almost entirely 
by Emergency Medicine residency-trained physicians with fellowship train-
ing in critical care. The only non-critical care-trained authors are Emergency 
Medicine physicians with additional fellowship training (pediatrics, toxicol-
ogy, emergency medical systems, etc.). We are proud to include as authors 
several of the founders of Emergency Medicine Critical Care (EMCC), Drs. 
Emanuel Rivers and Jay Falk, as well as many of the current group of EM-CC 
physicians who have taken the baton to lead onward with advancing clinical 
care, research, and education efforts dealing with Emergency Medicine 
Critical Care.

This book is a hybrid, just as the authors and the field itself. It is not meant 
to be a reference textbook on the shelf nor a pocket manual; instead, it is a 
practical resource for the provider in the ED or ICU with valuable informa-
tion, critical points, and easy-to-follow diagrams and flowcharts. We are 
proud to offer this book to residents and fellows as well as practicing attend-
ing physicians and believe that it will assist you as you resuscitate and care 
for the most challenging patients with time-sensitive conditions such as respi-
ratory failure, acute myocardial infarction, multi-trauma with hemorrhagic 
shock, or sepsis.

Jacksonville, FL, USA Joseph R. Shiber
New York, NY, USA Scott D. Weingart 
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Shock Overview

Sara Y. Baker, Amanda F. Tarkowski, and Jay L. Falk

 Introduction

Circulatory shock is a clinical syndrome charac-
terized by inadequate tissue perfusion of oxygen 
and other nutrients, resulting in first reversible 
and then, if prolonged, irreversible cellular injury. 
The resulting deficit in tissue oxygenation leads 
to cellular hypoxia and anaerobic metabolism 
manifested systemically as lactic acidosis. The 
magnitude of the oxygen debt correlates with the 
lactate level, which may be used to quantify the 
severity of shock [1]. If not interrupted, the cas-
cade of cell death, end-organ damage, and multi-
system organ dysfunction can cause significant 
morbidity and death.

Accordingly, the clinician must recognize the 
early manifestations of shock, and resuscitation 
must proceed expeditiously and simultaneously 
with efforts to identify the specific etiology of the 
shock state.

 Pathophysiology and Monitoring

During the past several decades, understanding 
the biology of shock at the cellular and subcellu-
lar levels has exploded (Fig. 1.1a, b). While an 
awareness of this complex biology is important, 
especially in sepsis, the focus of this chapter will 

be on the clinical issues surrounding oxygen 
delivery, various methods of recognizing oxygen 
deficits, and clinical approaches to restoring oxy-
gen delivery and maintaining tissue perfusion.

The presence of hypotension has traditionally 
been the clinical hallmark of circulatory shock. 
Current thinking recognizes the fact that patients 
may remain normotensive despite the presence of 
systemic hypoperfusion, due to compensatory 
mechanisms, a situation sometimes referred to as 
“cryptic shock” [2]. Patients who are hypotensive 
in the emergency department are at substantially 
increased risk of end-organ dysfunction and 
death compared to normotensive patients, even if 
the hypotension is transient [3].

Adequate perfusion pressure is therefore nec-
essary, but not sufficient to ensure that organs are 
indeed well perfused. Occasionally, a patient 
may be hypotensive but NOT in shock (e.g., due 
to vasodilatation with normal intravascular vol-
ume and cardiac output and maintained tissue 
perfusion); however, the presence of hypotension 
should garner concern for shock first. Accordingly, 
monitoring of blood pressure remains a funda-
mental priority in caring for the critically ill.

Blood pressure may be measured noninva-
sively by a variety of techniques or directly by 
the insertion of an arterial catheter. Auscultatory 
and oscillometric methods rely on vibrations in 
the arterial wall caused by pulsatile flow through 
the compressed arterial segments as pressure in 
the cuff is released. These vibrations are dimin-
ished in patients with severe arteriosclerosis, 

S. Y. Baker (*) · A. F. Tarkowski · J. L. Falk 
Department of Emergency Medicine, Orlando 
Regional Medical Center, Orlando, FL, USA
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Fig. 1.1 (a, b) The pathogenesis of shock is complex and 
involves extensive interactions of various mediators in the 
plasma, blood, vasculature, and organs, which can lead to 

apoptosis, refractory hypotension, multiple organ failure, 
and death if not interrupted. (Courtesy of Dr. Joseph 
Parrillo)
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vasoconstriction, or low flow states. Given that 
these conditions are prevalent among critically ill 
patients, placement of an arterial catheter in criti-
cally ill patients may be preferable to relying on 
noninvasive measurements. Indeed, Cohn dem-
onstrated that among patients with low cardiac 
output and high systemic vascular resistance, 
cuff pressures grossly underestimated true intra- 
arterial pressures [4]. More recently, Low et al. 
confirmed these findings in unstable helicopter 
transport patients [5]. Arterial lines enable the 
accurate titration of therapies aimed at maintain-
ing mean arterial pressure (MAP) in the recom-
mended ranges (i.e., MAP >65 mmHg in septic 
shock and cardiogenic shock patients) [6]. The 
establishment of an arterial line also enables safe 
and frequent sampling of arterial blood to mea-
sure blood gases and lactate.

Tissue perfusion is determined by several fac-
tors, including blood pressure (BP), cardiac out-
put, and vascular tone both at the arteriole and 
venule levels. Under normal circumstances, 85% 
of the circulating blood volume is housed in the 
venous capacitance vessels.

Blood pressure (perfusion pressure) is deter-
mined by the interplay between cardiac output 
(CO) and systemic vascular resistance (SVR) 
(Fig. 1.2):

 

BP CO SVR

SV HR

= ×
×  

Physiologic compensatory mechanisms 
defend against hypotension. During hemorrhage, 
for example, as blood volume decreases, result-
ing in decreased stroke volume (SV); heart rate 
increases, maintaining CO and BP. Further bleed-
ing results in decreased CO, for which the body 
compensates by increasing SVR to maintain 
blood pressure. Accordingly, patients may have 
normal or even elevated blood pressure in the 
face of substantial systemic hypoperfusion. This 
makes blood pressure an inadequate monitor of 
perfusion. Rather than relying on hypotension to 
define it, shock is best conceptualized as an 
imbalance between tissue oxygen supply and tis-
sue oxygen demand (Fig. 1.3). Regardless, most 
authorities recommend maintaining a mean arte-
rial pressure (MAP) of >65 mmHg in patients in 

shock, which may require the use of vasoactive 
medications [6].

In the overwhelming majority of patients in 
shock, decreased oxygen supply is the primary 
cause of this imbalance. Factors that increase 
oxygen demands such as increased work of 
breathing, fever, seizures, and shivering may tip 
the scale toward hypoperfusion and should be 
addressed in these patients.

DETERMINANTS OF BLOOD PRESSURE

BP = CO X  SVR

SV X HR

Preload Contractility

Afterload

Fig. 1.2 Cardiac output is determined by the product of 
heart rate and stoke volume (the amount of blood pumped 
out of the heart with each beat). Stroke volume is affected 
by the filling of the heart (preload), the pressure against 
which heart must overcome to eject blood (afterload), and 
the intrinsic pumping capacity of the heart (contractility)

SHOCK

Tissue
oxygen
supply

Tissue
oxygen
demand

Fig. 1.3 Circulatory shock results from on imbalance 
between tissue oxygen supply and tissue oxygen demands

1 Shock Overview
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To enable intelligent therapeutic intervention 
in shock patients, clinicians must fully under-
stand the determinants of oxygen delivery. 
Oxygen delivery (DO2) is determined by the 
amount of oxygen contained in the blood (arterial 
oxygen content) and the total systemic flow (CO) 
(Fig. 1.4).

Arterial oxygen content comprises oxygen 
both carried on hemoglobin and dissolved in the 
plasma. Because the solubility coefficient of oxy-
gen in plasma is very low (0.0031), for clinical 
purposes, when calculating the oxygen content of 
blood, the dissolved amount of oxygen is so 
small that it may be ignored. Conversely, the 
PaO2 is critically important because it determines 
the saturation of hemoglobin (Hgb) (Fig. 1.5).

The PaO2 should be maintained at 
80–85  mmHg, keeping Hgb nearly fully satu-
rated. Interventions aimed at further increasing 
the PaO2 do little to increase oxygen delivery 
because the Hgb is already near full saturation. 
When the PaO2 decreases below 60 mmHg, Hgb 
rapidly desaturates and DO2 is compromised. 
When Hgb levels fall, DO2 may also be compro-
mised. This decrease may be ameliorated by 
interventions that increase CO or via transfusion 
of red blood cells. (Transfusions will be dis-
cussed further in Chap. 33.)

Manipulating the loading conditions of the 
heart can increase CO.  Fluid resuscitation 

increases preload, which by the Starling mecha-
nism increases SV and CO. In patients with high 
SVR, vasodilators can increase SV and CO by 
decreasing afterload. Inotropic and chronotropic 
drugs can increase contractility and heart rate to 
increase CO, but do so at the expense of increas-
ing myocardial oxygen demands.

Optimizing oxygen delivery, therefore, should 
include respiratory therapy techniques that ensure 
that hemoglobin is fully saturated. Hemoglobin 
levels should be maintained with red cell transfu-
sion, and cardiac output should be optimized 
beginning with the restoration of adequate pre-
load and subsequently with the judicious use of 
vasoactive medication to maintain both perfusion 
and perfusion pressure (BP) (Fig. 1.6).

Humans live in a state of oxygen excess, using 
only 25% of the oxygen delivered to the body 
each minute. While at rest, this is evidenced by 
the fact that blood returning to the right heart 
contains Hgb that is 75% saturated. If illness 
results in only a modest reduction in oxygen 
delivery, there is little physiologic impact. As 
delivery is further reduced, tissues will extract 
more of the available oxygen and mixed venous 
saturation will decrease (oxygen extraction ratio 

SYSTEMIC OXYGEN DELIVERY
D02 (ml/min/m2)B

D02 =

02 on hemoglobin + Dissolved 02

[(Hg) (1.34) (% SAT) + (Pa02) (.0031)] [Cardiac Idnex]

(Stroke volume index) (Heart rate)

Preload Afterload
Contractility

Total systemic
flow

Arterial oxygen
content

x

Fig. 1.4 Total systemic oxygen delivery (DO2), hemo-
globin in grams (Hg); 1.34 is a constant that represents the 
amount of oxygen in cubic centimeters carried on 1 g of 
Hg when fully saturated; .0031 is the solubility coefficient 
of oxygen in plasma; Falk et al. [60]
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increases), maintaining tissue PO2. As these 
mechanisms are overwhelmed, tissue PO2 falls 
and glucose can no longer be metabolized in the 
mitochondria in the citric acid (Krebs) cycle. 
Rather, glucose metabolism is shunted to the 
cytoplasm. This produces far fewer ATP mole-
cules per moles of glucose metabolized (2 ATP in 
anaerobic metabolism versus 38 ATP in aerobic 
metabolism), and the byproduct of this process is 
lactate (Fig. 1.7).

Lactate has been recognized as a monitor of 
systemic hypoperfusion in animal models and 
patients for over 50  years [7]. Arterial lactate 

concentration remains an excellent tool with 
which to monitor the presence and severity of 
oxygen debt in shock patients and its level cor-
relates with the likelihood of survival [8]. (Severe 
Sepsis and Septic Shock will be discussed further 
in Chap. 19.)

In classic studies, Weil and Afifi showed that 
patients in an ICU carried an 80% risk of death 
when arterial lactate was >10 mm/dl, while that 
risk was <20% when lactate was <2  mm/dl. 
Patients with lactates around 5 mm/dl had a 50% 
mortality rate. More recently, Shapiro and col-
leagues demonstrated that in patients with seri-
ous infections presenting to the emergency 
department, lactate level could risk stratify 
patients [9]. Those with arterial lactate levels 
greater than 4.0  mg/dl had 3-day and 28-day 
mortality rates of 22.4% and 28.4%, respectively. 
This mortality rate was significantly higher than 
among patients with lactates between 2.5  and 
3.9 mg/dl (4.6% 3-day mortality and 9.0% 28-day 
mortality) and those between 0 and 2.4  mg/dl 
(1.5% 3-day mortality and 4.9% 28-day 
mortality).

Perhaps, more striking is the ability of lactate 
to identify patients with systemic hypoperfusion 
but normal or high blood pressure. Abou-Khalil 
and Scalea [10] studied seriously injured patients 
requiring resuscitation and room transfusions at a 
level one trauma center. At 1 hour into the resus-

OPTIMIZING OXYGEN DELIVERY

Fully Saturate
Hemoglobin

Optimize
Hemoglobin Level

Maximize Cardiac
Output

F102
PEEP / CPAP

Red Cell
Transfusion

Fluid Challenge
(Preload)

Inotropic Support
(Contractility)

Fig. 1.6 The fraction of inspired oxygen (FIO2), positive 
end-expiratory pressure (PEEP), continuous positive air-
way pressure (CPAP). In the face of systemic hypoperfu-
sion, clinicians can increase oxygen delivery by 
manipulating the determinants of oxygen delivery in the 
biologically most cost-effective manner

CELLULAR GLUCOSE METABOLISM

1 Glu + ADP + 2 Pi*

2 Lact + 2 ATP

1 Glu + 6 O2 + 38 ADP + 38 Pi*

6 CO2 + 6 H20 + 38 ATP

* Pi = Inorganic phosphate

ANAEROBIC GLYCOLYSIS
(2 ATP per mole glucose)

AEROBIC GLYCOLYSIS
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Fig. 1.7 Adenosine 
triphosphate molecules 
(ATP), adenosine 
diphosphate molecules 
(ADP). In the face of 
tissue hypoxia, 
anaerobic metabolism 
results in fewer moles of 
ATP produced per mole 
of glucose metabolized 
this way. Lactate is a 
byproduct of anaerobic 
metabolism
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citation, lactate was 7.7 +/− 1.2  mg/dl among 
patients who died and 4.1 +/− 0.6 mg/dl among 
survivors (P =  .001). Mean arterial pressures in 
both groups were 106  mmHg, and neither BP, 
HR, CVP, PAWP, Hct, CO nor oxygen consump-
tion was different between the groups. Thus, lac-
tate level was superior to traditional vital signs at 
identifying patients with hypoperfusion, and 
higher levels of lactate predicted increased mor-
tality risk.

Similarly, in a subset of septic patients from 
the Early Goal-Directed Therapy Study (EGDT) 
reported by Rivers [11], Nguyen found that 
23/133 control and 25/130 EGDT patients were 
normotensive with MAP ≥100 mmHg. At study 
entry, lactates were 9.6 mm/L and 8.4 mm/L in 
the control and EGDT groups, respectively. In 
hospital, mortality was 60.9% in the control 
group and 20% in the EGDT group. These data 
substantiate the importance of lactate as an 
invaluable bedside tool in identifying critically 
hypoperfused patients [12]. In a study examining 
lactate levels and survival utilizing data from the 
Surviving Sepsis Campaign database of 28,150 
septic subjects from 218 international sites, 
Casserly and colleagues demonstrated that ele-
vated lactate levels are highly associated with in 
hospital mortality. Both hypotensive and normo-
tensive patients who presented with lactate levels 
greater than 4  mmol/L were demonstrated to 
have significantly higher risk than those with 
intermediate levels (2–3 and 3–4 mmo/L) [13].

Peripheral venous lactate may be used as a 
screening tool that obviates the need for arterial 
puncture. Younger and Falk [14] demonstrated 
that peripheral venous lactate was 100% sensitive 
in predicting arterial hyperlactatemia. Falsely 
elevated venous lactate levels occasionally occur, 
most commonly due to specimen-collection 
issues (e.g., prolonged tourniquet application, 
long interval between sampling and testing). If 
concern exists, an arterial sample can be obtained 
to confirm an elevated venous lactate level, 
although this is usually not necessary. A normal 
venous lactate level reliably predicts normal arte-
rial lactate.

Serial lactate measurements can guide ongo-
ing therapeutic interventions. Falk and colleagues 

demonstrated that patients surviving an episode 
of septic shock progressively cleared their lactate 
levels during the first 24  hours following fluid 
resuscitation, while among patients who expired, 
lactate levels failed to decrease or increase [15]. 
Nguyen and colleagues studied septic patients in 
the emergency setting and determined that mor-
tality was lower among patients with more rapid 
clearance of lactate. Patients who cleared lactate 
at a rate greater than or equal to 10% per hour 
experienced a 60-day mortality rate significantly 
lower than those who did not [16].

These data suggest that as patients are being 
resuscitated, serial lactate measurements can be 
used to help guide resuscitative measures. 
Therapies can be titrated to maintain lactate 
clearance at or above 10% per hour. If lactate 
clearance is slower or if lactate levels are increas-
ing, then further intervention to increase oxygen 
delivery and decrease oxygen demands is indi-
cated. The choice of intervention should be 
guided by a firm understanding of the determi-
nants of oxygen delivery. The clinician must 
choose the intervention that promises the best 
chance for improving the oxygen delivery/
demand balance at the lowest biological cost.

While lactate is an excellent metabolic marker 
of shock that predicts severity and mortality, it 
has limitations. It takes time for lactate to accu-
mulate and especially to clear. Regional hypo-
perfusion (such as the splanchnic bed) may be 
missed, as blood mixes centrally [17]. Increased 
sympathetic stimulation may result in increased 
lactate production without hypoxia at the cellu-
lar level. Lactate levels under these circum-
stances are generally very modest and do not 
affect the utility of lactate as a monitor. Other 
causes of elevated lactate are occasionally pres-
ent; elevated lactate without evidence of sys-
temic hypoperfusion is Type B lactic acidosis. It 
can be caused by regional hypoperfusion, liver 
disease, diabetes mellitus (especially with met-
formin therapy), alcoholism, malignancy, HIV 
and antiretroviral therapy, thiamine deficiency, 
mitochondrial dysfunction, poisoning, and other 
mechanisms. (Type A lactic acidosis refers to 
lactic acidosis due to systemic hypoperfusion, as 
discussed earlier.)

S. Y. Baker et al.
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Monitoring of mixed venous (SVO2) or cen-
tral venous oxygen saturation (SCVO2) may 
complement lactate monitoring and has the 
advantage of responding to physiologic changes 
in real time. In the face of systemic hypoperfu-
sion, tissues will extract more of the available 
oxygen and venous oxygen saturation will 
decrease. SCVO2 has been shown to be closely 
correlated with SVO2, allowing for either contin-
uous or intermittent sampling of SCVO2 for mon-
itoring purposes without the need to place a 
pulmonary artery catheter [18].

When SVO2 or SCVO2 is low, tissue hypoxia 
is present and measures to increase oxygen 
 delivery are indicated. If this situation occurred 
acutely, lactate levels may not have had time to 
increase. It is crucial to understand that normal 
SVO2 or SCVO2 does not preclude the presence 
of hypoperfusion, especially in septic patients. 
Sepsis can result in disproportionate perfusion of 
metabolically relatively inactive tissues, such as 
the skin, while flow is shunted away from criti-
cally hypoperfused areas such as the splanchnic 
bed. Desaturated blood returning from the 
splanchnic bed and mixing with saturated blood 
returning from the skin may not show SVO2 or 
SCVO2 desaturation [17]. True arteriovenous 
shunts or “metabolic block” may also contribute 
to this observation. Under these circumstances, 
lactate levels will likely be elevated.

Recently, there has been a debate in the litera-
ture regarding which shock monitor is preferable 
as a target for ongoing care during early sepsis 
therapy. Jones et al. compared lactate and SCVO2 
as targets and found no mortality difference 
between the groups [19]. We would argue that 
this choice is a false dichotomy. The key issue in 
caring for these patients is that the clinician must 
have a firm understanding of the physiology and 
should use all the available monitoring tools to 
their best advantage. Venous saturation monitor-
ing and lactate levels should be viewed as com-
plimentary, each providing useful and potentially 
critical information.

Capnography has emerged as a very useful 
monitoring tool over the past 25  years. It has 
been embraced as an essential method to verify 
endotracheal tube placement in the prehospital 

and ED settings following the publications by 
Katz and Falk and Silvestri and colleagues [20, 
21]. It has been shown, as well, to be an indicator 
of the effectiveness of closed chest massage dur-
ing CPR and the earliest indication that spontane-
ous circulation has been re-established [22].

Recently, ETCO2 has been used to noninva-
sively identify patients with metabolic acidosis 
such as diabetic ketoacidosis [23]. Patients with 
metabolic acidosis hyperventilate to compensate 
and would be expected to have low ETCO2, 
assuming adequate cardiopulmonary reserve. 
We examined the relationship between ETCO2, 
lactate, and mortality among patients suspected 
to be septic. As expected, there was an inverse 
correlation between lactate and ETCO2. The 
sickest patients had the highest lactates, the low-
est ETCO2, and the highest mortality [24]. 
Accordingly, we believe a spot ETCO2 may 
serve as a useful adjunct to SIRS criteria, shock 
index, and lactate as a rapid, noninvasive screen-
ing tool when assessing patients in the emer-
gency department.

 Classification of Shock

The Shubin/Weil Classification of Shock, first 
described in the 1960s, remains a most useful 
framework for clinicians at the bedside. It recog-
nizes four broad categories of shock: hypovole-
mic, cardiogenic, obstructive, and distributive 
(Fig. 1.8). Multiple factors may contribute to the 
shock state. As the syndrome progresses, com-
mon pathways of inflammatory and hormonal 
mediators are activated, and if unchecked, it 
results in cellular dysfunction, refractory hypo-
tension, multiple organ dysfunction, and death.

 Hypovolemic Shock

Hypovolemic shock is characterized by intravas-
cular volume loss. Acute hemorrhage from 
trauma, gastrointestinal bleeding, ruptured 
abdominal aortic aneurysm, ectopic pregnancy, 
or other causes is the most common etiology of 
hypovolemic shock. Gastrointestinal disorders 
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that result in substantial fluid losses (i.e., chol-
era), decreased oral intake, or excessive diuresis 
as well as third space losses (i.e., pancreatitis) 
can also cause hypovolemic shock. Insufficient 
intravascular volume results in decreased pre-
load, decreased cardiac output, and decreased 
oxygen delivery. Compensatory mechanisms 
such as tachycardia and arteriolar vasoconstric-
tion may maintain perfusion in some patients for 
limited periods of time. Patients who are not yet 
frankly hypotensive may demonstrate postural 
hypotension, although autonomic dysfunction 
and medications such as antihypertensive agents, 
especially among the elderly, may be alternative 
reasons for this finding. Patients with intra- 
abdominal bleeding may have paradoxical brady-
cardia, resulting from vagal stimulation by the 
irritated peritoneum, most commonly seen in 
ruptured ectopic pregnancy [25].

Typically, compensatory vasoconstriction pro-
duces cool, pale skin and delayed capillary refill. 
In dehydrated patients, skin and axillae may be dry 
and the skin may have reduced turgor; in patients 
with acute hemorrhage, diaphoresis is present. 
Patients who have hemorrhage may also have pale 
mucous membranes and conjunctiva. Patients can 

be in hemorrhagic shock with initial hemoglobin 
levels that are not dramatically reduced because 
there has not been sufficient time for transcapillary 
refill to occur. As asanguineous fluid resuscitation 
is instituted, hemoglobin level drops dramatically. 
Recent animal and clinical studies have empha-
sized the need to stop the bleeding as soon as pos-
sible. Pepe and Mattock found that patients with 
penetrating truncal trauma had improved survival 
when crystalloid resuscitation was restricted until 
surgical intervention could be accomplished [26]. 
Similar findings have been described in patients 
with gastrointestinal hemorrhage [27]. The notion 
that restoring blood pressure in hypotensive 
hemorrhagic shock patients by infusing large 
volumes of crystalloids may dislodge clots and 
exacerbate bleeding is supported by animal stud-
ies [28]. Accordingly, in hemorrhagic shock 
patients, the goal of fluid resuscitation should be 
to achieve an acceptable perfusion pressure 
(MAP 60–65 mmHg, systolic 100 mmHg; some 
authors have suggested a systolic goal of 
70 mmHg or MAP of 50 mmHg) [26, 29, 30], 
and once accomplished, crystalloid infusions 
should be minimized until control of the bleed-
ing is accomplished.

NORMAL

HYPOVOLEMIC CARDIOGENIC1 2

DISTRIBUTIVE OBSTRUCTIVE

LOW RESISTANCE HIGH RESISTANCE

3 4

Fig. 1.8 Shubin/Weil 
classification of shock. 
The drawings represent 
components of the 
circulatory system: the 
heart, resistance vessels 
(arteries and arterioles), 
capacitance vessels 
(veins), the capillary 
beds, and arteriovenous 
shunts. Weil Critical 
Care Research Institute
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Patients with hypovolemic shock from other 
fluid losses must have careful monitoring of their 
electrolytes to correct perturbations in a safe and 
thoughtful manner. Multiple electrolyte abnor-
malities may be present in these patients. To 
avoid the devastating complication of central 
pontine myelinolysis, hyponatremia must not be 
corrected too rapidly [31].

 Obstructive Shock

Obstructive shock results from an extracardiac 
process that mechanically obstructs either the 
filling or emptying of the heart. Stroke volume 
(SV) is diminished and cardiac output falls. 
Common etiologies include tension pneumotho-
rax, cardiac tamponade, massive pulmonary 
embolus, and SVC syndrome. Less common 
causes are dissecting aortic aneurysm, severe 
pulmonary hypertension, and constrictive peri-
carditis. Relieving the obstruction of the circula-
tion is the priority, while other therapies such as 
fluid administration and vasopressors are tempo-
rizing maneuvers.

The presence of diminished breath sounds, 
tracheal deviation, and distended neck veins in 
a hypotensive patient are the hallmarks of ten-
sion pneumothorax, and immediate needle 
decompression is indicated. These findings, in a 
trauma patient, require immediate tube thora-
costomy. Muffled heart sounds, distended neck 
veins, and hypotension with good breath sounds 
bilaterally suggest cardiac tamponade. (Trauma 
will be discussed further in Chap. 24.) 
Immediate bedside echocardiography can dem-
onstrate the effusion as well as tamponade 
physiology, allowing for immediate bedside 
pericardiocentesis. Patients with tamponade 
physiology may maintain their blood pressure 
through compensatory mechanisms. Jugular 
venous distention (JVD) may not be present in 
dehydrated patients until plasma volume is 
restored with fluid resuscitation.

Massive pulmonary embolism resulting in 
obstructive shock is a most challenging clini-
cal situation. (Massive PE will be discussed 

further in Chap. 7.) Historical features sug-
gesting the risk for venous thromboembolic 
disease (malignancy, travel, recent surgery, 
etc.) combined with symptoms such as pleu-
ritic chest pain and dyspnea suggest the diag-
nosis. Syncope may be the only presenting 
complaint, especially among the elderly. 
Hypotension, tachycardia, distended neck 
veins, clear lung fields, and hypoxemia should 
result in emergent echocardiography. Right 
ventricular distention with shift of the inter-
ventricular septum to the left is diagnostic. 
Relieving the right ventricular outflow tract 
obstruction by reducing clot burden is impera-
tive, but exactly how to do that remains con-
troversial [32]. Surgical thrombectomy, 
catheter retrieval, and local or systemic throm-
bolysis with or without the use of venoarterial 
ECMO are techniques that are available in 
many centers. Maintaining right ventricular 
perfusion can be accomplished with the liberal 
use of norepinephrine while avoiding over-
zealous fluid resuscitation that may exacer-
bate the over distention of the right ventricle, 
further compromising left ventricular filling. 
Intubation may be necessary in these patients, 
but induction hypotension may impair RV per-
fusion, and positive-pressure ventilation can 
increase pulmonary vascular resistance and 
reduce preload. Accordingly, in patients unsta-
ble enough to require intubation, plans for 
emergent mechanical or pharmacologic embo-
lectomy should be initiated. Central line place-
ment in these patients should anticipate the 
subsequent need for systemic thrombolysis 
and/or anticoagulation and should, therefore, 
be carefully placed by the most experienced 
operator under ultrasound guidance [32].

In its most advanced stages, obstructive shock 
may present as a pulseless electrical activity (PEA) 
cardiac arrest. Accordingly, in patients with PEA 
arrests, causes of obstructive shock must be sought 
and treated. Aspiration of as little as 30 mL of peri-
cardial fluid may restore the circulation in patients 
arresting from tamponade, while a simple needle 
thoracostomy may do so in patients in PEA arrest 
from tension pneumothorax.
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 Cardiogenic Shock

Cardiogenic shock most commonly results from 
acute myocardial infarction (AMI). When 
30–40% of the left ventricular muscle mass is 
infarcted, the patient may develop cardiogenic 
shock. This can occur from a single episode or a 
after a number of smaller infarcts (ischemic car-
diomyopathy). The best treatment for cardio-
genic shock resulting from AMI is to prevent it 
by minimizing infarct size through aggressive 
early intervention. Dramatic progress has been 
made in this regard by the institution of STEMI 
alert protocols with reduced door to balloon 
times [33–36]. (AMI will be discussed further in 
Chap. 8.) Nonischemic cardiomyopathies (post-
partum, viral, infiltrative, etc.) less commonly 
cause cardiogenic shock. Mechanical causes of 
cardiogenic shock include acute valvular dys-
function, ventricular septal defects, ruptured ven-
tricular free wall, and blunt cardiac injury. Acute 
valvular dysfunction can result from slowly pro-
gressive syndromes, such as aortic or mitral ste-
nosis, or from abrupt processes, such as severe 
mitral or tricuspid regurgitation from papillary 
muscle rupture, or endocarditis. These syndromes 
are typically associated with characteristic mur-
murs. Bedside echocardiography is diagnostic 
and emergent surgical correction is required.

Patients in cardiogenic shock are typically 
hypotensive and vasoconstricted, cold and 
clammy, with jugular venous distention (JVD) 
and pulmonary edema. A subset of patients in 
cardiogenic shock may be hypovolemic for a 
variety of reasons. Extravasation of fluid from 
the vascular space into the pulmonary intersti-
tium (pulmonary edema fluid) may occur as 
left-sided pressures abruptly increase due to 
ischemia. Patients may continue to have taken 
diuretic medications while having been anorexic 
from ischemia leading up to the event. 
Accordingly, a modest fluid challenge is war-
ranted in hypotensive AMI patients [37, 38]. 
Maintaining coronary perfusion pressure is 
imperative in caring for cardiogenic shock 
patients, resulting from AMI.  Diseased coro-
nary arteries cannot autoregulate, so coronary 
perfusion is dependent on diastolic pressure. 

Norepinephrine is the catecholamine agent of 
choice because it increases blood pressure with 
less increase in heart rate than agents with more 
balanced alpha and beta effects (dopamine, epi-
nephrine). Mechanical support with an intra-
aortic balloon pump can sustain patients while 
they await emergent revascularization. Coronary 
artery bypass surgery has been shown to result 
in better survival rates than angioplasty in this 
setting [39]. (CHF and cardiogenic shock will 
be discussed further in Chap. 12.)

In contradistinction to patients with left ven-
tricular infarcts, patients with right ventricular 
(RV) infarcts have JVD but clear lungs, and 
hypotension resulting from decreased left ven-
tricular filling. The electrocardiogram is helpful 
in evaluating these patients. RV infarcts are most 
commonly seen in patients with inferior wall 
MIs. Right-sided chest leads can confirm the 
diagnosis.

Severe brady or tachydysrhythmias can 
result in very low cardiac output, mimicking 
cardiogenic shock. Rapid treatment with trans-
cutaneous electrical pacing, cardioversion, or 
pharmacotherapy can restore perfusion. 
(Dysrhythmias will be discussed further in 
Chap. 9.)

 Distributive Shock

Distributive shock is caused by systemic vasodi-
lation, which decreases venous return and pre-
load. In septic shock, vasodilation is often 
accompanied by leaking capillary membranes, 
which produces intravascular volume depletion 
and further decreases preload. Sepsis is the pre-
dominant cause of distributive shock. All infec-
tive agents can cause the syndrome, but 
gram-negative and gram-positive bacteria are the 
predominant pathogens. Distributive shock can 
also be caused by anaphylaxis, high spinal cord 
trauma, adrenal insufficiency, and the systemic 
immune response syndrome (SIRS), resulting 
from major burns, pancreatitis, or polytrauma.

Distributive shock is typically associated with 
a compensatory elevation in cardiac output, but 
this hyperdynamic state requires that intravascular 
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volume be maintained. In severely hypovolemic 
patients, cardiac output is decreased and resultant 
vasoconstriction can make them clinically indis-
tinguishable from cardiogenic shock patients. 
Because capillary leak occurs, patients may have 
decreased intravascular volume and excessive 
interstitial fluid (edema). Inflammatory media-
tors associated with sepsis often produce myo-
cardial depression. Accordingly, patients with 
distributive shock may have low, normal, or high 
cardiac output, depending on the interaction 
among these multiple factors. When cardiac out-
put is high, preferential perfusion of the skin 
resulting from vasodilation results in these 
patients typically having warm pink skin (“warm 
shock”). Patients with neurogenic shock may 
have inappropriately normal HR or frank brady-
cardia due to loss of sympathetic cardiac 
stimulation.

 Clinical Assessment

Patients in circulatory shock may demonstrate a 
variety of vital sign abnormalities. Febrile 
patients in shock are likely to be septic and should 
be evaluated carefully for the source of infection. 
Septic patients may present with hypothermia 
(<95° F). Noninfectious sources of fever include 
pulmonary embolism, pancreatitis, and other 
causes of SIRS.

Bradycardia (typically HR <50) may result in 
low cardiac output and poor perfusion. 
Tachycardia may be present as a compensatory 
mechanism in patients with hypovolemic,  
distributive, or obstructive shock. 
Tachydysrhythmias may also result in low car-
diac output because ventricular filling is com-
promised at very rapid heart rates. The clinician 
must determine if the tachycardia is the primary 
problem or a compensatory mechanism. Elderly 
patients frequently present in atrial fibrillation 
with rapid ventricular response under condi-
tions in which younger patients would have 
sinus tachycardia. Many patients, especially the 
elderly, who may have chronotropic incompe-
tence from heart disease, and those who take 
beta-blockers, calcium- channel blockers, or 

other medications that limit increases in heart 
rate may have inappropriately normal heart rates 
in the face of circulatory shock.

Tachypnea may be the earliest manifestation 
of sepsis and the most sensitive vital sign abnor-
mality among patients in shock. Sadly, respira-
tory rate is the one vital sign most likely to be 
charted incorrectly among hospitalized patients. 
Normal respiratory rate is 12–16 breaths per min-
ute in adults. Breaths should be counted for a 
minimum of 30 seconds and reported accurately. 
Respiratory alkalosis may be an early sign of sep-
sis, poisoning (Aspirin), and encephalopathy. 
Tachypnea is an important marker of metabolic 
acidosis in shock, and ETCO2 measurement may 
assist in defining the presence of compensatory 
respiratory alkalosis (low ETCO2). Profound 
tachypnea with its associated increased work of 
breathing may also be a source of increased met-
abolic demands. This has led to the approach of 
early intubation with controlled mechanical ven-
tilation in shock patients suffering from concur-
rent respiratory compromise. Reducing the work 
of breathing can improve systemic perfusion in 
these patients. Patients with primary pulmonary 
pathology (pneumonia, pulmonary embolism, 
COPD exacerbations, asthma, etc.) may, of 
course, also be tachypneic in the absence of 
shock. Accordingly, tachypnea is a very sensitive 
but nonspecific marker of shock.

Low oxygen saturation as measured by pulse 
oximetry may indicate a pulmonary etiology of 
shock, such as pneumothorax, pneumonia, or 
pulmonary embolus. Poor perfusion especially in 
the cold, vasoconstricted patient in shock or on 
vasopressors may result in the inability to achieve 
an adequate pulse oximetry waveform and yield 
falsely low values. Under these circumstances, 
arterial blood gas sampling is required.

 Physical Examination

Physical examination can provide important 
clues to the presence of and etiology of shock 
states. Mild confusion may be an early warning 
sign of impaired cerebral perfusion. Elderly 
patients presenting with even subtle mental status 
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changes from baseline should be evaluated for a 
potential source of infection. Significant shock 
may be associated with more profound mental 
status changes, progressing from confusion to 
delirium to obtundation.

Oliguria (defined as urine output less than 
0.5 mg/kg/h) indicates impaired renal perfusion 
from either intravascular volume depletion, low 
cardiac output, or shunting of renal blood flow to 
other vital organs. Urine output is an important 
monitor of the success of therapeutic  interventions 
and should be monitored closely in all shock 
patients.

Vasoconstricted patients with cool, clammy, 
sometimes cyanotic skin often have low cardiac 
output and increased SVR; vasodilated patients 
with low SVR (as in distributive shock) may 
have warm skin. Skin examination should look 
for evidence of cutaneous abscess, infected 
joints, decubitus ulcers, and cutaneous signs of 
endocarditis. Weak or absent pulses indicate 
poor perfusion.

Auscultation of the heart and lungs may reveal 
signs of tension pneumothorax (decreased or 
absent breath sounds unilaterally), pneumonia 
(crackles), pericardial effusion/tamponade (muf-
fled heart sounds, rubs), heart failure (lung crack-
les, gallops), or valvular dysfunction (murmurs). 
Pulmonary edema should raise concern for a car-
diogenic cause of shock. Tracheal deviation is a 
cardinal finding in tension pneumothorax. JVD 
may be seen in obstructive and cardiogenic 
shock, while flat neck veins may be present in 
distributive or hypovolemic shock.

Abdominal and pelvic examinations are cru-
cial in the assessment of shock patients, 
although the presence of shock may result in 
less obvious findings than in normally perfused 
patients. A tender or rigid abdomen indicates 
the likelihood of a surgical emergency. Bowel 
perforations, volvulus, intra-abdominal 
abscesses, appendicitis, ruptured diverticulitis, 
and pancreatitis may all present this way. 
Vascular problems, such as ruptured or leaking 
AAA, or intestinal ischemia must be consid-
ered. A rectal examination looking for frank or 
occult blood should be performed if gastroin-
testinal bleeding is suspected. Intra- abdominal 

bleeding from ruptured ectopic pregnancy or 
retroperitoneal bleeding must be considered in 
hemorrhagic shock patients without other 
sources such as gastrointestinal bleeding. 
Urogenital sources of infection (UTI, gyneco-
logic, Fournier’s gangrene, perirectal abscess) 
should be sought.

In patients with trauma in whom hemorrhagic 
shock is suspected, careful attention should be 
paid to abdominal, thoracic, pelvic, and extrem-
ity sources of bleeding, as well as hemorrhage 
from open wounds. Signs of cervical or thoracic 
spinal trauma may indicate neurogenic shock. 
(Head and Spinal Cord Injuries will be discussed 
further in Chap. 23.)

 Diagnostic Testing

Laboratory testing routinely includes serum 
electrolytes, renal function testing, complete 
blood count, troponin, liver function tests, coag-
ulation profile, and urinalysis. D-dimer may be 
measured in patients with suspected venous 
thromboembolism. Amylase and/or lipase 
should be measured in patients with a suspected 
intra-abdominal source of infection. Cultures of 
blood and urine should be obtained in cases of 
suspected sepsis. Measurements of arterial blood 
gases provide critical information about oxygen-
ation and acid–base status as well as the pres-
ence or absence of carboxyhemoglobin or 
methemoglobin. Point of care testing that 
enables very rapid results at the bedside is 
extraordinarily helpful to the emergency physi-
cian when confronted with a critically ill patient. 
Blood gases, lactate, troponin, sodium, potas-
sium, glucose, and beta HCG are among the 
most useful available point of care tests.

In critically ill patients, diagnostic imaging 
should be used liberally. CT scanning of the 
head, thorax, abdomen, and pelvis has become 
essential in evaluating critically ill patients, 
and concerns regarding radiation exposure 
should not preclude the use of this technology 
in these patients. The decision of how and 
when to transport patients away from a resusci-
tation area for imaging and who should accom-
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pany the patient are critical decisions that need 
to be made by a seasoned clinician in conjunc-
tion with nurses and respiratory therapists. 
Whenever possible, imaging that can be per-
formed at the bedside in the resuscitation area, 
such as portable x-rays and ultrasound, should 
be the first option.

Increasingly, bedside ultrasound can assist in 
the rapid diagnosis of causes of shock; this may 
be especially useful in patients who are too unsta-
ble for other types of imaging:

• FAST: Identify pneumothorax, traumatic car-
diac tamponade, and intra-abdominal fluid 
(which may represent hemorrhage).

• Abdominal/pelvic ultrasound: Recognition of 
AAA, intraperitoneal/retroperitoneal hemor-
rhage, ectopic pregnancy.

• Cardiac ultrasound: Identify pericardial effu-
sion and tamponade physiology, estimate pre-
load via IVC measurement, estimate ventricle 
size and cardiac output, identify RV dilatation 
associated with massive PE. (Ultrasound will 
be discussed further in Chap. 35.)

 Initial Stabilization

After establishing the ABCs, initial stabilization 
of the patient suspected to be in shock must pro-
ceed rapidly, with the emergency physician 
orchestrating the priorities in the sequencing of 
multiple pressing imperatives. While the physi-
cal examination primary survey is being con-
ducted, adequate peripheral venous access, 
electrocardiographic monitoring, noninvasive 
blood pressure monitoring, and pulse oximetry 
should be established before bedside chest radi-
ography and 12-lead EKG are attempted. 
Immediate life threats identified in the primary 
survey are addressed as they are discovered (i.e., 
applying pressure to bleeding wounds, tube tho-
racostomy in tension pneumothorax). As data 
become available, specific therapies may be ini-
tiated, such as emergent cardiac catheterization 
in STEMI patient or intramuscular epinephrine 
injection in anaphylactic patients (wheezing, 
hives, hypotension).

 Intravascular Volume Resuscitation

Fluid resuscitation is the mainstay of treatment 
for most patients in circulatory shock. Fluid 
resuscitation expands intravascular volume, 
increases venous return to the heart, and thereby 
increases preload, resulting in increased stroke 
volume and cardiac output. This results in 
increased oxygen delivery, which in hypoper-
fused (shock) patients will increase oxygen deliv-
ery and begin to reverse lactic acidosis (Fig. 1.9). 
The amount of fluid required varies with the type 
of shock and individual patient. Patients in septic 
shock and other forms of distributive shock gen-
erally require large volumes of resuscitative flu-
ids. Hemorrhagic shock patients need blood 
products and should not receive large volumes of 
asanguineous fluids. Patients in nonhemorrhagic, 
hypovolemic shock may need substantial fluid 
resuscitation, but the amounts needed vary con-
siderably from patient to patient, making careful 
monitoring imperative. Patients with AMI and 
hypotension, even with pulmonary edema, may 
benefit from judicious fluid challenge. Patients 
with obstructive shock should receive emergent 
mechanical intervention and, generally, should 
not receive large volumes of resuscitative fluids.

FLUID RESUSCITATION IN PATIENTS
WITH CIRCULATORY SHOCK

• Goals of fluid resuscitation

Restore plasma volume deficits

Augment cardiac preload

Increase cardiac output

Increase oxygen delivery

Increase oxygen consumption

Fig. 1.9 5% dextrose in water (D5W), normal saline 
(NS), lactated Ringer’s solution (LR), albumin (ALB), 
hydroxyethyl starch (HES), hypertonic saline (HYPER). 
The figure depicts the impact of infusions of the various 
fluids on the three fluid compartments in the body

1 Shock Overview
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 Types of Fluid

Characteristics of resuscitative fluids will deter-
mine where they are distributed within the three 
body compartments (intravascular, interstitial, 
and intracellular) after infusion into the veins 
(Fig. 1.10). D5W, lacking any solutes, is distrib-
uted throughout the total body water. The 
 intracellular compartment is by far the largest of 
the three. Accordingly, at the end of an infusion, 
very little D5W remains in the vascular space. It 
should not be considered a resuscitative fluid and 
should not be used for this purpose. Crystalloid 
fluids, such as normal saline (NS) and lactated 
Ringer’s solution (LR), contain solutes, which 
are relatively impermeable to the cell mem-
branes. Accordingly, they are distributed only to 
the vascular and interstitial compartments. 
Because the interstitial compartment is so much 
larger than the vascular space, at the end of a 1-L 
infusion of these isotonic crystalloids, only 
approximately 200  mL remains in the vascular 
space. The remainder crosses the vascular mem-
brane and enters the interstitial space. This is why 
large volume fluid resuscitation with these fluids 
results in edema formation, with its potential 
complications. Recent studies indicate that buff-

ered, balanced solutions such as LR may be pref-
erable to NS because NS may result in a 
hyperchloremic metabolic acidosis when infused 
in large quantities [40]. Colloid-containing fluids 
such as 5% albumin (ALB) and 6% hydroxyethyl 
starch (HES) create oncotic pressure and are 
retained in the vascular space for longer periods 
than crystalloids. Under conditions of “leaky 
capillaries” seen in sepsis and potentially other 
forms of shock, colloids may also become per-
meable to the vascular membranes. The starches 
have been associated with coagulopathies, 
immune suppression, and AKI with need for RRT 
and should no longer be used. Hypertonic saline 
can expand the plasma volume by pulling fluid 
out of the intracellular and interstitial compart-
ments. This makes them potentially useful in 
head injured or burned patients where edema can 
be life threatening.

Although much larger volumes of crystalloid 
fluids are required to provide the same intravas-
cular volume expansion compared to colloids, 
they appear to be equally effective, as demon-
strated by several studies [41–43]. However, in 
the SAFE trial [44], subset analysis showed a 
trend toward improved mortality for septic 
patients treated with colloids. Enthusiasm for 

Fluid Type

D5W

NS

LR

5% ALB

6% HES

HYPER
7.5%

Intra-
vascular

Interstitial Intracellular

Effects of Resuscitative Fluids on
Body Compartments

Fig. 1.10 Fluid 
resuscitation remains the 
cornerstone for 
increasing oxygen 
delivery in shock 
patients
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colloid-containing fluids, especially 5% albumin, 
is re-emerging in Europe. Hypo-oncotic patients, 
especially those requiring surgery, are more 
prone to complications and death. While it has 
not been definitively established that albumin 
infusions can reverse this effect, many clinicians 
infuse albumin-containing fluids to maintain the 
serum albumin level at 3 mg/dl. Given the lack of 
proven mortality benefit and the increased 
expense of albumin, isotonic crystalloid solutions 
remain the recommended choice for patients in 
shock. The “colloid/crystalloid” debate rages on.

 Goals for Fluid Resuscitation

 CVP

The goal of fluid resuscitation is to restore ade-
quate preload to optimize cardiac output (Fig. 1.9). 
Central venous pressure (CVP) has been used as a 
tool to estimate preload and guide fluid resuscita-
tion. Multiple studies have demonstrated the lack 
of correlation between plasma volume and CVP 
[45]. Nonetheless, a target CVP of 8–12 mmHg 
has been recommended to optimize fluid adminis-
tration in septic shock patients and is often used in 
patients with other types of shock. (Even higher 
CVPs may be necessary for patients with mechan-
ical ventilation, especially with high PEEP.) It is 
reasonable to suspect that patients with very low 
CVP (<4) measurements need additional volume 
administration, and that patients with very high 
measurements (>20) are at risk for volume over-
load. It remains unclear if CVP is routinely useful 
in patients undergoing fluid resuscitation in shock 
and if a CVP in the 8–12 mmHg range indicates 
that further fluid administration will not further 
increase stroke volume and cardiac output. 
Additionally, CVP measurement requires place-
ment of a subclavian or internal jugular catheter, 
which is not without risk.

 Fluid Responsiveness

Fluid responsiveness refers to the ability of fluid 
resuscitation to increase stroke volume and car-

diac output and, thereby, improve organ perfu-
sion. Dynamic indices, such as radial artery pulse 
pressure variation and aortic blood flow peak 
velocity, may predict fluid responsiveness accu-
rately, with some limitations [46]. These dynamic 
measurements estimate preload reserve by mea-
suring the variability in predicted stroke volume 
with respiratory change or estimate stroke vol-
ume changes after fluid challenge or simulated 
fluid challenge by the passive leg-raising maneu-
ver. Ultrasound examination of the vena cava and 
the presence of collapse during the ventilatory 
cycle can provide similar data [47]. There is 
increasing evidence that these dynamic indices 
are sensitive and specific predictors of fluid 
responsiveness; however, additional trials are 
needed before their routine use can be recom-
mended in the management of patients in shock. 
In addition, many of these methods require a 
patient to be in sinus rhythm and passively 
mechanically ventilated, thus limiting wide-
spread use.

 Blood Products

For patients with hemorrhage, blood products are 
the logical choice to replace intravascular vol-
ume. In addition to volume expansion (red cells 
remain in the vascular space as does FFP and 
platelets), red blood cell transfusion provides 
additional oxygen-carrying capacity and sup-
ports oxygen delivery to tissues. Old banked 
PRBCs may not effectively carry oxygen until 
2,3 DPG is regenerated, which can take many 
hours. Blood products may also be indicated in 
patients with preexisting anemia.

In hemorrhagic shock patients, initial resusci-
tation usually begins with crystalloid administra-
tion. For patients with large blood loss, or 
ongoing bleeding, or those who require more 
than 30 mL/kg crystalloid, immediate transfusion 
of packed-red blood cells is indicated. 
Emergency-release blood may be necessary if 
cross-matched blood is not yet available.

Patients who receive large amounts of trans-
fused PRBCs are at risk for transfusion-related 
coagulopathy that may worsen hemorrhage. 
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Early transfusion of FFP and platelets is 
increasingly recognized as an important com-
ponent of blood product administration, espe-
cially in trauma patients [48, 49]. Evidence for 
the benefits of massive transfusion protocols, 
which automatically provide FFP and platelets 
along with PRBCs, suggests a morbidity and 
mortality  benefit. Patients who are expected to 
receive >10U PRBCs in 24 hours are good can-
didates for massive transfusion protocols. 
(Blood Products will be discussed further in 
Chap. 33.)

Hemorrhagic shock in trauma represents a 
special circumstance for clinicians who seek to 
balance adequate perfusion and tissue oxygen-
ation with limiting ongoing hemorrhage while 
awaiting operative control. There is evidence to 
support a strategy that limits initial volume 
replacement and permits some degree of hypo-
tension (to a systolic BP of 70 mmHg) in some 
patients until bleeding can be controlled. One 
prospective trial in patients with penetrating trun-
cal trauma demonstrated survival benefit for 
patients in whom fluid resuscitation was delayed 
[26]. Other studies have supported a similar strat-
egy and have shown no evidence of harm associ-
ated with permissive hypotension [29, 30]. 
Patients with coexisting brain injury require ade-
quate cerebral perfusion pressure and are not can-
didates for permissive hypotension. Results of 
these limited studies should not be applied to a 
broad population of trauma patients without fur-
ther research.

 Nonhemorrhagic Shock

There is conflicting evidence on the optimal 
transfusion threshold for patients with anemia 
and other (nonhemorrhagic) types of shock. In 
stable patients, a restrictive transfusion strategy, 
in which patients do not receive blood products 
until their hemoglobin is <7 mg/dL, was found to 
be superior to a more liberal transfusion strategy 
[50]. RBC transfusion carries risk for infection, 
SIRS, ARDS, and multiorgan failure and has 
been associated with increased complications 
and mortality.

 Vasopressors

Vasopressors should be used in patients who can-
not maintain MAP (>65) despite adequate vol-
ume resuscitation. Norepinephrine has emerged 
as the vasopressor of choice for the treatment of 
undifferentiated shock and septic shock patients 
[51]. (Vasopressors will be discussed further in 
Chap. 32.)

Norepinephrine acts on alpha-1 and beta-1 
receptors, producing potent vasoconstriction and 
a modest increase in cardiac output. Its vasocon-
strictor effect on venous capacitance vessels has 
the added benefit of moving volume into the 
active circulation from the venous capacitance 
bed that ordinarily houses 85% of the circulating 
blood volume. The chronotropic effect created by 
beta-1 stimulation is usually modest and may be 
offset by the reflex bradycardia that occurs in 
response to increased MAP. Compared to other 
vasopressor agents such as dopamine and epi-
nephrine, its beta effects are far less prominent. 
Accordingly, perfusion pressure is improved 
without the deleterious effects of tachycardia and 
arrhythmia. Under circumstances in which fur-
ther increases in cardiac output are required after 
blood pressure is restored by adequate fluid load-
ing and norepinephrine, an inotropic agent such 
as dobutamine or milrinone may be added. 
Because these agents are inotropic vasodilators, 
careful monitoring of blood pressure is required 
to be sure that they do not produce hypotension. 
Under these circumstances, epinephrine alone or 
added, in small doses, to norepinephrine may 
accomplish the goals of maintaining perfusion 
pressure and enhancing contractility. The cost is 
in increased myocardial oxygen demand and the 
potential for ischemia.

The physiologic effects of dopamine depend 
on the dose at which it is administered: at 
1–2  mcg/kg/min, it stimulates primarily renal 
dopamine-1 receptors; at 2–5  mcg/kg/min, it 
stimulates beta-1 receptors, increasing cardiac 
output by increasing primarily stroke volume and 
to a lesser degree, heart rate. At 5–10 mcg/kg/min, 
it stimulates alpha-1 receptors and produces vaso-
constriction and increased SVR. Use of dopamine 
is primarily limited by the risk for tachycardia and 
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arrhythmia. The ability of low- dose dopamine to 
convert oliguric renal failure into nonoliguric 
renal failure has been debunked [52].

Phenylephrine is a purely alpha-adrenergic 
agent that increases SVR and produces direct 
vasoconstriction. Reflex bradycardia is common. 
It is often a second-line agent after norepineph-
rine. It is available in prefilled syringes and can 
be given in small bolus doses in critical, time- 
sensitive situations while preparing a norepi-
nephrine drip [53].

Epinephrine is a potent beta-1 agonist with 
moderate beta-2 and alpha-1 effects, producing 
increased inotropy and chronotropy and 
increased cardiac output. At high doses, pre-
dominately alpha-1 effects produce increased 
SVR. Epinephrine is the preferred agent in ana-
phylactic shock. Disadvantages include 
increased splanchnic vasoconstriction and risk 
for arrhythmia.

 Cardiogenic Shock

Norepinephrine is the preferred vasopressor for 
treating patients in cardiogenic shock with pro-
found hypotension [54]. However, these patients 
have low cardiac output and intrinsically elevated 
SVR: Further increases in afterload may limit 
improvement in cardiac output. This effect may 
be ameliorated by the concurrent increase in cor-
onary perfusion pressure. Agents with beta- 
adrenergic activity provide inotropic (and often 
chronotropic) effects that increase cardiac out-
put; however, this is not desirable in patients with 
acute ischemia as it increases myocardial work 
and myocardial oxygen demand. Accordingly, 
norepinephrine is the first-line agent for patients 
with severe hypotension to maintain coronary 
perfusion pressure while arranging for mechani-
cal support and /or revascularization.

 Septic Shock

There is evidence to support norepinephrine as the 
first-line vasopressor in septic shock. In meta- 
analyses comparing dopamine and norepinephrine 

in patients with septic shock, increased mortality 
was seen with dopamine, along with a twofold 
increase in arrhythmia [55]. Vasopressin may be 
beneficial when added to norepinephrine or other 
agents. Some patients with septic shock have myo-
cardial depression and diminished cardiac output: 
dobutamine may restore cardiac output and 
improve tissue perfusion and oxygen delivery. 
Dobutamine may cause peripheral vasodilatation 
and decreased blood pressure and should be used 
cautiously. Inotropic therapy is controversial for 
septic shock patients without clear evidence of 
myocardial depression. It was used successfully as 
part of the EGDT algorithm of Rivers et al. [11] 
when employed in the face of continued evidence 
of tissue hypoxia after fluids, blood, and vasopres-
sors. More recent trials failed to show mortality 
benefit to its use in similar, though less critically 
ill, septic shock patients [56, 57].

 Airway Management

Most therapies for shock focus on increasing 
oxygen delivery to eliminate oxygen debt and 
anaerobic metabolism. However, many patients 
in shock have increased work of breathing. 
Respiratory muscle use can account for signifi-
cant oxygen consumption, and under these cir-
cumstances, perfusion to the diaphragm and 
other respiratory muscles can rob nutrient flow 
from other vital organs. Intubation and passive 
mechanical ventilation (controlled mandatory 
ventilation) to decrease respiratory muscle work 
can reduce oxygen demand and improve oxygen 
debt. Positive-pressure ventilation decreases 
venous return to the heart. In hypovolemic 
patients, hypotension and cardiovascular collapse 
can occur. Appropriate fluid resuscitation prior to 
intubation can avert this. A low-tidal volume ven-
tilation strategy is recommended for patients in 
shock with ARDS [58, 59].

 Protocol-Directed Therapy

Protocols that combine various physiologic end-
points to guide resuscitation in patients with 
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septic shock have been previously recommended 
and are commonly used as part of bundled ther-
apy for sepsis. Typically, CVP, MAP, ScVO2, and 
sometimes UOP and lactate are stepwise targets 
for fluids and vasoactive agents. Two recent trials 
were unable to demonstrate a mortality differ-
ence between protocolized and standard emer-
gency department care in septic patients [56, 57]. 
However, in all of the patients, early recognition, 
attention to adequate volume resuscitation (2 L 
prior to study entry), and restoration of mean 
arterial pressure were accomplished. Early anti-
biotic administration, a most important aspect of 
care in this group of patients, was also accom-
plished. The authors did question the need for the 
routine use of central venous pressure monitor-
ing, SCVO2 monitoring, or ongoing monitoring 
of lactate. It seems clear that the most important 
issue is that the physicians directing the care of 
these patients have a firm understanding of the 
pathophysiology and current concepts of resusci-
tation and understand how to monitor the prog-
ress of the resuscitative efforts.
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Airway Management

John P. Gaillard

 Introduction

Airway management (AM) is one of the most 
high-risk procedures in medicine. If done poorly, 
patients suffer significant morbidity and mortal-
ity. Patients undergoing emergent AM are  at a 
higher risk and complexity due to the urgent 
nature and impending threat to life. The inci-
dence of a difficult airway is much higher when 
AM occurs out of the operating room (OR) [1]. 
The incidence of adverse events, complications, 
and surgical airways is higher for out of OR AM 
[2–4]. For these reasons, it is crucial to be skilled 
in all facets of AM. It is not acceptable to begin 
managing a patient’s airway, only to come to a 
point at which the patient is not being oxygen-
ated and the clinician is beyond his or her capa-
bilities. For the purposes of this chapter, AM will 
be discussed in terms of urgent or emergent air-
way manipulation in critically ill patients in the 
ED or ICU.

Whenever dealing with AM, it is important to 
try to identify a potentially difficult airway. A dif-
ficult airway has no one specific identifying fea-
ture. In the American Society of Anesthesiologists 
(ASA) Practice Guidelines, a difficult airway is 
defined “as the clinical situation in which a con-
ventionally trained anesthesiologist experiences 
difficulty with facemask ventilation of the upper 
airway, difficulty with tracheal intubation, or 
both” [5]. In clinical practice, a difficult airway 
may be classified as one in which there is 
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Critical Points
• Perform an airway examination that 

includes a history of any difficulty and a 
physical examination.

• Decide on the following: awake versus 
asleep, spontaneously breathing or para-
lyzed, direct or video (including flexible 
fiberoptic) laryngoscopy.

• Have the appropriate basic and advanced 
airway equipment available.

• Have a sedative, a muscle relaxant, and 
a vasopressor medication available.

• Develop an initial plan and backup plans 
before proceeding.

• Take a timeout prior to the procedure 
to ensure everyone understands the 
procedure.

• The primary goal is to maintain oxygen-
ation. Putting a tube in the trachea is a 
secondary goal.
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difficulty with the bag valve mask (BVM), laryn-
goscopy (either direct (DL) or video (VL)), plac-
ing a supraglottic airway device (SGA), or 
obtaining a surgical airway.

 Airway Management Plan

 Indications

The three main indications for taking over a 
patient’s airway are: (1) The patient is not able to 
oxygenate. (2) The patient is not able to ventilate. 
(3) The patient is not able to protect his or her 
airway. While these indications are most often 
cited as the need for AM, there are other indica-
tions for securing a patient’s airway specifically 
in emergent situations.

If the patient is unable to tolerate or cooperate 
for a necessary medical evaluation and treatment, 
then AM may be indicated. Emergency physi-
cians are familiar with this indication, as a sig-
nificant number of patients present with an 
altered mental status due to intoxicants. It may be 
quite difficult to properly evaluate and treat these 
patients without using sedating medicines. If 
these medicines do not work or the patient is a 
danger to himself or herself or staff members, the 
only other option may be to heavily sedate the 
patient and secure the patient’s airway.

The anticipated clinical course is another indi-
cation for taking over a patient’s airway. This 
indication is more subjective and has more to do 
with the clinician’s gestalt. If a patient is criti-
cally ill and his or her condition is likely to dete-
riorate, then it is advisable to secure the patient’s 
airway. Similar to this indication, AM is indi-
cated whenever a clinician feels that the patient’s 
condition warrants it. If the clinician feels that 
AM is indicated and is in the patient’s best inter-
est, then there should not be any second guessing 
from other clinicians who are not providing bed-
side patient’s care at that time.

 Algorithms

The Anesthesiology Society of America had pro-
duced guidelines and an algorithm for difficult 

airway management for the better part of the last 
20 years. The latest version of the guidelines was 
written by a group of 10 anesthesiologists and 2 
methodologists. As the authors state, the guide-
lines are not meant to be the gold standard. The 
guidelines do not represent requirements or stan-
dards and should be modified or rejected accord-
ing to the bedside clinician’s needs [5].

When approaching AM, it is important for the 
clinician to develop a treatment algorithm that 
includes every step along the way until a defini-
tive airway is placed. While there are several 
algorithms that have been developed by different 
groups with an interest in airways [5, 6], the bed-
side clinician should develop an algorithm spe-
cific to each patient.

There are several questions that the clinician 
must answer prior to performing AM on a 
patient. Each question is a potential branch 
point in a personalized AM algorithm. Should 
the patient be awake or asleep? Should the 
patient be given a muscle relaxant or remain 
breathing spontaneously? What should be done 
if there is difficulty with mask ventilation? What 
should be done if there is difficulty with laryn-
goscopy? Should DL or VL be the primary 
mode of laryngoscopy? Should fiberoptic intu-
bation be utilized?

The answer to each of these questions depends 
on the individual patient and the circumstances 
for which the patient is being intubated. When 
the clinician has answered all of these questions, 
he or she can confidently manage  a patient’s 
airway.

 Predictors of Difficult Airways

The incidence of a difficult airway in the ED or 
ICU is not truly known because the incidence of 
difficulty with mask ventilation or with intuba-
tion or both is not truly known. There are several 
findings associated with a difficult airway, but the 
discriminatory power of these findings is moder-
ate at best [7]. Because the vast majority of 
patients are critically ill, the need to place an air-
way is usually urgent or emergent, which 
increases the risk and difficulty [8]. There are 
many different mnemonics that have been devel-
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oped in an effort to help simplify ways to predict 
a difficult airway. Evidence is lacking as to 
whether or not these mnemonics improve out-
come [9]. Despite this lack of evidence, it is 
important to review the different markers of a 
potentially difficult airway. See Tables 2.1, 2.2, 
and 2.3 for different findings associated with a 
difficult airway. Since any AM procedure has the 
potential to be difficult, it is better to be overcau-
tious than under cautious.

 Awake Versus Asleep

Most intensivists and EM physicians are more 
comfortable sedating a patient completely for 
AM.  A total sedative is not indicated in all 
patients. Recall that it is possible to completely 
anesthetize the airway and keep the patient 
awake. Awake AM may be indicated in patients 
who have multiple findings of a potential difficult 
airway. The ability to maintain oxygenation 
while setting up for an awake intubation may 
pose a challenge, but this challenge can often be 
overcome with noninvasive positive-pressure 
ventilation (NIPPV) and a mild sedative [10].

 Use of Muscle Relaxants

The use of a total sedating medication in addition 
to a muscle relaxant will often permit the best 
chances for success [11]. That being said, if a clini-
cian is going to paralyze a patient as part of his or 
her AM plan, then the clinician must be willing and 
able to perform a surgical airway. Giving a patient 
a paralytic medication to facilitate AM is not 
always indicated. If the risk of giving a paralytic to 
a patient is greater than the benefit of having the 
patient paralyzed, then a paralytic should not be 
used. This point is specifically for the patient that 
has multiple findings of a predicted difficult airway 
and limited resources for the bedside clinician. If 
the clinician does not feel that the patient could be 
adequately oxygenated with mask ventilation or 
SGA, then a paralytic should not be used.

The process of rapid sequence intubation 
(RSI) is commonly used in the ED because of 
the concern for patients being nonfasted. In RSI, 
the patient is given a dose of a sedative medica-
tion, which is immediately followed by a para-
lytic agent. Oxygen is maintained on the patient, 
but no attempts are made to provide mask venti-
lation. When the patient has become apneic, the 
patient is intubated. RSI is useful in the ED for 
several reasons [12]. By paralyzing the patient, 
optimal intubating conditions are achieved. The 
patient’s gag reflex and ability to cough are 
taken away. The vocal cords are also paralyzed, 
which makes placing an endotracheal tube 
(ETT) into the trachea much easier.

Table 2.1 Conditions associated with difficult intuba-
tions due to distortion of neck anatomy

Conditions associated with distortions of neck anatomy
Cervical collar Obstructive sleep apnea
Congenital abnormalities Previous radiation
Foreign bodies Previous surgery
Infections Scoliosis
Halo cervical immobilization 
device

Short neck

Hematoma Thick neck
Kyphosis Trauma, including burns
Obesity Tumors

Table 2.2 Physical findings associated with difficult 
intubations

Physical attributes associated with difficult airways
Age 40–60 Mallampati class 3 or 4
Cervical collar or limited 
neck mobility

Mouth opening (<4 cm)

Facial fractures Prominent upper incisors
Halo traction device Receding jaw
Kyphosis Short neck
Large tongue Thick neck
Angioedema of lips, 
tongue, pharynx

Thyromental distance 
<6 cm

Table 2.3 Medical conditions that are commonly 
directly associated with difficult intubations

Medical conditions directly associated with difficult 
airways
Anaphylaxis Facial trauma
Ankylosing spondylitis Foreign body
Angioedema Obesity
Bleeding abnormalities Obstructive sleep apnea or 

snoring
Cerebrovascular accident Pregnancy
Congenital abnormalities Radiation therapy
Croup Rheumatoid arthritis
Diabetes Actively having a seizure 
Down syndrome Tetanus
Epiglottitis Previous oral or neck 

surgery 
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There are times in which paralyzing a patient 
may be contraindicated. In these situations, the 
provider may elect to only sedate the patient, 
also known as facilitated intubation. In these 
cases, it has been demonstrated that providers 
have more difficulty, worse visualization of the 
glottic structures, and lower rates of success-
fully placing an ETT into the trachea [13].

Delayed sequence intubation (DSI) is 
another process by which patients may be intu-
bated with the use of paralytics. DSI is a method 
of improving preoxygenation in agitated 
patients suffering from hypoxia-induced delir-
ium.  Patients who are uncooperative and not 
able to be adequately preoxygenated are good 
candidates for DSI.  These patients are first 
given a sedative that will not affect spontaneous 
breathing or impair the airway reflexes. The 
patients are then oxygenated with 100% FiO2 
via non-rebreather mask or NIPPV.  After a 
period of appropriate preoxygenation, a para-
lytic agent is administered [14]. After muscle 
relaxation, the patient is intubated.

 Direct or Video Laryngoscopy

Direct laryngoscopy has been the main method 
of AM for decades. Drs. Miller and MacIntosh 
developed their respective blades in the 1940s, 
and the designs have changed little over the 
years. DL is the standard method for placing an 
ETT. That being said, many clinicians are mov-
ing to using VL for all AM. Each method has 
its drawbacks. It is important to realize that 
one method will not work for every situation, 
and clinicians should be proficient at both 
methods. DL specifically is a learned skill that 
must be continuously practiced or the skill will 
vanish.

 Patient Preparation

Patient preparation is integral to any AM proce-
dure. With adequate preparation, one is able to 
maximize the chances for success and minimize 
the risk to the patient. There are several steps that 
go into fully preparing for taking over a patient’s 

airway, and each step should be completed when-
ever time allows.

The patient needs to have all appropriate mon-
itors in place and be properly positioned. 
Depending on the airway examination, position-
ing the patient may be as easy as pulling him or 
her toward the head of the bed. Positioning the 
patient may mean using multiple blankets, pil-
lows, and wedges to align the oral, pharyngeal, 
and laryngeal axes.

Appropriate medications should be at the bed-
side. Rescue medications (eg. a vasopressor) should 
always be immediately available. Depending on the 
situation, other medication may also be needed. 
These may include a sedating agent, a muscle relax-
ant, or medicines to provide topical anesthesia.

 Initial and Backup Plan(s)

The primary goal of any AM plan is to maximize 
oxygenation. For every patient, the clinician 
should develop an initial AM plan. The clinician 
should also develop at least one backup plan. 
These plans need to be patient specific, based on 
the clinical scenario, the patient examination, any 
predictors of a difficult airway, and the clinician’s 
experience and gestalt. Not every clinician will 
develop the same primary plan for the same 
patient in the same clinical situation. The bedside 
clinician’s judgment is being used for the specific 
clinical scenario.

Every AM plan should have at least one 
backup plan. Things do not always go as pre-
dicted, so it is important to know what to do if the 
primary plan fails. It may be necessary to have 
multiple backup plans. The final common plan 
for all AM is to place a surgical airway.

 Timeout

If time allows, an airway timeout should be 
taken. The only reason not to take an airway 
timeout is if there is an emergent situation 
where it is not possible to oxygenate the 
patient. An airway timeout is a chance to make 
sure that the patient is as safe as possible [15]. 
A timeout allows all personnel involved to 
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make sure that they are on the same page. The 
timeout should consist of every person stating 
his or her name and what job he or she will be 
performing. The AM team leader should be the 
person actually manipulating the patient’s air-
way. The leader needs to review with the team 
the resources needed and make sure that those 
resources are available. The leader should 
state the primary and the backup plan(s). Most 
importantly, if a team member has a question 
or is uncertain about something, he or she 
must speak up.

 Complications

The most feared complication of AM is patient 
death. Thankfully, this rarely occurs. Most com-
plications are much less serious. Some common 
complications are dysrhythmias, mild airway 
trauma, and pharyngitis. Less common complica-
tions include laryngospasm, tracheal stenosis, 
and dental trauma. For a more complete list, see 
Table 2.4.

 Assessment

 Clinical Situation

As in any patient encounter, it is necessary to 
assess the situation. For AM, the clinician should 

be able to assess the situation within a matter of 
seconds. Depending on the clinical scenario, 
action may need to be taken within seconds to 
prevent patient morbidity or mortality or there 
may be time to fully investigate, examine the 
patient, and prepare for placing an airway.

In emergent conditions, there is little, if any, 
time to do more than focus on getting an airway 
into the patient. Since it is rare that these truly 
emergent conditions exist, it is important to 
develop a plan ahead of time. These truly emer-
gent conditions are predominantly those in 
which the patient has no airway and is already 
severely hypoxic or in cardiac arrest. Other per-
sonnel may have already tried multiple inter-
ventions. A common example is the patient 
brought to the ED by EMS where the paramed-
ics have not been able to obtain an airway 
despite multiple attempts with different tech-
niques and equipment, and the patient is in car-
diac arrest because of not having an airway. A 
surgical airway may be indicated and must be 
performed emergently in an effort to save the 
patient’s life.

Under ideal conditions, the clinician has time 
to prepare appropriately. It would be possible to 
develop an AM plan, including backup plans. 
There would be plenty of assistance, which may 
include other people who are knowledgeable 
about airway management. There is time to 
 adequately position the patient and equipment 
necessary. Ideally, the patient has an empty stom-
ach. The anatomy would be such that the mouth 
could be opened wide without difficulty. The air-
way itself would be widely patent and without 
obstruction. The neck would have a full range of 
motion. He or she would be able to be preoxy-
genated and would have a normal and intact 
respiratory drive. The patient would have a nor-
mal body mass index. The hemodynamics would 
be normal. The patient coagulation would be nor-
mal and intact.

Most cases requiring AM in the ED or ICU are 
somewhere between emergent and ideal condi-
tions. These urgent situations require expedited 
action, but there is time to properly evaluate the 
patient and develop a strategy that will maximize 
the potential for positive results.

Table 2.4 Complications associated with airway 
management

Complications of airway management
Aspiration Lung barotrauma
Bradycardia Mainstem bronchus intubation
Cerebral ischemia Myocardial ischemia
Death Oral soft-tissue trauma
Dental trauma Pharyngitis
Dysrhythmias Pneumonia
Esophageal intubation Tachycardia
Granuloma formation Tracheitis
Hypertension Tracheal ischemia
Hypotension Tracheal perforation
Hypoxia Tracheal stenosis
Laryngitis Vocal cord paralysis
Laryngospasm

2 Airway Management



26

 Airway Examination

An airway examination should be performed on 
any patient to be given conscious sedation or 
undergo intubation. Even due to the emergent 
nature of airways in the ED and ICU, it is impera-
tive to still perform an airway examination on 
patients. The intent of the examination is to 
uncover any potential findings that may predict 
difficulty in any of the steps of AM. Any airway 
has the potential to be a difficult airway. A per-
centage of difficult airways may proceed to 
become a failed airway. A failed airway is one in 
which the clinician is not able to place an airway 
of any type. In emergent AM, a failed airway 
often equates to a patient death. In an effort to 
prevent patient deaths, it is important to prepare 
and plan and have a broad knowledge of different 
AM techniques.

From mask ventilation to surgical airways, a 
correctly performed airway exam will give the 
provider information about how best to take over 
control of the patient’s airway. The provider 
should use the findings from the airway exam to 
develop an AM plan that has the lowest risk to the 
patient. There is no evidence that performing an 
airway exam will change the intubation experi-
ence or outcome. There is no single finding that 
has been shown to reliably predict a difficult air-
way [7]. For this reason, it is important for the 
clinician to look for any of the findings that have 
been associated with a difficult airway. It is 
advised to develop a system so that one performs 
the examination the same way each time, so that 
nothing is missed.

One way to start the airway exam is by look-
ing at the patient’s overall body habitus. Pay par-
ticular attention to the head and neck. Begin at 
the base of the neck and move cephalad. There is 
a higher risk of difficulty associated with obese 
patients or those with short or thick necks. 
Limited neck mobility is another predictor of dif-
ficulty. If the patient has a cervical collar or 
Halo  brace in place, it is important to know if 
there are actual injuries to the cervical spine or 
spinal cord or is the collar just for precaution. 
Patients with scoliosis or kyphosis are often dif-
ficult to position, which may lead to difficulty 

with AM. Tumors, trauma, foreign bodies, or any 
other abnormal anatomy findings are associated 
with a difficult airway. See Table 2.1 for further. 
One feature of the neck examination that is often 
overlooked is the cricothyroid membrane (CTM). 
It is important to locate and evaluate the patient’s 
CTM in case there is a need for a nerve block or 
a surgical airway.

A small chin may be a concerning finding. 
The thyromental (also known as the hyomen-
tal) distance is measured from the thyroid 
notch to the tip of the mandible with the head 
extended, the neck in a neutral position, and 
the mouth closed. A length of 6 cm or greater is 
a favorable finding for direct laryngoscopy. 
Another acceptable measurement is three of 
the patient’s finger breadths. The thyrohyoid 
distance is measured from the thyroid notch to 
the hyoid bone (or base of mouth if unable to 
palpate) with the neck extended. A distance of 
more than two of the patient’s finger breadths 
is favorable.

An upper lip bite test (ULBT), also termed a 
mandibular protrusion test (MPT), examines the 
amount of protrusion of the patient’s mandible or 
amount of jaw thrust. Have the patient attempt to 
bite as much of his or her upper lip as possible 
with the lower incisors. In class I, the lower inci-
sors can bite the upper lip above the vermillion 
border, making the mucosa of the upper lip invis-
ible. In class II, the lower incisors can bite the 
upper lip below the vermillion border. In class III, 
the patient is not able to bite his or her upper lip 
with the lower incisors. Class II or III has been 
demonstrated to predict difficulty with mask ven-
tilation [16]. A class III ULBT is associated with 
difficult intubation [17].

After the chin, move to the face and mouth. 
Facial hair may decrease the ability to mask 
ventilate a patient. It may be necessary to shave 
the patient. When examining the mouth, the 
length of the central incisors should be noted as 
large or protruding incisors or an overbite may 
indicate a difficult airway. Look for loose teeth, 
as these may come out during manipulation of 
the airway and become an obstruction or aspi-
ration risk. Dentures may be beneficial for 
mask ventilation but may make intubation more 
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difficult. Small interincisor distance and a large 
or protruding tongue are also concerning find-
ings. A high arched palate is also associated 
with difficult intubations. See Table 2.2 for fur-
ther information.

Look specifically at the uvula to ascertain the 
patient’s modified Mallampati classification [18]. 
With the observer at eye level, the patient holds 
the head in a neutral position, opens the mouth 
maximally, and protrudes the tongue without 
phonating. The airway is classified according to 
the visible structures. In a class I, the soft palate, 
fauces, uvula, and tonsillar pillars are visible. In 
class II, the soft palate, fauces, and uvula are vis-
ible. In class III, the soft palate and base of the 
uvula are visible. In class IV (added by Samsoon 
and Young [19]), the soft palate is not visible. 
Mallampati considered those patients with class 
IV and possibly class III to be difficult to intubate 
[18, 20]. See Table 2.5 and Fig.  2.1 for further 
information.

Even in emergent situations, a provider is able 
to perform an airway exam. The examination 
does not take long to perform and provides useful 

information so that an AM plan may be devel-
oped that minimizes patient risk.

 Anesthetic History

In addition to an airway exam, reviewing a 
patient’s anesthetic and surgical history will pro-
vide information regarding previous AM experi-
ences. With the increased use of electronic medical 
records (EMR), this information has become eas-
ier to obtain. If deemed to be a difficult airway, 
anesthesiology providers will make notation so 
that future providers will have the ability to pre-
pare ahead of time. Information about any diffi-
culty with mask ventilation or intubation should be 
in the anesthetic records. In addition to informa-
tion about the airway, these records may have 
information about other problems encountered, 
such as hypotension with induction or information 
about the doses of medications used.

There is no evidence that the current AM plan 
must be the same as plans done on the same 
patient in the past. The clinical scenario and the 
patient may be significantly different than previ-
ous AM encounters. The plan must be developed 
by the bedside clinician based on the clinical sce-
nario and his or her judgment.

 Physical Examination

The purpose of the patient evaluation is to iden-
tify any risk factor that is associated with a diffi-

Table 2.5 The modified Mallampati score which evalu-
ates the ability to view structures in the posterior pharynx

Modified Mallampati classification
Class I The soft palate, fauces, uvula, and tonsillar 

pillars are visible
Class II The soft palate, fauces, and uvula are 

visible
Class III The soft palate and base of the uvula are 

visible
Class IV The soft palate is not visible

Class I Class II Class III Class IV

Fig. 2.1 The modified Mallampati classification
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cult intubation, so that the provider can prepare 
his or her intubation plan accordingly. Under 
ideal circumstances, one would be able to inter-
view the patient to obtain medical history, per-
form a full physical examination, and then review 
the patient’s medical record for other informa-
tion, such as electrocardiograms, X-rays, or 
echocardiograms. When there is ample time, the 
provider should discuss the details of the intuba-
tion procedure and any backup plans with the 
patient.

In the ICU or the ED, time is limited due to the 
urgent or emergent patient condition. In these cir-
cumstances, the clinician should  perform a 
directed physical examination. The directed physi-
cal examination should include an evaluation of 
the patient’s cardiovascular and pulmonary sys-
tem. It is important to note any abnormal findings. 
The clinician should develop the AM plan that 
aims to avoid exacerbating any of these abnormal 
exam findings. It is also important to perform a 
directed neurologic exam looking at mental status. 
It may be necessary to limit sedation in patients 
with a primary neurologic deficit. Similarly, if 
there is concern for or a known cervical spine 
injury, it may be necessary to maintain cervical 
spine immobilization throughout the AM plan.

In addition to the directed physical examina-
tion, it is imperative to review the patient’s cur-
rent vital signs. Hemodynamic instability is 
commonly seen in patients that require urgent or 
emergent AM. Many of the medications used will 
affect the patient’s hemodynamics. Laryngoscopy 
can elevate a patient’s intracranial pressure (ICP) 
significantly. An endotracheal tube that contacts 
the carina can induce profound bradycardia. 
When a patient switches from negative-pressure 
to positive-pressure ventilation, there are signifi-
cant changes in intrathoracic pressure that will 
affect hemodynamics. The patient’s risk of injury 
is lower if the provider incorporates the current 
and predicted vital signs into the AM plan.

 Labs and Ancillary Tests

Depending on the patient’s condition, there may 
be time to review potentially pertinent labs or 

other tests that have been performed. The pur-
pose of reviewing labs and tests is to give the pro-
vider more information to formulate an AM plan. 
Although there is no one lab or ancillary test that 
must be reviewed, the following studies are often 
reviewed in an effort to learn more about a 
patient’s clinical status.

An arterial blood gas (ABG) will show the 
degree of hypoxemia and acidemia. An elevated 
lactic acid is associated with anaerobic metabo-
lism and may indicate that the patient is in some 
type of shock. A complete blood count (CBC) 
would show anemia, which would affect oxygen 
delivery to the tissues, or thrombocytopenia, 
which may be, depending on the severity, a risk 
factor for bleeding. Coagulation studies also pro-
vide information about the risk of bleeding dur-
ing AM. A comprehensive metabolic profile will 
provide information about the patient’s liver 
function, renal function, and electrolytes, espe-
cially the potassium. It is also useful to review 
cardiac markers to know if the patient has had 
any cardiac ischemia. All of this information may 
be helpful in deciding what, if any, medications 
should be used in the AM plan.

A chest X-ray (CXR) will often provide infor-
mation about the condition of the patient’s lungs. 
If significant abnormalities are found on the 
CXR, it will be much more difficult to preoxy-
genate the patient and maintain high levels of 
oxygenation during the manipulation of the air-
way. An electrocardiogram (EKG) may provide 
information about any conduction abnormalities 
or active cardiac ischemia. An echocardiogram 
should provide information about the patient’s 
ejection fraction, right ventricular function, and 
any valvular abnormalities. All of these tests pro-
vide information that is helpful in formulating an 
appropriate AM plan, so that there is minimal 
risk for the patient and maximum potential for 
successful AM without complications.

 Medical and Surgical History

As with any other intervention or medical pro-
cedure, it is beneficial to know the patient’s 
medical and surgical history. While time may 
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not allow the provider to obtain a full history, it 
is advantageous to know the immediate history 
and events leading to why a patient needs 
AM.  In addition to this basic knowledge, the 
provider should attempt to ascertain if the 
patient has any medical condition that is com-
monly associated with a difficult airway. Any 
medical or surgical condition that distorts the 
normal anatomy has the potential to make it dif-
ficult to place a definitive airway.

There are several medical conditions that are 
associated with difficult intubations. Obesity is 
one of the most common medical conditions that 
is also commonly associated with difficult mask 
ventilation and difficult laryngoscopy. As the 
obesity epidemic continues to worsen, the per-
centage of patients with a difficult airway will 
increase. See Table 2.3 for a list of medical con-
ditions that are commonly associated directly 
with a difficult airway. In addition to medical 
conditions that are directly associated with a dif-
ficult airway, it is possible for essentially any 
severe medical condition to be indirectly related 
in some way to a difficult AM.  The provider’s 
AM plan is limited due to these severe medical 
conditions because of the significant morbidity 
and mortality, which is increased when dealing 
with urgent or emergent AM.

 Equipment

There are many different pieces of equipment 
needed to provide AM. These pieces range from 
fairly basic to highly advanced, as well as other 
ancillary items that are equally important but are 
not specifically for AM.  While there is no evi-
dence to support that having every piece of equip-
ment at the bedside will make an airway easier, 
most clinicians prefer to have all equipment 
needed for the initial and backup plans readily 
available. Depending on the situation, this may 
include an assistant that is also familiar with air-
way management. The basic equipment used in 
AM is often what will save a patient’s life. The 
clinician will use any and all of this equipment in 
preparation for maximum patient oxygenation 
prior to moving to the advanced equipment that is 

used for a definitive airway. A list of airway 
equipment needed for urgent or emergent AM is 
found in Table 2.6.

 Basic

Basic airway equipment is able to provide oxy-
gen to a patient, but it does not provide the patient 
with a definitive  airway. Any person providing 
patient care should have knowledge in how to use 
this equipment. Basic airway equipment includes 
a continuous oxygen source, a bag valve mask 
(BVM), oral and nasal airways, a positive end- 
expiratory pressure (PEEP) valve, and suction 
capabilities. While labeled as basic, this equip-
ment is anything but basic. This equipment is a 
fall back for any time when it is difficult or 
impossible to get oxygen into a patient.

A continuous oxygen source allows the pro-
vider to maximize a patient’s oxygenation status 
in  an effort to prevent desaturation during 
AM.  The patient should be oxygenated with 
100% FiO2 for 3  minutes to achieve maximum 
oxygenation [21]. This amount of time will also 
cause nitrogen washout, also known as denitro-
genation. During emergent AM, the patient 
should also be maintained on 100% FiO2 to fur-

Table 2.6 Airway equipment that may be needed at bed-
side or readily available for urgent or emergent airway 
management

Airway equipment for urgent or emergent airway 
management
Basic Advanced
Bag valve mask, self- 
inflating, with reservoir

Bougie

Facemasks (multiple sizes) Endotracheal tubes 
(multiple sizes)

Oral airways (multiple 
sizes)

Laryngoscope handles

Oxygen source Laryngoscope curved 
blades (multiple sizes)

Nasopharyngeal airways 
(multiple sizes)

Laryngoscope straight 
blades (multiple sizes)

PEEP valve Rescue devices
Suction source with 
Yankauer suction tip

Supraglottic airway 
devices (multiple sizes)
Surgical airway kit
Video laryngoscopy
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ther prevent desaturation [22]. The easiest way to 
do this is by providing 15 lpm 02 through a nasal 
cannula or using a high-flow nasal cannula 
(HFNC), which can provide up to 60  lpm O2. 
Noninvasive positive-pressure ventilation 
(NIPPV) is another way to maintain continuous 
oxygenation during AM, but the logistics of using 
NIPPV make this option less appealing.

An adult BVM (Fig. 2.2) is usually a 1-L bag 
with a 15-mm standard adapter that allows venti-
lation via a mask, an SGA, or endotracheal tube. 
In the ED and ICU, BVMs are usually self- 
inflating and disposable and have an oxygen res-
ervoir to insure that the BVM delivers the highest 
oxygen concentration possible. There are differ-
ent types of the BVMs and not all are self- 
inflating. Non self-inflating BVMs usually do not 
have a reservoir and must be connected to an 
oxygen source to insure that the bag fills up with 
oxygen. It is important to make sure to have 
access to smaller BVMs if the patient is signifi-
cantly smaller than an average adult. Most dis-
posable BVMs come with a mask. Multiple mask 
sizes should be immediately available to make 
sure that the mask is adequate for the size of the 
patient’s face.

An oral airway (OPA) (Fig.  2.3) is used to 
keep the airway open when using a BVM by pre-
venting the tongue from occluding the hypophar-
ynx. There are many different designs that are 
currently used throughout the world. The OPA 

should only be used on patients with a depressed 
gag reflex; otherwise, the patient may vomit and 
aspirate gastric contents. The correct size of the 
OPA is determined by measuring from the corner 
of the mouth to the tragus of the ear. Common 
sizes for adults are 80, 90, and 100 mm. The OPA 
is properly positioned when the proximal flange 
is resting on the patient’s lips.

A nasal airway (NPA) (Fig. 2.4) is placed into 
the nasal passage(s) in an effort to improve the 
patient’s airway and oxygenation. An NPA may 
be placed in a patient with an intact gag reflex. 
The correct size of an NPA is determined by mea-

Fig. 2.2 Bag valve mask with facemask and oxygen 
reservoir

Fig. 2.3 Oropharyngeal airway

Fig. 2.4 Nasopharyngeal airway
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suring from the nasal ala to the corner of the man-
dible and the size of the largest nare. It is 
important to use the correct size because if an 
NPA that is too large is used, it is possible to 
insert the NPA to the point of stimulating the gag 
reflex. Common sizes for adults are 5.5–8.5 mm.

A PEEP valve (Fig. 2.5) is beneficial to have 
immediately available, especially if the patient is 
severely hypoxic. Similar to PEEP on a ventila-
tor, a PEEP valve attempts to provide end- 
expiratory pressure in an effort to maintain 
alveoli open at the end of expiration. By keeping 
alveoli open, less effort is needed to overcome 
the resistance of opening a closed alveolus. The 
end result is an increase in mean airway pressure 
which equates to improved oxygenation. The 
provider must be cautious, as a PEEP valve may 

cause a significant decrease in venous return to 
the heart, which will be seen clinically as 
hypotension.

Finally, suction capabilities are always neces-
sary. It is impossible to accurately predict the 
amount of secretions or blood in the posterior lar-
ynx. Having suction immediately available has 
the potential to reduce aspiration of contents into 
the lungs. In clinical situations in which there is 
copious material in the patient’s pharynx, it may 
be advisable to have more than one suction setup 
available.

 Advanced

A definitive airway is an artificial tube in the tra-
chea. Advanced airway equipment is that which 
is needed to place a definitive airway. This equip-
ment requires that the provider has advanced 
training in AM.  Advanced equipment includes 
items for direct and video laryngoscopy, endotra-
cheal tubes, stylets, SGAs, surgical airway place-
ment, and other rescue devices. Equipment 
options will differ depending on the institution, 
but the minimal requirement readily available 
should be equipment for DL, SGAs, rescue sty-
lets, and equipment to obtain a surgical airway.

Laryngoscope handles and blades are needed 
for direct laryngoscopy. There are many types of 
straight blades available, including Miller, 
Wisconsin, and Wis-Hipple (Fig.  2.6). These Fig. 2.5 PEEP valve

Fig. 2.6 Straight laryngoscope blades. (a) Profile view of Miller laryngoscope blade. (b) Wis-Hipple laryngoscope 
blades and handle
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blades differ in the size or degree of curvature of 
the spatula on the end of the blade. The most 
commonly used curved blades are MacIntosh 
blades (Fig. 2.7). There are other curved blades 
available that are modifications of Dr. 
MacIntosh’s original design. All laryngoscope 
blades come in a variety of sizes. For Miller 
blades, the smallest size is 00, and the largest 
size is 4. For MacIntosh blades, the smallest size 
is 0, and the largest size is 4.

Endotracheal tubes (ETT) also come in a 
variety of sizes and shapes. For the majority of 
intubations in the ED or ICU, providers will use 
ETTs with a gentle curve. In the OR, there are 
many other designs that may be used depending 
on the type of surgery (most often otolaryngo-
logic cases). ETT sizes range from 2.5 to 
10.0  mm. There is no hard and fast rule about 
what size ETT to place in adults. Most clinicians 
prefer to place a 7.5-mm tube so that a broncho-
scope may be passed, if the need arises. The ETT 
size required for a specific patient may be deter-
mined from the size of the patient’s largest nare 
or the diameter of his or her fifth digit. There are 
other factors that must be considered when 
selecting a size. For example, if the patient is 
presenting with an inhalation injury or has a his-
tory of tracheal stenosis, then smaller ETTs 
should be prepared. If there is the potential for 

bronchoscopy, then it may be advantageous to 
place a larger tube. Although each scenario is 
different, a good rule of thumb is to use a 7.0–
7.5  mm ETT on an adult female and a 7.5–
8.0 mm ETT on an adult male.

Stylets are another piece of advanced equip-
ment that should be immediately available for 
any AM procedure. Malleable stylets are com-
monly used used to make the ETT into a particu-
lar shape. The most common shape used is 
described as a “J” or a hockey stick. Some VL 
systems recommend the use of their proprie-
tary  rigid stylets. A gum elastic bougie, also 
known as an Eschmann Stylet, is a rubber or plas-
tic stylet (Fig. 2.8) that is designed to be placed 
directly into the trachea. The ETT is then posi-
tioned into the trachea by using a Seldinger tech-
nique over the bougie.

There are many different available SGAs. The 
first SGA developed for AM is the Combi-Tube. 
The laryngeal mask airway (LMA) is another 

Fig. 2.7 Curved laryngoscope blades. (a) MacIntosh laryngoscope blades and handle. (b) Profile view of MacIntosh 
laryngoscope blade

Fig. 2.8 Bougie. (a) Disposable plastic stylet. (b) 
Eschmann stylet – Gum elastic bougie
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common SGA. The LMA was developed by Dr. 
Archie Brain. It was first used in 1983 and first 
available commercially in 1987 [23]. There are 
now several different versions of LMA available. 
i-gel, LMA-Fastrach, King Laryngeal Tube, and 
air-Q are other commonly used SGAs. All SGAs 
are intended to deliver oxygen to the trachea 
although no part of the device passes through the 
vocal cords into the trachea. Some of the devices 
have supraglottic and infraglottic parts. An ETT 
may be placed directly into the trachea through 
some SGAs (known as 2nd generation SGAs).

 Medications

Medications will be needed to facilitate AM in 
the vast majority of cases. The minimum medi-
cations that should be immediately available 
are an induction agent to sedate the patient, a 
muscle relaxant to take away patient movement 
and breathing, and a vasopressor to maintain 
hemodynamics if the patient becomes unstable. 
Common induction agents include etomidate, 
fentanyl, ketamine, midazolam, and propofol. 
These may be used individually or in combina-
tion with other medications. Rocuronium and 
succinylcholine are the most commonly used 
paralytic medications in the ED or ICU.  In a 
Cochrane Review, rocuronium was found to be 
“slightly less effective than succinylcholine for 
creating excellent and acceptable intubating 
conditions” [24]. Vasopressors that are com-
monly used as bolus agents include epineph-
rine, neosynephrine, and vasopressin. These 
agents plus dopamine and levophed are poten-
tial options for a vasopressor administered as a 
continuous drip. See Table 2.7.

If possible, it is important to stabilize a 
patient’s hemodynamics prior to AM.  Unstable 
patients that undergo emergent AM have a high 
frequency of cardiac arrest in the immediate time 
period after AM [25]. Even in awake patients, 
most providers will give an anxiolytic or mild 
sedative to facilitate ETT placement. There are 
many different medicines that may be used for 
different scenarios.

 Airway Anesthesia via Topicalization

Most emergency medicine (EM) physicians 
sedate the vast majority of patients undergoing 
AM.  Having a patient remain awake (or mini-
mally sedated) for AM is not a concept with 
which most EM physicians are comfortable or 
have experience [26]. It is unknown how many 
EM residencies teach how to perform airway 
nerve blocks or awake intubations. The ability to 
achieve total airway anesthesia through topical-
ization and perform an awake intubation is an 
important skill set for an EM physician to pos-
sess. There are many high-risk patients that 
would benefit from being awake for the 
AM.  Keeping a high-risk patient awake helps 
reduce the risk of morbidity or mortality.

The nerve blocks commonly performed to 
achieve total anesthesia of the larynx are the lin-
gual and pharyngeal branches of the glossopha-
ryngeal nerve (GPN), the superior laryngeal 
nerve (SLN), and the recurrent laryngeal nerve 
(RLN). The GPN provides innervation to the pos-
terior one third of the tongue and the superior 
portion of the pharynx. The SLN provides inner-
vation to the inferior portion of the pharynx 
above the vocal cords. The RLN provides inner-
vation below the vocal cords. To achieve total 
airway anesthesia, it is necessary to anesthestize 
all three nerves. Some experts advocate the use of 
blocks whenever possible, while others advocate 
that blocks are rarely necessary and that there are 
alternatives to nerve blocks [27]. The evidence is 
not clear as to whether one method is better than 
the other [28–30]. The time to achieve anesthesia 
by performing the airway blocks is approxi-
mately the same as needed to nebulize lidocaine.

Table 2.7 Medications that are commonly used in urgent 
or emergent airway management

Medications commonly used in airway management
Sedation Paralytic Vasopressor
Etomidate Rocuronium Epinephrine
Fentanyl Succinylcholine Ephedrine
Ketamine Neosynephrine
Midazolam Vasopressin
Propofol
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To block the GLN, open the patient’s mouth 
and identify the palatopharyngeal fold. A tongue 
blade or straight laryngoscope blade is inserted 
and used to move and hold the tongue anteriorly. 
A small bore, long diameter needle is inserted 
into the mucosa, and several milliliters (ml) of 
local anesthetic are injected. A 25-gauge spinal 
needle and 3 ml of 2% lidocaine is recommended. 
Take care to aspirate prior to injection so that 
accidental injection into a vessel does not occur.

To block the SLN, identify the greater cornu 
of the hyoid bone. After appropriately cleaning 
the skin, inject a small bore needle just inferior to 
the greater cornu. Aim the needle medially and 
anteriorly and inject 3 ml of 2% lidocaine, mak-
ing sure to aspirate prior to injection.

To block the RLN, a transtracheal block is 
performed. This is probably the easiest of the 
blocks. Identify and appropriately clean the 
CTM.  Insert a small bore needle through the 
membrane into the trachea. Test the location of 
the needle by aspirating. When air is aspirated, 
the needle is in the trachea. At this point, inject 
several milliliters of local anesthetic. Four milli-
liters of 4% lidocaine is commonly used. The 
patient will begin coughing, which will disperse 
the local anesthetic to achieve a greater area of 
anesthesia.

To anesthetize the larynx without using nerve 
blocks, nebulized lidocaine has been used for 
topicalization for many years. Higher concentra-
tions of lidocaine provide anesthesia in a timelier 
manner. Place 5 ml of 2–4% lidocaine in a nebu-
lizer and have the patient breathe through his or 
her mouth for approximately 10 minutes or until 
the nebulizer chamber is empty. This technique is 
easier than performing the nerve blocks, but the 
degree of anesthesia is variable. In an effort to 
improve the degree of anesthesia, the provider 
may place lidocaine gel or jelly on a tongue blade 
or OPA and slowly advance it (over several min-
utes) to the posterior pharynx. The lidocaine gel 
or jelly will achieve topical anesthesia on the 
structures with which it comes into contact. 
Benzocaine is not recommended due to the rela-
tive ease of inducing methemoglobinemia.

Nebulized lidocaine may also be used to anes-
thetize the nasal passages. Lidocaine gel or jelly 

may be used instead of or in conjunction with 
nebulized lidocaine. Identify the largest nare and 
squirt 2–3  ml into it. The solution will slowly 
make its way down to the posterior pharynx. An 
alternative to this strategy is to coat an NPA with 
lidocaine and insert it into the largest nare. After 
several minutes, the passage should be anesthe-
tized. If planning to nasally intubate a patient, the 
topical vasoconstrictor, Oxymetazoline, is rec-
ommended in an effort to minimize bleeding.

 Other Equipment

In addition to the equipment above, there are sev-
eral pieces of equipment that should be used or 
be readily available during any AM.  Table  2.8 
lists the minimum equipment needed. The patient 
should be connected to a continuous pulse oxim-
eter, a blood pressure cuff that measures every 
1–3  minutes, and EKG telemetry. These items 
should be placed reflexively on any patient who 
is critically ill. At least one and preferably two 
working IVs are recommended so that medica-
tions and fluid boluses may be given easily. If the 
patient does not have an IV, intraosseous (IO) 
access may be an alternative. Some medicines 
may be given intramuscularly, but the absorption 
rate is variable and thus not recommended unless 
there is no other option.

An end-tidal carbon dioxide (ETCO2) device 
is recommended to help confirm placement of the 
airway. There are different options available. It is 
important to give six artificial breaths before a 
determination about airway placement can be 
definitively made. ETCO2 devices may not work 
if a patient has been in cardiac arrest for a pro-
longed period of time.

Table 2.8 Non-airway equipment that is commonly used 
during airway management

Non-airway equipment
Bite block Magill forceps
Blood pressure cuff Pulse oximeter
CO2 detector Sterile suction 

catheters
EKG telemetry Tube securing device
Intravenous or intraosseous 
access
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After an ETT has been placed, it needs to be 
secured so that the tube does not become acci-
dentally dislodged. Tape may be used to secure 
the device. Tape is stronger and may prevent 
inadvertent extubation [31], but a commercially 
available tube securing device is a better option 
to prevent skin breakdown [32, 33]. These devices 
are designed in an effort to minimize tissue 
necrosis on the face and in the mouth.

Magill forceps (Fig.  2.9) may be needed to 
retrieve foreign bodies in the airway. Foreign 
body removal is not common, but when it occurs, 
it is advantageous to have this piece of equip-
ment. Magill forceps may also be used to help 
facilitate tube placement into the trachea. These 
should only be used by providers that have been 
trained in using Magill forceps, as it is possible to 
cause trauma to the airway.

 Techniques

 Mask Ventilation

Mask ventilation is an essential airway skill. 
Mask ventilation is the initial step used to pro-
vide oxygen to a patient requiring AM.  Mask 
ventilation is also the fall back mechanism for 
providing oxygen to a patient at any point in the 

AM plan if the patient is hypoxic. If a provider is 
unable to mask ventilate a patient who is hypoxic 
and has a poor or nonexistent respiratory drive, 
then the patient will not likely survive. There are 
several predictors of difficulty with mask ventila-
tion. See Table 2.9 for further information.

After the decision has been made to mask ven-
tilate a patient, several steps should occur simul-
taneously. Adequate resources and personnel 
should be available. The BVM should be con-
nected to an oxygen source that provides 100% 
FiO2 at high flow ~15 L/min. The patient should 
be properly positioned so that the airway axes are 
aligned. See Fig.  2.10. The sniffing position or 
the head-tilt, chin-lift position will allow the best 
alignment of airway axes. If unable to manipulate 
the cervical spine due to concern for injury, a jaw 
thrust maneuver is recommended. In this maneu-
ver, the mandible is elevated by pulling both 
angles of the mandible anteriorly while maintain-
ing inline stabilization of the cervical spine.

The airway should be opened and a mask 
placed onto the patient’s face such that it com-
pletely covers the nose and mouth. The mask cuff 
should rest between the base of the alveolar ridge 
and the chin inferiorly, above the bridge of the 
nose superiorly, and lateral to the nasolabial folds 
on each side. The provider then pulls the patient’s 
face up into the mask so that the seal is improved. 
The mask should never be pushed down onto the 
patient’s face, as this may lead to occlusion of the 
airway or poor oxygenation.

It is possible for a single provider to mask a 
patient. The provider’s nondominant hand is 
placed on the mask with the thumb and index fin-
ger partially encircling the mask connector, simi-
lar to an “OK” sign or the letters E and C. The 
other three fingers are placed under the patient’s 
mandible. It is important to place the fingers on 
the boney portion of the mandible in an effort to 
minimize potential injury to the soft tissues. The 
middle finger is placed beneath the chin. The long 

Table 2.9 Predictors of difficult mask ventilation

Predictors of difficult mask ventilation
Age >57 years old Edentulous
Beard Mallampati class III or IV
BMI >30 Snoring history

Fig. 2.9 Magill forceps
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finger is placed midway between the chin and the 
angle of the mandible. The little finger is placed 
under the angle of the mandible. These fingers 
pull the mandible into the mask in an effort to 
make a tight seal between the face and the mask. 
The provider’s dominant hand is then used to 
squeeze the bag to provide positive pressure and 
oxygen will be forced into the patient’s orophar-
ynx, with the goal of proceeding to the lungs.

Whenever possible, a two person, two-handed 
technique should be utilized. In this technique, it 
is possible to provide greater air movement [34]. 
One person’s task is to squeeze the bag. The other 
person’s job is to use both hands to achieve an 
adequate mask seal. There are two options that 
are commonly used. In the first option, the 
 provider uses both hands to make the “OK” sign 
or the E and C as described previously. Both 
hands are used to lift the mandible into the mask. 

In the second option, the provider places both 
thumbs on the lateral aspects of the mask and the 
other fingers under the mandible on the boney 
portion. The fingers are then used to lift the man-
dible into the mask.

Cricoid pressure, also known as the Sellick 
maneuver, may help improve airflow into the 
trachea. It may also help prevent regurgitation 
of gastric contents. An assistant applies pres-
sure to the cricoid cartilage in an effort to 
occlude to esophagus. Dr. Sellick originally 
recommended 30 Newtons (N) of pressure [35]. 
Subsequent study has shown that the force 
needed is between 30 and 40  N (which is the 
equivalent of 3–4 kg) [36].

When the ability to mask ventilate the patient 
has been obtained, it is recommended to provide 
3  minutes of mask ventilation with 100% FiO2 
for nitrogen washout and fill up oxygen stores 

OA PA LA

Fig. 2.10 Alignment of the oral axis (OA), pharyngeal axis (PA), and laryngeal axis (LA). (a) Head in neutral position. 
(b) Head elevated and neck flexed. (c) Head tilted and chin lifted. (d) Sniffing position

J. P. Gaillard



37

[21]. This denitrogenation will allow the patient 
to stay on the high portion of the oxygen–hemo-
globin dissociation curve longer. How long this 
effect lasts is unknown, especially in critically ill 
patients undergoing urgent or emergent AM.

 Oropharyngeal Airway

To properly place an OPA, there are two options. 
Either method is acceptable. The first option is to 
insert the device with the distal end pointing 
cephalad and advance the OPA into the mouth. It 
is important to avoid pushing the tongue into the 
hypopharynx. Once passed the base of the tongue, 
rotate the OPA 180° so that the distal end is now 
pointing caudad. The second option is to use a 
tongue blade to depress the posterior portion of 
the tongue and insert the OPA with the distal end 
already pointing caudad.

 Nasopharyngeal Airway

To properly place the NPA, identify the patient’s 
largest nare. Lubricate the tip and shaft of the 
NPA with lidocaine or a water soluble jelly. 
Capillary bleeding from the nasal passages is a 
common complication of NPA insertion. 
Bleeding is minimized with the use of a lubricat-
ing jelly  or oxymetazoline, but use caution in 
patients with severe thrombocytopenia. Insert the 
NPA into the nare and advance it horizontally 
along the inferior nasal turbinate. Stop advancing 
when the flange of the NPA contacts the nare.

 Direct Laryngoscopy

Direct laryngoscopy is the hallmark of placing a 
definitive airway into the trachea. The first 
recorded successful attempt at DL was done by 
Alfred Kirstein in Berlin on April 23, 1895 [37]. 
Since then, there have been many modifications. 
Today the most commonly used blades are the 
Miller or the MacIntosh. Robert Miller intro-
duced his design of a straight blade in 1941 [38], 
and Robert MacIntosh introduced his design in of 

a curved blade in 1943 [39]. Under emergent 
conditions, DL has a first pass success rate of 
87.4% [40].

Each of the blade designs has a light source at 
the end of the blade that is powered by batteries 
in the handle. Most new types of blades are modi-
fications of the design of the original Miller and 
MacIntosh blades. Fiberoptic versions of the 
blades are also available. These have the light 
source in the handle and illumination occurs via 
the fiberoptic channel on the blade.

To determine the correct size of the blade 
(either straight or curved), measure from the cor-
ner of the mouth to the tragus of the ear and use 
the blade that most approximates this length. 
Apply the blade to the handle. There are a variety 
of different handles available. If time allows, 
choose the handle that is most comfortable. Once 
the blade and handle are connected, place the 
laryngoscope in the left hand.

The patient should be properly positioned 
and sedate enough so that the gag reflex has 
been abolished. Taking care to avoid the 
patient’s teeth, the blade is inserted on the right 
side of the patient’s mouth and advanced to the 
posterior oropharynx. Use the blade to sweep 
the tongue to the left and then lift up on the 
blade. It is important for the clinician to avoid 
using his or her wrist as a fulcrum; otherwise, 
dental trauma may occur. With the wrist and 
forearm straight, the laryngoscope is lifted 
along the handle axis. If unable to visualize the 
epiglottis, the blade may need to be advanced 
further and lifted again. Throughout the pro-
cess, take care to avoid trauma to the structures 
in the mouth, including the lips.

Once the epiglottis is seen, it is at this point 
that the two different blades are used differently 
to obtain a view of the vocal cords. AM clinicians 
should be equally skilled with either blade. The 
straight blade tip is used to directly elevate the 
epiglottis. The curved blade tip is placed in the 
vallecula at the base of the tongue and then ele-
vates the epiglottis indirectly via the hyoepiglot-
tic ligament. Note that some clinicians advocate 
using the curved blade to elevate the epiglottis 
directly. This is an improper use of the blade and 
may cause harm to the patient.
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Instead of a method of slowly advancing the 
blade while searching for the epiglottis, there is 
another option for intubation with the straight 
blade. The straight blade is inserted into the 
mouth as above and then advanced deep past the 
oropharynx to the proximal esophagus. The blade 
is then lifted and slowly withdrawn until the glot-
tis drops into view. The epiglottis may also drop 
and occlude the view of the glottis. If this occurs, 
advance the blade so that the tip will be able to 
directly elevate the glottis.

With the epiglottis lifted out of the way, the 
glottis should come into view. It is at this point 
that the Cormack–Lehane view [41] is ascer-
tained. Grade 1 indicates that most of the glottis 
is seen. Grade 2 indicates that only the base of the 
vocal cords is seen. More of the glottis may be 
seen with light pressure on the larynx. A Grade 3 
view indicates that only the epiglottis is visual-
ized and no part of the glottis is seen. Grade 4 
indicates that no part of the epiglottis is seen, and 
alternative intubation techniques or equipment 
may be needed. See Fig.  2.11 for the different 
Cormack–Lehane views.

If there is difficulty visualizing the vocal 
cords, it may be necessary to use laryngeal 
manipulation. A BURP maneuver is commonly 
attempted. This maneuver involves manipulating 
the trachea with the provider’s right hand by 
applying a backward, upward, and rightward 
pressure. Once the best view of the vocal cords is 
obtained, an assistant takes over holding the tra-
chea in the optimal position.

When the best glottic view has been obtained, 
the clinician inserts an ETT into the trachea and 
advances it approximately 1–2  cm beyond the 
vocal cords. The corresponding ETT depth at the 

teeth should approximate three times the internal 
diameter of the ETT. A more correct determina-
tion of depth can be obtained by the formula: 
(body height in cm/5) – 13 [42]. The ETT is held 
in position manually, and the laryngoscope is 
withdrawn, taking care not to cause any trauma. 
The cuff on the ETT is then inflated to a pressure 
of 20–25  mmHg. Commercial manometers are 
available to measure the pressure. It is not possi-
ble to tell how much pressure is in the cuff by 
squeezing the pilot balloon manually or by inflat-
ing the pilot balloon with a specific amount of air 
[43].

When the ETT is in place, it is important to 
confirm the presence of gas exchange. An end- 
tidal CO2 detector is attached to the proximal end 
of the ETT, and breaths are delivered by a BV 
device. It is important to confirm bilateral breath 
sounds and the absence of sound over the stom-
ach. The ETT is secured once confirmation of 
correct placement is obtained. A CXR should 
then be obtained to confirm the depth of the ETT.

 Bougie Stylet

A bougie may be needed with either DL or VL. If 
the clinician is only able to get a CL view of 
Grade 3 or 4, a bougie may need to be employed. 
When the best CL has been obtained, a bougie is 
placed into the clinician’s right hand. The clini-
cian advances the angled end of the bougie into 
the larynx and watches as the bougie is advanced 
just under the epiglottis. With further advance-
ment, the clinician should be able to “feel” the 
bougie bouncing on the tracheal rings through 
the vibrations of the stylet. If the clinician is 

Grade IIGrade I Grade III Grade IV

Fig. 2.11 Cormack–Lehane views of laryngoscopy. (Adapted from Samsoon and Young [19])
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unable to sense this bouncing, then the bougie is 
most likely in the esophagus, which has no carti-
laginous rings. The bougie is advanced until 
resistance is met.

At this point, when using DL, some clinicians 
elect to remove the laryngoscope, but maintain-
ing the laryngoscope in place aids in easing the 
ETT placement by keeping the oral, pharyngeal, 
and laryngeal axes aligned. When using VL, most 
clinicians elect to keep the laryngoscope in place.

Regardless of whether or not the laryngoscope 
is used, the next step is to load a properly sized, 
leak-tested, and lubricated ETT onto the bougie. 
The ETT is advanced over the bougie using a 
Seldinger technique. When the ETT is unable to 
be advanced further, the bougie and laryngoscope 
(if being used) are withdrawn, while maintaining 
the ETT in place. Attach a BV device and con-
firm the presence of gas exchange by using the 
ETCO2 and other clinical means. Assess the ade-
quacy of bilateral breath sounds and oxygenation. 
If there are no left-sided breath sounds, then the 
ETT is likely too deep and will probably need to 
be withdrawn a few centimeters. When appropri-
ate position of the ETT is confirmed, secure it in 
place.

 Video Laryngoscopy

Dr. John Pacey introduced the Glidescope in 
2001. The first academic paper was published in 
2003 [44]. Since then, the use of VL for AM has 
skyrocketed, and its use is growing faster than 
other medical technologies [45]. From the ASA 
Practice Guidelines, over half of the clinicians 
surveyed strongly favor using VL on the first 
intubation attempt [5]. It is potential that DL will 
become a lost art form, similar to how automatics 
have largely replaced manual transmissions in 
cars. More than half (59%) of critical care fellow-
ships in the United States offer specific training 
with VL and little training in DL [46].

VL was initially developed for difficult air-
ways, but many clinicians are using VL for all 
intubations. In the OR, VL has a high frequency 
of success and a higher success on first pass 
attempts compared to DL [47]. When comparing 

successful intubation in emergent AM, VL was 
shown to be no better than DL [48].

VL does not decrease the amount of cervical 
spine movement compared to DL [49, 50]. In the 
10th edition of the Advanced Trauma Life Support 
student manual, VL is an option for use by expe-
rienced providers in specific circumstances [51]. 
Despite a lack of evidence for improved outcome 
[52], many providers consider VL to be the pri-
mary AM tool for patients in a cervical collar.

 Glidescope
The Glidescope (GS) is a video laryngoscope in 
which the hyperangulated blade design is an ana-
tomically shaped curved blade with a 60° angle 
on the distal portion of the blade. There is a small 
camera at the tip that has an antifog feature. The 
blade is connected via a cable to a video screen. 
The GS does not use direct line of sight. The 
GVL is the original model, but there are several 
versions currently available (Fig. 2.12). There are 
several sizes of blades available for adult use. 
Size 3 is recommended to be used in a 10-kg 
patient to an average-sized adult. Size 4 is recom-
mended for an average adult to morbidly obese 
patient. Size 5 is recommended for a large adult 
to morbidly obese patient, specifically “designed 
to accommodate anatomic anomalies sometimes 
associated with bariatric patients” [53].

To use the GS, carefully insert the blade into 
the mouth, either on the right side or more com-
monly in the midline. The mouth must open to at 
least 16 mm to accommodate the GVL. Advance 
the blade to the posterior oropharynx, taking care 
to avoid trauma to the oral structures. When the 
blade is in the posterior oropharynx, the operator 
then turns his or her attention to the video moni-
tor. The blade is manipulated to obtain the best 
possible  view of the glottis. Secretions, foreign 
bodies, or blood may obscure the view. Withdrawal 
of the GS and suctioning of the oropharynx may 
be necessary.

Once the best view of the vocal cords is 
obtained, the ETT is advanced into the mouth and 
through the vocal cords while watching the video 
monitor. Due to 60° angle of the distal tip of the 
hyperangulated blade, the stylet may need to be 
manipulated more than when using DL. For this 
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reason, Verathon recommends the use of their pro-
prietary GlideRite rigid stylet (Fig. 2.13). There is 
some evidence that using the rigid stylet is more 
efficacious than using a malleable stylet in emer-
gent AM settings [54]. Removing a rigid stylet 
may be difficult, so it may be necessary to have an 
assistant perform this part of the procedure.

After the ETT has been placed, withdraw the 
GS and confirm the presence of gas exchange by 
using the ETCO2 and other clinical means. Secure 
the ETT once placement is confirmed.

 McGrath
The McGrath MAC enhanced direct laryngoscope 
(McGrath) merges the ability to perform DL or VL 

a b

c

Fig. 2.12 Glidescope video laryngoscope. (a) AVL single-use model. (b) Disposable blade. (c) AVL with disposable blade

Fig. 2.13 Glidescope proprietary stylet

J. P. Gaillard



41

in one device. The device is handheld with a 2.5-
inch video monitor on top of the handle (Fig. 2.14). 
A disposable curved blade (similar to a MacIntosh 
blade but more angulated) is connected such that 
the camera is inside the blade near the distal tip. 
There is only one size blade. An antifog material 
may need to be applied to the camera to enhance 
the graphics on the video monitor.

The technique for using the McGrath is the 
same as a curved blade for DL or as a GS for 
VL. After the ETT has been placed, withdraw the 
McGrath and confirm the presence of gas exchange 
by using an ETCO2 and other clinical means. 
Secure the ETT once placement is confirmed.

 C-MAC
The C-MAC is a complete video laryngoscopy 
system, which has grown from the original device 
to include disposable, handheld, and fiberoptic 
devices. The original C-MAC is described further 
here. The C-MAC has the potential to be used for 
DL or VL.  A curved blade (again, similar to a 
MacIntosh blade but more angulated) is attached 
to a handle that is connected by a cable to a video 
monitor. The antifog camera is inserted into the 
C-MAC handle. The C-MAC is available in 

 multiple traditional blade sizes for adults. 
Currently, the C-MAC straight blades are only 
available in pediatric sizes.

The C-MAC is inserted and used just like a 
regular curved. After the ETT has been placed, 
withdraw the C-MAC and confirm the presence 
of gas exchange by using an ETCO2 and other 
clinical means. Secure the ETT once placement 
is confirmed.

There is a potential training benefit of using 
the C-MAC. Due to the size of the video moni-
tor, a trainee can use the C-MAC for DL and a 
supervisor is able to see what the trainee sees 
and offer guidance to improve technique. In a 
retrospective study of ED intubations, the 
C-MAC was shown to have better first-pass suc-
cess compared to DL [55].

 Fiberoptic Intubation

A flexible fiberoptic bronchoscope (FOB) is 
another method of VL that has a role in emergent 
AM. One of the biggest benefits of FOB for intu-
bation is its use in an awake patient who poses an 
increased risk of a difficult airway if put to sleep 

a b

Fig. 2.14 (a, b) McGrath MAC enhanced direct laryngoscope
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for AM. FOB can also be used in patients who 
have unstable neck trauma. In patients with sig-
nificant angioedema, nasal FOB is a good alter-
native to a surgical airway.

There are different FOB sizes and types 
(Fig. 2.15). Some have suction capabilities, while 
others do not. Some FOBs use an eyepiece, while 
others are attached to or only have a video moni-
tor. It is important to use a FOB that will allow 
the use of an appropriately sized ETT. Depending 
on the manufacturer, a water-soluble lubricant 
may be placed on the FOB to help with passing 
the ETT off the FOB into the trachea.

The use of FOB in the ED is often restricted 
due to either a presumed  emergent airway or 
familiarity with the equipment. Most AM situa-
tions in the ED or ICU are urgent, not emergent. 
Learning how to use a FOB is not complicated, 
but the process takes finesse and should not be 
rushed. FOB should be practiced on patients who 
are not predicted to have difficult airways. The 
skill requires experience and once mastered is an 
excellent resource for difficult AM.

To maximize the chances of success with 
FOB, it is important to prepare the patient prop-
erly. The patient may either be in a supine or an 
upright position. If supine, the FOB operator 
stands either at the head or to the side of the bed. 
If upright, the FOB operator stands to the side of 
the patient. An antisialogogue is recommended 
in an effort to minimize secretions. An ovassa-
pian airway (Fig. 2.16) is a type of OPA that dis-
places the tongue and provides a channel 
through which the FOB and ETT may be passed. 
A Berman airway or a Williams airway are two 
other OPAs through which a fiberoptic scope 

can be passed. If none of these specialized air-
ways are available, have an assistant grasp the 
tongue with gauze and pull it forward. A jaw 
thrust maneuver will also facilitate intubation.

To operate the scope, place one hand approxi-
mately 8–10 cm from the tip at the distal end of 
the FOB and the other hand on the control end. 
The control end will have a lever that flexes and 
retroflexes the distal end of the scope. The FOB 
will only move up and down. To move the FOB 
sideways, the clinician must rotate his or her 
wrist and shoulder as one unit. Perhaps the most 
important step to take to maximize success with 
FOB is to remember to always keep the 
scope  taught. If the FOB is not mildly taught, 
whenever the operator twists his or her hand to 
twist the distal end, the distal end will not twist. 
Laxity in the FOB leads to the scope being 
twisted on itself like a snake or wet spaghetti.

For oral FOB, insert the scope into the mouth. 
Once the tip is beyond the back of the tongue, use 
the control end to bend the tip to follow the natu-
ral curvature of the airway. The tip will either be 
flexed if standing at the head of the bed or retro-
flexed if standing to the side of the patient. 
Continue advancing the scope in the midline until 
the operator’s distal hand contacts the patient’s 
mouth. At this point, the operator should focus 
attention on the eyepiece or video screen. The 
vocal cords should be in view. Avoid the tempta-
tion to “look around” to try to find the vocal cords 
unless the operator is confident that he or she is in 
the larynx. Too often, if the cords are not in view, 
the scope is in the esophagus. Withdraw the scope 
and try again. It may be necessary to place the 
distal hand closer to the tip of the FOB.

a b1 b2

Fig. 2.15 (a) Fiberoptic scope with eyepiece. (b) 1–2. Fiberoptic scope with video monitor
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For nasal FOB, insert the scope into the larg-
est nare. Advance the FOB into the nasal pas-
sages. Once the operator’s hand comes into 
contact with the patient’s nose, look through 
the eyepiece or video screen. The tip should be 
in the posterior pharynx a few centimeters 
above the vocal cords. It may be necessary to 
flex (or retroflex depending on the operator’s 
position relative to the patient) mildly to see the 
vocal cords.

With either technique, once the vocal cords 
are identified, advance the FOB by pulling the 
scope into the airway with the hand on the distal 
end, instead of pushing the FOB with the hand on 

the control end. Advancement of the scope should 
be done with deliberate action instead of slowly. 
If done slowly, there is a significant chance that 
the scope will contact the vocal cords and induce 
coughing, especially in a spontaneously breath-
ing patient who is not fully anesthetized.

Once the FOB tip has been pulled into the 
trachea, advance the scope to the mid trachea or 
until the carina is visualized. At this point, hold 
the FOB in place and slide the ETT off the 
scope and slowly into position. Occasionally, 
the ETT will get caught up on redundant tissue 
in the larynx (especially if the patient is heavily 
sedated) or the vocal cords. If this occurs, 
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Fig. 2.16 (a–c) Ovassapian airway
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gently rotate the ETT 90° and try to advance the 
ETT again. If this does not correct the situation, 
the ETT may be too big and a smaller size needs 
to be used.

When the ETT is in the trachea, use the FOB 
to confirm placement. Withdraw the FOB while 
an assistant holds the ETT in place. When the 
FOB has been removed, confirm the presence of 
gas exchange by using an ETCO2 and other clini-
cal means and then secure the ETT.

 Supraglottic Airway Devices

In the ED and ICU, supraglottic airway devices 
are mainly used as a backup when the clinician is 
unable to place the ETT. SGAs are beneficial in 
situations in which the provider is not able to 
mask ventilate or oxygenate a patient [56]. Many 
prehospital emergency medical services place an 
SGA instead of an ETT. An SGA is not consid-
ered a definitive airway, so it is necessary to 
exchange an SGA for a tube in the trachea.

When performing an airway examination, it is 
important to identify conditions that may be 
associated with difficulty placing an SGA. The 
most prominent finding is a restricted mouth 
opening. If the SGA cannot fit into the orophar-
ynx, then it cannot be placed appropriately. If 
there is an obstruction of the airway, then the 
obstruction must be removed before an SGA will 
function properly. Along those lines, SGA place-
ment may be difficult in morbidly obese patients 
due to the amount of redundant tissue in the 
hypopharynx.

There are many different types of SGAs on the 
market. Some are disposable. Second generation 
SGAs allow an ETT to be passed through the 
SGA into the trachea. Some have two potential 
ventilation tubes. When inflated, SGAs form a 
seal around the hypopharynx. All SGAs function 
by forcing air into the trachea without actually 
having a tube in the trachea. Not all  SGAs 
occlude the esophagus, so the clinician must 
always be aware of the potential for reflux and 
aspiration of gastric contents.

 Laryngeal Mask Airway
The first version of the LMA marketed commer-
cially is the LMA Classic. There are other ver-
sions now available. See Fig. 2.17, for example. 
These have slight modifications to the design. All 
LMAs are inserted in a similar fashion. An appro-
priate size LMA should be selected depending on 
the patient’s weight. Adult sizes are #3 for 
patients 30–50 kg, #4 for patients 50–70 kg, and 
#5 for patients 70–100  kg. An LMA Classic is 
available for patients weighing >100 kg. If unsure 
about the patient’s weight, it is advised to select 
the larger size.

Similar to an ETT, it is necessary to inflate the 
mask to ensure that there are no leaks. Next, 
remove all air from the mask and make sure that 
the tip is not folded over. Placing the LMA on a 
flat surface and applying a mild downward pres-
sure as air is removed from the mask may help 
prevent the tip from folding over. This action will 
also help minimize wrinkles in the cuff.

Apply a water-soluble lubricant to both sides 
of the mask. Open the patient’s airway and lift the 

a b

Fig. 2.17 Laryngeal mask airway (LMA): (a) Classic. (b) Unique
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patient’s jaw. With the tube side of the mask 
superiorly position, insert the LMA into the mid-
line of the mouth and advance the mask along the 
hard palate and to the hypopharynx as far as pos-
sible. Cricoid pressure may make placement 
more difficult. When it is not possible to advance 
any more, inflate the LMA with air: 20 ml for a 
#3, 30 ml for a #4, and 40 ml for a #5. As the 
mask inflates, the LMA will seat itself into posi-
tion over the larynx.

To minimize cuff leak, make sure that the tube 
portion of the LMA is in the midline of the mouth 
and that the head and neck are in a neutral posi-
tion. If a cuff leak persists, it may be necessary to 
deflate the cuff, remove the LMA completely, 
and reinsert the LMA again. If the second inser-
tion does not correct the problem, move to a dif-
ferent size, with the first choice being one size 
larger if possible.

Laryngospasm or the epiglottis occluding the 
trachea may cause obstruction of the LMA. In the 
case of suspected laryngospasm, the provider 
should attempt to bag the patient through the 
problem. Use paralytics with extreme caution, 
especially if the LMA is being placed as a backup 
airway device. In the case of an epiglottis 
obstructing the trachea, it may be necessary to 
remove the LMA and attempt reinsertion.

Once the LMA is properly positioned, attach a 
BV device and confirm the presence of gas 
exchange by using an ETCO2 and other clinical 
means. Secure the LMA in place with tape once 
placement is confirmed.

It is possible to place an ETT through newer ver-
sions of the LMA. The different versions of LMAs 
have different maximum regular ETTs that can be 
used. It is recommended to use a FOB to accomplish 
ETT placement through a non-LMA-Fastrach.

 Laryngeal Mask Airway-Fastrach
The LMA-Fastrach, also known as an intubating 
LMA (I-LMA) (Fig.  2.18), was also developed 
by Dr. Brain. The I-LMA has a different shape 
from the LMA Classic. The basis for the design 
came from MRI images of 50 normal subjects 
whose heads were in the neutral position [57]. 
The version with a metal handle may be reused 
40 times. The version with the plastic handle is 
disposable. The Fastrach is available in sizes 3, 4, 
and 5, which correspond to the same sizes as a 
regular LMA.

The I-LMA is placed in a similar fashion to 
other LMAs. Because of the handle, it is often 
easier to place an I-LMA. Placement confirma-
tion is also similar to other LMA products. Once 
the I-LMA has been appropriately positioned and 
oxygenation has been maximized, it is recom-
mended to place an ETT to obtain a definitive 
airway. There are a few different options for plac-
ing an ETT through the I-LMA.

The first option of placing an ETT is done 
blindly with the wire reinforced ETT and stabi-
lizing rod designed specifically for I-LMAs. 
The wire reinforced ETT has a distal cuff that 
conforms to the tube when deflated. This fea-
ture allows for the ETT to more easily pass 

Fig. 2.18 LMA Fastrach. (a) LMA Fastrach and syringe, 
along with wire rimmed ETT, 15mm adapter, syringe, and 
stabilizing rod. (b) Wire rimmed ETT through LMA 

Fastrach with stabilizing rod in place simulating what the 
process of ETT placment looks like
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through the I-LMA, especially compared to a 
regular ETT that has a balloon cuff that may get 
hung up on something as it passes through the 
I-LMA.

It is important to have the maximum airflow 
and least amount of resistance possible to ensure 
easy passage of the tube. There are many differ-
ent named maneuvers that aim to achieve optimal 
airflow [58]. The Chandy maneuver, which is 
probably the most known, has two steps. First, 
maneuver the I-LMA ever so slightly in a coronal 
or sagittal plane. When the operator feels that the 
maximum airflow position has been achieved, the 
I-LMA is held in that plane and lifted up. This 
second step lifts the mask off of the posterior 
pharynx and allows for the ETT to be passed 
more easily. Use caution with disposable I-LMAs, 
as the plastic handle has the potential to break 
since it is not able to lift with as much force as a 
metal handle.

At this point, the clinician inserts the ETT. To 
place the wire reinforced ETT, apply a water- 
soluble lubricant to the ETT and test the cuff for 
leaks. There may be a bit of resistance as the tube 
must push through the epiglottic elevating bar, a 
piece of silicon in the midline of the mask aper-
ture. It may be difficult to tell the depth of the 
ETT because the centimeter depth markings on 
the ETT are covered by the metal tube of the 
I-LMA. This problem does not occur if using the 
disposable Fastrach. When the tube has been 
inserted to an adequate depth, inflate the cuff and 
attach a BV device and confirm the presence of 
gas exchange by using an ETCO2 and other clini-
cal means.

After confirmation that the ETT is in the tra-
chea and the patient is maximally oxygenated, it 
is necessary to remove the I-LMA. Optimally, the 
patient would be hemodynamically stable and 
maximally oxygenated before this step. 
Removing the I-LMA has inherent risk due to the 
possibility of dislodging the ETT and losing the 
patient’s airway. It would be advantageous to 
have an assistant that is familiar with this process 
at bedside, as there is some level of dexterity 
required.

To remove the I-LMA, deflate the I-LMA 
cuff completely. Ensure that the cuff on the 

ETT is inflated. Remove the 15-mm adapter 
from the proximal end of the ETT.  Place the 
stabilizing rod into the proximal end of the 
ETT. The pilot balloon for the ETT should be in 
the same hand (often the provider’s nondomi-
nant hand) as that which is holding the stabiliz-
ing rod. The provider may choose to continue 
holding the rod/ETT or have an assistant take 
over. Slowly withdraw the I-LMA from the 
mouth over the ETT and stabilizing rod (often 
done with the provider’s dominant hand). As 
the I-LMA is being withdrawn from the mouth, 
look for the ETT coming through the epiglottic 
elevating bar.

When the ETT is visualized, move the hand 
holding the stabilizing rod/ETT to the mouth and 
secure the ETT at that position in the mouth. 
Continue withdrawing the I-LMA until the ETT 
and stabilizing rod are completely clear of the 
mask. At this point, remove the stabilizing rod 
and place the 15-mm adapter back into the proxi-
mal end of the ETT. Attach a BV device with an 
ETCO2 detector and use any other modality to 
confirm placement into the trachea. Once posi-
tion is confirmed, the wire rimmed ETT can be 
either secured and used or exchanged for a regu-
lar ETT. If the wire rimmed ETT is used, there is 
a risk that the patient will bite down and clamp 
the ETT. If this occurs, the ETT will not go back 
to its normal shape because the wire will be bent 
and hold its shape and there is the risk of poor gas 
exchange.

Instead of blindly inserting the ETT, another 
option is to place a regular ETT by using a 
FOB.  Lubricate the inside and outside of an 
appropriately sized ETT (up to 8.0 mm) and then 
place it onto a FOB. The ETT is placed the same 
as any other FOB intubation. Once tube position 
is confirmed, and the FOB has been withdrawn, it 
is necessary to remove the I-LMA.

When removing the I-LMA over a regular 
ETT, the stabilizing rod is not specifically 
designed for this type of ETT, so there is the 
potential for malposition of the rod. The cuff of a 
regular ETT will also be larger than the cuff on a 
wire reinforced ETT specifically designed for 
I-LMAs, so there is the potential that the ETT 
may be withdrawn from the airway.
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In an effort to minimize the chances of dis-
lodging the ETT from the airway, the FOB itself 
may be used to guide removal of the I-LMA via a 
Seldinger technique. Once the ETT position has 
been confirmed via the FOB and the ETT cuff is 
inflated, fully deflate the I-LMA cuff. Have an 
assistant hold the ETT in place. Remove the 
15-mm adapter from the proximal end of the ETT 
and slide it to the proximal end of the FOB. Hold 
the FOB in place. Slowly withdraw the I-LMA 
from the mouth. As it is removed, the I-LMA will 
cover the proximal end of the ETT and slide 
toward the proximal end of the FOB. When the 
distal end of the ETT is visualized in the mouth 
as the mask is removed, the assistant secures the 
ETT at that position.

Once the I-LMA is completely out of the 
mouth, use the FOB to confirm that the ETT is 
still in the trachea. When ETT position has been 
confirmed, remove the FOB completely from the 
ETT.  Remove the I-LMA and 15-mm adapter 
from the FOB and place the 15-mm adapter onto 
the proximal end of the ETT. Attach a BV device 
and confirm the presence of gas exchange by 
using an ETCO2 and other clinical means. Secure 
the ETT once placement is confirmed.

 i-gel
The i-gel is an SGA that does not use an inflat-
able cuff. Instead, the i-gel uses a noninflated cuff 
made of a gel-like material that rests on the laryn-
geal structures. Like any other component of 
AM, it is important to use the proper size. The 
i-gel comes in pediatric and adult sizes. Adult 
sizes are #3 for patients 30–60 kg, #4 for patients 
50–90 kg, and #5 for patients >90 kg. If unsure 
about the patient’s weight, it is advised to select 
the larger size.

The patient should be in a sniffing position or 
with the head tilted and chin lifted. Apply lubri-
cant to all sides of the i-gel. The company rec-
ommends gentle pressure on the chin as the 
i-gel is inserted in the midline along the hard 
palate [59]. Continue advancing until continu-
ous resistance is encountered. The patient’s 
teeth should be at the black horizontal line, 
which is the bite block portion on the i-gel. At 
this point, the i-gel should be in its proper posi-

tion and care must be taken to avoid dislodging 
it. Once the i-gel is properly positioned, attach a 
BV device and confirm the presence of gas 
exchange by using the ETCO2 and other clinical 
means. Secure the i-gel in place with tape once 
placement is confirmed.

It is possible to place an ETT through an i-gel. 
A #3 i-gel will accommodate up to a 6.0-mm 
ETT, a #4 i-gel up to a 7.0-mm ETT, and a #5 
i-gel up to an 8.0-mm ETT.  To place an ETT 
through an i-gel, use a FOB and the same tech-
nique for placement of an ETT through an 
I-LMA.

 Air-Q
The air-Q is another  commercially available 
SGA that is available for AM. air-Q comes in a 
disposable or reusable (up to 60 times) version. 
There is a version with a self-pressurizing mask 
and a version that has an inflatable mask. It is 
possible to place an ETT through any air-
Q. Adult and pediatric sizes are available. Adult 
sizes are #2.5 for patients 20–50  kg, #3.5 for 
patients 50–70  kg, and #4.5 for patients 
70–100 kg. If unsure about the patient’s weight, 
it is advised to select the larger size. There are 
minimum mouth apertures for the different 
sizes: 20  mm for #2.5, 23  mm for #3.5, and 
25 mm for #4.5.

To place an air-Q, place the patient in a sniff-
ing position or a head-tilt/chin-lift position. 
Lubricate the anterior and posterior portions of 
the mask. Perform a jaw lift or use a tongue blade 
to maximize ease of insertion. Insert the air-Q in 
the midline into the pharynx and advance it along 
the palate to the base of the tongue in an inward 
and downward motion. Continue advancing until 
resistance prohibits further advancement. At this 
point, the air-Q should be in position. Inflate the 
mask: 2–3 ml for a #2.5, 3–4 ml for a #3.5, and 
4–5  ml for a #4.5 [60]. After mask inflation, 
attach a BV device and confirm the presence of 
gas exchange by using an ETCO2 and other clini-
cal means. Secure the air-Q in place with tape 
once placement is confirmed.

To place an ETT through an air-Q, either a 
FOB or a blind insertion with a bougie may be 
used. If using a FOB, the technique is similar to 
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the placement of an ETT through other SGAs 
previously mentioned. For a blind technique, 
insert a bougie into the air-Q and advance it 
slowly. The provider places a hand on the 
patient’s cricoid membrane and “feels” the bou-
gie as it is advanced into the trachea, bouncing on 
the tracheal rings. With the other hand, the pro-
vider should attempt to feel the tracheal rings 
through the vibrations in the bougie as it is 
advanced. When the bougie meets resistance, 
deflate the air-Q and withdraw it from the phar-
ynx and over the bougie, making sure to hold the 
bougie in place. Place an ETT on the bougie and 
advance it via Seldinger technique into the tra-
chea. Once the ETT is inserted to an appropriate 
depth, remove the bougie and secure the ETT 
manually. Once the bougie has been removed, 
attach a BV device and confirm the presence of 
gas exchange by using an ETCO2 and other clini-
cal means. When appropriate position of the ETT 
is confirmed, secure it in place.

 Combitube
The Combitube is a blind insertion SGA which 
consists of two tubes that are connected at the 
distal end and separate at the proximal end. There 
are two sizes available based on patient height: 
37 Fr for patients 48–66″ and 41 Fr for patients 
>60″. A 15-mm adapter is attached to the proxi-
mal end of each tube. One tube is blue and is lon-
ger than the other tube which is clear. The blue 
tube is labeled “1,” and the clear tube is labeled 
“2.” Each tube has a balloon with a number that 
corresponds to the tube number. The balloon on 
tube 1 holds 85 ml for the 37-Fr size or 100 ml 
for the 41-Fr size. The balloon on tube 2 is 
smaller and holds 15 ml of air.

Before insertion, test both balloons to assess 
for a leak. Lubricate from the distal end of the 
tube to the base of the larger balloon. Place the 
patient so that the head is in a neutral position. 
While lifting the patient’s jaw and tongue, grasp 
the Combitube like a pencil just distal to the two 
black circumferential lines and insert the 
Combitube in the midline into the pharynx. 
Continue advancing until the patient’s upper inci-
sors are between the two black circumferential 
lines. Advancement of the Combitube may take a 

moderate amount of force, since it usually goes 
into the esophagus and must traverse the upper 
esophageal sphincter.

Once the Combitube is in place, inflate the #1 
cuff with either 85 or 100 ml of air (depending on 
the size of the Combitube). If the distal tube is in 
the esophagus, the large  cuff  (#1) should seat 
itself in the oral cavity and prevent air leakage 
during ventilation. Inflate the #2 cuff with 15 ml 
of air which will prevent air from leaking out of 
the trachea (if the tube is there) or from being 
pushed into the stomach (if the tube is in the 
esophagus).

After the two cuffs have been properly inflated, 
connect a BV device to the blue #1 tube and 
begin ventilation. If the distal tube is in the 
esophagus (the vast majority of cases), during 
ventilation, air passes down the #1 tube and out 
of the tube through several side ports and into the 
trachea. The distal tip of tube #1 is occluded. Use 
an ETCO2 detector and any other modality to 
confirm gas exchange. If unable to confirm oxy-
genation through the blue #1 tube, attach the BV 
device to the clear #2 tube and assess for oxygen-
ation through ventilation of that tube.

If adequate oxygenation still cannot be con-
firmed through either tube, the Combitube is 
likely too distal in the esophagus. Deflate the dis-
tal cuff fully and the proximal large cuff approxi-
mately 50% and withdraw the Combitube 
1–2  cm. Inflate both cuffs fully. Attach the BV 
device to the blue #1 tube and begin ventilation 
and reattempt to confirm gas exchange.

If oxygenation is confirmed through tube #1, 
the Combitube is in the esophagus. A suction 
tube can be placed through tube #2 into the stom-
ach to remove gastric contents. If oxygenation is 
confirmed through tube #2, the Combitube is in 
the trachea and is functioning like a regular 
ETT. Regardless of placement location, once the 
patient has been stabilized, it is recommended to 
exchange the Combitube for a regular ETT. If the 
Combitube is already in the trachea, it can be 
exchanged with a tube exchanger. If the 
Combitube is in the esophagus, there is no way to 
exchange it for a definitive airway. The Combitube 
must be completely removed in order to perform 
laryngoscopy to place a definitive airway.
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 King Laryngeal Tube
The King Laryngeal Tube (King) is a blindly 
inserted SGA with one tube and two balloons. 
Kings are available from newborn to adult, and 
each size corresponds to a different colored 
15-mm adapter. An appropriately sized King 
should be selected depending on the patient’s 
height. Adult sizes are #3 for patients 4–5  feet 
(122–155  cm), #4 for patients 5–6  feet (155–
180 cm), and #5 for patients >6 feet (180 cm). If 
unsure about the patient’s height, it is advised to 
select the larger size. There is a reusable version 
and a version that allows gastric access.

Prior to placement, inflate the balloons to 
assess for any leaks. Although there are two 
balloons, there is only one syringe port. After 
testing for leaks, lubricate the distal tip. With 
the patient supine and the head in a neutral 
position, lift the tongue and jaw and insert the 
King into the lateral aspect of the mouth. While 
advancing the King along the hard palate and 
toward the base of the tongue, move the distal 
portion of the King toward the midline of the 
oropharynx. Continue advancing the King until 
the distal portion of the 15-mm adapter is 
aligned with the patient’s teeth (or gums if 
edentulous). Inflate the cuff depending on the 
size of the King: 50 ml for a #3, 70 ml for a #4, 
and 80 ml for a #5.

Once the balloons are inflated, attach a BV 
device and confirm the presence of gas exchange 
by using an ETCO2 and other clinical means. 
Assess the adequacy of bilateral breath sounds 
and oxygenation. The King will likely need to be 
withdrawn 1–3 cm to achieve a position in which 
ventilation is easy and without much resistance. 
It may also be necessary to adjust the volume in 
the cuff to ensure a proper seal in the hypophar-
ynx. Once the King is in its proper position, 
secure it in place with tape.

After the patient has been stabilized, it is rec-
ommended to place an ETT.  It is possible to 
exchange a King directly to an ETT. This may be 
done with a bougie or a pediatric exchange cath-
eter. Lubricate the catheter and advance it into the 
King. The catheter should go through the ventila-
tion channel and into the trachea. Once this hap-
pens, deflate the King and withdraw it over the 

catheter. At this point, the process is just like any 
other ETT exchange. See section “Endotracheal 
Tube Exchange.”

 Surgical Airway

A surgical airway is the final option in any AM 
algorithm. The need for a surgical airway is a rar-
ity, but a surgical airway is associated with high 
morbidity and mortality. A surgical airway is 
essentially always an emergency and a high anxi-
ety situation. A cricothyrotomy (crich) is the pro-
cedure of choice for an emergent surgical airway. 
A crich can be performed in less than 30 seconds 
[61]. A tracheotomy takes too long to perform in 
an emergency, and there is a higher risk of bleed-
ing, injuries, and long-term complications com-
pared to a crich [62]. Commercial kits are 
available for either a scalpel incision or a needle 
crich. Some kits have the necessary equipment to 
perform either procedure.

The most difficult part of placing a surgical 
airway is to make the decision to do it. It is pos-
sible to limit the amount of anxiety by always 
being prepared for a surgical airway. It is impor-
tant to integrate examining the CTM as part of 
the airway examination. In doing so, the clinician 
increases his or her familiarity with the CTM 
location and will know exactly where on the neck 
to perform the procedure.

There are some findings that may be associ-
ated with difficulty performing a crich. If these 
findings are present, it may be useful to have 
assistants who are trained in AM available. If the 
patient has a history of a mass, tumor, or prior 
radiation or surgery to the neck, the normal anat-
omy may be distorted and it may be difficult to 
perform a crich. Similarly, if the patient is obese 
or there is a significant amount of edema, hema-
toma, or subcutaneous air in the neck or submen-
tal area, a crich may be difficult. It is important to 
recognize these findings and incorporate them 
into the AM plan individualized for the patient.

 Needle Cricothyrotomy
A needle cricothyrotomy is a temporizing proce-
dure utilized to oxygenate a patient until an alter-
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native method is available. A needle crich can be 
performed on any aged patient. Multiple compa-
nies manufacture needle crich kits that have all of 
the components necessary to perform the proce-
dure. Some of the more common kits are the 
QuickTrach kit, the Portex kit, and the Pertrach kit.

To perform a needle crich, locate the CTM 
with the nondominant hand. Clean the area 
appropriately. Attach a 14- or 16-gauge intrave-
nous catheter to a syringe. An 18-gauge intrave-
nous cannula is recommended if the patient is 
less than 12 years old. Insert the needle through 
the CTM.  Once the “pop” of the membrane is 
felt, aspirate air. If air is aspirated, advance the 
catheter through the membrane and aiming cau-
dad toward the carina. Remove the needle and 
syringe, while keeping the catheter in place. If air 
is not aspirated, it is possible that the needle is 
either too deep, too shallow or off of the midline. 
Reposition the needle as necessary or withdraw 
completely and reinsert.

Firmly hold the catheter flange and attach a jet 
ventilation system. If a jet system is not available, 
attach a 3-ml syringe to the catheter and remove 
the plunger. Insert a 15-mm adapter from a 7.0 
ETT into the cavity of the syringe. When either a 
jet or a syringe setup is in place, give the patient 
short positive-pressure breaths with 100% FiO2 
oxygen. It is important to watch for subcutaneous 
air or any other sign of barotrauma. It is highly 
likely that the patient will become hypercarbic 
due to the limited ability to exhale.

An alternative AM plan should be imple-
mented quickly, as this method of oxygenation is 
only a temporary solution at best. It is relatively 
easy for the catheter to become dislodged or 
obstructed. Once the patient has been appropri-
ately oxygenated and adequate resources are 
available, it is recommended that a definitive air-
way be placed.

 Surgical Cricothyrotomy
A surgical cricothyrotomy differs from a needle 
crich in that an incision is made into the neck. The 
clinician does not have to be a surgeon to perform 
a surgical crich. Clinicians that perform AM 
should be proficient in this procedure. Surgical 
crichs should not be performed on patients less 
than 12 years old.

To perform a surgical crich, clean the area 
appropriately. Make a 1- to 2-cm scalpel incision 
in the skin. Conventionally, a vertical incision is 
used, but there is no evidence to recommend 
using a horizontal or vertical cut for the skin inci-
sion. Palpate the CTM, which may be obscured 
by blood or tissue. It may be necessary to use 
manual skin retractor(s). Once the CTM is identi-
fied, make a 1-cm horizontal scalpel incision in 
the CTM. The CTM incision may then be dilated 
by the back of the scalpel blade or a Trousseau 
dilator (Fig.  2.19). A tracheal hook (Fig.  2.20) 
may be needed to lift the distal portion of the 
airway.

A 4.0–6.0 Shiley is then placed into the tra-
chea. A trach tube is easier to insert in a surgical 

Fig. 2.19 Trousseau dilator

Fig. 2.20 Tracheal hook
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airway than an ETT for several reasons. Trach 
tubes have smaller outer diameters and are 
more rigid than ETTs. An obturator may be 
used to facilitate trach tube insertion. Trach 
tubes are shorter and easier to suction. If a trach 
tube is not available, a 4.0–6.0 ETT may be 
used instead. Once a tube is in the trachea, 
manually hold it in place and inflate the bal-
loon. Attach a BV device and confirm the pres-
ence of gas exchange by using an ETCO2 and 
other clinical means. Secure the trach tube once 
placement is confirmed.

Regardless of what type of crich is per-
formed, when the patient’s oxygenation has 
been stabilized, the patient will need to have the 
crich changed to a tracheostomy. The tracheos-
tomy should be performed within 72 hours, yet 
most clinicians elect to have this done as soon 
as the patient is stable enough to undergo the 
procedure.

Melker makes a crich kit (Fig.  2.21), which 
includes all of the equipment necessary for either 
a needle or surgical crich. For those clinicians 
who are more comfortable performing a surgical 
crich, the kit comes with a scalpel, a Trousseau 
dilator, and a tracheal hook. For clinicians who 
are more comfortable with a needle crich, there is 
the option of using a Seldinger technique to place 
a 5-mm trach tube instead of an 18-gauge cathe-
ter in the airway.

For the needle crich, a skin incision can be 
made but is not a necessity. If a skin incision is 

made, then the 18-gauge needle connected to the 
12-ml syringe is placed directly into the CTM. If 
there is no skin incision, the needle is placed per-
cutaneously into the CTM. Once in the airway, 
the syringe is removed from the needle. The 
Amplatz 0.38″ wire is placed through the 
18-gauge needle advanced into the trachea. Using 
a Seldinger technique, the needle is removed and 
the blunt dilator is introduced into the trachea. 
The blunt dilator is then removed and inserted 
into the 5-mm trach tube. The dilator/trach tube is 
then inserted via Seldinger technique into the tra-
chea. The wire and blunt dilator are then removed. 
At this point, attach a BV device and confirm the 
presence of gas exchange by using an ETCO2 and 
other clinical means. Secure the trach tube once 
placement is confirmed.

 Endotracheal Tube Exchange

Endotracheal tube exchange is a high-risk proce-
dure and should be performed with all necessary 
resources because there is the potential to lose the 
patient’s airway. There are several reasons for 
which an ETT may need to be exchanged. If the 
cuff or pilot balloon has a leak, the patient may 
not receive adequate tidal volumes. If the ETT is 
too small, the peak inspiratory pressures may be 
too high. It may not be possible to perform bron-
choscopy through a small ETT.

Prior to ETT exchange, make sure that the 
patient is hemodynamically stable. If the patient 
has a functioning airway, there is rarely a need to 
exchange it emergently. Gather resources and 
personnel necessary to complete the exchange. 
While there is no evidence to support this prac-
tice, it is recommended to sedate and paralyze the 
patient prior to ETT exchange. With the patient 
sedated and paralyzed, there is less of a chance of 
the patient accidently coughing or moving and 
having the ETT become dislodged.

With the patient adequately sedated, para-
lyzed, and oxygenated, remove the securing 
mechanism for the ETT. A laryngoscope may be 
utilized to facilitate the procedure. Place an air-
way exchange catheter (AEC) into the ETT.  A 
bougie or Aintree catheter may be used, but a 
Cook exchange catheter is specifically designed Fig. 2.21 Melker cricothyrotomy kit
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for ETT exchange and comes in several different 
sizes, from pediatric to adult. Advance the AEC 
until continuous resistance is met, which is usu-
ally a few centimeters longer than the length of 
the ETT to the teeth. Withdraw the old ETT from 
the patient’s trachea while holding the AEC in 
place at the distal end. When the ETT has cleared 
the mouth, secure the AEC at that location and 
withdraw the old ETT completely from the 
AEC. Now, place the new ETT on to the AEC and 
advance the ETT to the patient’s mouth. At this 
point, grab the distal end of the AEC and advance 
the ETT completely into the trachea.

When the ETT is in place, attach a BV device 
and confirm the presence of gas exchange by 
using an ETCO2 and other clinical means. Assess 
the adequacy of bilateral breath sounds and oxy-
genation. The new ETT is likely too deep and 
will probably need to be withdrawn a few centi-
meters. When appropriate position of the new 
ETT is confirmed, secure it in place.

 Conclusions

Airway management is more than putting a 
tube into the trachea. The process of airway 
management begins with evaluating a patient’s 
clinical status and need for mechanical ventila-
tion. The process continues with a physical 
examination and more importantly, an airway 
examination. The next step is to develop an ini-
tial and at least one backup plan for airway 
manipulation. Before beginning the actual pro-
cedure, it is important to prepare for all possi-
ble scenarios. The most crucial step is the actual 
placement of a tube into the trachea, but man-
agement does not stop there. It ends with con-
formation of tube placement and a return to 
pre-management hemodynamics.

This chapter does not cover every potential 
tool for AM, and a clinician will not become an 
expert or even proficient in AM just by reading 
the chapter. AM is a skill that is learned and 
developed over a significant period of time deal-
ing with multiple different clinical scenarios. 
The best place to learn the basics of AM is the 
OR  in a controlled atmosphere where there is 
ample time and the patient is usually not acutely 
decompensating, not the ED or the ICU where 

AM is usually urgent or emergent due to the 
patient’s illness severity. Once the basics have 
been mastered, the clinician can build upon that 
knowledge in other clinical arenas, such as the 
ED or ICU.  But, the clinician should not stop 
there. AM is a lifelong learning process that 
must be practiced and updated continuously.
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Acute Respiratory Failure

Jarrod M. Mosier

 Introduction

The respiratory system is a highly coordinated 
set of organs designed to accomplish two impor-
tant goals: provide oxygen for aerobic metabo-
lism and eliminate cellular waste in the form of 
carbon dioxide (CO2). The respiratory system 
comprises the following:

• Neurologic system: The respiratory center in 
the medulla, phrenic nerve, and neuromuscu-
lar membrane coordinate muscular activity 
and adjustments to metabolic demand.

• Upper airway: It provides the conduit from 
the external environment to the lungs that reg-
ulates the temperature and humidity of the air 
entering the respiratory system and provides 
the first line of immunologic defense.

• Lower airway: The increased cross-sectional 
area at the lower airways allows flow to 
become diffusion rather than convection, 
allowing gas exchange to occur.

• Cardiovascular system: It fuels the respiratory 
pump and delivers CO2 for exhalation, while 
supplying the respiratory pump with oxygen 
to perform work.

• Lungs: They provide the surface area for gas 
exchange.

• Chest wall/diaphragm: Because ambient air 
pressure cannot be altered to provide flow of air 
into the lungs, the chest wall and diaphragm are 
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Critical Points
 1. A working knowledge of the pathophys-

iology of acute respiratory failure is 
necessary to tailor therapeutic 
maneuvers.

 2. The respiratory system has two goals: 
ventilation and oxygenation. Both goals 
require work, which is due to both resis-
tance and elastance.

 3. The most common causes of hypoxemic 
respiratory failure are ventilation–per-
fusion mismatch and shunt.

 4. Ventilatory failure is caused by any CO2 
load that is unable to be managed, either 
through decreased efficiency or drive or 
through increased production.

 5. Ventilatory and oxygenation failure 
have varying invasive and noninvasive 
mechanical ventilation requirements, 
which should be optimized early by the 
emergency physician to improve out-
comes and limit ventilator-induced lung 
injury.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28794-8_3&domain=pdf
mailto:jmosier@aemrc.arizona.edu


56

designed to lower intrathoracic pressure allow-
ing air to flow down the pressure gradient from 
the external environment. This process makes 
breathing a metabolically active process. 
Exhalation, normally achieved by passive 
recoil of the chest wall and diaphragm, becomes 
an active process in pathologic conditions such 
as obstructive lung disease. This active exhala-
tion greatly increases the work of breathing.

The two goals of respiration (eliminating CO2 
and providing adequate oxygen) require work. 
Work of breathing is the combination of resistive 
and elastic forces that inhibit airflow over a respi-
ratory cycle. Resistive work of breathing is the 
work required to overcome resistance to airflow. 
The larynx provides a point of fixed resistance 
that must be overcome with normal respiration 
and can greatly increase the work of breathing 
due to increased resistance in laryngeal or sub-
glottic disorders, such as laryngospasm, vocal 
cord dysfunction, and croup. Bronchospasm and 
mucosal inflammation are common etiologies of 
dramatically increased work of breathing in 

asthma exacerbations. Elastic work of breathing 
is that which overcomes the lung’s desire to be at 
residual volume. Fibrotic lung disease and 
breathing at higher lung volumes such as the case 
with obstructive lung diseases increases the elas-
tic work of breathing. The total work of breathing 
is the work per breath (both resistive and elastic) 
multiplied by the respiratory rate. Acute respira-
tory failure (ARF) occurs when any process pre-
vents the respiratory system from adequately 
maintaining acid–base balance with CO2 elimi-
nation or providing an adequate oxygen supply to 
maintain aerobic metabolism.

 Pathophysiology

With any process that either increases work of 
breathing beyond the respiratory system’s com-
pensatory capacity or limits the respiratory sys-
tem’s ability to eliminate CO2 or supply 
adequate oxygen, acute respiratory failure 
(ARF) occurs. There are four types of respira-
tory failure (Fig. 3.1):

Neuromuscular
disease

Dead Space

Increased CO2 production

Hypoventilation
VQ mismatch

Shunt

Ventilatory Failure Oxygenation Failure

Shock

Fig. 3.1 Pathophysiology of acute respiratory failure. 
Acute respiratory failure can be due to ventilatory failure 
from hypercapnia (Type II), which is induced by hypoven-
tilation, neuromuscular disease or chest wall abnormali-
ties, increased dead space, or increased work of breathing. 

Ventilatory failure can also be secondary to increased CO2 
production seen in shock or toxic ingestions. Oxygenation 
failure (Type I) is most commonly due to VQ mismatch 
and shunt. Some precipitants of respiratory failure can 
cause both ventilation and oxygenation defects.
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• Type I (hypoxemic respiratory failure): Most 
commonly due to shunt or ventilation/perfu-
sion (V/Q) mismatch due to airspace disease 
or anatomic shunt.

• Type II (hypercapnic respiratory failure): Most 
commonly due to a decrease in alveolar 
ventilation.

• Type III (perioperative or mixed respiratory 
failure): Mixed hypoxemia and hypercapnia, 
most commonly due to atelectasis.

• Type IV (respiratory failure secondary to 
shock): Most commonly due to increased 
work of breathing or hypoperfusion to the 
respiratory muscles, endotoxemia, pulmonary 
hypertension, and hemorrhage.

 Hypoxemic Respiratory Failure

Hypoxemic (Type I) respiratory failure occurs 
from any etiology that prevents the respiratory 
system from providing adequate oxygen for 
delivery to the cells. Hypoventilation can lead to 
hypoxemia due to the increased partial pressure 
of CO2 in the alveolar space displacing oxygen 
[1]. Similarly, decreased barometric pressure at 
high elevations leads to a lower oxygen tension in 
the alveoli at any level of CO2, given fixed frac-
tion of inspired oxygen, nitrogen, and water 
vapor [2]. Diffusion abnormalities increase the 
distance for oxygen diffusion across the alveo-
lar–capillary membrane and can cause hypox-
emia in times of increased demand such as high 
cardiac output states [3]. Additionally, a low 
mixed venous oxygen saturation can result in 
systemic hypoxemia in patients with high cardiac 
output requirements and/or shunt physiology [4]. 

However, the most common clinically significant 
precipitants of hypoxemic respiratory failure are 
V/Q mismatch and shunt physiology [3].

Any deviation from the optimal ratio of alve-
olar ventilation to perfusion leads to V/Q mis-
match. A disruption in this ratio leads to alveoli 
that are either relatively underperfused or under-
ventilated. When alveoli have a relative lack of 
blood supply for the level of ventilation it 
receives, those alveoli have a high V/Q ratio or 
relative dead space. The respiratory system com-
pensates by increasing blood supply to these 
areas through hypoxic vasoconstriction of other 
areas of the lung, optimizing VQ mismatch [5]. 
Disrupting this relationship can lead to hypox-
emic respiratory failure. The opposite V/Q 
abnormality, perfusion that does not participate 
in gas exchange, leads to shunt physiology. Due 
to no ventilation, these alveoli are unable to pro-
vide oxygen to this portion of the blood supply, 
leading to hypoxemia. Shunt physiology is due 
to either anatomic shunt (e.g., pulmonary embo-
lism or arteriovenous malformation) or physio-
logic shunt due to alveolar filling (i.e., 
cardiogenic or noncardiogenic pulmonary 
edema) or increased flow in the alveolar–capil-
lary beds (i.e., hepatopulmonary syndrome). A 
commonly encountered shunt physiology is seen 
with acute respiratory distress syndrome 
(ARDS), where the degree of shunt increases as 
alveolar filling worsens, causing progressively 
worsened hypoxemia (Table 3.1) [6].

Any of these abnormalities lead to a decrease 
in dissolved oxygen available in the blood or pO2. 
Although dissolved oxygen plays a small role in 
the amount of oxygen delivered to the cell com-
pared to hemoglobin bound oxygen, dissolved 

Table 3.1 Berlin definition of ARDS

Acute respiratory distress syndrome
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 (i.e., echocardiography) to exclude hydrostatic edema if no risk factor present
Oxygenation
  Mild 200 mgHg <PaO2/FiO2 <300 mmHg with PEEP or CPAP >5 cmH2O
  Moderate 100 mgHg <PaO2/FiO2 <200 mmHg with PEEP >5 cmH2O
  Severe PaO2/FiO2 <100 mmHg with PEEP >5 cmH2O

3 Acute Respiratory Failure
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oxygen is required to allow oxygen to bind hemo-
globin. The clinically important etiologies of 
hypoxemic respiratory failure commonly encoun-
tered are as follows:

• Pneumonia
• Cardiogenic pulmonary edema
• Noncardiogenic pulmonary edema (ARDS)

 Hypercapnic Respiratory Failure

Hypercapnic (Type II) respiratory failure occurs 
when the patient is unable to maintain blood pH 
by increasing minute ventilation (VE), or the 
amount of CO2 exhaled per minute determined 
by tidal volume multiplied by the respiratory rate 
[3]. CO2 is produced in the peripheral tissues by 
cellular metabolism and freely dissolves across 
the membrane into the blood stream, unlike oxy-
gen, which requires being bound by hemoglobin. 
Thus, a linear increase in CO2 production in the 
periphery requires a linear increase in minute 
ventilation to compensate and maintain normal 
blood pH.  Unfortunately, not all of the surface 
area of the respiratory system participates in gas 
exchange, and thus, a portion of the minute ven-
tilation is wasted or “dead space” ventilation [7]. 
Dead space (VD) occurs from an increase in con-
ducting airways such as is seen after parenchy-
mal loss in emphysema or in any process that 
leads to a relative decrease in blood supply to the 
alveoli such as seen in pulmonary embolism. 
Consequently, alveolar ventilation (VA) is the 
ventilation that participates in CO2 removal and 
is determined by the minute ventilation minus 
dead space, meaning that any increase in dead 
space or decrease in minute ventilation will lead 
to decreased alveolar ventilation causing a drop 
in pH [3, 7, 8]. Additionally, a relative increase in 
CO2 production compared to exhaled CO2, such 
as seen with metabolic acidosis, will lead to a 
drop in pH.  Thus, pCO2 can be expressed as 
follows:
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where VCO2 is the production of CO2, RR is the 
respiratory rate, VE is minute ventilation, VA is 
alveolar ventilation, and VD is dead space.

Unfortunately, while pCO2 and CO2 produc-
tion are linear, the pCO2 response to alveolar ven-
tilation increases in supranormal alveolar 
ventilation [3, 7]. The result is that while respira-
tory acidosis is easily compensated for by 
increasing alveolar ventilation, metabolic acido-
sis due to increased CO2 production will often 
exceed the ability to compensate by increased 
alveolar ventilation as is often seen in lactic aci-
dosis, diabetic ketoacidosis, and toxic 
ingestions.

In summary, any condition that leads to 
decreased respiratory drive, decreased respira-
tory efficiency, or increased ventilatory demand 
beyond the respiratory system’s capacity will 
lead to ventilatory failure. Common conditions 
include the following:

• Obstructive lung diseases such as asthma or 
chronic obstructive pulmonary disease 
(COPD)

• Increased ventilatory demand from shock
• Overdoses (opiates and sedatives)

 Patient Presentation

Patients with acute respiratory failure present 
with many different syndromes, depending on 
the offending gas exchange disturbance. 
Following are typical presentations of common 
causes of acute respiratory failure:

• COPD: Patients are typically middle age or 
older with a history of smoking and present 
with cough, dyspnea, and often chest pain. 
Physical exam often demonstrates barrel 
chest, tripoding, pursed-lip breathing, and 
accessory muscle use with a severely pro-
longed expiratory phase and wheezing.

• Asthma: Patients are typically younger to mid-
dle age with acute onset of wheezing, chest 
pain, and dyspnea. Physical examination typi-
cally demonstrates tripoding, diminished 
breath sounds or wheezing, and accessory 
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muscle use. Depending on the amount of 
mucous plugging, patients may have crackles 
and hypoxemia as well.

• Shock: Patients typically present with severely 
increased minute ventilation with tachypnea 
and large tidal volumes. Patients may be 
 anxious and hypotensive. Breath sounds are 
typically clear.

• Cardiogenic pulmonary edema: Patients are 
typically middle age or older. If the primary 
cause is systolic heart failure, patients typi-
cally have ischemic cardiomyopathy either 
acutely or chronically. If the primary cause is 
diastolic heart failure, patients typically have a 
longstanding history of hypertension. Patients 
typically present with dyspnea and orthopnea. 
Physical examination demonstrates crackles 
diffusely, jugular venous distension, accessory 
muscle use, and a displaced point of maximal 
impulse.

• Pneumonia/ARDS: Patients often present with 
productive cough, chest pain, and dyspnea. 
They may have diminished breath sounds or 
crackles either locally or diffusely. As the 
degree of shunt increases, the oxygen satura-
tion will become less responsive to supple-
mental oxygen.

 Diagnostics

All patients with acute respiratory failure should 
have a thorough investigation into the etiology of 
the respiratory failure. Evaluation should include 
the following:

• Evaluation for mental status changes: If 
altered, mental status, medication history, and 
drug use should be investigated.

• Evaluation for airspace disease: Patients 
should get a chest X-ray and/or bedside ultra-
sound to evaluate for pulmonary edema, atel-
ectasis, or alveolar filling processes.

• Evaluation of gas exchange and acid–base 
status: Ventilatory status can be evaluated 
with a venous blood gas and a metabolic 
panel. Oxygenation evaluation requires an 
arterial blood gas. With an arterial blood gas, 

the alveolar–arterial (A–a) gradient can be 
evaluated. With primary hypoxemic condi-
tions (VQ mismatch, shunt, fibrosis, etc.), the 
A–a gradient will increase as the inspired oxy-
gen will not diffuse into the arterial blood. 
With hypoxemia due to hypoventilation, the 
A–a gradient will be normal. When the venti-
latory and acid–base status is of interest, a 
venous blood gas will give an accurate pH and 
pCO2. However, while in healthy adults, there 
is a predictable correlation in pO2 between an 
ABG and VBG, increased oxygen consump-
tion, regional blood flow variation, and incon-
sistent pulmonary oxygenation all make a 
VBG unreliable in critically ill patients.

• Evaluation of cardiovascular status: Bedside 
sonographic evaluation of cardiac perfor-
mance and volume status can be both diagnos-
tic and guide therapy for cardiogenic 
pulmonary edema or respiratory failure due to 
shock.

 Initial Stabilization and Treatment

Stabilization and treatment for acute respiratory 
failure depend on etiology (Table 3.2). Reversible 
causes should be sought after and treated imme-
diately. For example, depressed respiratory drive 
from narcotic overdose can be easily reversed 
with naloxone. In general, goals with manage-
ment of acute respiratory failure include the 
following:

• Minimize work of breathing
• Limit risk with NIPPV and risk of ventilator- 

induced lung injury with invasive mechanical 
ventilation

• Improve patient–ventilator synchrony

 Ventilatory Failure from COPD or 
Asthma

Noninvasive positive-pressure ventilation 
(NIPPV) improves work of breathing and reduces 
symptoms, mortality, and need for intubation and 
mechanical ventilation compared to oxygen sup-

3 Acute Respiratory Failure
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plementation alone in patients with COPD [9–
14]. NIPPV for asthma is more controversial than 
in COPD as there is more regional hyperinflation 
due to mucous plugging and flow restriction due 
to bronchospasm, which make the use of PEEP a 
risk of pneumothorax. However, NIPPV may 
improve work of breathing and reduce symptoms 
[15]. In general, keep PEEP low in asthma exac-
erbation requiring mechanical ventilation.

Contraindications to NIPPV in all patients 
include the following:

• pCO2 >100 or pH <7.05, inability to protect 
airway, vomiting, hemodynamic instability, 
GI bleed, hemoptysis, epistaxis, excessive 
secretions, inability to tolerate accidental 
removal of NIPPV mask.

• Indications for intubation are persistently high 
work of breathing with evidence of fatigue, 
respiratory or cardiac arrest, or persistent 
hypoxemia.

Monitoring while on NIPPV includes blood 
gas with initiation of NIPPV and frequently 
(q1–2  hours) until stable. For COPD patients 
with O2Sat >92%, a VBG can be used instead of 
ABG (see section “Diagnostics”). If pCO2 is not 
improving or work of breathing remains high 
(increased RR >20, accessory muscle use), 
increase IPAP by 5 until 20/5. If no improvement, 
consider intubation and invasive mechanical 
ventilation.

Invasive mechanical ventilation for COPD 
and asthma should be performed with a volume- 
targeted mode (assist control (AC), synchronized 
intermittent mandatory ventilation (SIMV), 
pressure- regulated volume control (PRVC)) with 
a low respiratory rate (10–12 per minute). 
Pressure control modes must be used cautiously 
due to the risk of regional hyperinflation and 
pneumothorax.

• Decrease the respiratory rate until expiratory 
flow returns to baseline prior to next manda-
tory breath. As COPD patients have outflow 
obstruction, peak pressures are often high. If 
the peak pressure alarms, evaluate the expira-
tory flow waveform on the ventilator monitor 

for air trapping and decrease ventilator rate as 
needed. Allow permissive hypercapnia if 
necessary.

• If no air trapping is present, perform inspira-
tory pause to evaluate plateau pressure. If pla-
teau pressure >30 cmH2O, a portable X-ray or 
bedside ultrasound should be performed to 
evaluate for pneumothorax.

• If no pneumothorax is present, perform expi-
ratory pause to evaluate autopeep. If autopeep 
is elevated, then increase set PEEP and 
decrease respiratory rate. If hypotensive, dis-
connect ventilator from ETT and decompress 
chest with external compression to allow air to 
empty from the lungs. Needle decompression 
will not allow trapped air to escape in autop-
eep scenarios.

• Treat bronchospasm with bronchodilators.

 Hypoxemic Respiratory Failure

NIPPV improves work of breathing and reduces 
symptoms, mortality, and need for intubation and 
mechanical ventilation in patients with cardio-
genic pulmonary edema [16–19]. PEEP provides 
the benefit in cardiogenic pulmonary edema by 
improving cardiac performance. However, inspi-
ratory pressure support may be desired if high 
work of breathing with inspiration. Initial NIPPV 
settings should be EPAP (PEEP) 8–10 cmH2O or 
may use IPAP of 12–15. Monitoring while on 
NIPPV includes blood gas prior to initiation of 
NIPPV and following oxygen saturation and 
symptoms after initiation of NIPPV.  If work of 
breathing remains high (increased RR  >20, 
accessory muscle use, persistent hypoxemia), 
titrate PEEP up to 15. If still no improvement, 
consider intubation and invasive mechanical 
ventilation.

NIPPV is in general contraindicated for 
hypoxemic respiratory failure due to pneumonia 
or ARDS given high risk of failure (50+%) [14, 
20–29]. However, if NIPPV is chosen for oxy-
genation support, very close observation is 
required to monitor response to therapy. If requir-
ing PEEP >10 and/or FiO2 >60% and PaO2 <100 
or PF ratio <200 (i.e., moderate or severe ARDS 
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based on Berlin definition) by 2 hours after initia-
tion, recommend intubation and mechanical ven-
tilation [23].

Invasive mechanical ventilation for hypox-
emic respiratory failure should be performed 
with a volume-targeted mode (assist control 
(AC), synchronized intermittent mandatory ven-
tilation (SIMV), pressure-regulated volume con-
trol (PRVC)) with the following settings:

• Rate of 12–15 breaths per minute. May 
increase based on ventilatory requirement.

• Tidal volume of 6–8  ml/kg PBW (predicted 
body weight), must keep plateau 
pressure< 30 cmH2O.

• Positive end-expiratory pressure (PEEP) of 
5–8 cmH2O.

• FiO2 of 100% upon initiation and titration to 
SpO2 >90.

Monitoring while undergoing mechanical 
ventilation should include the following:

• Arterial blood gas prior to intubation and q1 
hour until hemodynamically stable and no 
active ventilator changes are needed.

• Continuous quantitative EtCO2 and pulse 
oximetry.

• If requiring FiO2  >60%, increase PEEP ×5 
every 30 minutes until a PEEP of 15 is reached 
as outlined in the ARDSnet PEEP/FiO2 table 
(Table 3.3) [30].

• If still persistently hypoxemic at a PEEP of 
15, the patient has refractory hypoxemia.

Refractory hypoxemia (PaO2 <60, PF <200 
requiring FiO2 >60% or PEEP ≥15 cmH2O) is a 
critical problem encountered in many patients 
with ARDS and carries a high mortality [6, 31–
33]. Many methods have been used to treat 
refractory hypoxemia with mixed results. At our 
hospital at the University of Arizona, we recom-
mend the following therapies in ARDS patients 
with refractory hypoxemia.

• Consider airway pressure release ventilation 
(APRV mode) and adjust the high and low 
pressures and ensure tidal volumes are lung 
protective (6–8  ml/kg) as lung compliance 
improves [34, 35].

• Ensure adequate sedation and analgesia to mini-
mize patient–ventilator dyssynchrony. If 
patient–ventilator dyssynchrony persists, con-
sider continuous paralytic infusion [36]. 
Cisatracurium (Nimbex) is the preferred neuro-
muscular blocking agent, as it is long acting and 
not altered by hepatic or renal dysfunction.

• If sedation adequate and no patient–ventilator 
dyssynchrony, early prone positioning should 
be performed [37–41].

• If still persistently hypoxemic, consider 
inhaled nitric oxide at 10 ppm or inhaled epo-
prostenol (Flolan) [32].

• Discuss with intensivist colleagues if the 
patient is a candidate for extracorporeal mem-
brane oxygenation (ECMO) [42].

 Respiratory Failure Secondary 
to Shock

NIPPV is not recommended for shock-induced 
respiratory failure. Invasive mechanical ventila-
tion reduces respiratory muscle oxygen con-
sumption and diaphragm fatigue, and it reduces 
lung injury due to circulating cytokines and 
high ventilatory demand-induced volutrauma 
[8, 43, 44].
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Noninvasive and Mechanical 
Ventilation

John P. Gaillard and Michael Schinlever

 Introduction

Respiratory failure is a common complaint in 
emergency medicine (EM). The goal of treatment 
is to ensure that there is adequate gas exchange 
for the metabolic demands on the body. There are 
many techniques and tools with which to manage 
respiratory failure, and the list of options contin-
ues to expand. Noninvasive positive-pressure 
ventilation (NIPPV) and mechanical ventilation 
(MV) are tools commonly used for the manage-
ment of acute respiratory failure. EM providers 
undergo a great deal of training in airway man-
agement, but there is often little training in the 
use of NIPPV and MV.  It is important for EM 
providers to become more comfortable with 
 initial and ongoing ventilation management 
because intubated critically ill patients are spend-
ing more time in the ED. This chapter discusses 
NIPPV and MV in an effort to provide the EM 
provider with the tools necessary to provide ICU-
level respiratory care in the ED.

 Physiologic Changes Due to Positive- 
Pressure Ventilation (PPV)

The process of induction, paralysis, and initia-
tion of PPV has dramatic effects on a patient’s 
physiology. Most patients who are emergently 
intubated in the ED are critically ill and have 
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4

Critical Points
• NIPPV may be helpful in an easily 

reversible respiratory disease.
• Invasive PPV is the gold standard treat-

ment for respiratory failure.
• Ventilators can be described in terms of 

parameters: control, trigger, cycle, and 
limit.

• The mode refers to the manner in which 
the ventilator provides inspiratory sup-
port to the patient.

• A/C and SIMV with PSV are the two 
modes most commonly used.

• To increase oxygenation, increase the 
FiO2 or PEEP.

• To decrease pCO2, increase the minute 
ventilation.

• 6  cc/kg should be the default tidal 
volume.

• Autopeep may occur if the patient is not 
given enough time to exhale.
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poor physiologic reserve. Failure to account for 
and anticipate the physiologic changes that occur 
postintubation may lead to poor patient out-
comes. Most commonly used induction medica-
tions cause vasodilation leading to hypotension. 
Some medicines, such as propofol, may also 
contribute directly to hypotension by inducing 
myocardial depression.

Once PPV is initiated, thoracic physiology is 
changed. Each breath is delivered by positive 
pressure from the ventilator rather than the nega-
tive pressure derived from diaphragm contraction 
and thoracic expansion. In addition, there is the 
contribution of PEEP that creates a baseline 
positive- pressure environment even at times of 
exhalation. The increase in intrathoracic pressure 
during and between each breath may cause a sig-
nificant change in cardiovascular function.

Under normal circumstances, when a person 
inhales, venous return to the right atrium (RA) is 
assisted by the negative intrathoracic pressure. 
The negative-pressure gradient minimizes 
impedance on venous return and will provide an 
added gradient that helps draw venous blood into 
the RA. When on PPV, the positive intrathoracic 
pressure may dramatically decrease venous 
return and cardiac preload by negating the nor-

mal physiologic advantages. There will be loss 
of this favorable pressure gradient from abdo-
men to thorax which will also impede venous 
return to the RA.

PEEP reduces left ventricular (LV) afterload. 
This effect may be related to the decrease in 
venous return to the heart that causes a reduced 
preload that is translated into a decreased mean 
arterial pressure. The PEEP-induced decrease in 
LV afterload may also be due to the reduction in 
the LV end-systolic transmural pressure. This 
occurs when intrathoracic pressure is elevated 
and arterial pressure is constant. The LV needs 
less force to eject blood into the aorta. There is 
a pressure gradient between the left ventricle 
and the systemic circulation, which effectively 
lowers left ventricular afterload and increases 
cardiac output (CO) [1, 2]. See Fig. 4.1.

Using PEEP to increase MAP (mean airway 
pressure) is one of the primary methods for treat-
ing hypoxia, but there are also negative effects 
associated with elevated PEEP that must be con-
sidered. The effects of PEEP are dose dependent. 
In cases of poor pulmonary compliance, high lev-
els of PEEP may dramatically decrease venous 
return to the RA and also significantly  increase 
pulmonary vascular resistance. High PEEP will 

Paw

PtmAfterload
dependent LV

Psystole

Fig. 4.1 The PEEP- 
induced decrease in LV 
afterload may also be 
due to the reduction in 
the LV end-systolic 
transmural pressure. 
This occurs when 
intrathoracic pressure is 
elevated, and arterial 
pressure is constant. The 
LV needs less force to 
eject blood into the 
aorta. There is a pressure 
gradient between the left 
ventricle and the 
systemic circulation, 
which effectively lowers 
left ventricular afterload 
and increases cardiac 
output (CO)
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also cause an increase in right ventricular 
afterload.

It is clear that the initiation of PPV dramati-
cally affects cardiovascular physiology. Many 
common processes requiring intubation (e.g., 
trauma, sepsis, or other shock states) are associ-
ated with hypovolemia and inadequate preload. 
Initiating PPV may be enough to lead to cardio-
vascular collapse. Hence, EM providers must 
take care to evaluate fluid and preload status prior 
to intubation. More importantly, it is necessary to 
reevaluate the patient’s hemodynamics in the first 
10–15 minutes following intubation.

 Indications for NIPPV

Noninvasive PPV is a treatment strategy for 
patients with respiratory failure that is probably 
underutilized. In the correct patient population, 
NIPPV can decrease the need for intubation and 
MV.  The most common modes of NIPPV are 
continuous positive airway pressure (CPAP) and 
bi-level positive airway pressure (BIPAP, not to 
be confused with BiPAP®, a proprietary trade 
name for Philips Respironics noninvasive venti-
lators). There are many other types of NIPPV that 
use different parameters to assist patients, but the 
modes are essentially the same.

NIPPV helps decrease a patient’s work of 
breathing and relieve dyspnea. The most prudent 
indication for NIPPV is a case of respiratory fail-
ure that is easily reversible. NIPPV has been 
shown to decrease the need for intubation in 
patients with hypercapnic respiratory failure, 
although risk factors for NIPPV failure include 
pH <7.25, GCS <11, and RR >30 [3]. Other indi-
cations  for NIPPV include “Do Not Intubate” 
patients or as a way to improve preoxygenation 
for patients to be intubated [5]. In patients with 
ARDS and acute cardiac pulmonary edema, 
NIPPV may decrease the number of intubations 
but does not change mortality [2, 4].

Patient selection is important when consider-
ing NIPPV. Patients who ultimately fail NIPPV 
and require invasive mechanical ventilation have 
a higher mortality [5]. An arterial blood gas 
should be obtained prior to beginning therapy, 

and patients should be reassessed often (every 
30 minutes) until their respiratory failure has sta-
bilized. NIPPV requires patient compliance. 
Patients must be able to protect their airway. See 
Fig. 4.2 for a flow diagram for the initial manage-
ment of a patient on NIPPV.  See Table  4.1 for 
contraindications to NIPPV.

 Indications for Invasive PPV

There are four key indications for intubation: (1) 
inability to oxygenate, (2) inability to ventilate, 
(3) airway protection, and (4) anticipated clinical 
course [5]. It is important to understand how 
invasive PPV and MV benefit patients.

 Oxygenation

Oxygenation includes all processes that lead to 
the delivery of O2 from the upper airway to the 
tissues. Hypoxemia may be due to one or more of 
the following: V/Q mismatch, poor diffusion, low 
inspired FiO2, or hypoventilation. Gas delivery to 
the alveolus is known as ventilation (V). Transport 
of gas across the alveolar–capillary membrane 
into the circulatory system is flow (Q). The ratio 
of alveolar ventilation (VA technically but by con-
vention, it is shortened to V) and capillary flow 
(Q) is an important consideration when treating a 
patient with hypoxic respiratory failure. In 
 normal lungs, there is an inherent V/Q inequality 
that is related to gravity. More blood flows to the 
dependent areas of lung (i.e., there is more Q). 
This leads to different physiologic zones within 
the lung related to the gravity-dependent areas. In 
the most dependent areas, the V/Q ratio is lower. 
In higher areas, there is relatively more V and less 
Q, and thus, the V/Q ratio is higher. This is a nor-
mal physiologic situation, but there are certain 
disease processes that exaggerate this ratio and 
contribute to respiratory failure.

Two classic examples of V/Q mismatch are 
(1) the lung that is completely obstructed (e.g., 
main bronchus mucous plug) and (2) the lung 
that receives no blood flow (e.g., main pulmo-
nary artery embolism). In the first example, the 
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lung segment or alveolus has been completely 
obstructed so that no air gets to the alveoli. In 
this case, the V = 0 and Q remains the same. The 
V/Q = 0, which is known as a pulmonary shunt. 
In the second example, the lung segment has 
adequate ventilation but has no blood flow to the 
alveolar–capillary interface (i.e., during pulmo-
nary embolism). This situation will have 

V/Q = ∞, which is known as dead space. In clini-
cal terms, oxygenation will be poor in the setting 
of significant V/Q mismatch, regardless of the 
extreme end of the spectrum on which it lies [6].

Gas delivery to smaller airways may be dis-
rupted by several mechanisms. It is possible to have 
ineffective delivery due to bronchial collapse. These 
conditions may be seen in external mass effect on 
airways, foreign bodies, or an ET placed into a main 
stem bronchus. There are also conditions that 
inhibit  the ability of the alveoli to accommodate 
gasses. Alveolar collapse (atelectasis) will often 
cause hypoxia. Atelectasis is related to pressure 
compression of alveoli, insufficient thoracic nega-
tive pressure, surfactant deficiency/dysfunction, or 
mechanical obstruction of the smaller airways due 
to mucus. There are also a number of infiltrative 
processes in which alveolar gas exchange is limited 
because the alveolar space is occupied by simple 
fluid, blood, inflammatory cells, or debris.

Table 4.1 Contraindications to NIPPV

Contraindications for NIPPV
Uncooperative patient Patient unable to protect 

airway
Apnea Severe hypoxemia
Severe acidemia Multiorgan failure
Inability to control 
secretions

Vomiting

Upper gastrointestinal 
bleeding

Airway obstruction

Severe hemodynamic 
instability

Anticipated prolonged 
respiratory failure

Patient in
Respiratory Failure

Contraindications to
NIPPV?

Yes

Proceed to
Intubation

No

Etiology of
Respiratory Failure?

Hypoxia due to infiltrative
process or Severe Acidosis

(pH <7.20)

Do you anticipate that
the patient will be

significantly better in
2 hours?

No

Hypercarbia or
Hypoxia due to ACPE

Initiate NIPPV Yes

NoReassess in 30 min: clinical
exam better AND ABG better?

Yes
Continue NIPPV.

Reassess every 1 hour.

Fig. 4.2 Flow diagram for the initiation of NIPPV on a patient with respiratory failure
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Oxygen diffusion across the alveolar–capil-
lary membrane is far less efficient than CO2 dif-
fusion. Therefore, even when gas delivery to 
alveoli has occurred, there may still be barriers to 
O2 diffusion across the alveolar–capillary mem-
brane. Acute processes that alter the interface 
between alveolus and capillary, like pulmonary 
edema and pneumonitis, are commonly seen in 
clinical practice. In each of these conditions, it is 
critical to identify the underlying cause and target 
treatment with appropriate anti-inflammatories, 
diuretics, or antibiotics. Supplemental O2 will 
increase alveolar oxygen concentration and help 
improve most forms of hypoxemia.

Failure to oxygenate is easy to identify with 
clinical examination, pulse oximetry, or an arte-
rial blood gas. When supplemental O2 is unable 
to provide adequate oxygenation, NIPPV may be 
indicated. If the patient is not a candidate for 
NIPPV, then invasive PPV is indicated. PPV 
allows for the best optimization and control of 
oxygen delivery (DO2) and MAP.  There are 
numerous methods for supplementing O2 con-
centration beyond the 21% fraction of inspired 
oxygen (FiO2) of room air. Simple noninvasive 
tools primarily include nasal cannulas, face 
shields, and face  masks. By increasing the  O2 
concentration in the alveolar gas, a favorable O2 
gradient is created and O2 diffuses from the alve-
olus to the alveolar–capillary beds. The FiO2 
delivered with supplemental O2 can reach levels 
near 100%. There will be situations where 
hypoxia prevails despite maximizing FiO2. These 
are cases where V/Q = 0, and PPV is required to 
improve the shunt physiology before the hypoxia 
will be corrected.

There are several factors that contribute to the 
MAP, including inspiratory time and inspiratory 
pressure, but the most clinically significant factor 
is positive end-expiratory pressure (PEEP). MAP 
augmentation is a critical tool in the treatment of 
hypoxia related to intrapulmonary shunting. 
PEEP is a continuous pressure that remains after 
completion of the exhaled phase. By keeping 
some positive airway pressure during exhalation, 
there is less alveolar collapse. This is the concept 
of open lung ventilation. The underlying pulmo-
nary pathology, level of PEEP, and pulmonary 

compliance all factor into how well alveoli 
respond to PEEP. With time and increasing levels 
of PEEP, collapsed alveoli may open up. This is 
alveolar recruitment. Using PEEP is a way to try 
to expose more alveoli to an elevated MAP with 
each respiratory phase. Alveolar recruitment 
improves pulmonary compliance and improves 
shunt physiology by increasing the functional 
reserve capacity (FRC). As more alveoli open 
and are able to accommodate airflow, there is an 
increase in VA that will help correct V/Q 
mismatching.

There is evidence that higher plateau pres-
sures (>27  cm H2O) are associated with right 
ventricular (RV) failure [7]. As MAP increases, 
the RV must work harder which causes the RV to 
fail [8, 9]. For patients with severe hypoxemia, 
there is a balance of making sure that the patient 
receives enough oxygen without causing RV fail-
ure. Prone positioning reduces airway pressure 
and pCO2, which reduces RV overload. This may 
be the reason for which there were less cardiac 
arrests in the PROSEVA trial [8, 10].

Once a patient is connected to invasive PPV 
and VA is optimized, it is important to account for 
the extrapulmonary components of oxygen 
delivery.
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where CO = cardiac output, Hgb = hemoglobin
This equation highlights the efficiency of 

hemoglobin’s oxygen transport and the impor-
tance of attaining adequate O2 saturations. From 
the oxygen dissociation curve, at a pO2 of 60, 
hemoglobin is 90% saturated. There is really no 
clinical difference for any further increase in the 
percentage saturation of hemoglobin. There are 
only a few situations (e.g., severe anemia or car-
bon monoxide poisoning) where focusing on the 
small contribution of dissolved oxygen (pO2) will 
yield significant clinical effects. The techniques 
for optimizing CO and appropriate hemoglobin 
levels fall outside this discussion on MV, but their 
consideration is paramount in critically ill 
patients who show evidence of inadequate DO2. 
Similarly, hyperbaric oxygen is a method to 
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increase the oxygen content of the blood, but its 
use is also outside the realm of this discussion.

 Ventilation

Ventilation is the removal of carbon dioxide 
(CO2) from the body. This process is much less 
complex than oxygenation. Minute ventilation 
(VE) is the volume of air entering or exiting the 
respiratory system per minute.

 V RR VE T ,= ×  
where RR  =  respiratory rate and VT  =  tidal 
volume

Ventilation is a dynamic process that relies on 
matching respiratory drive to metabolic demands. 
Hypoventilation is the result of a respiratory 
drive that is unable to match intrinsic metabolic 
demands, which results in an elevated pCO2 level 
and acidosis (in an acute situation). This may be 
seen in times of normal or accelerated metabo-
lism and cellular waste production. Inadequate 
ventilation is due to a relatively low RR, low VT, 
or increased dead space ventilation. The alveo-
lar–capillary CO2 exchange is quite efficient. 
CO2 exchanges across the alveolar–capillary 
interface are about 20 times more efficient than 
oxygen (O2) [6]. As a result, dysfunctional gas 
exchange at the level of the alveoli is rarely a pri-
mary driver for hypoventilation.

It is critical to determine the acuity of pCO2 
elevation. Patients with chronic respiratory dis-
eases like COPD or obesity hypoventilation syn-
drome may have pCO2 levels that are elevated at 
baseline. This pCO2 elevation has occurred over 
time, and compensatory mechanisms have been 
able to buffer the acidic CO2, so that there should 
be no acidemia. The most prominent compensa-
tory mechanism is the kidney’s excretion of car-
bonic acid and increased bicarbonate absorption. 
This process, while powerful, takes 1–5 days to 
provide significant compensation. This is the key 
to differentiating the timing of an elevated pCO2. 
An elevated pCO2 with associated acidosis (pH 
<7.35) suggests an acute uncompensated 
hypoventilation. An elevated pCO2 without aci-
dosis warrants further clinical investigation 

because the patient may be at his or her baseline 
state.

While thinking of ventilation in the simple 
terms of RR and VT is clinically helpful, it is 
important to account for the components of VT.

 V V VT A D ,= +  
where VA is alveolar ventilation and VD is dead 
space ventilation

Dead space is any area in which there is no gas 
exchange taking place. This includes the endotra-
cheal (ET) tube, trachea, and large airways. 
These are all fixed volumes and are the first vol-
umes of gas exhaled. Since gas exchange does 
not occur in these areas, there is no ventilatory 
contribution. On a ventilator, the typical VD in an 
adult is about 150 mL [6]. With this in mind, con-
sider a typical adult patient with shallow breaths 
(VT about 250  mL). The patient will only be 
exchanging about 100 mL of alveolar volume per 
breath. Even if the RR is 50, the VE will be 5 L, 
which may be too little depending on the clinical 
situation.

The two parameters used to modify ventilation 
will be RR and VT. If low RR is the only variable 
driving the acute hypercapnic respiratory failure, 
this should be evident when  examining and moni-
toring the patient. Hypoventilation secondary to 
low RR typically stems from the central nervous 
system (CNS). The CNS may be affected by 
injury, disease, toxins, or medications (especially 
inappropriate narcotic and sedative ingestions). 
Reversing the underlying CNS cause of hypopnea 
will lead to adequate ventilation. If this is not pos-
sible or ineffective, the patient will require NIPPV 
(if there are no contraindications) or PPV to 
increase the patient’s VE.

There are also a number of conditions that lead 
to hypoventilation by way of inadequate VT. One 
group of conditions is defined by poor respiratory 
muscle contraction, as seen in neuromuscular dis-
orders like Guillain–Barre syndrome, Amyotrophic 
Lateral Sclerosis, or Myasthenia Gravis. Poor 
chest wall mechanics as seen in significant trauma 
or restrictive thoracic anatomy is another cause of 
low VT. Lastly, low volumes of gas reaching alve-
oli (e.g., obesity, pulmonary edema, or pneumo-
thorax) may contribute to inadequate ventilation. 
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When combined with treatment of the underlying 
problem, NIPPV or PPV may improve gas 
exchange by augmenting the patient’s VT.

Failure to ventilate adequately is identified 
with clinical examination (although not always 
reliable) and a blood gas (arterial or venous). 
Interpreting this information and determining the 
need for intubation is often more complicated. 
Patients may have a normal oxygen level but still 
be hypoventilating, which occurs when the pCO2 
is elevated to a point to disturb the patient’s A–a 
gradient. It is important to take into account the 
patient’s history (including baseline pCO2 level), 
symptoms of hypercapnia, and response to ther-
apy. Medications targeted at the underlying cause 
(e.g., naloxone) or NIPPV may be appropriate 
treatment options for patients with hypoventila-
tion. If the patient fails to respond to these inter-
ventions or has hypercapnia with severe metabolic 
or mental status derangements, invasive PPV is 
most appropriate.

 Airway Protection

This indication for MV is the most subjective. 
There are many different etiologies to consider 
when dealing with upper airway compromise. 
For patients with upper airway obstruction, intu-
bation or other airway bypass means are often 
necessary. Many etiologies, like angioedema and 
neck hematoma, tend to worsen over time with-
out definitive treatment. Early intubation while 
treating the underlying reason for needing airway 
protection is the best treatment plan. It is easier to 
identify obstructive airway tissues than it is to 
assess a patient’s ability to protect his or her air-
way. There is a wide range of diseases that could 
compromise a patient’s ability to protect his or 
her airway from occlusion or aspiration. 
Differentiating patients based on the etiology is 
helpful, especially if the underlying problem is 
immediately reversible.

However, many patients have metabolic or neu-
rologic dysfunction that cannot be easily reversed. 
The provider must rely on subjective features, 
including alertness, swallow/speech function, and 
secretion quality, to make a determination regard-

ing airway protection. There have been attempts to 
assign airway protection prognostication to more 
objective measures like the Glasgow Coma Scale 
(GCS) and the presence of a gag or cough. A 
depressed GCS of 8 or less has value in determin-
ing which patients require intubation, but it alone 
is not an adequate decision tool [11, 12]. In con-
trolled experiments, 37% of healthy subjects did 
not have a gag reflex [13]. In every case, the pro-
vider must carefully consider the GCS and indi-
vidual clinical situation when determining if 
intubation is needed for airway protection.

 Anticipated Clinical Course

There are situations where the healthcare pro-
vider has to evaluate and treat the patient while 
trying to predict downstream events. Many times, 
careful foresight and a controlled intubation can 
prevent a crash airway emergency. Going back to 
the idea of improving gas exchange and 
 maximizing DO2, there are many instances where 
a patient may not have a problem with their respi-
ratory system per se, but the patient would clearly 
benefit from being on MV.

Consider a patient with blunt trauma who 
arrives in the ED with a borderline hemodynamic 
status and waning mental status. One could argue 
that immediate intubation is unnecessary because 
the patient is protecting his or her airway, is oxy-
genating well, and has a GCS greater than 8. 
However, there is the high likelihood of serious 
injury and a clinical trajectory of decreasing 
mental and hemodynamic status. This patient 
will need prompt clinical and radiographic evalu-
ation and possibly emergent operative interven-
tion. Transporting the patient away from the ED 
for imaging, the operating room, or to another 
facility may put he or she at risk of aspiration or 
other airway failure. Preemptively securing a 
patient’s airway in the ED is far safer than having 
to emergently manage an airway while in the 
halls of the hospital or in the back of an 
ambulance.

In addition to patients with multisystem 
trauma, there are medical patients who will ben-
efit from early intubation. For example, in  an 
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elderly patient with pneumonia, mild hypoxia on 
supplemental O2, tachypnea, and using some 
accessory muscles, fatigue is highly likely. Even 
with antibiotics and oxygen, the clinical picture 
is not likely to improve over the next several 
hours. Intubating the patient early in the clinical 
course is preferred instead of letting the patient 
become exhausted and use up his or her physio-
logic reserve. There are also patients with severe 
nonpulmonary illness who benefit from early 
intubation. Consider a patient with bacteremia 
and associated septic shock. This patient has 
increased metabolic demands and physiologic 
strain. The pulmonary function may be normal, 
but in states of critical illness, the respiratory sys-
tem may account for up to 24% of metabolic 
demands [14]. Intubating these patients will 
offload physiologic strain and allow for increased 
DO2 to the brain, heart, kidneys, and liver.

 Ventilator Parameters and Modes

Current ventilators have a variety of modes. 
Many clinicians tout benefits of one mode over 
another, but most of this is based on anecdotes 
and personal preference. There is not one mode 
of ventilation that is best for all patients, but there 
are some modes that may be more appropriate 
than others in certain clinical situations [15]. The 
modes typically seen in the ED include assist 
control (AC), synchronized intermittent manda-
tory ventilation (SIMV), pressure support venti-
lation (PSV), and airway pressure release 
ventilation (APRV). There are many  additional 
modes, but those are used less frequently. The 
variety of modes, numerous acronyms, and dif-
ferent terminology often lead to confusion, but 
breaking MV down to its basic parameters may 
aid in the understanding of each mode.

 Parameters

Parameters are features and settings on the venti-
lator that determine how a breath is initiated, how 
large a breath will be, and how long a breath will 
last. Parameters are independent of the mode of 
ventilation. One mode may have several possible 

combinations of the same parameters. Regardless 
of the mode, there will always be the four param-
eters below. The selection and combination of the 
parameters help define the mode and determine 
how the patient and ventilator will interact.

As ventilators become more sophisticated, 
manufacturers develop proprietary nomenclature 
for these new advances. These new terms become 
confusing to practitioners because they may only 
be familiar with one manufacturer for all of their 
ventilators. When confusion occurs about a ven-
tilator mode, remember to focus on the parame-
ters of the ventilator and what you are trying to 
accomplish with the ventilator.

 Control

The term control has two meanings when talking 
about MV. A ventilator breath can be referred to 
as controlled or assisted. Breaths that are initiated 
by the ventilator are termed controlled, and those 
that are initiated by the patient are termed 
assisted. Control, as a parameter of the ventilator, 
is what the ventilator delivers to the patient. 
Volume control or pressure control is most fre-
quently used. For volume control, a specific VT is 
set. The ventilator then modulates pressure deliv-
ery in order to attain the set volume. As pulmo-
nary compliance worsens, the ventilator will use 
a higher pressure to achieve the set volume. 
Volume control is most commonly used when 
patients are initiated on MV because it allows for 
close control of VE.

In pressure control (sometimes called PCV), a 
maximum pressure is set. Volume is delivered 
until the desired pressure is reached. With pres-
sure control, VT will vary with each breath. As 
pulmonary compliance worsens, the resultant VT 
will be smaller. Since there may be dramatic 
breath-by-breath variation in the VT during pres-
sure control, it may be more difficult to ensure a 
consistent VE.

 Trigger

Trigger is the parameter that determines what 
initiates inhalation. In most cases, this will be 
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time, pressure, or flow. There are some applica-
tions where esophageal pressure or neurologic 
impulses may be used as a trigger, but these are 
rarely seen in the ED. When time is used as the 
trigger, the RR is selected and each minute is 
divided into equal blocks based on that rate. The 
ventilator will then ensure that a time-triggered 
breath is given at least once in every time period. 
In some modes, the ventilator will not deliver a 
controlled breath if the patient initiates his or 
her own breath in that specified time block. For 
example, if the RR is set for 10 breaths per min-
ute, there will be a time-triggered breath every 
6  seconds. If the patient does not initiate 
a  breath, then the ventilator will ensure that a 
controlled breath occurs every 6 seconds.

In addition to time, pressure or flow may be a 
trigger to initiate a breath. Pressure or flow trig-
gering relies on the patient taking a breath. When 
the patient inhales, there will be a decrease in the 
pressure within the ventilator tubing. This 
attempted breath will also create negative flow. If 
the pressure decrease or negative flow meets the 
set threshold, then an assisted breath will be 
delivered. Pressure and flow triggering allows the 
ventilator to support or augment breaths in those 
patients with an intrinsic drive but insufficient 
strength. Some breaths within a set mode may be 
time triggered and others may be pressure or flow 
triggered.

 Cycle

Cycle is what ends the inspiratory phase of the 
ventilator. This is different from starting exha-
lation. Exhalation is a passive process on a 
ventilator, unless using a high-frequency mode 
like high-frequency oscillatory ventilation. 
The cycle may be volume, pressure, flow, or 
time. Once the inspiratory phase has reached 
the set end point, the ventilator will stop deliv-
ering a positive- pressure breath. The patient 
may continue inhaling beyond this point, but 
the ventilator will no longer be assisting  the 
patient’s inspiratory  effort. As soon as the 
inhalation stops, it gives way to the exhalation 
phase of breathing.

 Limit

Limits are the safety mechanisms on the ventila-
tor. A limit may be set to a specific pressure, vol-
ume, flow, or time. Limits are determined for the 
control, the trigger, and the cycle. If a limit is 
reached, then an alarm goes off. This alarm is a 
warning to the provider that there is a problem 
with the control, the trigger, or the cycle. The 
purpose of having a limit is that if the ventilator 
goes beyond the limit, then there is a higher like-
lihood of injury to the respiratory system.

 Modes

The mode of ventilation refers to the manner in 
which the ventilator provides inspiratory sup-
port to the patient. Each mode uses some combi-
nation of the above parameters to ensure that 
gas is delivered to the patient. The mode will 
determine how the patient and ventilator inter-
act. Some modes disregard a patient’s  intrinsic 
respiratory drive completely and focus only on 
delivering controlled breaths. Other modes may 
not deliver controlled breaths and only assist 
when the patient attempts a breath. Mode names 
may vary depending on the ventilator brand. 
Focusing on the underlying parameters and the 
nature of the patient–ventilator interaction will 
guide the appropriate mode choice for each clin-
ical situation. Figure 4.3 shows ventilator wave-
forms for airway pressure, flow, and volume as 
each relates to the mode.

 Continuous Mandatory Ventilation 
(CMV) and Assist Control (AC)

The oldest and simplest mode of mechanical ven-
tilation is CMV.  It may be volume or pressure 
controlled but will always be time triggered. The 
provider sets the desired volume or pressure and 
then sets the desired rate. A controlled breath will 
be delivered at the specified rate. It is an appro-
priate mode for patients who have no intrinsic 
respiratory drive or are paralyzed. The downside 
of CMV is when the patient has a RR greater than 
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Fig. 4.3 Waveforms of different ventilator modes. (a) CMV, 
(b) AC, (c) IMV, (d) SIMV, (e) SIMV/PSV, (f) APRV. Green 
arrows are controlled breaths. Orange arrows are assisted 

breaths. Red arrows are patient attempts to breathe. (Images 
adapted from Dräger Evita V500 Product Demonstrator 
manual simulation available at www.Draeger.com)
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the set rate and attempts a spontaneous breath 
between controlled breaths. These spontaneous 
patient breaths occur against a closed circuit. For 
the patient, this is analogous to inhaling through 
a tube with a cork on the end. This creates dis-
comfort and anxiety and may make weaning 
from MV difficult.

Because of the poor patient–ventilator interac-
tion in CMV, it has largely been replaced by 
AC. If a patient is paralyzed or has an intrinsic RR 
less than that set on the ventilator, then CMV and 
AC are the same. The ventilator will deliver a vol-
ume- or pressure-controlled breath at the set time. 
The major difference between CMV and AC is 
how the ventilator responds when a patient initi-
ates a spontaneous breath. Rather than the sponta-
neous breath being against a closed circuit as in 
CMV, in AC, this spontaneous patient breath will 
be assisted. The ventilator will still ensure that a 
breath occurs during each time cycle, using con-
trolled breaths if the patient does not initiate a 
breath. In AC, the ventilator will also give an 
assisted breath whenever the patient attempts a 
spontaneous breath. AC is a well-tolerated and 
comfortable mode of ventilation that is able to 
dramatically decrease a patient’s work of breath-
ing. This feature makes AC a valuable mode in the 
treatment of respiratory failure related to shock or 
sepsis. However, since the patient receives the set 
VT with each spontaneous effort, the VE may be 
excessive. Patients with an inappropriately high 
RR will be at risk for hyperventilation [16, 17].

 Intermittent Mandatory Ventilation 
(IMV) and Synchronized Intermittent 
Mandatory Ventilation (SIMV)

IMV is a volume- or pressure-controlled mode of 
ventilation that uses a time trigger. There is a set 
rate of volume- or pressure-controlled breaths. At 
first glance, it appears to be the same as CMV. In 
patients with no respiratory drive or one with an 
intrinsic rate under that set on the ventilator, IMV 
is essentially the same as CMV. However, there is 
a major difference between CMV and IMV when 
a patient has a spontaneous breath. In IMV, those 
spontaneous breaths are against an open circuit. 

It is as if the patient is breathing through an open- 
ended tube rather than a tube that is occluded. 
The patient is able to breathe whenever he or she 
wants, but there are still time-triggered controlled 
breaths. This may lead to breath stacking when 
controlled breaths are delivered on top of a 
patient’s spontaneous breaths. The resultant VT 
may be quite large and put the patient at risk for 
barotrauma or volutrauma.

SIMV was developed in order to avoid these 
air stacking situations and create a better patient–
ventilator interaction. SIMV is a modification of 
IMV that is time and patient (pressure or flow) 
triggered. For a set RR, the ventilator will divide 
a minute into equal blocks or segments. The ven-
tilator will ensure that one controlled breath is 
delivered during each of those blocks. If the 
patient initiates a spontaneous breath during the 
block, the ventilator will deliver an assisted 
breath. That breath will satisfy the requirement 
for the specific block of time, and the ventilator 
will wait  to give a full breath until  the next 
time segment. If the patient does not take a spon-
taneous breath during the time segment, a time- 
triggered controlled breath will be delivered. The 
ventilator will wait until the end of the time seg-
ment before delivering a controlled breath, 
thereby giving the patient an opportunity to trig-
ger a breath on his or her own. For example, if the 
ventilator’s rate is set at 10, each minute will be 
divided into ten 6-second blocks. The patient 
may take spontaneous breaths in all or none of 
those blocks but will still get at least 10 full 
breaths per minute. If the patient initiates a breath 
2 seconds into the block, then the ventilator will 
deliver an assisted breath, which will satisfy the 
breath requirement for that block. Like IMV, the 
patient is also able to take extra breaths. If the 
patient initiates two or more breaths during a 
block, only the first breath will be a fully assisted 
breath. The subsequent breaths in the same time 
block will not be assisted by the ventilator.

Since the additional breaths in a time period 
are unsupported, it is common to combine SIMV 
with pressure support ventilation (PSV). This 
new “mode” is called SIMV/PSV (although 
many practitioners commonly say SIMV when, 
in fact, they mean SIMV/PSV), but it is actually 
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two ventilator modes working together. SIMV/
PSV only differs from SIMV when taking into 
account the patient’s extra spontaneous breaths in 
a time segment. In SIMV, the patient’s extra 
breaths are unsupported, but in SIMV/PSV, these 
extra breaths are given a set amount of pressure 
support. The addition of PSV allows the patient’s 
subsequent spontaneous breaths in a time period 
to contribute more to the minute ventilation. One 
of the main benefits of SIMV/PSV is thought to 
be its ease in weaning, though there is little evi-
dence to support this [15]. Theoretically, there is 
also a more consistent VE compared to AC. SIMV/
PSV is especially advantageous in patients who 
have inappropriate tachypnea. Patients are less 
likely to hyperventilate compared to if they were 
on AC.

 Pressure Support Ventilation (PSV)

PSV is a pressure-controlled mode of ventila-
tion that is flow or pressure triggered. An over-
simplified way to think of PSV is to think of 
PSV as invasive NIPPV.  With PSV, there are 
two pressures that may be adjusted. The first is 
the inspiratory pressure, which is delivered 
when the patient generates enough pressure or 
flow to trigger the ventilator. The second pres-
sure is PEEP. As the expiratory phase ends, the 
ventilator will keep a set level of PEEP, thereby 
preventing alveolar pressures from returning to 
0 cm H2O. Each breath the patient takes will get 
the same inspiratory pressure and PEEP.  The 
rate is up to the patient. The resultant VT will 
vary depending on the patient’s pulmonary 
compliance, chest wall compliance, and respira-
tory effort.

A key difference between PSV and con-
trolled modes, such as AC or SIMV, is that 
PSV is only pressure or flow triggered. There 
are no breaths unless the patient has respira-
tory effort; thus, there is no way to guarantee a 
minimum VE. An apneic or very weak patient 
who is unable to mount a satisfactory inspira-
tory force will not trigger a breath. It is for this 
reason that PSV is not an acceptable mode for 
patients who are paralyzed, have profound dia-

phragm weakness, or are prone to apnea. (Note: 
all modern ventilators have backup safety 
mechanisms in place such that if the minimum 
VE alarm is triggered, the ventilator will begin 
giving patients volume- controlled breaths.) 
PSV is, however, a comfortable and well-toler-
ated mode for patients with a good respiratory 
drive, for example, patients who have been 
intubated for airway protection only. There is 
less patient–ventilator dyssynchrony than with 
other modes of ventilation, and the patient is 
able to control his or her VE. PSV is most com-
monly used in patients intubated for upper air-
way protection and those who are weaning 
toward extubation.

 Airway Pressure Release Ventilation 
(APRV)

APRV (sometimes referred to as Bi-Level) is a 
mode that focuses on elevating the MAP for 
the purpose alveolar recruitment. It is typi-
cally used in patients with poor oxygenation 
and poor pulmonary compliance. It is a pres-
sure-controlled and time-triggered mode of 
ventilation. Since it is pressure controlled, 
there is no specific VT to set. Instead, the pres-
sures (Phigh and Plow) and times (Thigh and Tlow) 
are set and modified to attain adequate oxy-
genation and ventilation. The majority of oxy-
genation occurs at Phigh, when the alveoli are 
subject to a sustained pressure. This pressure 
may force open alveoli and the continuous 
nature of it tends to keep the alveoli open, 
thereby leading to alveolar recruitment. The 
recruited alveoli increase VA. With increased 
VA, gas exchange should improve. This con-
cept is most helpful with oxygenation. CO2 
removal primarily occurs during the patient’s 
unassisted spontaneous respirations at Phigh 
and during pressure drops (called “releases”) 
from Phigh to Plow. The pressure gradient from 
Phigh to Plow is a major factor for determin-
ing the amount of CO2 removed.

APRV is excellent for oxygenation, but ade-
quate ventilation may be difficult. Since a good 
deal of CO2 removal depends on the patient’s 
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spontaneous breaths, this mode should be avoided 
in heavily sedated or paralyzed patients.

 Dual-Mode Ventilation

Dual-mode ventilation is not really a ventilator 
mode, but rather an attempt to target a certain VT 
by using a pressure limit. Going back to the idea 
of manufacturers trying to make their product 
marketable, they coin new terms and market 
these terms as “modes” when, in fact, they are 
not. PRVC (pressure-regulated volume control), 
Autoflow, and VC+ are examples of this market-
ing strategy that can easily confuse the practitio-
ner, especially if he or she does not use ventilators 
every day. Despite the confusing nomenclature of 
ventilators, no one mode has a better mortality 
benefit over another.

PRVC is essentially VC+, which is found on 
Puritan Bennett ventilators, or Autoflow, which is 
found on Dräger ventilators. These three terms, 
PRVC, VC+, and Autoflow, can be used to 
describe a ventilator mode that is pressure limited 
and volume and time cycled. The ventilator is set 
up in a volume-cycled mode. The ventilator uses 
a constant pressure throughout inspiration, which 
causes a decelerating flow pattern. The ventilator 
compares the resistance and compliance and 
delivered VT for each breath to determine the 
amount of pressure needed to deliver the set VT. If 
the delivered VT is too high, then the ventilator 
decreases the inspiratory pressure on the next 
breath. If the delivered VT is too low, then the 

ventilator increases the inspiratory pressure on 
the next breath.

 Initial Ventilator Settings

Whenever a patient is placed on MV, it is impor-
tant to have an idea of why the patient needs the 
ventilator. This knowledge will help determine 
what the initial ventilator settings should be 
(Table 4.2). It is recommended to obtain an ABG 
soon after starting MV to ascertain the type of 
respiratory failure: hypoxic, hypercapnic, or 
both.

First, choose the mode. A volume-controlled 
mode with a time trigger, such as AC or SIMV/
PSV, is usually the first choice for most clinicians 
since it will ensure a minimum VE and is appro-
priate for apneic patients. PSV is a potential 
option but only in spontaneously breathing 
patients without risk of apnea.

Second, set (in the case of a volume-con-
trolled mode) or target (in the case of a pressure- 
controlled mode) a VT of 6  mL/kg ideal body 
weight (IBW). Low tidal volumes of 6 mL/kg of 
IBW have been shown to decrease mortality and 
ICU length of stay in patients with acute respi-
ratory distress syndrome (ARDS) [18]. Even 
when the clinical scenario may not meet all cri-
teria for ARDS, there is emerging evidence that 
patients without ARDS have better outcomes 
when using low VT [19]. It is also important to 
use IBW to calculate VT, which is based on a 
patient’s height.

Table 4.2 Recommendations for initial ventilator settings based on different clinical pictures

Airway protection Hypoxia
COPD or 
asthma

Increased metabolic 
demands

Key concerns or 
considerations

Apnea Lung 
protection

Auto-PEEP Matching respiratory 
alkalosis

Mode PSV, AC, 
SIMV+P

AC, SIMV+P AC, SIMV+P AC, SIMV+P

VT (mL/kg of IBW) 6 6 6 6
RR 10–14 12–20 6–8 18–24
PEEP (cm H2O) 5 8 0–5 5
FiO2 0.4 0.8–1.0 0.4–1.0 0.4
I:E 1:2 1:2 1:3–1:5 1:2
Inspiratory flow (L/min) 60 60 100 60

Each setting should take into account the underlying pathology and key physiologic consideration
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Approximately 10–15 minutes after initiating 
a VT of 6 ml/kg IBW, it is important to assess the 
plateau pressure (Pplat). This is done by perform-
ing an inspiratory hold on the ventilator. Most 
modern ventilators have a button/knob for this 
feature. ARDSnet guidelines recommend a Pplat 
less than 30 cm H2O. There is evidence that mor-
tality is proportional to the Pplat [20], so it would 
be prudent to minimize the Pplat.

The third step in setting up the ventilator is to 
select the RR. The goal is to match or exceed the 
preintubation VE. For clinical conditions where 
the patient has a high metabolic demand and VE, 
such as septic shock, salicylate toxicity, or dia-
betic ketoacidosis (DKA), it is important to 
ensure that the postintubation VE is high. For 
example, a patient with DKA may have a pH of 
6.9 while generating his or her own VE of 30 L/
min. In this case, the patient is barely compen-
sating for the severe metabolic acidosis despite 
an extremely high VE. Choosing a VT and RR 
that yields a lower VE than the preintubation 
value of 30  L/min may lead to cardiac arrest 
since the lower VE will allow CO2 to rise which 
will cause the pH will fall below 6.9.

After setting the RR, it is important to fre-
quently reassess the patient’s pH and ventila-
tor parameters. In a case such as this, end-tidal 
CO2 measurement before, during, and after 
intubation may be particularly useful. 
Monitoring of real-time trends in ventilation 
may allow for quicker intervention than con-
ventional titration by blood gases [21]. With 
regard to the severity of lung injury, if Pplat is 
elevated >30 cm H20, a VT of 4–5 mL/kg may 
be needed. In this situation, it is often neces-
sary to increase the RR in order to maintain an 
appropriate VE.

The next setting to consider is the breakdown 
of each breath into an inspiratory and expiratory 
phase. The most common inspiratory to expira-
tory ratio (I:E) is 1:2. This means that twice as 
much time is allotted to the expiratory phase of 
the breath. It is necessary to consider the patient’s 
underlying lung pathology and monitor the venti-
lator outputs for evidence of auto-PEEP. Patients 
with a prolonged expiratory phase due to bron-
chospasm (e.g., COPD) who are prone to air trap-

ping will often need a longer I:E, occasionally as 
high as 1:8.

The last major settings are FiO2 and PEEP. As 
mentioned, each of these relates to oxygenation, and 
the choice of settings will rely heavily on the clinical 
situation. An FiO2 up to 100% may be used initially, 
but this amount of FiO2 is usually not needed when 
PEEP and FiO2 are titrated to maintain an O2 satura-
tion of >89%. If a patient is intubated for airway pro-
tection and preintubation oxygenation was not an 
issue, then an FiO2 of 40–60% with PEEP of 5 
should be adequate. For those patients with signifi-
cant hypoxia, an initial FiO2 of 80–100% may be 
more appropriate. A higher PEEP of 8–12 cm H2O 
would also be reasonable in an effort to raise the 
MAP and improve oxygenation.

Titrating PEEP can be a difficult process due 
to the fact that there is a balance between achiev-
ing adequate oxygenation and trying to avoid RV 
failure. The ARDS network has developed a set 
of tables (Fig.  4.4) in order to assist providers 
with initial choice and titration of PEEP and 
FiO2. These tables help guide settings that opti-
mize recruitment while minimizing the harmful 
effects of excessive PEEP [22]. It is important to 
know that there is no outcome difference between 
the different tables [23].

Bedside recruitment is another way to titrate 
PEEP.  The ventilator must be in a square wave 
flow (not PRVC, Autoflow, or VC+). Observe the 
Pplat and PEEP values. Raise the PEEP by some 
determined amount, usually 2–5  cm H2O.  After 
approximately 10–15 minutes, if the new Pplat rises 
by less than the amount of PEEP increase, then 
recruitment has occurred. The reason for this is 
that compliance is higher. PEEP is opening lung 
units that are closed, so there is a minimal effect on 
Pplat. However, if the new Pplat rises by more than 
the increase in PEEP, then recruitment has NOT 
occurred. Instead, the PEEP increase is causing 
overdistension of already open lung units (volu-
trauma), which causes the Pplat to increase more 
than the increase in PEEP. Regardless of what 
strategy is used for PEEP titration, it is best to pick 
one and continue it throughout the clinical course.

When initiating APRV, Phigh is set at approxi-
mately 5 cm H2O above the plateau pressure with 
the usual maximum Phigh of 35 cm H2O. Plow is set 
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to 0 cm H2O to provide the largest pressure gradi-
ent and optimize ventilation. There may be certain 
cases in which Phigh is elevated to overcome chest 
wall or abdominal compliances issues, just as using 
ARDSnet the Pplat can be allowed >30 for same rea-
sons. To optimize oxygenation, it is important to 
maximize the time with high airway pressure (Thigh) 
and minimize time with low airway pressure (Tlow). 
The net effect of this strategy will raise the MAP 
and improve oxygenation. The more time spent at 
Tlow may lead to alveolar collapse or derecruitment. 
Derecruitment may be further minimized by set-
ting a Tlow that is short enough so that Phigh restarts 
before the expiratory/release flow rate has gone 
below 50%. A common starting point is to set Thigh 
for 5.4 seconds and Tlow for 0.6 seconds. On these 
settings, there will be one release every 6 seconds 
or 10 releases per minute.

 Specific Clinical Situations 
and Ventilator Considerations

 Airway Protection

Patients who require intubation for airway protec-
tion are usually suffering from a neurologic insult. 

Whether the insult is related to a drug- induced 
encephalopathy or a direct damage to the brain, 
the patient, who is unable to protect his or her air-
way, will need a definitive airway. The ET tube is 
placed in an effort to protect the patient from aspi-
ration and upper airway occlusion. Assuming that 
the patient has metabolized the induction medica-
tions and paralytics and still has an adequate 
respiratory drive, PSV may be an appropriate 
mode of ventilation. PSV would allow the patient 
to breathe comfortably with a protected airway, 
while controlling his or her own VE.

 Severe Hypoxemia and ARD (See 
Chap. 6 for Additional Discussion 
on ARDS)

ARDS is a condition of hypoxia that may stem 
from a variety of illnesses and is characterized 
by alveolar edema, endothelial damage, and neu-
trophil deposition [24]. Based on the Berlin 
Criteria [25], ARDS is characterized as acute 
(less than 1 week onset), noncardiogenic respira-
tory failure with bilateral opacities on chest 
radiograph, and PaO2/FiO2 ratio <300  mmHg. 
There are separate classifications for mild (PaO2/
FiO2 ratio  <300  mmHg), moderate (PaO2/FiO2 
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ratio  <200  mmHg), and severe (PaO2/FiO2 
ratio <100 mmHg) ARDS. Though the definition 
has changed, the clinical implication is the same.

Patients may not initially present to the ED 
with florid ARDS, but it does not take long for 
ARDS to develop. As critically ill patients spend 
more time in the ED, EM providers must become 
familiar with ventilation management in ARDS 
[26]. While many ARDS management options 
may have little utility in the ED, there is an ARDS 
management strategy that is easily applied upon 
initial presentation. The use of low VT is the cor-
nerstone of ARDS management. In the original 
ARMA trial, VT of 12 mL/kg IBW was compared 
to VT of 6  mL/kg IBW.  The low VT group was 
associated with a decrease in mortality (31% vs. 
40% at 28 days) [18]. With this initial result as 
well as several follow-up studies and analyses, 
the estimate for number needed to treat is only 
about 10 to attain a mortality benefit [27]. The 
benefits of lower VT ventilation in ARDS extend 
beyond mortality and include decreased time on 
ventilator and decreased ICU length of stay.

The evidence for using low VT is quite strong, 
but there are a number of real-world implications 
that must be taken into consideration. First, low 
VT is based on IBW. Providers tend to do a poor 
job of estimating a patient’s height while he or 
she lies on the stretcher [28]. For this reason, pro-
viders should take a brief moment to measure a 
patient’s height before calculating the goal VT.

Another issue to consider is ventilation. When 
using a low VT, VE becomes more reliant on a 
higher RR. There are times when the RR is lim-
ited by obstructive issues or auto-PEEP.  Other 
times, the metabolic demands are so high that 
even with a high RR, the patient’s VE may still be 
inadequate. Despite this, there should still be an 
emphasis of maintaining a low VT. In fact, if this 
clinical situation occurs, it is tolerable to allow 
the pCO2 to rise greater than 45 mmHg or allow 
the pH to drift below 7.35. This is termed permis-
sive hypercapnia [29]. Even in patients with a 
significant respiratory acidosis (pH <7.2), it is 
recommended to continue low VT ventilation. 
Treatment of the associated respiratory acidosis 
is controversial, but it is reasonable to add a buf-
fer infusion like sodium bicarbonate or THAM to 
keep pH between 7.15 and 7.20 [30]. There is 

even some suggestion that permissive hypercap-
nia may itself carry some mortality benefit out-
side the strict adherence to low VT [31–33].

Despite the benefits seen with ventilator strat-
egies that rely on permissive hypercapnia, it is 
important to keep in mind the select patient popu-
lations that may be hurt by elevated pCO2 levels. 
This includes patients with increased intracranial 
pressures or other significant neurologic issues, 
since the elevated pCO2 will cause marked dila-
tion of the cerebral arteries and an increase 
 cerebral blood flow. Patients with significant 
arrhythmias, heart failure (especially right ven-
tricle), or pulmonary hypertension may not toler-
ate hypercapnia well either.

As mentioned above, ARDS may not be 
apparent in the ED, and it is difficult to determine 
which patients with acute respiratory failure will 
progress to that severity of illness. Despite that, 
the dramatic benefits seen with low VT make it 
reasonable to use this ventilation strategy even if 
ARDS criteria are not met. In summary, patients 
intubated for respiratory failure in the ED are 
likely to benefit from a VT of 6 mL/kg IBW.

 Obstructive Lung Disease and Auto- 
PEEP (See Chap. 6 for Additional 
Discussion on COPD)

The decision to intubate a patient with a COPD 
or asthma exacerbation is often difficult because 
it often depends more on subjective factors, such 
as work of breathing, anticipated respiratory 
fatigue, or mental status changes. Once the 
patient is intubated, the clinical management may 
become even more difficult. In the case of a 
COPD exacerbation, there is most likely going to 
be acute respiratory acidosis. Because of this and 
the need for close monitoring of VE, a volume- 
controlled AC or SIMV is usually most appropri-
ate. The provider can then set a minimum VE in 
an effort to improve ventilation.

The obstructive nature of COPD and asthma 
makes these patients difficult to ventilate and also 
makes these patients prone to auto-PEEP [34] 
(also known as air stacking, breath stacking, or 
air trapping). When the end-expiratory volume 
exceeds the relaxed lung volume (at the end of 
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lung elastic recoil), there will be dynamic 
pulmonary hyperinflation. This represents the 
volume component of auto-PEEP. There is also a 
pressure component related to the buildup of air 
volume in airways [35].

For most patients, an I:E of 1:2 is sufficient. 
However, in patients with obstructive lung disease 
who have expiratory flow limitation, an I:E of 1:2 
may not allow for complete exhalation. For exam-
ple, assume the patient is on a time- triggered vol-
ume-controlled mode that delivers a VT of 500 mL 
every 5  seconds. The ventilator may deliver the 
500 mL volume over 1 second, but with obstruc-
tive airway disease, it may take 5 seconds to fully 
exhale that volume. Monitoring of ventilator mea-
surements may show inhaled VT of 500 mL but 
measured expiratory VT of only 400  mL.  With 
each breath cycle, the problem is compounded 
and 100 mL of volume is added to the dead space. 
As this continues, there is increase alveolar dis-
tention and pressure. Eventually, the increasing 
airway pressures will inflict barotrauma, seen as 
pneumomediastinum or pneumothorax. The 
excess alveolar volume will overdistend and 
stretch the alveoli, causing volutrauma. Auto-
PEEP also leads to a significant increase in intra-
thoracic pressure, which will cause cardiovascular 
compromise by impaired venous return to the RA 
and increased pulmonary vascular resistance. It is 
common to see hypotension or hypoxia as a result 
of these physiologic changes.

There are clinical clues and ventilator mea-
surements that may help providers identify auto- 
PEEP early. From a clinical standpoint, it is 
helpful to auscultate the lungs during several 
respiratory cycles. If the next inspiration occurs 
while still auscultating the previous exhalation, 
then the patient has auto-PEEP. It is also impor-
tant to monitor the patient’s respiratory effort and 
synchrony with the ventilator. There are different 
ventilator values that may aid in diagnosis of 
auto-PEEP, but it is important to realize that the 
PEEP measured by the ventilator is greater than 
the PEEP set. Assuming no circuit or airway leak, 
the measured exhaled VT should be approxi-
mately equal the inhaled VT. If there is a signifi-
cant difference between those two values, 
auto-PEEP is likely present. There are also venti-
lator graphics that show flow over time. If the 

negative flow (representing exhalation) deflec-
tion does not return to the baseline (V = 0) axis 
before another inspiration is initiated, then there 
will be air trapping [35]. See Fig. 4.5.

 Troubleshooting the Ventilator

As with any piece of equipment, it is crucial to 
understand what to do when problems develop. 
Since the overwhelming majority of ventilated 
patients in the ED are critically ill, it is important 
to be able to quickly recognize and rectify prob-
lems with the ventilator. Table  4.3 lists several 
common complications associated with MV.

 Auto-PEEP

There are a number of interventions that may be 
used in patients with auto-PEEP. The first step is 
to lower the RR. If this does not work, lower the 
VT. With less delivered volume, there is less vol-
ume to exhale. The next step is to shorten the 
inspiratory phase of each breath because it leaves 
more time for a longer expiratory phase. Rather 

1 2 3

Starting volume
End inspiratory volume
End expiratory volume

Flow
1 2 3

Time

Alveolar Volume in Auto-Peep

Flow/Time Curve in Auto-Peep

Fig. 4.5 Flow vs. time curve of Auto-PEEP. In the first 
two cycles, the expiratory flow does not reach 0  L/min 
before the next inspiratory phase starts. The outlined vol-
ume (red) represents auto-PEEP. The images below are a 
single alveolus acting as a model representing alveolar 
volume. With each inspiratory volume that has inadequate 
expiration, the alveolar volume is increasing. This volume 
stacking represents auto-PEEP.  The third image shows 
alveolar volume after adequate expiration
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than the typical I:E of 1:2, it may be necessary to 
set an I:E of 1:3–1:8. Lowering PEEP may also 
improve exhalation. Other interventions, such as 
increased sedation and suctioning, may improve 
patient–ventilator interaction and maintain a 
lower RR and VT. Since the RR and VT are low-
ered in response to auto-PEEP, hypoventilation is 
possible. Depending on the severity of the auto- 
PEEP, permissive hypercapnia, in an effort to 
protect from barotrauma and volutrauma, is 
reasonable.

Whenever a ventilated patient has a dramatic 
respiratory and cardiovascular decline, always 
consider auto-PEEP.  Assess the pressures mea-
sured by the ventilator and look for clinical signs 
of auto-PEEP. If the patient has findings sugges-
tive of auto-PEEP and has hypotension, immedi-
ately disconnect him from the ventilator and allow 
a prolonged exhalation. Keep the circuit discon-
nected until the full exhalation is complete. If this 
does not immediately resolve the cardiovascular 
decline, then the provider should rapidly evaluate 
for (and treat) a tension pneumothorax.

Air trapping may have dramatic effects on 
both respiratory and cardiovascular physiology. 
It is, therefore, imperative for providers to have a 
high index of suspicion and to frequently reassess 
their mechanically ventilated patients, especially 
those with obstructive lung disease or asthma. It 
is also important to keep in mind that MV does 
not treat the underlying disease. Parallel aggres-
sive medical management aimed at bronchodila-
tion is imperative.

 Hypoxia

Hypoxia in the setting of MV is common and 
may be difficult to treat. When an intubated 
patient has an abrupt change in clinical status or 

more specifically oxygenation, first evaluate the 
machinery and circuit. A pneumonic (DOPE) is 
commonly used to guide this assessment. Look 
for a dislodged or displaced (D) ET tube. The 
patient may cough or tongue out the ET tube 
without warning. There are also times where 
position change may lead to the ET tube migrat-
ing either out of the trachea or down into the 
right mainstem bronchus. There may be an acute 
obstruction (O) in the ET tube or airway. Tube 
kinks, foreign bodies, or mucous plugging of air-
ways are all potential obstructions that will cause 
hypoxia. With any PPV, there should always be a 
heightened suspicion for pneumothorax (P), 
especially in patients with trauma, high peak air-
way pressures, or asymmetric lung sounds. In 
addition to a physical examination, it is often 
necessary to evaluate the patient with some form 
of imaging: bedside ultrasound, chest X-ray, or 
chest CT. There is always the chance that some 
component of the ventilator or other equipment 
(E) has malfunctioned. In this case, simplify the 
respiratory circuit by removing the patient from 
the ventilator and manually using a bag valve 
mask (BVM). This will allow time to address 
specific machine issues. Table  4.4 addresses 
causes of sudden hypoxia in a patient on MV.

As discussed earlier, the two main ventilator 
settings that affect oxygenation are FiO2 and 
PEEP.  FiO2 may be increased to 100%, but that 
may not be adequate for patients who are difficult 
to oxygenate. The concept of PEEP and alveolar 
recruitment highlights the importance of interven-
ing on the underlying V/Q mismatch. Incrementally 
increasing PEEP will often improve oxygenation. 
When titrating PEEP, the aforementioned ARDS 
tables may be a valuable resource. There are times 
when patients with especially poor lung compli-
ance require a PEEP of 20–24 cm H2O. It is diffi-
cult to determine how quickly patients will respond 
to adjustments in PEEP.  The oxygenation will 
typically improve within 10 minutes of increasing 
PEEP, but the full recruitment advantage at a given 
PEEP may not be seen for over 60 minutes [36]. 
There will also be diminishing returns on PEEP as 
the level is raised. At higher levels, the compliant 
alveoli may stretch to the point that flow of the 
alveolar–capillary bed is impaired. This will actu-

Table 4.3 Complications associated with mechanical 
ventilation

Common complications associated with MV
Volutrauma Barotrauma
Alveolar injury Pneumothorax
Tracheal stenosis Pneumomediastinum
Loss of muscle mass Stress ulcer
RV failure due Infections
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ally worsen oxygenation as the perfusion of 
oxygen- rich alveoli decreases by creating more 
intrapulmonary shunt.

Aside from PEEP, there are other techniques 
that may be used to minimize the effect of V/Q 
mismatch. In patients with a focal consolida-
tion or lateralization of the disease process, 
place the affected or bad lung up. This leaves 
the lung with better air exchange in a dependent 
or lower gravity position. Since pulmonary per-
fusion favors dependent areas, the lung with 
better ventilation will receive more perfusion. 

There has been recent evidence that this con-
cept can also be applied to some patients with 
diffuse lung involvement. For patients with 
ARDS, especially those with posterior lung field 
involvement, outcomes improved when placing 
them in a prone position [10]. This technique has 
shown promise in the ICU setting, but it requires 
training, staffing, and equipment. These factors 
may hinder its application in the ED.

There are other situations when a patient’s 
poor interaction with the ventilator contributes 
to hypoxia. If a patient is agitated, he or she may 
be attempting to take breaths over controlled 
breaths or be trying to exhale against delivered 
breaths. This dyssynchrony with the ventilator 
inhibits air exchange and may contribute to 
hypoxia. The goal is to adapt the ventilator to 
the patient’s need, rather than make the patient 
tolerate the ventilator. Sedation may often alle-
viate this dyssynchrony and allow adequate 
breath delivery. The choice of sedation depends 
heavily on the overall clinical scenario. For 
most cases, treat pain with intravenous narcotic 
boluses and agitation with a nonbenzodiazepine 
sedative, such as propofol. This regiment is typ-
ically effective and minimizes the delirium that 

has been seen with benzodiazepines [37]. In 
patients with ARDS and refractory hypoxia, 
heavy sedation may not be enough. Paralysis 
with neuromuscular blocking agents (for up to 
48 hours) may eliminate patient–ventilator dys-
synchrony, thereby improving survival and 
increasing ventilator-free days [38–40].

 Alarms

As mentioned before, the limits on the ventilator 
are in place as a safety net. They can be adjusted to 
accommodate specific clinical situations, but once 
a limit is crossed, the alarm sounds. The alarming 
ventilator warns providers that either targets are 
not being met or the patient is at risk for injury. 
The most common alarms will be related to high 
or low pressures. Figure 4.6 is a flow diagram that 
shows how to systematically assess pressure 
alarms and the differentiation of possible etiolo-
gies. When faced with pressure alarms without a 
clear etiology, remove the ventilator circuit and 
use a BVM. This minimizes variables by isolating 
the patient from the ventilator and allows for better 
clinical assessment of compliance.

There may also be alarms related to VE. A 
patient with hypopnea or apnea may trigger an 
alarm for low VE. This is a warning to providers 
that the patient is at risk for hypoventilation. 
Depending on the situation, the patient may need 
sedation decreased, an increase in the set RR on 
the ventilator, or conversion from PSV to a mode 
with a time trigger (for guaranteed breaths). A 
patient who has high VE alarms may be agitated 
with tachypnea or may be compensating for a 
severe metabolic acidosis. Regardless of the 
alarm type, the provider should immediately 
assess the patient at the bedside.

 Conclusion

NIPPV and MV aid in stabilizing issues related to 
airway compromise, ventilation, oxygenation, and 
clinical course. The positive-pressure circuit enables 
providers to optimize gas delivery while recruiting 
collapsed alveoli and controlling VE. When choos-

Table 4.4 Causes of sudden hypoxia in a patient on a 
ventilator

Causes of sudden hypoxia on a ventilator
Tube dislodged Pneumothorax
Tube disconnected from the 
ventilator

Self-extubation

Tube obstruction Equipment 
malfunction

Pulmonary embolism Autopeep
Bronchospasm
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ing between the variety of modes and parameters, it 
is important to account for the patient’s specific 
needs. Focus on identifying the underlying etiology 
and complicating features of the patient’s respira-
tory failure. Keep in mind the physiology of ventila-
tion and how titration of RR and VT control VE. 
From an oxygenation stand point, consider the 
physiology of DO2 and apply therapies that address 
the underlying problems. Use FiO2 to maximize 
alveolar oxygen content while correcting V/Q mis-
match with PEEP and MAP modulation. Frequently 
reassess the patient’s tolerance of the ventilator, as 
well as the effects of different settings and interven-
tions. Alarms warn of possible patient danger and 
should be promptly evaluated. Remember that ven-
tilators can stabilize but do not treat respiratory fail-
ure. The goal of ventilator management is to provide 
time for aggressive treatment of the underlying 
problem while minimizing physiologic disruption 
and airway damage.
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Asthma and COPD

Jonathan Auerbach and Lillian Emlet

 Asthma Background

“Asthma,” a Greek word that means short of 
breath [1], dates back to some of the earliest writ-
ings. Asthma pathophysiology, however, was first 
described in detail in 1892 by Sir William Osler 
[1], the father of modern-day medicine.

 Epidemiology

Asthma afflicts over 330 million people world-
wide and has been increasing in prevalence 
among poorer countries [2]. In the United States, 
asthma afflicted over 25 million people of all age 
groups in 2017 [3]. Asthma is slightly more com-
mon in women than in men, affecting African 
Americans and Puerto Ricans at higher rates [3]. 
Asthma is also more common among lower- 
income individuals, accounted for 1.8 million ED 
visits in 2016, and led to over 3500 deaths in 
2016 [3]. The annual economic cost of asthma in 
the United States has been estimated to be 
approximately 56 billion dollars in 2011 [43].

 Pathophysiology

Asthma, a condition that results in recurrent epi-
sodes of reversible bronchial obstruction, is in 
reality a heterogeneous group of conditions [4]. 
Asthma presentation can be quite variable includ-
ing symptoms of shortness of breath, wheezing, 
cough, and/or chest tightness and by reduction in 
expiratory airflow [17]. Typically, asthma pres-
ents in childhood, although it has been described 
as presenting in all age groups [4]. Of note, 
symptomology of asthma including airflow limi-
tation and intensity of symptoms varies over 
time, with variability due to triggers, including 
allergens, irritant exposure, exercise, respiratory 
infections, and weather changes [17].

Asthma sufferers are defined into what has 
been described in the literature as “asthma phe-
notypes.” These phenotypes describe various 
severities of asthmatic patients [19–21]. Some of 
the most common phenotypes of asthma are as 
follows:

• Allergic asthma: This form often starts in 
childhood and is associated with a family his-
tory of or a personal history of allergic dis-
ease. These patients sputum often reveal 
eosinophilia. These patients often respond 
well to inhaled corticosteroids [17].

• Nonallergic asthma: In these patients, asthma 
is not related to allergy. The sputum of these 
patients may be predominantly eosinophilic 
and neutrophilic or only contain few 
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inflammatory cells. These patients also typi-
cally respond well to inhaled corticosteroids 
[17].

• Late-onset asthma: This subgroup of adults, 
particularly women, present later in life with 
asthma. These patients tend to be nonaller-
genic and can be refractory to corticosteroid 
therapy [21].

• Asthma with fixed airflow limitation: Some 
asthmatics develop fixed airflow limitation. 
This is likely due to airway remodeling [17].

 Special Populations

 Pregnancy [10]

The most common respiratory disorder of preg-
nancy is asthma, affecting up to one-eighth of 
pregnant patients [10]. Prevalence rates of asthma 
during pregnancy appear to be increasing [11], 
with approximately 20% of asthmatic pregnant 
patients requiring medical interventions and 6% 
requiring hospital admission [13]. It has been 
thought that approximately one-third of asth-
matic pregnant patients have worsening of symp-
toms, one-third stay the same, and one-third 
improve [15]; however, more recent evidence 
calls this into question [11]. Of note, the patho-
physiology of asthma exacerbations during preg-
nancy has not been fully described. Likely, 
medication nonadherence, obesity, upper respira-
tory tract infection, smoking [12], and physiolog-
ical changes contribute to this condition [14].

Asthma during pregnancy has been associated 
with multiple medical comorbidities, including 
pre-eclampsia, pregnancy-induced hypertension, 
premature rupture of membranes, gestational dia-
betes, Cesarean section, hyperemesis, chorioam-
nionitis, and antepartum and postpartum 
hemorrhage. Additionally, numerous fetal com-
plications have been described, including 
increased neonatal intensive care use, hyperbili-
rubinemia, asphyxia, respiratory distress syn-
drome, anemia, intracerebral hemorrhage, 
transient tachypnea of the newborn low birth rate, 
preterm birth, congenital malformations, intra-
uterine growth restriction, and small for gesta-

tional age babies. In addition to all the above 
complications, such babies are likely at increased 
risk for long-term health complications associ-
ated with prematurity [10].

Adequate control of asthma during pregnancy 
is crucial as asthma is associated with poor 
maternal and fetal outcomes, and appropriate 
control leads to improved health outcomes of 
mothers and babies. Appropriate asthma control 
has been defined by the National Heart, Lung and 
Blood Institute as: “minimal or no chronic symp-
toms day or night; minimal or no exacerbations; 
no limitations of activities; maintenance of (near) 
normal pulmonary function; minimal use of 
short-acting inhaled β2-agonists; minimal or no 
adverse effects from medications” [16].

In general, asthma therapy during pregnancy 
is considered “safer” than nontreatment. 
Literature in the past has called into question the 
notion that short-acting beta-agonists are safe 
during pregnancy, suggesting a possible increase 
in congenital abnormalities with their use [11]. 
Anti-inflammatory agents have been associated 
with slightly increased risk of birth defects, 
including cleft palate and/or cleft lip, although 
this data is controversial [11]. Newer literature 
calls into question these associations [10]. 
Avoiding environmental exposures, in particular 
smoking, is an important safe way to help prevent 
asthma exacerbations in pregnancy. In light of 
morbidity and mortality of asthma by itself, med-
ications should be used in the emergency depart-
ment as needed, in order to stabilize the asthmatic 
pregnant patient.

 Work-Related Asthma

Work-related asthma has been described to 
account for 5–25% of adult asthma cases [6, 7] 
and is among the most common occupational dis-
eases [5]. This leads to significant social eco-
nomic burdens. Multiple agents have been 
described to cause this condition. Some overlap 
has been described between work-related chronic 
obstructive pulmonary disease and work-related 
asthma. Thus, prevention of work-related asthma 
will likely decrease work-related chronic 
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 obstructive pulmonary disease. Work-related 
asthma has both direct and indirect costs that 
have been shown in the literature to be quite high, 
costing the United States an estimated 1.6 billion 
dollars in 1996 [9] or approximately 0.13% of 
total US healthcare costs [5].

Early diagnosis is important to prevent progres-
sion, enable appropriate treatment, and prevent 
future exposure to such allergens. Hundreds of 
agents in the workplace have been reported to 
cause work-related asthma [8]. Most commonly 
reported agents include isocyanates, flower and 
grain dust, latex, soldering fluxes, animals, wood 
dust, aldehydes, and colophony [5]. Occupations 
that are highest associated with such exposures 
include bakers and pastry makers, paint sprayers, 
chemical workers, nurses, welders, animal han-
dlers, food processing workers, timber workers, 
and hairdressers [5]. Work-related asthma is 
directly related to the causative agent and exposure 
level [5]. There is no single test that can diagnose 
work-related asthma [5]. Diagnosis and treatment 
start with primary prevention of exposure to pre-
sumed causative agent [5]. If this is not possible, 
reduction of exposure should be tried and personal 
protection equipment should be used [5].

 Diagnosis

There are multiple features that increase the prob-
ability that a patient has asthma. These include 
two or more of the following: wheezing, cough, 
shortness of breath, and chest tightness, especially 
in the adult patient. Specific triggers of symptoms 
are as follows: exercise, changes in weather, viral 
infections, allergens, and irritants. Symptoms are 
usually worse at night and early morning and vary 
over time and intensity. Ultimately, asthma is 
diagnosed based on the history of symptoms and 
confirmed variable expiratory airflow limitations. 
Spirometry is the cornerstone to diagnosis of 
asthma versus COPD, with asthmatics usually 
exhibiting normal or reversible FEV1/FVC with 
an increase in FEV1 > 12% or 200 ml from base-
line after albuterol administration. Spirometry in 
COPD usually exhibits postbronchodilator FEV1/
FVC < 0.7 [17, 18].

There also features that have been shown in 
the literature to decrease the probability that a 
patient has asthma. These include chronic pro-
duction of sputum, chest pain, isolated cough, 
exercise-induced dyspnea, and shortness of 
breath associated with dizziness, lightheaded-
ness, or paresthesias [17].

It is important to be aware that asthma severity 
is defined by number of clinical characteristics, 
including heart rate >120, RR > 30, oxygen satu-
ration <90% on room air, peak expiratory flow 
rate ≤50%, and accessory muscle use and/or agi-
tation. An ABG, although unnecessary, if 
obtained, would show a PaO2 < 60 mm Hg and a 
PaCO2 > 45 mm Hg. Ultimately, a late-stage clin-
ical presentation is respiratory doom and would 
present with exhaustion, respiratory fatigue, 
altered mental status, bradypnea via, and/or car-
diac arrhythmias [17]. Also, one should be aware 
that degree of tachycardia has been shown to cor-
relate with asthma severity [44]. It is also impor-
tant to realize the studies show that heart rate falls 
in response to bronchodilator therapy [45]. 
Therefore, tachycardia should not be ascribed to 
the bronchodilator therapy; but rather to worsen-
ing asthma [45].

 Treatment

Is important to note there are various factors that 
increase the risk of asthma-related death. Among 
these factors are hospitalization or emergency 
care visit for asthma within the past year, not 
using inhaled corticosteroids, a history of asth-
matic attack requiring intubation and mechanical 
ventilation, active use or recent use of oral corti-
costeroids, overuse of short-acting beta-agonist, 
poor adherence to asthma treatment, history of 
psychiatric illness or psychosocial problems, 
and/or food allergies [17].

Treatment of the asthmatic patient begins with 
bronchodilation via a short-acting beta-agonist. 
Summary of medication options is listed in 
Table  5.1. Immediate rescue medication for 
asthma exacerbation usually is albuterol or 
 levalbuterol. Although the appropriate frequency 
of administration is controversial [25, 26], based 

5 Asthma and COPD



92

Table 5.1 Medications for asthma and COPD (GOLD and GINA and NEJM 2010 Niewoehner et al.)

Medications class Subtype Dosage SE
Short-acting beta-2 
adrenergic agonists 
(SABA)

Headache, dizziness, tremor, 
tachycardia, hypersensitivity 
reaction ->1.4 canister/month use 
associated with increased risk of 
asthma-related death

Albuterol 2.5 mg q1–q4 hrs
Levalbuterol 1.25 mg q6–q8 hrs

Long-acting beta-2 
adrenergic agonists 
(LABA)

Headache, dizziness, tremor, 
hypersensitivity reaction

Salmoterol Inhaled only 50 mcg per 
inhalation BID

Formoterol 1. Inhaled: 12 mcg per puff, 1 
puff BID
2. Nebulized: 20 mcg BID

Arformoterol Nebulized: 15 mcg BID
Anticholinergic 
agents

Tiotropium (LAMA) 18 mcg per inhalation, 1 
inhalation QAM

Dry mouth, urinary retention, 
narrow angle glaucoma, 
hypersensitivity reaction

Corticosteroids
Prednisone 50 mg daily for 5 days
Dexamethasone 16 mg oral or IV daily for 

2 days
Inhaled 
corticosteroids 
(ICS)

Sore throat, dysphonia, headache, 
nasopharyngitis, thrush, 
hypersensitivity reaction

Fluticasone 1. Dry powder 250 mcg 
inhalation 1–2 × daily
2. Aerosolized form: 220 mcg 
inhaled 1–2 × daily

Budesonide Inhaled 160 mcg per inhalation, 
2 inhalations BID

Beclomethasone Inhalation 80 mcg per 
inhalation, 2 inhalations BID

Mometasone 220 mcg per inhalation, 1–2 
inhalations BID

SABA/SAMA Salbutamol/ipratropium 100mcg/20mcg 2 puffs QID
LABA/LAMA Olodaterol/tiotropium 2.5mcg/2.5mcg 2 puffs daily
Combination 
LABA + ICS

Fluticasone 
(250 mcg) + Salmetolol 
(50 mcg)

Dry powder, 1 inhalation BID

Budesonide 
(150 mcg) + Formetorol 
(4.5 mcg)

2 inhalations BID

Short-term 
anticholinergic 
agents (SAMA)

Ipratropium bromide 0.5 mg q20 min nebulized

Aminophylline Theophylline Call pulmonologist to start, no 
indication in emergent 
stabilization

Dry mouth, bitter taste, urinary 
retention, narrow angle glaucoma, 
hypersensitivity reaction, nausea, 
vomiting, tremors, seizures, 
insomnia

PDE-4 inhibitors Roflumilast Call pulmonologist to start, no 
indication in emergent 
stabilization

N/V, diarrhea
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on current data, continuous therapy should ini-
tially be used followed by intermittent on-demand 
therapy [17]. Appropriate oxygenation should be 
maintained, and supplemental oxygen should be 
administered to a goal saturation of 93–95% [22, 
23]. There is some data to suggest that aiming for 
higher oxygen saturations may be harmful [22–
24]. Epinephrine (SQ) is indicated for acute 
asthma exacerbation only when associated with 
anaphylaxis and/or angioedema [17].

Systemic steroids should be administered to 
patients who present with moderate-to-severe 
asthma exacerbation [27, 28]. Of note, oral and 
intravenous administrations are equally effica-
cious [28]. Since the oral route is cheaper and 
one can administer it more rapidly, it is, in gen-

eral, the preferred route [17]. In certain cases, for 
instance, if a patient is too short of breath, has 
persistent vomiting, does not have enteral access, 
and/or is having anaphylaxis or angioedema, 
then intravenous route is preferred [17]. Dosing 
of systemic steroids should be equivalent to 
50 mg of prednisolone or 200 mg of hydrocorti-
sone [17]. Duration of therapy is typically 
5–7 days [29, 30]. Inhaled corticosteroids appear 
to show decreased risk of admission [27]. This 
does not seem to be the case when oral steroids 
are also given [17]. Utility of inhaled corticoste-
roids in acute ED management is, therefore, con-
troversial [17].

Addition of a short-acting anticholinergic 
such as ipratropium bromide has been shown 

Table 5.1 (continued)

Medications class Subtype Dosage SE
Epinephrine 0.3 ml 1:1000 IM GI symptoms, arrhythmias, 

seizures, death
Magnesium 2 g over 20 minutes No benefit in acute asthma
antibiotics: Typical 
organisms to 
cover: H. 
influenzae, S. 
pneumonia, and M. 
catarrhalis
First-line 
uncomplicated

Amoxillin +/− 
clavulanic acid

875/125 mg p.o. BID × 7 days 
or 875 mg p.o. BID × 7 days

Macrolide (i.e., 
azithromycin)

Azithromycin 500 mg p.o. 
daily × 5 days

Doxycycline 100 mg BID × 10 days
First-line 
complicated: 
concern for 
pseudomonas and 
other resistant 
pathogens

Ciprofloxacin
Levofloxacin
Gemifloxacin
Moxifloxacin

Second line
Ceftriaxone 1 gram IM qd × 7 days
Clarithromycin 500 mg bid × 14 days
Cefuroxime–axetil 250 mg BID × 7 days
Trimethoprim–
sulfamethoxazole

160/800 mg BID × 10 days

Future directions
Inhaled antibiotics
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when added to short-acting beta-agonist to 
decrease the amount of hospitalizations and 
improve PEF and FEV1 in these patients [17, 31]. 
Aminophylline and theophylline should not be 
used in the management of asthma exacerbation 
based on poor efficacy and potential severe and 
life-threatening side effects [32]. Magnesium is 
controversial: Some literature shows a reduction 
in hospital admissions in certain patient groups 
[33], while other literature shows no differences 
[34]. It would appear based on current literature 
that magnesium may improve severe asthma out-
comes [33, 34]. The dosage is typically 2 grams 
intravenously over 20 minutes [34].

Heliox is controversial [17]; There is data to 
suggest decreased admission rate to hospitals 
with moderate-to-severe asthma exacerbation 
[35]. However, costs and necessary equipment 
may preclude its use [35].

Care must be taken not to give sedatives to 
patients with asthma exacerbations. This can 
lead to respiratory depression and has been asso-
ciated in the literature with avoidable asthma 
deaths [36].

Noninvasive ventilation can potentially be 
used for respiratory support in the asthmatic 
patient; however, there is scant literature to 
suggest that it improves outcomes [37]. If used 
judiciously, one must monitor the patient 
extremely closely and still retain a low thresh-
old for endotracheal intubation and mechanical 
ventilation to unload work of breathing [17]. 
Sedatives have been shown in the literature to 
increase mortality; one should not use sedatives 
for the purpose of being able to apply noninva-
sive positive pressure ventilation to the asth-
matic patient [36].

Intubation of the asthmatic patient must be 
approached with care. Indications for intuba-
tion include impending respiratory failure 
including alterations in the mental status and 
exhaustion, respiratory distress including silent 
chest and weak breathing effort, hypercapnia 
and respiratory acidosis, hypoxemia and cya-
nosis, and cardiovascular compromise includ-
ing arrhythmias and hypotension [17, 73]. 
Ketamine is an excellent induction agent due to 
its bronchodilator effects and ability to 

decrease airway resistance. At usual induction 
dose of 2  mg/kg ketamine maintains both 
laryngeal and pharyngeal protective reflexes. 
This medication is considered by many the “go 
to medication” for asthmatics who need intu-
bation. Additionally, ketamine is very well tol-
erated hemodynamically due to its 
sympathomimetic activity [74, 75].

Ketamine does have some disadvantages. For 
instance, ketamine can cause bronchorrhea, and 
although this may be advantageous by decreas-
ing mucus plugging, this can make visualization 
of the airway difficult. One can treat and/or pre-
vent this by administering 0.1 mg of glycopyr-
rolate every 2 minutes as needed. Additionally, 
ketamine can cause an emergence reaction, 
while not deadly, this can be quite traumatizing 
to patients family members and staff. 
Co-administration of benzodiazepines may 
decrease the incidence of this, and it is also the 
treatment for this condition. Ketamine is contra-
indicated in pregnancy. Additionally, although 
controversial, one must use caution when using 
ketamine in patients with increased intracranial 
pressure and in patients with cardiogenic shock 
[74, 75].

Another induction agent is propofol (2 mg/kg) 
also favored due to its bronchodilator properties. 
Propofol can also provide continuous infusion to 
maintain sedation. Continuous infusion rates 
usually are in the range of 25–50 micrograms per 
kilogram per minute. Propofol does have some 
side effects, including hypotension, bradycardia, 
and cardiovascular collapse [74].

A technique that is commonly used in the 
management of mechanical ventilation of severe 
asthmatics is permissive hypercapnia. By allow-
ing hypercarbia and respiratory acidosis of values 
up to 80 mmHg of PaCO2 and pH down to 7.15, 
this well-tolerated technique by patients allows 
us to minimize subsequent barotrauma and volu-
trauma [76]. Additionally, just as low oxygen is 
harmful for patients, elevated oxygen is also 
harmful. One wants to minimize lung injury and 
atelectasis by keeping the lowest FiO2 tolerated 
by the patient. Ideally, FiO2 less than 40% should 
be used. The goal oxygen saturation for the asth-
matic is 90–93%.
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 Disposition

Ultimate disposition of the patient is based on 
PEF [17] after 1 hour of therapy, as this has been 
shown to correlate better when compared to hos-
pital arrival evaluation [38, 39]. Please be aware 
that there are factors that are associated with 
increased need for admission, including older age 
[40], nonwhite race [41], female sex [40], history 
of severe exacerbations [41], severity of exacer-
bation [41], use of more than eight beta-2- 
agonists puffs in the 24 hours [40], and/or prior 
need for oral corticosteroids [40]. There are 
numerous indications for hospital admission. 
These include pretreatment PEF or FEV1 < 25% 
predicted or posttreatment PEF or FEV1 < 40% 
predicted [17]. Posttreatment PEF or FEV1 of 
40–60% predicted can be considered for dis-
charge pending risk factors and follow-up [17]. 
PEF or FEV1  >  60% predicted are, in general, 
discharged unless there are extenuating circum-
stances, including risk factors and poor follow-up 
[17]. For patients who are discharged from the 
emergency department to their home, a follow-up 
appointment should be made within 1 week [42]. 
Additionally, appropriate medication manage-
ment, in particular, inhaler skill set, should be 
demonstrated [42]. Prescribing spacer for MDI 
administration allows potential for adequate 
medication adherence.

 COPD Background

The earliest known description of COPD was in 
1679 by Bonet who described “voluminous 
lungs” [46]. It was not, however, until 1814 when 
Badham started the quest toward clinical under-
standing of COPD [46]. COPD is now known as 
a condition that is characterized by persistent air-
flow limitation [49]. This condition is associated 
with chronic inflammatory changes of the lungs 
due to noxious substances [49]. Additionally, this 
condition is usually progressive [49]. COPD is 
caused by parenchymal destruction, that is, 
emphysema and small airway disease and 
obstructive bronchiolitis [49]. Chronic inflamma-
tory changes lead to structural changes and nar-

rowing of the small airways [49]. This leads to 
decreased lung elasticity and diminishes ability 
of airways to remain open during expiration 
phase [49].

 COPD Epidemiology

According to the World Health Organization, 
moderate-to-severe COPD affects approxi-
mately 65 million people worldwide [47]. 
Additionally, more than 3 million people died in 
2005 due to COPD [47]. This corresponds to 5% 
of world deaths [47]. Furthermore, in 2002, 
COPD was the fifth-leading cause of death and 
is expected to become the third-leading cause of 
death by 2030 [47].

In the United States, COPD mortality rates 
were 48 per 100,000 people as of 2010 [48]. 
Mortality rates among men have declined from 
1999 to 2010; however, they are essentially 
unchanged among women [48]. As of 2011, prev-
alence rates range from approximately 3–9% 
depending on state, with highest rates in the Ohio 
and lower Mississippi river area [48].

 COPD Pathophysiology

Noxious substances, including cigarette smoke in 
particular, cause lung inflammation [50]. Chronic 
inflammation may disrupt the body’s repair 
defense mechanisms, leading to small airway 
fibrosis, and induce parenchymal tissue destruc-
tion, leading to emphysema [50]. These changes 
lead to air-trapping and progressive airflow limi-
tation [50]. These changes increase with disease 
severity and persist with removal of offending 
agents [50].

Ultimately, inflammation and narrowing of 
small airways lead to decreased FEV1 [49]. 
Additionally, destruction of parenchyma further 
contributes to limitations of airflow and ultimately 
leads to decreased gas diffusion [49]. Reduction 
in FEV1 correlates with the extent of inflamma-
tion, small airway exudates, and fibrosis [49]. 
This leads to progressive air-trapping during the 
expiratory phase causing hyperinflation [49], 
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which ultimately leads to decreases in inspiratory 
capacity in every cycle of increasing dyspnea, and 
limited exercise capacity [49].

Furthermore, oxygen and carbon dioxide dif-
fusion worsens as COPD progresses [52]. This 
ultimately leads to worsening ventilation perfu-
sion mismatch. There is a particular subset of 
COPD patients who have mucus hyper secretion 
[52]. These patients have increased number of 
goblet cells and enlarged submucosal glands that 
are due to the noxious substances [49].

Pulmonary hypertension, a potential compli-
cation of COPD, is due to hypoxic vasoconstric-
tion of pulmonary arterioles, leading to intimal 
and smooth-muscle hyperplasia [53]. This ulti-
mately leads to progressive worsening pulmo-
nary hypertension, RV strain, and hypertrophy, 
and eventually cor pulmonale [49, 53]. Systemic 
complications associated with COPD include 
skeletal muscle wasting and cachexia, heart fail-
ure, heart disease, anemia, osteoporosis, meta-
bolic syndrome, diabetes, and depression [54].

 COPD Diagnosis

Patients with chronic cough or sputum produc-
tion, dyspnea, and any history of exposure to risk 
factors for COPD should be considered for the 
diagnosis of COPD [49]. Exposure risk factors 
include tobacco smoke, occupational dust and 
chemicals, and smoke from cooking and heating 
fuels [49]. Spirometry is required to make the 
diagnosis [55], and postbronchodilator FEV1/
FVC < 0.70 confirms persistent airflow limitation 
for the clinical diagnosis of COPD [49].

 COPD Acute Exacerbation 
Treatment

A COPD acute exacerbation is defined as any 
event associated with worsening patient respira-
tory status that changes from the normal day-to- 
day variations, often associated with medication 
changes [56–58]. COPD exacerbations lead to 
decreased quality of life, accelerated lung func-
tion decline, increased socioeconomic costs, and 

increased mortality and morbidity [49, 59, 60]. In 
particular, in hospital, mortality of patients with 
hypercapnic respiratory acidosis is above 10% 
[61]. Patients who required mechanical support 
showed over 40% mortality [62]. It, therefore, 
behooves us to prevent exacerbations as best as 
possible using current medical therapies. 
Table 5.4 classifies the different types of COPD 
exacerbations with associated admission and 
mortality.

Arterial blood gases can be used to assess the 
degree of acute ventilatory failure [49], and when 
unavailable, central venous gases can be used. 
Chest X-ray should be obtained to rule out other 
pathology [49]. Numerous indications for admis-
sion are discussed in the disposition section. 
Severe COPD is complicated by frequent exacer-
bations, significant worsening of symptom inten-
sity, associated serious comorbidities, and failure 
of exacerbation to respond to medical manage-
ment is associated with older age and poor home 
environment [49].

 Oxygen

Oxygen therapy should be administered when 
needed to maintain an oxygen saturation of 
only 88–92%, as higher oxygen saturations 
have been associated with increased mortality 
and morbidity [49, 63]. According to the inter-
national consortium, one needs to check an 
ABG within 30–60  minutes of initiating oxy-
gen on a patient to ensure that carbon dioxide is 
not rising [49]. There are, however, data to sug-
gest that venous blood gas sample can be used 
to rule out hypercarbia when the level of PCO2 
is ≤45 mm Hg [81].

 Ventilatory Support

Noninvasive mechanical ventilation has been 
shown to decrease respiratory rate, decrease work 
of breathing, improve acute respiratory acidosis 
[49], and decrease length of hospital stay [64]. 
Additionally, both mortality and intubation rates 
are decreased with this intervention [64]. 
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Indications for noninvasive mechanical ventila-
tion include severe dyspnea with clinical signs of 
respiratory fatigue and/or increased work of 
breathing [49]. Additionally, pH ≤  7.36 and/or 
PaCO2 ≥ 45 mm Hg are further indications [49]. 
In general, noninvasive ventilation should be 
used for 1 hour before reassessment is made; if 
not improved in 1 hour, the patient is unlikely to 
improve and will need intubation. Additionally, 
noninvasive ventilation should only be used in 
cooperative patients who are able to protect their 
airways.

 Invasive Mechanical Ventilation

There are multiple indications for invasive 
mechanical ventilation (Table  5.2). In general, 
invasive mechanical ventilation is considered 
when one is unable to tolerate or fails noninva-
sive ventilation [49]. Table 5.3 discusses ventila-
tor troubleshooting techniques. Careful 
observation of ventilator waveforms for this 
patient population is critical in order to prevent 
ventilator dyssynchrony, inadequate mechanical 
support, all potentially resulting in air-trapping 
and auto-PEEP, and eventually pneumothorax. 
Similar to asthmatics, permissive hypercapnia is 
tolerated well, and watching to ensure adequate 

time for exhalation, adequate PEEP, and low tidal 
volumes (Table 5.4).

 Short-Acting Bronchodilators

Inhaled short-acting anticholinergics and/or 
short-acting beta-agonist are the preferred 
modality for treatment of acute exacerbation 
[65]. Appropriate MDI use appears to be as 
efficacious as nebulization therapy [66]. 
Intravenous methylxanthines, for example, 
aminophylline and  theophylline are considered 
third-line agents in select patients who do not 
respond to the short- acting bronchodilators 
and long-acting anticholinergies or long-acting 
beta-agonists [49] (Table 5.1). The reason for 
them being third-line agents is due to their sig-
nificant toxicity (narrow therapeutic index), 
including mortality risk and limited beneficial 
effects [49, 77, 78].

 Corticosteroids

Corticosteroids are a primary therapy for 
COPD exacerbation. The reason for this is that 
they have been shown to improve lung func-
tion, in particular, FEV1 [67], shorten recovery 
time, and improve arterial hypoxemia [67, 69, 
70]. They also have been shown to reduce 
treatment failure risk, decreased duration of 
length of stay to the hospital, and reduce early 
relapse [67, 69, 70]. Recommended doses are 

Table 5.2 Indication for intubation (GOLD 2015)

Airway
Respiratory arrest
Inability to protect airway: that is, AMS, massive 
aspiration
Breathing
Refractory hypoxemia
Irreversible respiratory acidosis
Silent chest
Progressive exhaustion
Inability to tolerate or contraindication to NIV
pH < 7.2
CO2 increasing by 5 mm Hg/hr
CO2 > 55–70 mm Hg
PaO2 < 60
Circulation
Cardiac arrest
HR < 50 with mental status changes
Refractory hemodynamic instability
Severe ventricular arrhythmias

Table 5.3 Ventilator troubleshooting

Hypoxia
Confirm proper endotracheal tube placement
Ensure endotracheal tube not obstructed
Rule out shunt:
  Pus
  Blood
  Water
  Atelectasis
Hypotension
Detach from ventilator (Auto-PEEP)
Volume resuscitate
Rule out pneumothorax
Check for myocardial infarction and sepsis
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40  mg daily of prednisone for 5  days [49], 
although this is somewhat controversial [68, 
69]. Tapering doses of prednisone are not typi-
cally necessary, although there is a subset of 
patients who will require longer-term steroid 
therapy.

 Antibiotics

Use of antibiotics, outside of ICU patients, are 
quite controversial [71]. Antibiotics are recom-
mended for patients who have increased puru-
lence of sputum with either increased sputum 
volume and/or increased dyspnea or who require 
mechanical ventilation: both invasive and nonin-
vasive [49]. Duration of antibiotic use is gener-
ally recommended for 5–10  days [49]. Initial 
antibiotics are typically a macrolide, aminopeni-
cillin with or without clavulanic acid, or tetracy-
cline [49] (Table  5.1). Patients requiring 
mechanical ventilation, or who are at increased 
risk for resistant organisms such as ones with fre-
quent exacerbations, should be covered for resis-
tant organisms such as pseudomonas [49, 79, 80] 
(Table 5.1).

 Disposition

 Indications for Hospital/ ICU 
Admission

Indications for hospital admission are numerous. 
These include worsening symptoms (i.e., resting 
dyspnea), new physical symptoms (i.e., cyano-
sis), severe underlying COPD, frequent exacer-
bations, serious comorbidities, older age, and 
poor home support [49]. There are numerous 
indications for ICU admission. These include 
altered mental status, severe dyspnea refractory 
to initial therapy, hemodynamic instability 
requiring pressers, persistent or worsening 
hypoxia (PaO2 < 40 mm Hg) and/or worsening 
respiratory acidosis despite therapy (pH < 7.25), 
and need for mechanical ventilation [49].

 Indications for Discharge

Indications for discharge from the hospital are as 
follows: understanding the correct use of medica-
tions and demonstrating proper use of long- acting 
bronchodilators, therapy need no more often than 

Yearly 
exacerbations

Yearly 
hospitalizations

3 year 
mortality

Gold 1 Mild FEV1≥ 
80% 
predicted

Gold 2 Moderate FEV1 
<80% and 
≥ 50% 
predicted

0.7-0.9 0.11-0.2 11%

Gold 3 Severe FEV1<50% 
and ≥ 30% 
predicted

1.1-1.3 0.25-0.3 15%

Gold 4 Very 
Severe

FEV1<30% 
predicted

1.2-2 0.4-0.54 24%

Table 5.4 Gold criteria 
classification of airflow 
limitation in COPD 
patients based on 
postbronchodilator FEV1
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every 4 hours, ambulatory (if at baseline), ABG 
and patient stable for 12–24 hours, has appropri-
ate follow-up, and able to eat and sleep without 
dyspnea [49]. In general, these patients should be 
followed up in 4–6 weeks from discharge [49]. 
Additionally, it is crucial to discuss with these 
patients about smoking cessation, appropriate 
inhaler technique used, and need for influenza 
and pneumococcal vaccines [49].

 COPD/Asthma Overlap Syndrome

Please be aware that COPD and asthma, although 
associated with chronic inflammation of the 
respiratory tract, have different pathophysiology 
[51]. This leads to different symptoms, physio-
logical effects, and response to therapies [51].

With this in mind, there is a condition called 
asthma–COPD overlap syndrome or ACOS [17]. 
This condition is characterized by persistent air-
flow limitation that has equal asthmatic and 
COPD features [17]. This overlap syndrome is a 
heterogeneous disease, as it is not resented by a 
single disease process [17]. Diagnoses of ACOS 
are made when a patient has a differential diag-
nosis that is equally split between asthma and 
COPD [17]. In general, treatment is with inhaled 
corticosteroids (ICS) and either a long-acting 
beta-agonist (LABA) or long-acting antimusca-
rinic agonist (LAMA) [17]. Modifiable risk fac-
tors should be treated [17]. Ultimately, much 
research needs to be done on this condition to 
further elucidate the etiology [17]. Of interest, 
there is some literature to support the notion that 
there are asthmatics who are on a continuum with 
COPD [72, 82].

 Conclusion

Asthma, COPD, and ACOS are different diseases 
that are treated similarly. In particular, the emer-
gency medicine physician needs to be aware of 
treatment algorithms most notably what medica-
tions to use and indications for NPPV, intubation, 
hospital admission, and discharge.
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Acute Respiratory Distress 
Syndrome

Zachary D. Levy, Todd L. Slesinger, 
and Brian J. Wright

 Introduction

Be thou assured, if words be made of breath
And breath of life, I have no life to breathe
What thou hast said to me.

– Hamlet, Act III, Scene IV

 Defining ARDS

Throughout the 1970s and 1980s, ARDS remained 
a nebulous entity. Without clinicians and research-
ers speaking the same language, it proved difficult 
to have meaningful and externally valid discussions 
on epidemiology, pathophysiology, treatment, and 
prognosis. This changed in 1994, when the 
American–European Consensus Conference 
(AECC) on ARDS gathered in an international 
effort to standardize the definition of ARDS and 
promote future clinical research. This represented 
the first major collaborative and objective step for-
ward in our efforts to understand ARDS and to 

develop effective treatment algorithms. A standard-
ized definition of ARDS was developed and has 
undergone continuous scrutiny and revision over 
the past 20 years. The most recent update to that 
consensus conference, known as the Berlin defini-
tion [2], was drafted in 2011. Per the Berlin criteria, 
ARDS is characterized as follows:

...a type of acute diffuse, inflammatory lung injury, 
leading to increased pulmonary vascular permeabil-
ity, increased lung weight, and loss of aerated lung 
tissue. The clinical hallmarks are hypoxemia and 
bilateral radiographic opacities, associated with 
increased venous admixture, increased physiological 
dead space, and decreased lung compliance [2].

Note the similarities between the narrative 
description here and Ashbaugh, et al. prior observa-
tions. Indeed, the real nuts and bolts of the Berlin 
definition are the objective diagnostic criteria. 

There are a few notable departures from the 
1994 AECC definition. First, in the older AECC 
definition, hydrostatic pulmonary edema had to 
be excluded before a diagnosis of ARDS could be 
established. This was previously accomplished 
by measuring the pulmonary artery wedge pres-
sure (PAWP) using a cutoff of <18 mm Hg [3]. In 
the Berlin definition, hydrostatic edema (CHF) 
must not be the primary cause of respiratory fail-
ure (Table 6.1). It is recognized that hydrostatic 
edema and ARDS can coexist. Second, the Berlin 
criteria require that a minimum of 5 cm H2O of 
PEEP be applied when analyzing the oxygen-
ation criteria by the fraction of arterial oxygen to 
inspired oxygen (PaO2/FiO2) ratio. Finally, the 
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Berlin criteria removed the diagnosis of acute 
lung injury (ALI), which was effectively “mild” 
ARDS, and replaced it with three ARDS disease 
severity categories based on the PaO2/FiO2 ratio 
(Table 6.2).

The Berlin diagnostic criteria and risk stratifica-
tion scores are part of the continuing effort to 
objectively define ARDS, to improve the external 
validity of ARDS research, and to develop mean-
ingful treatment considerations. In addition to 
addressing limitations of the prior AECC defini-
tion, the Berlin criteria have better predictive valid-
ity for mortality [2], may better risk stratify patients 
for different treatment strategies, and also help 
researchers define patient populations for experi-
mental treatments. There is also evidence that the 
Berlin criteria have a better sensitivity and specific-
ity (82% and 52%, respectively) for predicting the 
presence of diffuse alveolar damage (DAD) at 
autopsy, compared to the AECC definition (76% 
and 47%), though both performed marginally [4].

 Epidemiology

The quoted incidence of ARDS has varied widely. 
This is likely a reflection of several variables, 
including an ever-changing understanding of the 
disease, geographic, cultural factors, and a het-
erogeneously ill patient population. Estimates 
have historically been higher in North America 

compared to Europe, recently ranging from 7.2 
per 100,000 [5] (Spain) to 78.9 per 100,000 [6] 
(the United States). Some of these discrepancies 
may normalize as we approach greater unifor-
mity in diagnosing ARDS.

For similar reasons, mortality estimates are 
also variable. Aside from the mortality rates con-
ferred by the mild/moderate/severe Berlin cate-
gories, a recent meta-analysis [7] reported an 
overall mortality of 43%, with wide variations 
reported among included studies (ranging from 
15% to 72%). Interestingly, the overall mortality 
in ARDS declined about 1% per year over the 
12-year study period 1994–2006.

 Pathophysiology

ARDS can develop through two separate mecha-
nisms. Precipitating factors may be primary pul-
monary events, such as smoke inhalation, 
aspiration, and pneumonia. However, nearly half 
of all cases are caused by extrapulmonary triggers, 
including sepsis, multitrauma (but especially chest 
injury and pulmonary contusions), pancreatitis, 
and blood product administration [4, 8]. These two 
distinct pathways have contributed to the delay in 
standardizing the definition of ARDS and are con-
sistent with Ashbaugh, et  al. initial observation 
nearly 50 years ago of a disorder that can truly be 
precipitated by “a variety of stimuli” [1].

 The Three-Phase Model

ARDS is characterized by a number of abnormal 
processes on the cellular level. First, a triggering 
event occurs, acting either via direct cellular insult 
or via indirect systemic inflammatory response [9, 
10]. Regardless of whether the initial trigger is 
pulmonary or extrapulmonary, ARDS then pro-
ceeds down a common pathway. An initial exuda-
tive phase, lasting several days to a week, is 
defined by multiple inflammatory processes [10]. 
These include neutrophil influx, cytokine release, 
loss of surfactant, and endothelial dysfunction. 
Consequently, the exudative phase is character-
ized by significant pulmonary edema.

Table 6.1 The Berlin definition

ARDS: the Berlin definition
1.  Onset <7 days from a defined illness or traumatic 

event
2.  Bilateral opacities on chest X-ray or CT scan 

consistent with pulmonary edema
3.  The degree of respiratory failure cannot entirely be 

attributed to congestive heart failure (CHF) and/or 
fluid overload

Table 6.2 ARDS severity categories

ARDS Berlin severity categories
Mild ARDS: PaO2/FiO2 ratio 200–300 (~27% 
mortality)
Moderate ARDS: PaO2/FiO2 ratio 100–200 (~32% 
mortality)
Severe ARDS: PaO2/FiO2 < 100 (~45% mortality)
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The proliferative phase follows, where 
type II pneumocytes multiply and attempt to 
replace damaged type I pneumocytes on the 
epithelial surface [11]. The proliferative phase 
is also characterized by thickening of the 
alveolar capillaries, organization of exudate, 
and early fibroblast activity [12]. These pro-
cesses result in progressive airspace narrow-
ing, and pulmonary hypertension may result 
from destruction of the pulmonary vascula-
ture. Hypoxemia may worsen secondary to 
restricted diffusion.

Finally, a variable fibrotic phase sets in, with 
collagen deposition resulting in decreased lung 
compliance and progressive VQ mismatch. A 
decline in neutrophils is seen on bronchoalveolar 
lavage (BAL), with a relative increase in both 
lymphocytes and macrophages. Not all patients 
will progress through the fibrotic phase of ARDS, 
and there is some evidence that the degree of 
fibrotic change is correlated with increased over-
all mortality [13].

 Ventilator-Induced Lung Injury

It is worth noting that many of the pathologic 
processes associated with ARDS may be iatro-
genic, related to overzealous use of invasive 
ventilation. There are four distinct mechanisms 
in which the ventilator can be a primary source 
of lung injury in ARDS (or any condition 
requiring mechanical ventilation, for that 
matter):

• Excessive tidal volumes that result in alveolar 
strain (volutrauma)

• High airway pressures (barotrauma)
• Cyclic collapse of alveoli during the respira-

tory cycle (atelectotrauma)
• Inflammatory cytokine release in response to 

these mechanical lung stressors (biotrauma)

Collectively, these four mechanisms are 
referred to as ventilator-induced lung injury 
(VILI) [14], and much of the supportive care in 
ARDS revolves around avoiding these iatrogenic 
insults. 

 Diagnosis

The diagnosis of ARDS is now relatively 
straightforward and involves a clinical suspi-
cion coupled with an imaging study, in accor-
dance with the previously mentioned Berlin 
criteria. Imaging studies in ARDS typically 
include standard chest X-ray and lung comput-
erized tomography (CT). Bilateral interstitial 
infiltrates are typically present in a “patchy” or 
“fluffy” distribution and are often readily appar-
ent on plain films (see Fig.  6.1). These infil-
trates are the result of protein- rich fluid leaking 
into the alveolar space secondary to alveolar 
epithelial insult and diffuse alveolar damage. 
CT will demonstrate bilateral ground-glass 
opacities with dense consolidations that appear 
worse in the dependent sections of the lungs 
(see Fig.  6.2). Lung ultrasound may also be 
beneficial and may demonstrate B lines in the 
presence of pleural abnormalities (Fig.  6.3). 
Finally, capillary permeability may be directly 
measured with positron emission tomography 
(PET) scanning of the chest, though this modal-
ity is rarely (if ever) utilized.

A number of serum biomarkers have been 
studied to aid in the diagnosis of ARDS. These 
include, but are not limited to, C-reactive protein 
(CRP), laminin, desmosine, protein C, serum 
surfactant, soluble receptor of advanced glyca-

Fig. 6.1 Typical ARDS plain film
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tion end products (RAGE), various interleukins, 
and various growth factors. To date, none of 
these have demonstrated significant diagnostic 
or prognostic value and are not used in clinical 
practice [15].

 Is It ARDS or Is It Pneumonia?

The X-ray appearance of ARDS can mimic that of 
multifocal pneumonia, and both processes may 
emerge in critically ill, ventilated patients. 
Unfortunately, there is no consistently reliable 
way to differentiate the two, and misdiagnosis of 
ARDS as ventilator-associated pneumonia (and 

vice versa) may be inevitable to some extent. The 
diffuse nature of the infiltrates may serve to dif-
ferentiate ARDS from pneumonia, along with a 
lack of clear stigmata of infection (such as fever, 
copious thick secretions, or leukocytosis). 
However, these features are sometimes present in 
ARDS as well. Additionally, the lack or presence 
of other precipitating causes (pancreatitis, trauma, 
blood transfusion, or nonpulmonary sepsis) in the 
patient’s history and physical examination, along 
with the use of appropriate laboratory and imag-
ing studies, can sometimes help clue the clinician 
to the correct diagnosis. When in doubt, treat the 
pneumonia – in sepsis, a delay in antibiotic use is 
associated with increased mortality [16].

 Treatment

 Invasive Ventilation

Except for the most mild cases, invasive ventila-
tion is needed to appropriately manage 
ARDS.  However, the specter of VILI invokes 
Virgil – aegrescit medendo, the remedy is worse 
than the disease. With this in mind, the National 
Institute of Health established the ARDS Network 
(ARDSNet) in 1994  in order to facilitate large, 
multicenter trials involving treatment of ARDS 
patients [17], including a determination of the 
ideal ventilator approach. The most widely cited 
and groundbreaking ARDSNet study to date 
demonstrated that a “lung-protective” ventilation 
strategy (LPVS) (see Table 6.3), which utilized 
volume-assist-control ventilation to deliver tidal 

Fig.  6.3 Typical ARDS lung u/s

Table 6.3 Lung-protective ventilation strategy

ARDSnet lung-protective ventilation strategy
1.  Volume-assist-control ventilation set at 6 cc/kg 

predicted body weight (PBW)
  Male patients: PBW (kg) = 50 + 2.3 ∗ (height in 

inches − 60)
  Female patients: PBW (kg) = 45.5 + 2.3 ∗ (height in 

inches − 60)
2. Maintain plateau pressure <30 cm of water
3.  If plateau pressures >30 cm of water, decrease tidal 

volume by 1 cc/kg to a minimum of 4 cc/kg
4.  If plateau pressures <30 cm with severe dyspnea, 

increase tidal volume by 1 cc/kg to a maximum of 
8 cc/kg

Fig. 6.2 Typical ARDS chest CT, axial image
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volumes of 4–8 cc per kg of Ideal Body Weight 
and maintained plateau pressures <30  cm of 
water, significantly improved mortality and time 
off the ventilator in the first 28  days of illness 
[18]. This has effectively become the standard of 
care for invasive ventilation in ARDS. These tidal 
volumes often approximate resting tidal vol-
umes  – “physiologic” or “normal” ventilation 
may be a more accurate description than “lung- 
protective” ventilation. In a similar vein, a recent 
meta-analysis by Neto et al. [19] suggested that 
LPVS may improve clinical outcomes across a 
spectrum of non-ARDS disease processes.

When providing LPVS, it is important to keep 
in mind that decreased tidal volumes will result 
in decreased alveolar ventilation. PCO2 and pH 
need to be monitored closely. While patients with 
intact respiratory drives will often compensate on 
their own, sedated and/or paralyzed patients will 
require the ventilator rate to be increased in order 
to prevent significant hypercarbia. Increased 
respiratory rates, in turn, will decrease expiratory 
times and expose patients to a greater risk of air- 
trapping and auto-PEEP, which itself may lead to 
decreased venous return and hypotension. This is 
particularly true among patients with underlying 
obstructive pulmonary disease.

 Recruitment Maneuvers

Persistent hypoxemia in ventilated patients with 
ARDS and/or severe pneumonia  – assuming 
that the ventilator circuit is intact, the endotra-
cheal tube is proper position, and the patient has 
not developed a pulmonary embolism or pneu-
mothorax – is often due to shunting of deoxy-
genated blood back to the heart. With significant 
pulmonary edema and atelectasis, venous blood 
may not encounter functional oxygenated alve-
oli as it courses through the lungs, resulting in 
deoxygenated blood being pumped into the sys-
temic circulation. In this case, increasing the 
FiO2 may have little impact. PEEP is intended to 
ameliorate this effect, but in severe cases, 
recruitment maneuvers may be beneficial.

There are various iterations (including “sighs,” 
“extended sighs,” and “sustained inflation”) that 

all involve transient increases in mean airway 
pressure in order to open collapsed lung segments. 
A common example of sustained inflation would 
be to apply continuous positive airway pressure 
(CPAP) at 10 cm of water higher than the current 
plateau pressure (Pplat) for 30–45 seconds. Other 
variations exist as well. The use of recruitment 
maneuvers has not been demonstrated to be ben-
eficial in the routine management of ARDS, and 
given the risks of significantly elevated airway 
pressures, it should be  considered only for signifi-
cant and refractory hypoxemia [20].

 Advanced Ventilatory Modes

More advanced ventilation strategies, such as air-
way pressure release ventilation (APRV) and 
high-frequency oscillation, have also been stud-
ied. APRV is an example of inverse ratio ventila-
tion except that it allows for spontaneous 
breathing so that the I:E ratio is irrelevant; if no 
spontaneous breathing occurs, then minute venti-
lation is only from the release volume. The 
majority of the respiratory cycle is spent in sus-
tained pressure hold (known as P High for a time 
period know as T High), followed by brief pres-
sure release (P Low) that is short enough (T Low) 
to prevent alveolar collapse. Spontaneous breath-
ing during the inspiratory phase promotes natural 
diaphragmatic excursion and increases recruit-
ment in the dependent portions of the lung. Some 
degree of CO2 retention may be tolerated, given 
the brief expiratory phase (“permissive hypercap-
nia”). It is worth noting that use of APRV has not 
been shown to decrease mortality in ARDS com-
pared to volume- or pressure-controlled ventila-
tion, but is associated with lower rates of ARDS 
and mortality in high-risk patient populations 
[21], and APRV should be viewed simply as an 
alternative approach for patients who remain 
hypoxemic on more traditional volume-assist- 
control ventilator settings.

High-frequency oscillation ventilation (HFOV) 
is a form of rapid cycle ventilation that delivers 
miniscule tidal volumes up to several hundred 
times per minute at elevated airway pressures. It 
can be conceptualized as rapid, shallow tidal 
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breaths that are “oscillating” around a markedly 
elevated level of continuous positive end-expira-
tory pressure (CPAP) (see Fig.  6.3). HFOV has 
traditionally been used as a last ditch ventilation 
strategy for severe refractory hypoxemia and 
should not generally be used as a substitute for 
traditional LPVS. In one large randomized multi-
center study, Ferguson, et al. demonstrated a sig-
nificant increase in mortality (RR 1.33) when 
HFOV was used in placed of LPVS – a trial that 
was actually stopped by the data monitoring com-
mittee due to harm after enrolling fewer than half 
of the intended sample size [22].

 Intravenous Fluids

The judicious use of resuscitative and maintenance 
fluids is worth mentioning. The ARDSnet FACTT 
trial compared liberal versus conservative fluid 
management strategies, and it also compared cen-
tral venous catheter (CVC) versus pulmonary artery 
catheter (PAC) placement to guide fluid therapy. 
The protocol resulted in a net even fluid balance in 
the conservative group over the first week of treat-
ment, while patients in the liberal group were posi-
tive 7 L, on average. A 60-day mortality was equal 
between the groups, though patients in the conser-
vative group enjoyed fewer days on the ventilator 
and fewer days in the ICU [23]. There was no sig-
nificant difference between groups regarding the 
need for renal replacement therapy (RRT).

Regarding the use of invasive monitoring in 
ARDS, PAC-guided therapy was associated with 
a significant increase in complications as com-
pared to CVC-guided therapy [24] while provid-
ing no overall mortality benefit in the first 
60  days after randomization. Complications of 
PAC therapy were primarily catheter-induced 
arrhythmias. In the intervening years since 
FACTT was published, PAC-guided therapy has 
fallen largely out of favor.

 Pharmacotherapy

Of the various pharmacotherapies for ARDS, 
corticosteroids have historically been among the 

most commonly used and the most controversial. 
In one ARDSnet trial examining the potential 
benefit of methylprednisolone in ARDS, patients 
in the treatment group appeared to have improved 
oxygenation, better hemodynamics, and more 
time off the ventilator, but these changes were not 
associated with any short- or long-term mortality 
benefits [25]. More importantly, corticosteroid 
use was associated with increased mortality when 
initiated more than 2  weeks after the onset of 
symptoms. The lack of overall benefit for cortico-
steroids more or less confirmed the findings of 
two prior studies that failed to show a mortality 
benefit for high-dose methylprednisolone in early 
ARDS [26, 27].

Neuromuscular blocking agents (NMBAs) 
have also been heavily studied. The ACURASYS 
trial indicated that a short course of the neuro-
muscular blocking agent cisatracurium may 
improve mortality and decrease the incidence of 
barotrauma, likely by optimizing patient–venti-
lator synchrony [28, 29]. There is also some evi-
dence that the use of NMBAs is associated with 
a decrease in serum inflammatory markers [30], 
which is either secondary to a decrease in 
mechanical stressors or results from some other 
independent mechanism. The potential benefit 
of NMBAs was again demonstrated in a recent 
systematic review that found a decrease in both 
in- hospital mortality and rates of barotrauma 
without significant adverse events [31]. Using 
both steroids and neuromuscular blocking 
agents simultaneously should be avoided, as it is 
believed to increase the incidence of ICU- 
acquired muscle weakness [32]. If NMBAs are 
going to be utilized, it is important to administer 
analgesics and sedatives as well, to prevent a 
fully conscious (and likely uncomfortable) 
patient from enduring several days of total 
paralysis.

On the whole, effective pharmacologic treat-
ments remain elusive. In fact, we know a great 
deal more about what does not work in ARDS 
rather than what does. ARDSnet has carried out 
several negative studies regarding experimental 
pharmacotherapies, including the use of both 
ketoconazole [33] and lisofylline [34]. Other 
medications that have failed to show conclusive 
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benefit include inhaled nitric oxide, inhaled pros-
tacyclins, systemic prostaglandins, neutrophil 
elastase inhibitors, albumin, endobronchial sur-
factant, and N-acetylcysteine [35].

Inhaled vasodilators (nitric oxide and prosta-
cyclins) deserve special mention, as these medi-
cations have been used extensively in ARDS 
patients with refractory hypoxemia. Inhaled vaso-
dilators selectively increase blood flow to alveolar 
units that are participating in gas exchange. This 
increase in pulmonary blood flow should (theo-
retically) decrease the amount of shunted blood 
that reaches the systemic circulation and improve 
arterial oxygenation. Numerous studies have 
examined the efficacy of these agents (particu-
larly inhaled nitric oxide) in ARDS; while there is 
evidence for a transient improvement in PaO2 to 
FiO2 ratios, there is no evidence for any reduction 
in morbidity or mortality [36].

 Nutritional Support

To call ARDS an inflammatory state is an under-
statement  – it is inflammation gone haywire. 
Patients will be hypercatabolic, and as a result, 
will have significant dietary needs. Early nutri-
tional support has been demonstrated to temper 
the systemic inflammatory response by staving 
off gut atrophy. This prevents the translocation of 
gut bacteria through leaky, permeable epithelial 
junctions that otherwise results from a prolonged 
fasting state [37]. A diminished bacterial burden 
results in diminished systemic inflammation.

However, overfeeding is not without its own 
risks. These include hypercapnia, hyperglyce-
mia, hepatic steatosis, azotemia, and electrolyte 
imbalances, to name a few [38]. Hyperglycemia 
itself is linked to an increased infectious risk 
and poor wound healing, and so clinicians have 
to walk a fine line between too little nutritional 
support and too much. The current American 
Society for Parenteral and Enteral Nutrition 
(ASPEN) guidelines recommend that patients 
with ARDS receive early enteric feeding when 
feasible using tube feeds with an anti-inflam-
matory lipid profile (including borage seed oils 
and omega-3 fish oils) [37]. A subset of the 

ARDSNet EDEN study attempted to determine 
if adding omega-3 supplements to tube feeds 
would positively impact ventilator-free days, 
but was stopped early for futility [39]. That 
same study also found no difference in out-
comes with the use of full enteric feeds versus 
lower volume “trophic” feeds in the first 6 days 
of illness [39].

 Prone Positioning

Simpler interventions have been studied as well. 
Prone positioning, which had fallen out of favor 
for a time, is regaining interest after the prone 
positioning in severe ARDS (PROSEVA) trial 
demonstrated significant improvements in 28- 
and 90-day mortality when patients with severe 
ARDS were proned for a minimum of 16 hours 
per day [40]. The beneficial effects of proning 
are thought to include reduced VQ mismatch, 
redistribution of secretions and extravascular 
lung water, and more effective diaphragmatic 
excursion. These effects are partially accom-
plished by relieving atelectasis that tends to form 
in dependent portions of the lung when patients 
are placed in the supine position for extended 
periods of time.

Prone positioning can be accomplished either 
via specialized pronating beds or by traditional 
log-rolling techniques using standard hospital 
beds. It may be technically difficult to perform, 
and the greatest risks involve dislodging or 
obstructing the endotracheal tube, as well as the 
development of pressure ulcers [41]. Proning in 
ARDS is a perfect example of the adage “every-
thing old is new again,” as the theoretical benefits 
of proning have been described in infants since 
the 1970s [42, 43].

 Extracorporeal Membrane 
Oxygenation (ECMO)

ECMO is emerging as a viable treatment option 
in severe ARDS, particularly with the advent of 
more portable ECMO devices and dual-lumen 
catheters that allow for single-puncture veno- 
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venous (VV) access [44]. In the VV ECMO 
model, the pulmonary support provided by the 
ECMO device relieves the burden placed on the 
ventilator, which can be set to minimal LPVS 
parameters. The potential benefits of ECMO 
were demonstrated in the CESAR study [45], 
where patients with severe ARDS (defined by a 
Murray Score > 3 or a pH <7.2 on optimum con-
ventional management) who received ECMO 
experienced a reduction in 6-month mortality 
compared to conventional management (63% vs. 
47%, RR 0.69; CI 0.05–0.97). Enthusiasm for 
these findings is tempered by a lack of uniformity 
in the control group, where nearly a third of 
patients did not receive lung-protective ventila-
tion. Other studies [46] examining the efficacy of 
ECMO in severe ARDS are ongoing.

Recent advances notwithstanding, ECMO is 
resource-intense, and is generally not available 
outside of large academic centers. Additionally, 
the use of anticoagulants in the ECMO circuit, 
coupled with the large bore catheters required for 
the exchange process, present significant bleed-
ing risks. Other risks include hemolysis and the 
development of DIC, and these factors, for the 
time being preclude the use of ECMO in all but 
the sickest patients.

Interest is emerging in a subtype of ECMO 
therapy that focuses primarily on extracorporeal 
CO2 removal (ECCO2R). By “uncoupling” ven-
tilation from oxygenation, LPVS can be per-
formed without fear of hypercarbia or the need 
to adjust the respiratory rate. A benefit of 
ECCO2R versus traditional ECMO is that the 
low flow requirements of these newer systems 
require smaller, single catheter venous access. A 
recent meta- analysis by Fitzgerald, et  al. could 
not find a mortality benefit for ECCO2R in 
ARDS, but it was limited by a lack of high-qual-
ity studies [47].

 Life after ARDS

ARDS survivors have been noted to have persis-
tent functional limitations, even years after their 
illness [48]. Somewhat paradoxically, symptoms 
are predominantly extrapulmonary in nature, 

including muscle weakness and generalized 
depression. Chronic muscle weakness may 
account for the fact that diminished exercise 
capacity up to 5 years after suffering from ARDS 
has been demonstrated despite normal to near- 
normal pulmonary function testing, particularly 
in younger patients [48, 49].

The lingering effects of ARDS may be a 
function of prolonged ICU stays and multiorgan 
system failure in general, the use of corticoste-
roids and neuromuscular blocking agents, some-
thing inherent to ARDS itself, or most likely 
some contribution from all of the above. This 
unfortunately means that the societal costs of 
ARDS continue long after these patients are dis-
charged from the hospital and include a 
decreased quality of life and an increased utili-
zation of health-care resources. By some esti-
mates, ARDS survivors cost the health-care 
system $1100 to $3200 per person per year 
more than healthy controls [48].

 Summary

ARDS is a debilitating illness brought on by a 
variety of pulmonary and extrapulmonary 
insults. The improved Berlin criteria allow prac-
titioners to diagnose ARDS objectively, risk-
stratify patients based on disease severity, and 
engage in meaningful research collaboratives. 
Several landmark studies in ARDS have been 
published in the last two decades (see Table 6.4) 
to guide therapy. Clinical recommendations 
include the following:

Table 6.4 Landmark trials in ARDS

Summary of landmark trials in ARDS
ARDSNet – Lower vs. Traditional Tidal Volumes 
(NEJM 2000)
ARDSNet – Fluid and Catheter Treatment Trial 
(FACTT) (NEJM 2006)
Conventional Ventilatory Support Versus ECMO for 
Severe Adult Respiratory Failure (CESAR) (Lancet 
2009)
Neuromuscular Blocking Agents in ARDS 
(ACURASYS) (NEJM 2010)
Prone Positioning in Severe ARDS (PROSEVA) 
(NEJM 2013)
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• Lung-protective ventilation in ARDS has 
become the standard of care, and it should 
be considered in non-ARDS patients as 
well.

• Once ARDS sets in, physicians should aim for 
neutral fluid balance.

• There is insufficient evidence to support rou-
tine use of any specific medication in ARDS, 
though a brief course of NMBAs may be ben-
eficial in reducing VILI and systemic 
inflammation.

• Inhaled nitric oxide may transiently improve 
oxygenation without affecting mortality.

• Corticosteroids remain controversial and are 
largely contraindicated.

• Early enteric feeding, unless contraindicated, 
should be instituted with anti-inflammatory 
tube feed preparations; trophic feeds may be 
equivalent to full enteric feeding.

• Prone positioning and ECMO may be advanta-
geous in severe ARDS, particularly if the 
patient is not responding to standard therapies.

Finally, one should keep in mind that ARDS 
is not simply an acute process. After recovery 
and hospital discharge, patients continue strug-
gle with muscle weakness, mood disorders, 
increased health-care expenditures, and an over-
all decreased quality of life.
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Pulmonary Embolism and Massive 
DVT for Emergency Critical Care

Timothy J. Ellender, David Hackenson, 
and Emily Gundert

 Introduction

Venous thromboembolism (VTE) as a first event 
occurs in 100 per 100,000 persons each year in 
the United States with an incidence that rises 
exponentially with age [1]. More than 60% of 
symptomatic VTE cases manifest as deep vein 
thrombosis (DVT) alone, whereas one-third of 
patients present with pulmonary embolism (PE) 
[1]. Recurrence occurs in approximately 7% of 
patients and happens more frequently with PE 
than DVT [1, 2]. The incidence of death within 
30  days of diagnosis occurs in 6% of patients 
with DVT and 12% with PE [1]. Less common 
manifestations of venous thrombosis include 
phlegmasia alba dolens, phlegmasia cerulea 
dolens (PCD), and venous gangrene, which form 
a clinical spectrum that carries significant mor-
bidity [3, 4]. It is important for the emergency 
practitioner (EP) to appropriately recognize and 
treat VTE, as delays in diagnosis and treatment 

may result in a significant increase in morbidity 
and mortality.

 Phlegmasia Alba Dolens, 
Phlegmasia Cerulea Dolens, 
and Venous Gangrene

Phlegmasia has been described in the medical lit-
erature as far back as the sixteenth century, though 
much of the formative work describing the patho-
physiology was completed over the last 200 years 
[5–8]. All three manifestations result from acute 
massive venous thrombosis and obstruction of the 
venous drainage of an extremity. Phlegmasia alba 
dolens, PCD, and venous gangrene are more com-
mon during the fifth and sixth decades of life, but 
can occur at any age [3, 8–10]. The incidence of 
all three entities is higher in females than in males. 
Malignancy is the most commonly associated 
trigger and is present in approximately 20–40% of 
patients with PCD [3, 11].

Other associated risk factors include thrombo-
philia, trauma, surgery, heparin-induced throm-
bocytopenia, inflammatory bowel diseases, heart 
failure, vena cava filter insertion, and pregnancy 
[9, 11, 12]. Finally, 10% of patients with phleg-
masia have no apparent risk factors identifiable 
[10]. PCD of the upper extremities is rare (<5% 
of patients), while PCD of the lower extremities 
is more common with the left-sided occurrence 
being three to four times more common than the 
right-sided occurrence [4, 12].
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 Pathophysiology

Phlegmasia is caused by massive thrombosis and 
occlusion of the major venous channels (com-
monly iliofemoral veins), causing significant 
compromise to venous outflow and venous 
hypertension [12]. In phlegmasia alba dolens, the 
thrombosis involves only major deep venous 
channels of the extremity and spares the collat-
eral veins. The venous drainage, though 
decreased, is still present, which reduces venous 
congestion and the resultant tissue ischemia 
which differentiates this entity from PCD.  In 
PCD, the thrombosis extends to collateral veins 
causing near complete occlusion of outflow, 
resulting in venous congestion with massive fluid 
sequestration, significant edema, and tissue isch-
emia with bluish discoloration [3, 12, 13]. Early 
phases of phlegmasia are reversible if proper 
measures are taken to prevent venous gangrene. 
Capillary involvement occurs in 40–60% of PCD 
cases which results in irreversible venous gan-
grene that extends to the skin, subcutaneous tis-
sue, or muscle [12–15]. Under this extreme, the 
hydrostatic pressure in arterial and venous capil-
laries exceeds oncotic pressure, causing fluid 
sequestration in the interstitium and increased 
compartment pressures [16, 17]. Venous pressure 
may increase rapidly, and fluid sequestration may 
reach 6–10  L [11, 18]. Circulatory shock and 
arterial insufficiency may ensue. Though the 
exact mechanism for the arterial compromise is 
not completely clear, it is believed to be associ-
ated with the dysregulation of coagulation and 
fibrinolysis and circulatory collapse from the loss 
of venous return [9, 12].

 Patient Presentation

Manifestations of phlegmasia may be insidious 
or fulminant. Of PCD cases, 50–60% are pre-
ceded by phlegmasia alba dolens, with symptoms 
of edema, pain, and blanching (alba) without cya-
nosis [12]. The blanching, which previously was 
thought to be caused by arterial vasospasm, is 
caused by subcutaneous edema, without over-
whelming venous congestion and ischemia, leav-
ing the leg swollen and white appearing giving 
rise to the term “milk leg” [12].

Patients with PCD present with the clinical 
triad of severe edema, agonizing pain, and cyano-
sis [12]. Massive fluid sequestration may lead to 
bleb and bullae formation. Though the pathogno-
monic cyanosis (cerulea) in PCD usually starts 
distally and extends proximally, the constant pain 
usually starts at the femoral triangle and pro-
gresses to the entire extremity [12]. When venous 
gangrene occurs, it usually follows a similar dis-
tribution to the cyanosis [4, 19]. Arterial pulses 
may be present if venous compromise is superfi-
cial; however, when gangrene involves the mus-
cular compartment, the resultant increased 
compartment pressures may produce a pulse defi-
cit [9]. Arterial signals may be intact though dif-
ficult to appreciate because of the significant 
edema [12]. Patients with fulminant disease usu-
ally present with sudden severe pain, swelling, 
cyanosis, venous gangrene, and compartment 
syndrome that together impair venous outflow 

Key Points

• Phlegmasia occurs more commonly 
with advancing age (greatest in the fifth 
and sixth decades of life) and is more 
common in females.

• All three clinical entities more com-
monly occur in the lower extremity.

• Of the causative factors associated with 
VTE, cancer is most commonly associ-
ated with phlegmasia.

• The pathophysiology of phlegmasia is 
caused by massive thrombosis and 
occlusion of the major venous channels 
(commonly iliofemoral veins) causing 
significant compromise to venous out-
flow and venous hypertension which 
can eventually encroach on tissue perfu-
sion causing tissue gangrene.
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and arterial supply, such that circulatory collapse 
and shock frequently ensue [9].

 Diagnostics

The diagnoses of phlegmasia alba dolens, phleg-
masia cerulea dolens (PCD), and venous gan-
grene can be made mainly by clinical presentation 
with the assistance of additional imaging for con-
firmation. Although contrast venography was 
once considered the standard for diagnosis, tech-
nical difficulties can be common (in as many as 
20–25% of patients) [9, 15]. Venography, an 
invasive test, relies on timely support from our 
radiology or vascular surgery colleagues. 
Ascending venography can be challenging as the 
presence of extensive deep system thrombosis 
can result in nonvisualization of the deep system 
and a nondiagnostic study result [12, 15]. 
Continued improvements in ultrasonography 
have made this modality a faster, less expensive, 
and noninvasive way to assess the venous system. 
It has in many ways become a more reliable and 
accurate way to assess for proximal deep venous 
thrombosis (DVT) with less morbidity and can be 
repeated as needed to monitor for thrombus prop-
agation or vessel recanalization (Fig.  7.1). 
Computer tomographic angiography (CTA) and 
venography may be used to evaluate clot burden, 
and if time allows, magnetic resonance venogra-
phy can provide additional diagnostic data about 
vessel integrity and tissue compromise.

 Medical Therapy

The standard treatment of phlegmasia and venous 
gangrene is still evolving as the disease presenta-
tion is rare. The optimal therapeutic modality 
remains under debate and most data on therapeu-
tic trends have been generated by case series and 
expert consensus [20]. So far, the results of treat-
ment for early forms of phlegmasia have been 
moderately successful. Therapeutic intervention 
is typically multimodal, and successful interven-
tion relies on expert consultation from interven-
tional radiology, vascular surgery, surgery, and/or 

medicine depending on expert availability and 
institutional procedures. Therapy is aimed at pre-
venting progression to venous gangrene by 
reducing venous hypertension and high intersti-
tial pressures through restoring venous outflow to 
the affected extremity [12]. Conservative medical 
treatments, such as steep limb elevation, antico-
agulation with intravenous administration of hep-
arin, and fluid resuscitation, should be the initial 
course of therapy for phlegmasia alba dolens and 
mild nongangrenous forms of PCD [12, 20]. 
More invasive treatment options for severe dis-
ease include systemic or local thrombolysis, per-
cutaneous suction or other mechanical thrombus 
removal techniques, percutaneous transluminal 
angioplasty with or without stenting, surgical 
thrombectomy with or without fasciotomy, or a 
combination of these techniques [20].

Steep leg elevation remains the best method to 
reduce significant leg edema and should be 
deployed in conjunction with anticoagulants. The 
purpose of rapid heparin anticoagulation is to 
decrease the risk of proximal clot propagation or 
thromboembolism. Heparin should be initiated 
with an intravenous bolus of 80–100 U/kg, fol-
lowed by a continuous infusion of 15–18 U/kg/h 
and titrated to an activated partial thromboplastin 

Fig. 7.1 Duplex ultrasound showing clot propagation 
into the common femoral vein (CMV) 
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time (aPTT) goal range of 2–2.5 times the labora-
tory reference range [21]. With heparin infusion, 
it is recommended that platelet counts be moni-
tored to allow for early detection of 
 heparin- induced thrombocytopenia. Low-
molecular-weight heparins are safe and effective 
in the treatment of proximal deep venous throm-
bosis (DVT) and pulmonary embolism (PE); 
however, there is lesser evidence available to sup-
port the use of these agents in phlegmasia and 
venous gangrene, especially where the potential 
need for surgical intervention is high [15].

In PCD without gangrene, (1) if no clinical 
improvement is seen within 6–12  hours, (2) if 
thrombus burden is significant, or (3) if there is 
severe symptomatic swelling and tissue isch-
emia, catheter-directed thrombolysis is employed 
[15]. Some experts propose catheter-directed 
thrombolysis directly into the vein with high 
doses of urokinase or tissue plasminogen activa-
tor (t-PA) [12, 22], while others support intra- 
arterial low-dose thrombolysis via the common 
femoral artery, reasoning that the arterial route 
delivers the thrombolytic agent to the arterial 
capillaries and, subsequently, to the venules, 
which is seemingly more effective in cases with 
venous gangrene [20, 23]. There is some debate 
regarding thrombolysis given that the risk of rel-
evant hemorrhage can be as high as 10–12% [20]; 
thus, recent reports of therapeutic techniques 
often involve a combination of direct catheter- 
based thrombolysis and mechanical thrombec-
tomy [15, 20, 22, 24–26]. Percutaneous 
transluminal angioplasty with or without stenting 
has also been used [15, 20] with success though 
decision for modality and patient selection have 
not been well illustrated.

Surgical thrombectomy alone is the classi-
cally described approach to PCD with massive 
clot burden and ischemic compromise [19, 27]. 
However, isolated surgical or catheter-based 
thrombectomy in combination with heparin anti-
coagulation in patients with PCD is associated 
with a high rate of rethrombosis and valvular 
incompetence or postphlebitic syndrome [12, 23, 
28]. Thrombectomy cannot open the small 
venules that are affected in venous gangrene; 
thus, a combination of therapies along with 

thrombolysis is often used for the successful res-
olution of symptoms [12, 15]. Surgical fasciot-
omy is indicated in patients with progressive 
compartment syndrome and venous gangrene. 
Fasciotomy alone or in conjunction with throm-
bectomy or thrombolysis reduces compartmental 
pressures; however, it can significantly increase 
morbidity because of prolonged wound healing 
and infection risk [12]. Finally, if all efforts fail, 
amputation might be required in up to 20% of 
cases [12].

Key Points
• Phlegmasia may be insidious or fulmi-

nant. Most patients presenting with an 
early form of the disease spectrum 
(phlegmasia alba dolens) present with 
symptoms of edema, pain, and blanch-
ing (alba) without cyanosis.

• As the disease progresses to phlegmasia 
cerulea dolens, the blanching caused by 
subcutaneous edema, venous conges-
tion, and ischemia gives way to pro-
gressive arterial compromise leaving 
the extremity swollen and cyanotic 
(blue).

• Patients with PCD present with the clin-
ical triad of severe edema, agonizing 
pain, and cyanosis. Patients with fulmi-
nant disease usually present with sud-
den severe pain, swelling, cyanosis, 
venous gangrene, and compartment 
syndrome.

• Ultrasonography, a faster, less expen-
sive, and noninvasive way to assess the 
venous system, has become a more reli-
able and accurate way to assess for 
proximal deep venous thrombosis 
(DVT) with less morbidity and can be 
repeated as needed to monitor for 
thrombus propagation or vessel 
recanalization.

• The therapeutic intervention for phleg-
masia is often multimodal and optimally 
involves several disciplines. Therapy is 
aimed at preventing progression to 
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 Pulmonary Embolism

Acute pulmonary embolism is a common diagno-
sis in the emergency department, and it may pres-
ent with a wide range of signs and symptoms, 
from mild dyspnea to sudden and refractory car-
diovascular collapse. The diagnosis and treat-
ment of PE cause considerable consternation 
among EM physicians. Physicians order a 
 substantial number of computed tomography pul-
monary angiogram (CT-PA) studies, despite the 
fact that gestalt, bedside screening metrics, and 
readily available laboratory tests like d-dimer 
could obviate some cross-sectional imaging and 
the concomitant risks [29]. Fortunately, for the 
majority of patients with a PE, this excess worry 
is unwarranted. For the patient with a large 
obstructive burden and marked cardiovascular 
compromise, minimizing the time to diagnosis 

and treatment is imperative, as the majority of 
those patients who die as a result of their PE will 
do so in the first few hours after the inciting event 
[30, 31].

Incidence of PE is 69 per 100,000, favoring 
women in the cohort under 55 years of age, and 
men in the cohort over 55 years of age [32], and 
is thought to result in 200,000–300,000 deaths 
per year. Mortality for untreated PE is up to 30%. 
With more timely diagnosis and treatment, the 
mortality can be reduced significantly. The pul-
monary embolism severity index (PESI) can be 
used to predict 30-day mortality, but in patients 
requiring urgent or emergent evaluation for lysis, 
it may not be readily available or useful in the 
decision process (Table 7.1) [33]. Morbidity, in 
particular, related to the effects of clot burden on 
RV function and progression to pulmonary 
hypertension, is a subject of current research 
interest driving the pursuit of fibrinolysis in 
patients with signs of right ventricular (RV) com-
promise but without hemodynamic instability 
[34–36]. For patients at the far opposite ends of 
the PE spectrum, for example, those with hemo-
dynamically insignificant PE or cardiovascular 
collapse, the decision to treat and mode of ther-
apy is based on in the former preventing progres-
sion of clot and symptom management, and 
unloading the RV by relieving clot burden and 
restoring adequate cardiopulmonary function in 
the latter.

There are several patient subsets in the emer-
gency department which warrant special regard 
with respect to PE.  In the pediatric population, 
PE is less common overall than in adults and 
more common in association with a provoking 
event or condition, such as a central line, recent 
cardiac surgery, malignancy, or history of throm-
boembolic disease [37, 38]. Obstetric popula-
tions have an increased incidence of VTE 
beginning in the first trimester, with a plateau in 
the second and third trimesters, and a sharp peak 
immediately postpartum [39–41]. The overall 
rate of PE is in the postpartum phase is 15 times 
that of pregnancy, with PE risk concentrated in 
the first week postpartum, and in mothers over 
35 years of age [39, 42]; 96.9% of postpartum PE 
occurred in the first 6.5  weeks after delivery, 

venous gangrene by reducing venous 
hypertension and high interstitial pres-
sures through restoring venous outflow 
to the affected extremity.

• Steep leg elevation remains the best 
method to reduce significant leg edema 
and should be deployed in conjunction 
with anticoagulants. Heparin should be 
initiated to decrease the risk of proximal 
clot propagation or thromboembolism 
with an intravenous bolus of 80–100 U/
kg, followed by a continuous infusion of 
15–18  U/kg/h and titrated to an acti-
vated partial thromboplastin time 
(aPTT) goal range of 2–2.5 times the 
laboratory reference range.

• More invasive treatment options for 
severe disease include systemic or local 
thrombolysis, percutaneous suction or 
other mechanical thrombus removal 
techniques, percutaneous transluminal 
angioplasty with or without stenting, 
surgical thrombectomy with or without 
fasciotomy, or a combination of these 
techniques.
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 indicating a rapid return to baseline risk after 
delivery [39]. Among patients with genetic 
thrombophilias, factor V Leiden is the most com-
mon, and homozygous patients are at signifi-
cantly increased risk for thromboembolic events 
[43]. While a PE may be the event that leads to 
diagnosis, the workup and therapy is the same as 
for patients with normal factor V activity. This 
holds true for patients with other genetic throm-
bophilias except ATIII deficiency, which will be 
resistant to Heparin. The literature recommends 
using Heparin for cancer-induced hypercoagula-
ble state (Trousseau’s syndrome). Other disease 
processes associated with PE, such as antiphos-
pholipid syndrome (often associated with Lupus), 
heparin-induced thrombocytopenia (HIT), parox-
ysmal nocturnal hemoglobinuria, and sickle cell 
anemia, can be evaluated and initially treated as 
any other patient presenting with similar symp-
toms, with the exception of anticoagulant choice 
in those patients suspected to have HIT. A history 
of multiple miscarriages may offer a diagnostic 
clue in patients with primary or secondary 
antiphospholipid syndrome. Patients with hepatic 
dysfunction, specifically cirrhosis, are known to 
have increased risk of thromboembolic disease, 

despite relative coagulopathy as indicated by 
testing such as the international normalized ratio 
(INR) [44].

 Pathophysiology

Thromboembolic disease is characterized by 
Virchow’s triad: hypercoagulable state, altera-
tions in blood flow including stasis and turbu-
lence, and endothelial dysfunction. These three 
broad categories help explain why the normal 
equilibrium between clot formation and break-
down may be skewed to favor the formation, 
propagation, and/or embolization of clots. Small 
emboli may present with minimal to no symp-
toms, or they may present with pleuritic chest 
pain, due to the irritation of the visceral pleura 
cause by hypoperfusion. Large emboli may cause 
acutely increased right ventricular and right pul-
monary artery pressures. Since the right heart 
poorly accommodates acute increases in after-
load, this may result in relative ischemia, acute 
right heart failure, cardiovascular collapse, and 
PEA arrest. It is important to note that while PE 
is typically thought of as a thromboembolic 

Table 7.1 Pulmonary Embolism Severity Index (PESI) [33]

Criteria Score Range
Age 1 point per year of life 1–100
Gender Male = 10 points 0 or 10
Heart failure Active = 10 points 0 or 10
Chronic lung disease Active or past = 10 points 0 or 10
Heart rate Heart rate > 110 bpm = 20 points 0 or 20
Respiratory rate Respiratory rate > 30 bpm = 20 points 0 or 20
Temperature Temperature < 36 C = 20 points 0 or 20
Oxygenation Oxygen saturation < 90% = 20 points 0 or 20
Cancer Active or past = 30 points 0 or 30
Systolic blood pressure Systolic pressure < 100 mmHg = 30 points 0 or 30
Mental status Altered mentation = 60 points 0 or 60
Interpretation Score Mortality risk
Class 1 Score < 66 Very low mortality risk (0–1.6%)
Class 2 Score 66–85 Low mortality risk (1.7–3.5%)
Class 3 Score 86–105 Moderate mortality risk (3.2–7.1%)
Class 4 Score 106–126 High mortality risk (4.0–11.4%)
Class 5 Score > 126 Very high mortality risk (10.0–24.5%)

∗Predicts 30-day mortality from pulmonary embolism
∗Risk stratified management

 Thrombolytic treatment of massive pulmonary embolism (Class 4–5)
 Consider outpatient management for low-risk pulmonary embolism (Class 1)
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 phenomenon, any substance that is introduced 
intravenously and is relatively immiscible in 
blood can produce similar symptoms. Other 
embolic phenomenon include fat, amniotic fluid, 
air, talc (intravenous drug abuse), and iatrogenic 
emboli, including devices, adhesives, and 
cements [45–47].

 Patient Presentation

There is a reason why physician gestalt (“pres-
ence of an alternative diagnosis that was as likely 
as or more likely than pulmonary embolism”) is 
included in the Wells’ criteria for PE [48]; there 
are no signs or symptoms that are both specific 
and sensitive to the diagnosis of PE. Despite the 
absence of a common presentation, experienced 
clinicians can make reasonable estimations about 
the presence of this disease state. Perhaps, the 
most obvious presentation would be the patient 
with a known acute DVT and no other medical 
history, who is noncompliant with therapy, and 
who presents with new-onset dyspnea and pleu-
ritic chest pain. While few patients will present in 
this way, over three quarters of patients with a PE 
have evidence of lower extremity deep vein 
thrombosis (DVT) on clinical examination or 
imaging [49]. Thus, similar historical risk factors 
heralding DVT (Table  7.2) are expected in 
PE.  Additional risk factors and historical ele-
ments, captured in screening tools like the Wells 
criteria [48, 50–52], PE Rule Out Criteria (PERC) 
[53], and Geneva scores [54–56], include oral 
contraceptive or exogenous estrogen use, 
 hemoptysis, recent intubation, history of DVT/
PE, recent fracture, recent surgery, and known 
hypercoagulable, hemoconcentrated, or hyper-
viscous states (including polycythemias/ 

leukemias) (Table  7.3) [57, 58]. Common 
presenting symptoms of PE are nonspecific and 
can include dyspnea, chest pain, and cough 
(Table 7.4). Vital signs may be of some assistance 
and are part of multiple clinical decision rules. 
Tachycardia, tachypnea, and hypoxia commonly 
present either singly or in combination with PE; 

Table 7.2 Top five most common historical risk factors 
in patients with confirmed DVT [98]

Risk factors present in patients with DVT %
>48 h limited mobility in the prior month 45
Recent (<3 months) prior hospitalization 39
Recent surgery 34
Recent malignancy 34
Recent infection 34

Table 7.3 Common clinical scoring systems used in the 
evaluation of pulmonary embolus

Clinical scoring system Components
Wells
PE risk: 0–1 low, 1–6 
moderate, >6 high

Clinical signs and 
symptoms of DVT = 3 
points
PE is most or equally likely 
as a diagnosis = 3 points
Heart rate > 100 = 1.5 
points
Immobilization >3 days, 
surgery in the prior 
4 weeks = 1.5 points
Previous, objectively 
diagnosed PE/DVT = 1.5 
points
Hemoptysis = 1 point
Malignancy with treatment 
in the prior 6 mo, or 
palliative = 1 point

Geneva
PE risk: 0–3 < 10% 
incidence of PE, 4–10 
intermediate risk, ≥11 
high risk >60% incidence 
of PE

Age > 65 = 1 point
Previous PE/DVT = 3 
points
Surgery required general 
anesthesia or lower 
extremity fracture in the 
prior month = 2 points
Active malignancy in prior 
year = 2 points
Unilateral lower extremity 
pain = 3 points
Hemoptysis = 2 points
Pain on deep palpation of 
lower extremity = 4 points
Heart rate < 75 = 0 point, 
75–94 = 3 points, ≥95 = 5 
points

PERC
PE risk: if pretest 
probability is low 
(<15%), then no further 
testing is required if none 
of the criteria are met

Age ≥ 50
HR ≥ 99
O2 saturation on room air 
<95%
History of venous 
thromboembolism
Trauma or surgery in prior 
4 weeks
Hemoptysis
Exogenous estrogen
Unilateral leg swelling
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however, they are hardly specific to PE. On car-
diac examination, PE patients may have a split S2 
with a prominent P2 due to the effect of elevated 
pulmonary artery pressure on the pulmonic valve 
[49]. An extremity, if affected by a DVT, may be 
tender, swollen, erythematous, or warm to the 
touch. Fever, if greater than 38° Celsius, or 
wheezes on pulmonary auscultation are typically 
indicative of etiology other than PE [59].

 Diagnostics

Once PE enters the differential diagnosis, there 
are several means to elucidate the diagnosis. 
There are, as demonstrated by the Wells’, PERC, 
and Geneva scores, a number of historical and 
exam elements that can be used to generate a pre-
test probability of PE as a diagnosis. The Wells’ 
score uses physician gestalt in addition to physi-
cal findings and historical context, whereas 

PERC and the Geneva score remove reliance on 
physician gestalt in an attempt to make applica-
tion of the criteria more uniform, despite varia-
tions in clinician experience [48, 53, 54].

For almost all patients presenting with chest 
pain or dyspnea, initial evaluation should include 
a chest radiograph. Plain chest radiography, 
while frequently abnormal in PE [60], is rarely 
diagnostic of PE [61]. A normal or mildly abnor-
mal radiograph does help to eliminate other 
potential diagnoses and will identify patients in 
whom V/Q scans are likely to be of assistance. 
Commonly, plain radiographs show nonspecific 
findings such as atelectasis and small pleural 
effusions. Uncommon plain radiographic find-
ings more strongly associated with PE (but not 
diagnostic) are as follows: The Westermark sign, 
which is the absence of pulmonary vasculature 
consistent with pulmonary artery hypoperfusion 
or vasoconstriction; Hampton’s hump, which is a 
dome-shaped peripheral density consistent with 
infarction and subsequent localized hemorrhage; 
and the Fleischner sign, which is the dilation of 
the central pulmonary artery seen in some 
patients with elevated pulmonary artery pressures 
[61]. In patients at risk for underlying cardiac eti-
ology of their symptoms, an EKG will be of some 
assistance. EKG findings concerning for and con-
sistent with PE include sinus tachycardia, the 
famed but uncommon S1Q3T3, a new right bun-
dle branch block, a new rightward axis, or pulse-
less electrical activity (PEA) arrest [62].

Laboratory studies (Table  7.5), though non-
specific for PE, can help identify other etiologies 
and establish whether or not renal function is suf-
ficient to tolerate contrasted CT for PE.  While 

Key Points

• The mortality rate for pulmonary 
embolus exceeds 15% in the first 3 
months of treatment, and the majority of 
deaths due to pulmonary embolism 
occur in the first 1–2 hours of care.

• Common presenting symptoms of PE 
are nonspecific and can include dys-
pnea, chest pain, and cough. 
Tachycardia, tachypnea, and hypoxia 
commonly present either singly or in 
combination with PE.

• The most common arrhythmia seen in 
PE is sinus tachycardia.

Table 7.4 Common symptoms at presentation in one 
cohort of patients with confirmed PE [61]

Common presenting complaints in patients with 
pulmonary embolism %
Dyspnea 73
Pleuritic pain 66
Cough 37
Leg swelling 28
Leg pain 26
Hemoptysis 13

Table 7.5 Common laboratory abnormalities associated 
with pulmonary embolus

Laboratory 
study Abnormality
CBC Normal, leukocytosis
BMP Normal
ABG Normal, respiratory alkalosis, 

hypoxemia, increased A-a gradient
d-dimer Elevated
BNP Normal, elevated (right heart strain)
Troponin Normal, elevated (right heart strain)
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contrasted angiography might be avoided in at 
risk patients, it might be worth considering in 
those patients with high-risk features that might 
benefit from early aggressive care. Additionally, 
laboratory studies in suspected PE may be used 
to support the diagnosis and further classify 
PE. Laboratory studies ordered in evaluation of a 
potential PE patient may reasonably include a 
complete blood count, basic metabolic panel, tro-
ponin, brain natriuretic peptide, arterial blood 
gas, and a d-dimer. D-dimer has a significant role 
in PE with the exception of rare false negatives; it 
is highly unlikely that a patient with a negative, 
or normal, d-dimer has a PE [63]. The converse, 
however, is not true, and many patients with an 
abnormal d-dimer do not have a PE as many 
common conditions presenting similarly to PE 
can elevate d-dimer levels (e.g., aortic dissec-
tion). Age and pregnancy can also alter d-dimer 
values in a predictable sequence [64]. Hence, a 
d-dimer should not be ordered casually, as a posi-
tive test, might necessitate further explanation 
and three-dimensional imaging.

Direct visualization of a PE is ideal and is the 
only way to definitely diagnose a PE. Computed 
tomography with a timed contrast bolus corre-
sponding to opacification of the pulmonary arter-
ies (CT-PE) provides optimal visualization [65]. 
CT-PE, however, bears significant radiation and 
contrast burdens, both of which have potential 
long-term consequences. Patients who receive a 
CT-PE have a nearly 40% chance of having a 
subsequent CT within 2 years [66], and the onco-
genic and nephrotoxic risks of repeated expo-
sures are significant [67, 68]. Pulmonary 
angiography, ventilation/perfusion (V/Q) scan-
ning, and lower extremity venous Doppler are 
alternative testing modalities, but do not offer 
definitive confirmation. Pulmonary angiography 
carries similar risks as CT-PE, and the number of 
practitioners and facilities equipped to perform 
and evaluate these studies is decreasing. V/Q 
scanning is a reasonable alternative in the patient 
with a previously normal chest radiograph [69], 
and it may be the preferred chest imaging modal-
ity in pregnant patients, if imaging is indicated. 
Additionally, for pregnant patients or in patients 
with contrast contraindications, d-dimer and 

lower extremity duplex might serve as first-step 
strategies. Some argue that if both the d-dimer 
and the Dopplers are positive, then there is no 
need for confirmatory chest imaging, and the 
patient can be started on therapeutic anticoagula-
tion [64]. If, however, the Dopplers do not reveal 
an extremity deep vein thrombosis, then chest 
imaging is indicated, and V/Q, as mentioned, 
might be the preferred imaging modality [64]. 
Magnetic resonance angiography is an alternate 
diagnostic modality if the facility is equipped to 
perform and evaluate such a test [70], but image 
quality limits use in a significant number of 
patients.

Echocardiography, while not always provid-
ing direct visualization of the clot within the right 
ventricle or pulmonary artery, can help identify 
patients with significant clot burden, right ven-
tricular dilation, and contractile dysfunction. 
Transthoracic echocardiography can be obtained 
formally, though a finalized read of that study 
may not be available in a timeframe necessary to 
support diagnosis or therapy decisions. For those 
practitioners comfortable with limited bedside 
echocardiography, a parasternal short-axis view 
demonstrating paradoxical septal bowing (toward 
the left ventricle), septal flattening, and/or evi-
dence of right ventricular volume overload (RV 
diameter ≥ LV) are indicative of significant clot 
burden and impending hemodynamic compro-
mise. Echocardiography can also identify a 
potential alternative diagnosis like pericardial 
effusion. Coupling the cardiac evaluation with 
pulmonary and DVT ultrasonography dramati-
cally improves the sensitivity and specificity of 
bedside diagnosis for PE [71].

Key Points
• Because the symptoms of PE can be 

vague and can mimic other diseases, 
several clinical scoring systems (e.g., 
Wells’, PERC, and Geneva scores) have 
been developed to generate a pretest 
probability of PE as a diagnosis and to 
help guide further intervention.
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• ECGs can be normal in 10–15% of PE 
patients but are useful to determine 
other underlying cardiac etiologies of 
patient symptoms.

• Chest radiographs are rarely diagnostic 
though are abnormal in 76–90% of PE 
patients. A normal or mildly abnormal 
radiograph does help to eliminate other 
potential diagnoses and will identify 
patients in whom V/Q scans are likely to 
be of assistance.

• Bedside ultrasound can provide infor-
mation regarding cardiac performance 
and delineate possible differential diag-
noses. A parasternal short-axis view 
demonstrating paradoxical septal bow-
ing (toward the left ventricle), septal 
flattening, and/or evidence of right ven-
tricular volume overload (RV diame-
ter ≥  LV) are indicative of significant 
clot burden and impending hemody-
namic compromise.

• Right ventricular (RV) dilation can eas-
ily be determined by left ventricular 
(LV) comparison in the subcostal or api-
cal view.

 – RV size  =  LV size: moderate RV 
dilation

 – RV size > LV size: marked RV 
dilation

 Medical Therapy

The medical and interventional strategies in PE 
can best be stratified by subgroups that are 
based on the severity of the PE and by acute and 
subacute strategies of therapy [72]. 
Traditionally, PE has been classified based on 
the character of the hemodynamic stability and 
clot burden. Treatment approaches for PE sub-
types vary based on the severity of patient ill-
ness making practitioners more likely to deploy 
high-risk therapies in those patients with sig-
nificant cardiopulmonary compromise and 
more likely to die from their PE. In the medical 

literature, PE has traditionally been classified 
as either “massive” (with hemodynamic insta-
bility), “submassive” (now termed intermedi-
ate-risk PE), or “nonmassive” though the 
definitions vary and can be ambiguous [72]. For 
the EP, it is important to know how to manage 
the acutely ill PE patient, understand the goals 
of treatment, and command the varied options 
for management. The overall goal of therapy is 
not only to stabilize the acutely ill patient and 
reduce mortality but also to also prevent down-
stream sequella of PE, such as right ventricular 
(RV) dysfunction, right heart strain, and chronic 
thromboembolic pulmonary hypertension 
(CTEPH) [72–74].

Goldhaber and Lualdi first described acute 
pulmonary embolism as a spectrum of six syn-
dromes: the first two syndromes, “massive PE” 
and “moderate-to-large PE,” apply to patients 
with substantial pulmonary perfusion defects and 
right ventricular dyskinesis [75]. These two can 
be distinguished from one another by a transition 
from relatively normal blood pressures 
(moderate- to-large PE; 30% perfusion obstruc-
tion) to persistent arterial hypotension (massive 
PE; >50% obstruction) [75]. Thus, “massive” 
from “submassive” pulmonary emboli can be dis-
tinguished on the basis of hemodynamic stability, 
and the use of this distinction is often used as part 
of an overall strategy for risk stratification and 
treatment [76].

Massive PE (MPE) is best defined by consen-
sus as an “acute PE with sustained hypotension 
(systolic blood pressure <90 mm Hg for at least 
15 minutes or requiring inotropic support, not 
due to a cause other than PE, such as arrhyth-
mia, hypovolemia, sepsis, or left ventricular 
[LV] dysfunction), pulselessness, or persistent 
profound bradycardia (heart rate <40 bpm with 
signs or symptoms of shock)” [72]. MPE with 
shock is one of the more anxiety-provoking con-
ditions seen in the ED and is a condition that 
carries a high mortality despite optimal care 
[43, 72]. Diagnosis alone can be challenging, 
thus familiarity with the optimal management of 
these unstable patients should optimize delivery 
of time-dependent therapy.
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 Resuscitation and Initial 
Cardiopulmonary Stabilization
Patients with MPE often present with moderately 
marginal to persistently unstable hemodynamics. 
Initial efforts should be aimed at stabilizing the 
patient by utilizing a combination of fluids, vaso-
pressors, and inotropic agents. The initial reac-
tion of the EP to hypotension in most cases is to 
begin with a fluid bolus, regardless of an assess-
ment of the patient’s fluid status. However, the 
use of fluid loading in acute massive pulmonary 
embolism remains controversial. Though fluids 
might initially improve blood pressure response, 
the added strain on the right heart in the form of 
increased end-diastolic volume may actually 
serve to worsen RV failure. Therefore, current lit-
erature supports a 250- to 500-ml bolus and the 
avoidance of excessive fluid resuscitation in the 
absence of a clear understanding of the patient’s 
right heart physiology [77].

Hypotension in MPE is the result of RV out-
flow obstruction leading to poor pulmonary per-
fusion and circulatory collapse secondary to RV 
strain and right-sided heart failure. Though vaso-
constriction may seem counterintuitive; it is 
important to realize that the RV is perfused in 
both diastole and systole [78, 79]. Therefore, in 
the setting of shock with increased myocardial 
oxygen demand, maintaining the mean arterial 
pressure head can improve myocardial perfusion 
and hibernating RV function. In MPE, the ideal 
agent would increase systemic vasoconstriction 
without increasing pulmonary vascular resis-
tance, though no currently available agent 
achieves this goal. Data extrapolated from animal 
models and case studies suggest that norepineph-
rine (NE) is the vasopressor of choice for shock 
secondary to MPE [77, 80–85]. Epinephrine as a 
second-line agent has been advocated in case- 
based literature for treatment of refractory shock 
complicating PE [86], and vasopressin has also 
been used in low doses to treat hypotension with-
out detriment to cardiac output or pulmonary 
artery pressures [87]. Often, a single vasopressor 
is insufficient to overcome the hemodynamic 
instability seen in massive PE; thus, a combina-
tion of vasoactive agents (Table  7.6) is often 

needed. Of the available inotropes, dobutamine is 
considered the inotropic agent of choice for the 
treatment of PE-related cardiac failure. 
Dobutamine beta-adrenergic positive inotropic 
and pulmonary vasodilating properties lead to 
increased right ventricular contractility and 
decreased pulmonary vascular resistance [77].

While supplementary oxygen is practical in 
all patients with pulmonary compromise, the 
oxygen debt and respiratory distress in MPE 
often necessitate more advanced pulmonary sup-
port. The EP must approach the respiratory sup-
port of the patient with MPE with some degree of 
caution as negative interactions between the heart 
and lungs can further destabilize an already 
unstable situation. Positive-pressure ventilation 
alters thoracic physiology and may decrease 
venous return to the heart and further increase 
right heart pressure and systolic dysfunction.

Intubation in MPE can be complicated by car-
diovascular collapse for several reasons. 
Sedatives can blunt catecholamine-directed 
peripheral vasoconstriction and central pulmo-
nary vasodilation. Lung overinflation can 

Key Points
• Hypotension can be managed with a 

small fluid bolus (250–500 ml) to avoid 
complicating RV failure and followed 
with the addition of vasopressors (nor-
epinephrine) in those patients with 
ongoing hemodynamic instability.

• Epinephrine and vasopressin as well as 
dobutamine can be considered in refrac-
tory hypotension.

Table 7.6 Common vasoactive agents used in pulmo-
nary embolism management

Vasoactive agent Dosing
Norepinephrine 2–30 mcg/min
Epinephrine 2–10 mcg/min
Vasopressin 0.01–0.04 u/min
Dobutamine 2–20 mcg/kg/min
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increase pulmonary vascular resistance and 
decrease venous return. Thus, EPs considering 
rapid sequence intubation in MPE should con-
sider sedative agents that preserve hemodynamic 
function (i.e., etomidate and ketamine), select 
ventilator settings that limit overinflation, and 
have vasopressors immediately available or 
already infusing in preparation for worsened 
hypotension.

Mechanical ventilation, often a necessary 
adjunct in the management of patients with MPE, 
can lead to elevated airway pressures, increased 
transpulmonary pressures, decreased venous 
return, limited RV diastolic filling, and increased 
RV afterload that impedes RV systolic function 
[88, 89]. Limiting positive end-expiratory pres-
sure (PEEP; 5  cm H2O) and tidal volumes 
(6–8 ml/kg) might decrease airway pressures and 
minimize RV dysfunction. Ventilation manage-
ment strategies must be tailored to limit hyper-
carbia and hypoxemia, which can exacerbate 
pulmonary vasoconstriction and hypertension if 
adequate ventilation or oxygenation is not main-
tained. Close monitoring and fine-tuning of tidal 
volume and respiratory rate can help maintain 
normocarbia, while the maintenance of recruit-
ment (PEEP) and modulation of gas trapping 
(expiratory time) can improve oxygenation [81, 
88, 90].

 Clot Management
Beyond the acute management of the hemody-
namic stability and potential respiratory failure 
seen in PE, the treatment of the pulmonary embo-
lism itself is controversial. Fibrinolytics, the 
mainstay of acute PE treatment, act directly on 
the clot itself promoting hydrolysis of fibrin and 
leading to clot break down [72, 74]. There is a 
general consensus that the use of fibrinolytics in 
the critically ill, hemodynamically unstable 
patient with pulmonary embolism, in the absence 
of major contraindications, is recommended 
(Class IIa, Level of Evidence B) [72]. A meta- 
analysis and formal Cochrane Review strongly 
endorse the use of rapid fibrinolytic therapy ver-
sus the use of heparin alone as a means to poten-
tially reduce recurrence (OR 0.63; 95% CI 
0.33–1.20) and death (OR 0.89; 95% CI 0.45–
1.78) in MPE [91]. For the EP, administration of 
rapid fibrinolytic therapy is less invasive and is 
the primary method of treatment for the hemody-
namically unstable PE patient who lacks contra-
indications to systemic therapy. Three 
thrombolytic agents are currently approved for 
use in patients with acute PE: streptokinase, uro-
kinase, and rt-PA (Table  7.7). A 2005 meta- 
analysis aimed at identifying differences among 
thrombolytic regimens failed to demonstrate any 
statistically significant differences in efficacy 
[92]. Despite the lack of data proving superiority, 
the American College of Chest Physicians 
(ACCP) guidelines suggest using the thrombo-
lytic regimen with the shortest infusion time (cur-
rently Alteplase) [21, 93].

The EP is more likely through the course of his 
or her career to encounter the patient with submas-
sive (intermediate risk) PE in whom the treatment 

Key Points
• Supplemental O2 should be used to treat 

hypoxia/hypoxemia secondary to 
shunting.

• NIPPV/ventilation may be necessary in 
patients suffering from acute PE with a 
goal of using low tidal volume and low 
peep ventilation to avoid further altering 
hemodynamics.

• Prepare for worsened hypotension with 
intubation and ventilation; it is often 
necessary to have vasopressors immedi-
ately available or already infusing when 
preparing for induction.

• Avoid lung hyperventilation as this can 
worsen hemodynamic instability.

Table 7.7 Thrombolytic regimens for acute pulmonary 
embolism

Drug Dosing regimens
Alteplase 
(rt-PA)

Initial dose: 10 mg bolus, then
infusion: 90 mg over 2 h

Streptokinase Initial dose: 250,000 units over 
30 min, then
infusion: 100,000 units/h over 24 h

Urokinase Initial dose: 4400 units/kg over 
10 min, then
infusion: 4400 units/kg/h over 12 h
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options can be varied and sometimes controver-
sial. This patient, unlike the hemodynamically 
compromised patient, often presents normotensive 
with minimal to no respiratory distress and often 
appears less sick. The optimal treatment strategy is 
less clear in submassive PE.  The EP treatment 
choices include the use of supportive measures 
and therapeutic anticoagulation, alternative antico-
agulants such as Xa inhibitors, in some cases sys-
temic fibrinolytics (in full or altered doses), and in 
some institutions referral for catheter-directed 
fibrinolysis or direct clot extraction.

The most widely accepted initial management 
for submassive PE is anticoagulation with either 
unfractionated heparin or low-molecular-weight 
heparin (LMWH) [72] aimed at reducing further 
clot propagation and preventing additional 
VTE.  Early anticoagulation is suggested in PE 
regardless of downstream management style, as 
it remains a relatively low risk and is an easily 
titratable and reversible treatment (Table  7.8). 
The decision to pursue fibrinolysis should not 
delay the onset of anticoagulation as it can be 
held for fibrinolysis delivery and restarted after 
the completion of lytic therapy. For many com-
munity EPs, basic anticoagulation will be the 
mainstay of treatment as it easily initiated and 
followed by the initiation of oral anticoagulants 
(OACs), though anticoagulation often requires 
hospital admission. Heparin therapy can be initi-
ated with a bolus or without. In patients without 
contraindications, a bolus of heparin (80 u/kg) 
should be given followed by a titratable infusion 
(18 u/kg/h initially and then adjusted to a goal 
aPTT of two times the normal reference range).

One of the more controversial treatment 
options includes the use of systemic fibrinolysis 

for submassive PE.  Fibrinolysis in submassive 
PE in recent research has been focused on evalu-
ating the efficacy of early fibrinolysis at mitigat-
ing unwanted debilitation and chronic 
complications resultant from chronic RV remod-
eling and pulmonary artery hypertension in VTE 
[35]. Specifically, the MOPETT trial found that a 
lower dose (50 mg) of TPA was as efficacious in 
reducing PA pressures as the traditional 100-mg 
dose (better than the use of LMWH alone) and 
did not show an increased risk of major bleeding 
(including intracranial hemorrhage) in their treat-
ment group [36]. What remains controversial is 
whether or not the risk of major bleeding out-
weighs the potential benefits seen in reducing 
downstream debilitation that can accompany 
PE. EPs should be aware that fibrinolysis is a rea-
sonable option (including lower doses) and that 
this option might best apply in the “borderline” 
patient without hemodynamic compromise but 
who demonstrates signs of acute right heart dys-
function. Additionally, patients above the age of 
75 are at higher risk of bleeding and might bene-
fit from reduced dose fibrinolysis [72, 94]. 
Ultimately, the submassive patient who is strati-
fied as high risk for chronic VTE-related cardio-
pulmonary compromise should be involved in the 
decision-making process and the bleeding risks 
reviewed prior to using fibrinolysis.

In the extremely low-risk group, recent PE 
research suggests that patients with segmental and 
nonobstructing submassive PE might easily be 
managed with outpatient regimens [95–97]. For 
those patients who present with minimal symp-
toms, and without evidence of right heart strain, 
the relatively new Xa inhibitors are a reasonable 
option. They may be used in conjunction with a 

Table 7.8 Anticoagulants used in the treatment of venous thromboembolic disease

Anticoagulant Initial dose Restriction Time to peak
Unfractionated heparin 17 U/kg then 70 U/kg/hr, IV Heparin-induced thrombocytopenia 1 hour
Enoxaparin 1 mg/kg subcutaneouslya Creatinine clearance <30 ml/min 3 hours
Dalteparin 200 U/kg subcutaneouslya Creatinine clearance <30 ml/min 4 hours
Fondaparinux 5–10 mg subcutaneouslya Creatinine clearance <30 ml/min 3 hours
Rivaroxaban 15 mg orally with food Creatinine clearance <30 ml/min 2–4 hours
Apixaban 10 mg orally with or without food Creatinine clearance <30 ml/min 3–4 hours

aAlthough low-molecular-weight heparin compounds are usually injected subcutaneously, no trials have been con-
ducted to justify this route over intravenous injection. Intravenous injection achieves more rapid anticoagulation and 
does not produce more bleeding.
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single therapeutic dose of LMWH, such as enoxa-
parin and confer immediate anticoagulation.

Several of the Xa inhibitors, also known as the 
novel oral anticoagulants (NOACs), are now 
FDA approved for the management of acute PE 
and are easy to use without the need for titration 
or outpatient monitoring. Thus, these agents are 
ideally suited for the low-risk PE patient who 
could potentially be discharged from the ED.

The remaining available therapies, such as 
catheter-directed fibrinolysis or thrombectomy 
and clot extraction, are becoming increasingly 
available in larger institutions. These therapies 
may be the best option in moderately ill PE patients 
for whom bleeding risks are too great. Thus, these 
novel interventional approaches in a complex 
patient subtype might require patient transfer to 
another institution. The focus of optimization and 
advanced technique availability has fueled recent 
discussion as to whether “PE Centers” are needed 
to impart best available practices.

 Summary

Complex venous thromboembolic disease 
requires rapid evaluation, diagnosis, and manage-
ment. It is clear that the clinician with an under-
standing of the pathophysiology of complex VTE 
can better guide therapy according to clinical 
acumen. Beginning resuscitation and escalating 
support while initiating definitive therapy are the 
mainstays of ED care. Finally, heparinization and 
thrombolytic therapy play an essential role in the 

successful treatment of the patient with complex 
VTE. The EP armed with a standardized approach 
to therapy in VTE will likely play a key role in 
limiting patient morbidity and mortality.
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 Introduction

The human heart begins beating approximately 
4–5  weeks after conception. During a typical 
lifespan, it will send more than 2 billion gallons 
of blood through a network of blood vessels that, 
if placed end-on-end, would stretch out over 
60,000  miles, enough to circle the Earth twice 
and still have enough room leftover to connect 
New York City to Antarctica. Not bad for a mus-
cular pump that beats for more than seven 
decades, on average, without fatiguing.

Although the heart is amazingly resilient, it is 
also prone to disease, particularly the intricate 
network of coronary vessels that can narrow after 
years of cumulative inflammation and fatty 
deposits. Here, we will examine the patterns, 
pathology, and treatment of acute coronary syn-
drome (ACS) and myocardial infarction (MI), 
with a particular focus on emergency department 
(ED) management and stabilization. We will dis-
cuss evidence-based treatment options and also 
explore future avenues of research. The authors 
promise to put their heart into it.

 Epidemiology

In the United States, approximately 620,000 peo-
ple are either hospitalized due to acute MI or die 
from the disease annually, with about one heart 
attack occurring every 34 seconds and one death 
secondary to MI occurring every 83 seconds [1]. 
These figures are intimately related to the health 
of the average American. About 32 million adults 
>20 years of age have hyperlipidemia (13.8% of 
the adult population), and 78 million have hyper-
tension (33% of the adult population). More than 
two-thirds of the adult population is overweight, a 
third of whom are obese (BMI >30 kg/m2) [1]. We 
have (quite literally) a big problem on our hands.

However, despite our expanding waistlines, 
mortality trends in ACS give room for optimism. 
Although more Americans still die of heart dis-
ease every year than any other cause, according 
to figures from the National Registry of 
Myocardial Infarction, mortality rates for STEMI 
and NSTEMI in 1994 were 11.5% and 7.1%, 
respectively; by 2006, these figures had declined 
to 8% and 5.2%, with a pooled mortality reduc-
tion of 23.6% during the 12-year study period 
[2]. Both inpatient and outpatient factors have 
contributed, including an emphasis on early per-
cutaneous coronary intervention (PCI) [3–5] and 
public awareness campaigns aimed at reducing 
cardiovascular risk factors (i.e., smoking cessa-
tion and blood pressure control) [6, 7]. As 
 clinicians on the front line in the war against 
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ACS, the vigilance, judgment, and actions of 
emergency physicians will continue to play a 
central role [8, 9].

 Pathophysiology

ACS is a spectrum of disease that collectively 
refers to unstable angina (UA), non-ST-segment 
elevation MI (NSTEMI), and ST-segment eleva-
tion MI (STEMI). All three conditions have a first 
step in common – namely, the narrowing of one 
of the coronary vessels. Although chronic, pro-
gressive occlusions do occur, ACS most com-
monly is the result of frank plaque rupture [10]. 
This occurs when a thick, inflamed deposit of 
lipids and macrophages lining the coronary ves-
sel wall breaks through its fibrous cap. When cir-
culating platelets encounter the exposed collagen 
and plaque contents, they begin to adhere and 
aggregate, occluding the vessel and resulting in 
cardiac ischemia.

The degree of obstruction will determine the 
pathology. Mild, intermittent ischemia will result 
in UA. As ischemia progresses and myocytes die 
off, there is a detectable leakage of cardiac 
enzymes into the bloodstream, and the patient 
progresses to an NSTEMI. The end stage of ACS 
involves significant vessel occlusion with both 
the release of cardiac enzymes and electrographic 
evidence of myocyte conduction abnormalities – 
the patient now has a full-blown STEMI.

 Diagnosis

 Electrocardiography

In March 1912, Wilhelm Einthoven described 
“the human electrocardiogram” before the 
Chelsea Clinical Society, expounding on the value 
of the test in determining “the time relations 
between the action of the ventricles and auricles” 
[11]. Although modern medicine has seen more 
than a century of progress since Einthoven’s 
address, the humble ECG is still the most impor-
tant diagnostic tool in the initial evaluation of 

potential ACS and will quickly identify STEMI 
patients so that they can be evaluated for reperfu-
sion therapy. ECGs can be performed rapidly, can 
be repeated, are noninvasive, and provide a wealth 
of clinical information, which likely explains their 
longevity in the clinical arsenal.

An ECG should be rapidly obtained for almost 
every patient presenting to the emergency depart-
ment with chest pain. In ACS (and STEMI in par-
ticular), deviations from the “normal” 12-lead 
ECG occur in typical distributions that allow one 
to estimate the vessel(s) involved, and ST-segment 
elevations in one distribution may be accompa-
nied by reciprocal ST-segment depressions in 
another. In general:

• Inferior infarcts are seen in leads II, III, and 
aVF.

• Anterior infarcts are seen in V2–V4.
• Lateral infarcts are seen in V5 and V6.
• High lateral infarcts are seen in leads I and 

aVL.
• Septal infarcts are seen in V1 and V2.

ECG interpretation in the presence of a left 
bundle branch block (LBBB) deserves special 
mention. The presence of a new LBBB is classi-
cally thought of as a STEMI equivalent, though 
the evidence suggests that it may not be quite as 
ominous. Recent studies from Kontos et al. [12] 
and Jain et al. [13] indicated an ACS prevalence 
of 29% and 33%, respectively, in patients with 
new LBBB (or presumed new LBBB due to lack 
of prior ECG) presenting to the emergency 
department with chest pain or symptoms con-
cerning for ACS.

In the setting of chronic LBBB, it may be dif-
ficult to identify a STEMI given the normally 
elevated appearance of the ST segment in the 
anterior precordial leads. The Sgarbossa criteria 
may be useful in diagnosing STEMI in chronic 
LBBB.  A meta-analysis by Tabas et  al. indi-
cated that a score of >/= 3 was 98% specific but 
only 20% sensitive for ACS, while a score of 0 
was not useful for excluding the diagnosis [14]. 
For a description of the Sgarbossa scoring sys-
tem, see Table 8.1.
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 Serum Biomarkers

Serum biomarkers are less important when a 
massive STEMI is staring you down on the initial 
ECG, but take a more central role in the diagnosis 
of NSTEMI and UA. The most commonly used 
are the cardiac troponins (I and T), and to a lesser 
extent, the creatine kinase–MB fraction and 
serum myoglobin. (Incidentally, “cardiac 
enzyme” as a catchall term is a misnomer, as car-
diac troponins are structural proteins released 
from dead and dying myocytes, and have no 
enzymatic function. The term is a holdover from 
the days of diagnosing ACS using aspartate trans-
aminase (AST) and lactate dehydrogenase (LDH) 
levels, although technically, CK-MB is an 
enzyme.) The integral nature of serum troponins 
in the diagnosis of ACS was cemented in 2000, 
when a consensus definition of myocardial 
infarction by The Joint European Society of 
Cardiology (ESC) and the American College of 
Cardiology (ACC) included troponin elevation as 
a key component [15]. The 2013 ESC/ACC 
update to the consensus definition of acute myo-
cardial infarction is outlined in Table 8.2.

Cardiac biomarkers rise and fall in predictable 
patterns after acute injury [16]. cTn rises after 
4–9  hours, peaks within the first 24  hours, and 
returns to normal in 1–2 weeks. CK/CK-MB also 
appears within 4–9  hours and peaks within the 
first 24 hours, but normalizes rapidly compared 
to cTn (within 48–72 hours). Finally, myoglobin 
may be elevated within 1  hour, peaks within 
12 hours, and then returns to normal in 24 hours. 
Both CK-MB and myoglobin are limited by poor 
specificity for ACS compared to cTn [16].

High-sensitivity troponin (hST) has garnered 
widespread attention over the last several years, 
and their use has particularly exploded in the 
United States following FDA approval in January 
2017. As the name implies, these assays have the 
potential to detect evidence of ischemia within 
1 hour of ED arrival [43], though the ideal way to 
incorporate them into clinical practice and treat-
ment algorithms is still murky [44]. Criticisms 
include the fact that the enhanced sensitivity of 
hs-cTn comes at the cause of a significantly 
reduced specificity for acute MI [45].

 Cardiac Imaging

The advent of high-resolution, multislice com-
puted tomography (CT) has opened the door for 
noninvasive imaging of the coronary vessels 
themselves. In the realm of emergency medicine, 
cardiac CT is generally reserved for patients in 
whom STEMI and NSTEMI have been ruled out, 
and for whom the diagnosis of UA still lingers. 
The idea of a rapid, noninvasive imaging test that 
could provide information on par with coronary 
angiography is a game changer – unfortunately, 
that promise has yet to fully materialize. In the 
“Rule Out Myocardial Infarction using Computer 
Assisted Tomography” (ROMICAT) II trial, per-
formance of cardiac CT decreased overall length 
of stay and increased rates of direct ED discharge 
among low- and intermediate-risk patients with 
suspected ACS, but was not associated with any 
improvement in outcomes and did not appear to 
be superior to traditional care [17]. Similarly, Litt 
et  al. reported a decrease in ED length of stay 

Table 8.1 Sgarbossa criteria

ST-segment elevation >/= 1 mm in a lead 
concordant with QRS complex

5 points

ST-segment depression >/= 1 mm in V1–V3 3 points
ST-segment elevation >/= 5 mm in a lead 
discordant with QRS complex

2 points

Adapted from Sgarbossa EB, Pinski SL, Barbagelata A, 
et  al. Electrocardiographic diagnosis of evolving acute 
myocardial infarction in the presence of left bundle- branch 
block. GUSTO-1 (Global Utilization of Streptokinase and 
Tissue Plasminogen Activator for Occluded Coronary 
Arteries) Investigators. N Engl J Med. 1996;334(8):481–7

Table 8.2 2013 ESC/ACC definition of acute MI

Rise and/or fall of cardiac biomarker values (preferably 
cardiac troponin, cTn) with at least one value above the 
99th percentile upper reference limit, with at least one 
of the following:
  Symptoms of ischemia
  New ST-segment changes or new LBBB
  Development of pathological Q waves
  Imaging evidence of new loss of viable myocardium 

or regional wall motion abnormality
  Identification of an intracoronary thrombus by 

angiography (or autopsy)
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without any improvement in the rates of AMI or 
cardiac death at 30 days compared to the tradi-
tional care group [18]. Cardiac CT remains an 
option in cases of suspected ACS among a lower 
risk patient population as an alternative to con-
ventional stress testing following a normal ECG 
and negative cardiac enzymes. One definitive 
benefit of cardiac CT is that it obviates the need 
for repeat cardiac workup in a patient with radio-
graphically normal coronary arteries who returns 
to the ED with recurrent chest pain in the subse-
quent weeks and months after their initial 
presentation.

 Treatment

 Primary Percutaneous Coronary 
Intervention (PCI)

STEMI PCI, when available, is the standard of 
care and single best intervention for STEMI, 
definitively surpassing lytic therapy toward the 
end of the twentieth century [19]. Accordingly, 
the number of PCI-capable centers is growing 
rapidly. In 2001, 1176 of 4609 US hospitals 
(~25%) had PCI programs, a number that grew to 
1695 of 4673 US hospitals (~36%) by 2006 [20]. 
Interestingly, the proportion of the population 
with access to PCI centers remained virtually 
unchanged between the two periods (79% vs. 
79.9%), suggesting that the bulk of newly estab-
lished PCI centers are simply competing with 
other local hospitals for the same patient popula-
tion. This unfortunately means that one-in-five 
Americans continue to lack access to the single 
best intervention for a prevalent and morbid 
disease.

There has been an emphasis on reducing 
“door-to-balloon time” (i.e., time from presen-
tation to angioplasty and stenting) to 90 minutes 
or less, based on several studies indicating an 
increased in-hospital mortality for door-to- 
balloon time in excess of 90 minutes [21, 22]. 
Although more recent evidence from the 
CathPCI registry suggests that widespread 
implementation of the 90-minute goal may not 

have the impact on mortality that was once 
imagined [23], almighty JCAHO has adopted it 
as a Quality Core Measure (AMI-8a), which 
means it is here to stay. Faster door-to-balloon 
times may be facilitated by “heart alert” or 
“code STEMI” teams that are activated by the 
ED physician (or in some cases, prehospital per-
sonnel) in order to alert cardiologists to the 
presence of STEMI patients in the ED while 
simultaneously preparing catheterization lab 
personnel for patient arrival.

NSTEMI/UA In NSTEMI, the role of PCI is 
less straightforward, though it is clear that a sub-
set of the population may benefit from a more 
aggressive approach. The Global Registry of 
Acute Coronary Events (GRACE) score has been 
used to risk stratify ACS patients into low-, 
medium-, and high-risk categories, and this scor-
ing system may help identify NSTEMI patients 
who would benefit from PCI. The AHA currently 
endorses invasive therapy for NSTEMI patients 
who have been deemed high risk, as defined by a 
GRACE score > 140 [24]. For the individual ele-
ments of the GRACE score, see Table 8.3.

 Fibrinolytic Therapy

STEMI Fibrinolytics are a viable alternative in 
STEMI when PCI is unavailable. The 2013 
STEMI management guidelines from the AHA 
recommend fibrinolytic therapy for any patient 
at a non-PCI center where the first medical con-
tact (FMC)-to-device time is expected to exceed 
120  minutes [25]. FMC-to-device time is 
marked by either (a) arrival of EMS personnel in 
the prehospital setting or (b) ED arrival for 
patients transported by private vehicle. The 
AHA gives a Ia recommendation for fibrinolytic 
therapy as outlined above within 12  hours of 
ischemic symptoms, and a IIa recommendation 
for up to 24 hours if there is evidence of ongo-
ing ischemia and a large area of myocardium “at 
risk,” or in the presence of hemodynamic insta-
bility [25]. Streptokinase, the original “wonder 
drug” first used in 1958 by Sol Sherry and col-
leagues to treat myocardial infarction [26], has 
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now been joined by alteplase, reteplase, 
tenecteplase, and anistreplase.

NSTEMI/UA Fibrinolytics are generally con-
traindicated in NSTEMI/UA, for several rea-
sons. First and foremost, compared to STEMI, 
there is unlikely to be a complete vessel occlu-
sion amenable to thrombolysis. Additionally, 
NSTEMI/UA is by nature a less emergent diag-
nosis, which alters the risk–benefit ratio of lytic 
administration. This was borne out in the TIMI 
IIIB trial, which indicated no benefit (and pos-

sible harm) for lytics in NSTEMI compared to 
conservative treatment [27].

 Antiplatelet Agents

Aspirin (ASA), first isolated from the bark of the 
willow tree, is a permanent inhibitor of platelet 
activation and aggregation that acts by inhibiting 
COX-1 and preventing the formation of throm-
boxane A2. In suspected ACS, chewed aspirin is 
recommended in doses of either 162 or 325 mg, 
with evidence from the GUSTO I and GUSTO III 
trials, suggesting that the lower dose may be safer 
and equally effective in STEMI patients being 
treated with lytic therapy [28]. Aspirin should be 
administered in the prehospital setting immedi-
ately after symptom onset, or at the latest, on 
arrival to the hospital.

Clopidogrel, prasugrel, and ticagrelor are thi-
enopyridines that also permanently inhibit plate-
let activation, acting by interfering with platelet 
ADP receptors (P2Y12 inhibitors). Compared to 
clopidogrel, use of prasugrel results in a greater 
inhibition of platelet aggregation but carries a 
higher bleeding risk. Prasugrel has been shown to 
reduce ischemic complications related to PCI, 
but this comes at a cost, including significantly 
increased rate of fatal bleeding events [29]. 
Clopidogrel is usually administered as a 600-mg 
loading dose in PCI patients, followed by 75-mg 
daily maintenance dosing. Prasugrel is given as a 
60-mg loading dose, followed by 10-mg daily 
dosing. Ticagrelor is given as a 180-mg loading 
dose, followed by 90 mg twice daily dosing.

The ACC currently recommends 600  mg of 
clopidogrel (in addition to either 162 or 325 mg 
of aspirin) for STEMI patients prior to undergo-
ing PCI [25]. In STEMI patients receiving fibri-
nolytic therapy, dual aspirin and clopidogrel 
therapy has been shown to increase vessel 
patency and reduce ischemic complications [30]. 
Accordingly, patients receiving fibrinolytics 
should also receive either 300 mg (<75 years old) 
or 75 mg (>75 years old) of clopidogrel in addi-
tion to 162 or 325 mg of aspirin [25].

Intravenous glycoprotein IIb/IIIa receptor antag-
onists are antiplatelet agents that may be considered 

Table 8.3 The GRACE score

Clinical variable Value Points
Age (years) <30 0

30–39 8
40–49 25
50–59 41
60–69 58
70–79 75
80–89 91
>90 100

Heart rate (beats per minute) <50 0
50–69 3
70–89 9
90–109 15
110–149 24
150–199 38
>200 46

Systolic blood pressure (mm Hg) <80 58
80–99 53
100–119 43
120–139 34
140–159 24
160–199 10
>200 0

Creatinine (mg/dL) 0–0.39 1
0.40–0.79 4
0.80–1.19 7
1.20–1.59 10
1.60–1.99 13
2.00–3.99 21
>4 28

Cardiac arrest on admission? Y/N 39
STEMI? Y/N 28
Elevated cardiac markers? Y/N 14

Adapted from Fox KA, Dabbous OH, Goldberg RJ, et al. 
Prediction of risk of death and myocardial infarction in 
the six months after presentation with acute coronary syn-
drome: prospective multinational observational study 
(GRACE). BMJ. 2006;333(7578):1091
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in addition to dual antiplatelet therapy (DAPT) in 
STEMI patients undergoing PCI. Examples include 
abciximab, tirofiban, and eptifibatide. Evidence for 
the use of these agents for improving outcomes in 
STEMI is equivocal [31, 32].

For patients with NSTEMI and UA, aspirin at 
either 162 or 325 mg is the primary antiplatelet 
therapy. For patients with aspirin sensitivity, 
clopidogrel should be administered instead [33]. 
DAPT can be given to UA/NSTEMI patients who 
are higher risk and will undergo invasive 
therapy.

 Anticoagulation

Anticoagulant therapy in ACS involves one of the 
three medications in the heparin family, includ-
ing unfractionated heparin (UFH), low- 
molecular- weight heparin (LMWH), or the 
synthetic low-molecular-weight alternative 
fondaparinux. A fourth agent, bivalirudin, is a 
synthetic congener of leech saliva. The heparin 
agents activate antithrombin III, inhibiting both 
factor Xa and thrombin itself. Bivalirudin, by 
contrast, is a direct thrombin inhibitor.

In STEMI patients undergoing PCI, adminis-
tering unfractionated heparin to an activated par-
tial thromboplastin time (aPTT) target is 
recommended in addition to DAPT. There is evi-
dence from the ATOLL trial that the LMWH 
enoxaparin may be superior to UFH in this set-
ting [34], though its routine use is not yet recom-
mended in the current ACC guidelines [25]. 
Fondaparinux, by contrast, is contraindicated as 
the only anticoagulative agent in PCI therapy due 
to the risk of guiding catheter thrombosis [35].

For STEMI patients undergoing fibrinolytic 
therapy, UFH, LMWH, and fondaparinux are all 
viable anticoagulant therapies. UFH titrated to 
an aPTT target has been used extensively in this 
setting. Enoxaperin is an alternative that may 
provide net clinical benefit despite an increased 
bleeding risk [36], and it should be dosed in 
consideration with patient weight, age, and 
renal function. Fondaparinux is also an alterna-
tive to UFH with lytic therapy, and there is evi-
dence that compared to UFH, fondaparinux may 

reduce reinfarction without any increased risk 
of bleeding [35].

For NSTEMI and UA patients, the use of any 
one particular anticoagulant (UFH, LMWH, or 
fondaparinux) and the duration of therapy are 
complicated and dependent on many factors. 
These include whether or not the patient under-
goes stress testing and/or angiography, whether 
or not those studies indicate the presence of sig-
nificant coronary artery disease, and which sub-
sequent therapies (PCI, coronary artery bypass 
grafting [CABG], or medical management) are 
selected [33].

 Anti-Ischemic Therapy

Traditional anti-ischemic therapy in ACS con-
sists of supplemental oxygen, morphine, nitrates, 
and β-blockers. These will be considered 
individually.

Oxygen The use of supplemental oxygen in sus-
pected ACS is longstanding, but there is remark-
ably little literature to support the habit. While it is 
still prudent to provide supplemental oxygen for 
hypoxic patients, the routine use of supplemental 
oxygen in all cases of ACS is not evidence based. 
In fact, some studies have indicated that routine 
oxygen use may increase infarct size and mortal-
ity, owing to a hyperoxia-related decrease in coro-
nary blood flow [37]. A prospective, randomized 
trial is badly needed but not forthcoming.

Morphine Morphine is the prototypical mu- 
opioid agonist. Much like oxygen, the use of 
morphine to relieve ischemia-related chest pain 
and anxiety is widespread but not evidence based. 
The AHA still recommends morphine as the 
analgesic of choice in ACS [25], despite evidence 
from the large CRUSADE database indicating an 
increased mortality associated with morphine use 
in NSTEMI [38]. This is believed to be the result 
of morphine masking the symptoms of ongoing 
ischemia and may be analogous to giving a para-
lytic agent to a seizing patient (in that the “symp-
tom” will resolve, but the underlying pathology 
may continue unabated).
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Nitrates Nitrates induce venous and arterial 
dilation, reducing both cardiac preload and after-
load. Nitrates may be beneficial in heart failure 
related to ACS and ACS, in general, but the evi-
dence is modest [39, 40]. Nitrates are contraindi-
cated in the presence of hypotension or recent 
phosphodiesterase inhibitor use, and they should 
be used with great caution in patients with infe-
rior wall or right ventricular infarcts.

β-blockers β-blockers decrease the heart rate 
and reduce cardiac contractility, curtailing myo-
cardial oxygen demand. Evidence from the 
COMMIT trial indicated that the use of β-blockers 
may reduce the rate of reinfarction and ventricu-
lar fibrillation in ACS, but it may also increase 
the risk of developing cardiogenic shock [41], 
particularly in the first 24 hours after admission. 
Tachycardia may be a mechanism of compen-
sated shock, which can progress to decompen-
sated shock when the heart rate is actively 
reduced and cardiac output falls. The risks and 

benefits should be weighed accordingly. The 
AHA recommends oral β-blocker therapy in the 
first 24 hours for patients without any evidence of 
heart failure and gives a IIa recommendation for 
intravenous β-blocker use in the ED for patients 
without contraindications who are hypertensive 
or have ongoing signs of ischemia (Fig. 8.1) [25].

 Disposition

STEMI patients and higher risk NSTEMI 
patients, particularly those undergoing invasive 
therapy, do not pose much of a dilemma concern-
ing their disposition: Virtually all will be admit-
ted to the hospital, preferably to the cardiac 
intensive care unit. There is, however, abundant 
controversy regarding whether UA or lower risk 
NSTEMI patients being admitted to the hospital 
should be placed on cardiac telemetry. There is 
evidence that the practice is grossly overused and 
was recently targeted by the Society for Hospital 

STEMI patient identified in the ED

Able to provide PCI in
<120 minutes (either
directly or via transfer

to PCI center)?

Alert catheterization lab
and prepare patient for
PCI

Administer fibrinolytic
therapy

Administer:
• Aspirin 162 or 325 mg
• Clopidogrel 600 mg
• UFH to aPTT target

Administer:
• Aspirin 162 or 325 mg
• Clopidogrel 300 or 75 mg
• UFH to aPTT target
     or
  LMWH
     or
  fondaparinux

√ Consider adding intravenous IIb/IIa
inhibitor (abciximab, tirofiban,
or eptifibatide)
√ Consider prasugrel or ticagrelor in
place of clopidogrel
√ Consider bivalirudin plus DAPT as
anticoagulant alternative

Yes No

Fig. 8.1 STEMI 
treatment algorithm. 
(Adapted from O’Gara 
et al. [25]). Note: 
<120 minutes refers to 
FMC-to-device time
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Medicine (SHM) as a behavior that should be 
curtailed for the “Choosing Wisely” campaign 
[42]. It has been shown that adhering to the 2004 
AHA guidelines on cardiac telemetry [43] (see 
Table 8.4) can drastically reduce the use of telem-
etry without having a deleterious impact on 
patient outcomes [44].

More difficult still are the decisions which 
arise when deciding on the disposition for low- 
risk chest pain patients being evaluated for 
UA. Practice varies and may include traditional 
hospital admission; admission to “short stay” or 
clinical decision units (CDUs); discharge from 
the emergency department after one, two, or three 
sets of cardiac enzymes; or discharge home with 
no further workup following the history and 
physical examination. Patients admitted to the 
hospital or the CDU will usually receive further 
diagnostic testing, including exercise or nuclear 
stress testing, cardiac CT, or, in some cases, con-
ventional angiography. For patients whom are 
deemed low enough risk for discharge but whom 
still require further diagnostic testing, 72-hour 
stress testing appears to be a safe approach [45].

 What’s Next?

Cardiac CT is an area in which rapid technological 
advances are inevitable and already underway. 
Despite the limitations noted above, the attractive-
ness of noninvasive cardiac angiography means 
that the use of the technology will continue. Recent 
breakthroughs include the development of 128-
slice dual-source scanners, which have been shown 
to reduce radiation exposure by more than 60% 
compared to conventional 64-slice scanners, with 
no apparent decay in image quality [46].

 Summary

ACS includes a spectrum of disease processes 
that range from unstable angina to the increas-
ingly morbid non-ST elevation MI and ST eleva-
tion MI.  Higher-risk patients with evidence of 
profound or ongoing ischemia will be treated 
with a combination of antiplatelet, anticoagulant, 
and anti-ischemic therapies, and some may be 
candidates for PCI, fibrinolysis, or CABG. Lower- 
risk patients pose a greater diagnostic dilemma, 
with some requiring inpatient evaluations while 
others will be suitable for discharge and outpa-
tient follow-up. Emergency physicians will be 
the point of first contact for large numbers of 
these patients as they enter the health-care sys-
tem, and coordinated efforts between the ED and 
our cardiology colleagues will continue to prove 
necessary to risk stratify patients appropriately 
and improve patient outcomes.
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Cardiac Dysrhythmias

Neil Christopher and Wan-Tsu W. Chang

 Introduction

Cardiac dysrhythmias encountered in the emer-
gency and critical care setting are often life- 
threatening situations, requiring emergent 
diagnosis as well as therapeutic intervention. In 
some cases, intervention may be required to sta-
bilize the patient even prior to establishing a firm 
diagnosis. Thus, a structured approach to dys-
rhythmias is essential to ensure that key diagnos-
tics and appropriate treatment modalities are not 
overlooked. In this chapter, we review the most 
common dysrhythmias encountered in the emer-
gency department and their management.

 Bradydysrhythmias

Bradydysrhythmias can result from a wide range 
of underlying pathologies. While cardiovascular 
etiologies are common, thorough evaluation 
should not overlook respiratory (hypoxia), trau-
matic, intracranial, and intra-abdominal causes. 

Hemodynamic instability is rare, but the clinician 
must be prepared with emergent interventions as 
needed to stabilize the patient. These include 
medications as well as procedures such as trans-
cutaneous and transvenous pacing.

 Pathophysiology

The etiologies of bradydysrhythmias are diverse 
and include ischemia, infarction, hypothermia, 
toxin-mediated causes, electrolyte abnormalities, 
age-related degeneration among many others. 
Patients may present with a range of symptoms 
from fatigue to altered mental status and syn-
cope. Bradydysrhythmias can be categorized into 
sinus node dysfunction and atrioventricular block 
(Table 9.1). Sinus node dysfunctions are due to 
failure to generate appropriate cardiac potentials 
from the sinus node. Atrioventricular blocks 
occur when conduction from the atria to the atrio-
ventricular node and into the bundle of His is 
disrupted.

 Emergency Evaluation

 Initial Assessment
Patients with significant bradydysrhythmias must 
be promptly identified in the emergency depart-
ment. A quick assessment of airway, breathing, 
and circulation can help in the initial determina-
tion of stability. Additionally, assessment of the 
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character and regularity of the pulse can help to 
identify dysrhythmias even prior obtaining the 
ECG. Finally, initial vital signs are an essential 
part of assessing hemodynamic stability.

Focused history and physical examination can 
aid in characterizing the etiology of the dysrhyth-
mia. History of an implantable defibrillator or 
pacemaker may suggest a known underlying 
unstable dysrhythmia. Severe abdominal tender-
ness on examination can suggest an intra- 
abdominal insult causing reflex bradycardia.

 Diagnostic Studies
An EKG and continuous cardiac monitoring 
are essential for the diagnosis of bradydys-
rhythmias. Laboratory studies should be 
directed at the possible etiologies suggested by 
the history and physical. Electrolyte levels, 
especially potassium, calcium, and magne-
sium, should be obtained. Drug levels for 
digoxin are essential if consistent with medica-
tion history. Cardiac biomarkers (e.g., tropo-
nin, creatine kinase, CK-MB, B-type natriuretic 
peptide) may be helpful in the diagnosis of 
myocardial infarction or heart failure. Thyroid 
function testing as well as testing for Lyme and 
Syphilis may also be indicated if other etiolo-
gies have been ruled out. Lactate levels may 
also be useful if there is concern for alteration 
in perfusion. Imaging studies should be limited 
and based on the clinical history. Suspicion of 
an intracranial cause of bradydysrhythmia 

requires CT imaging of the head. Abdominal 
imaging may be useful to support a diagnosis 
of reflex or relative bradycardia. Finally, a 
chest X-ray may help in the diagnosis of heart 
failure by revealing an enlarged cardiac silhou-
ette or pulmonary edema.

 Treatment
The treatment strategy for patients with brady-
dysrhythmias is guided by the patient’s clinical 
stability. Signs of instability include hypotension, 
altered mental status, acute heart failure, and evi-
dence of poor perfusion. Unstable patients 
require transcutaneous pacing emergently, which 
can be utilized while medications are being 
prepared.

Pacing
The standard of care for the unstable patient 
with bradycardia is utilization of a pacemaker. 
The transcutaneous approach is most accessible, 
thus should be the first-line therapy. A consider-
ation prior to initiation of pacing is sedation. 
Transcutaneous pacing can be very painful for 
the awake patient as electrical discharges pass 
through skin and muscle. Choice of sedation in 
this clinical scenario may be difficult as many 
commonly used agents also cause hypotension, 
but some options with minimal deleterious car-
diovascular effects include ketamine (begin 
with 1  mg/kg IV) and etomidate (begin with 
0.15 mg/kg IV).

Table 9.1 Definitions of bradydysrhythmias

Sinus node 
dysfunctions

Sinus bradycardia Rate <60, regular P waves with normal PR interval, preceding 
each QRS

Sinus arrest Absent atrial depolarization ≥2 seconds.
Tachycardia–bradycardia 
(Tachy–Brady) syndrome

Episodes of sinus bradycardia or sinus arrest interspersed with 
episodes of supraventricular tachycardia. Atrial fibrillation is the 
most common underlying rhythm

Chronotropic incompetence Sinus node fails to regulate heart rate in response to changes in 
metabolic demand

Atrioventricular 
blocks

First-degree AV block PR interval >20 msec, 1:1 P:QRS conduction
Second-degree AV block 
Mobitz type I 
(Wenckebach)

Progressive prolongation of PR interval prior to a nonconducted 
QRS

Second-degree AV block 
Mobitz type II

Fixed PR intervals prior to a nonconducted QRS. More likely to 
degrade to third-degree AV block

Third-degree AV block 
(complete heart block)

No relation between atrial and ventricular depolarization that 
occur at regular but independent rates
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Once preparations are complete, pacing 
should be started with an initial rate that is at least 
as high as the patient’s intrinsic rate. Usually, a 
rate of 60–80 beats/minute is chosen to assess 
effectiveness of capture. Current can be started at 
10–20  mA and increased progressively until a 
clear QRS and T wave is found following each 
pacer spike (electrical capture). The patient’s 
pulse should also correspond to pacing spikes 
demonstrating mechanical capture. Some 
adjuncts to aid in determining capture include 
looking at the heart rate on the pulse oximetry 
waveform as well as looking for an increase in 
CO2 levels on capnometry. Once capture is 
achieved, the current level should be set to 
5–10  mA above the threshold for capture. 
Generally, the threshold required for pacing 
should be 40–80 mA but can vary.

There will be patients in whom transcutane-
ous pacing is either not capturing or not improv-
ing the hemodynamic status (i.e., perfusion). In 
these patients, utilization of pharmacotherapy 
while transvenous pacing is prepared would be 
the next step. A more in-depth discussion of the 
procedure is beyond the scope of this chapter, but 
can be found in various texts.

Medical Management
As for all unstable patients, support of their air-
way and breathing may be necessary. When a 
bradydysrhythmia is the source of the patient’s 
circulatory instability, the first-line medication 
for this patient is atropine, which has been shown 
to improve heart rate and conduction blocks [1]. 
The recommended dose is 0.5 mg intravenously 
every 3–5  minutes to a maximum of 3  mg. 
However, it is important to note that atropine may 
be ineffective in cardiac transplant patients due to 
lack of vagal innervation [2]. Additionally, it will 
have no effect in the case of second-degree type 
II or third-degree atrioventricular block.

If atropine is ineffective, the next agent of 
choice should be a beta-adrenergic agent. 
These include dopamine, epinephrine, or iso-
proterenol. Recall that varying doses of dopa-
mine can have different effects; thus, we 
recommend a dose of 5–10 mcg/kg/min. 
Epinephrine is another option with an infusion 

rate of 2–10 mcg/min [3]. Isoproterenol spe-
cifically targets beta-adrenergic activity, and in 
our experience, is useful in the setting of post 
heart transplant bradycardia and sinus arrest. 
However, this has not been extensively studied 
[4] and one must consider the potential hypo-
tension mediated by beta 2 activity when using 
this agent.

Bradydysrhythmias induced by drug toxicity 
may require specific management tailored to the 
drug ingested. Beta-blockers and calcium chan-
nel blockers are the most likely medications to 
cause bradydysrhythmias and are often uninten-
tional overdoses of prescribed medications [5]. In 
cases of beta-blocker or calcium channel blocker 
overdose, glucagon has potential for clinical 
effect [6]. Digoxin is another common cause of 
bradydysrhythmias often with concomitant atrio-
ventricular block in up to 35% of patients owing 
to its narrow therapeutic window [7]. Treatment 
of specific drug toxicities should be initiated with 
consultation of local poison control centers and 
with consideration of decontamination and addi-
tional supportive care.

For the stable patient, the initial management 
focus shifts from correcting a malignant dys-
rhythmia to diagnosing and treating the underly-
ing cause. Constant reassessment of clinical 
stability is important in these patients as they 
may quickly deteriorate. With certain etiologies 
such as electrolyte abnormalities or toxic inges-
tions leading to bradydysrhythmias, definitive 
treatment should start expeditiously in the ED to 
reduce the chance for clinical instability. 
However, other etiologies (e.g., CHF, MI, infec-
tion) may require hospital admission and spe-
cialty consultation for definitive management 
(Table 9.2).

 Tachydysrhythmias

Tachydysrhythmias can originate from the sinus 
node, atria, AV node, or ventricular myocardium. 
An approach to tachydysrhythmias starts with 
determining whether the QRS complex is narrow 
or wide and whether the rhythm is regular or 
irregular (Fig. 9.1).

9 Cardiac Dysrhythmias



144

Ta
b

le
 9

.2
 

D
if

fe
re

nt
ia

l d
ia

gn
os

is
 a

nd
 m

an
ag

em
en

t o
f 

br
ad

yd
ys

rh
yt

hm
ia

s

E
tio

lo
gy

H
is

to
ry

D
ia

gn
os

tic
s

M
an

ag
em

en
t

Is
ch

em
ia

 –
 in

fe
ri

or
 M

I,
 r

ig
ht

 c
or

on
ar

y 
ar

te
ry

 o
cc

lu
si

on
Pr

ec
ed

in
g 

an
gi

na
ST

 e
le

va
tio

ns
/d

ep
re

ss
io

ns
, 

tr
op

on
in

em
ia

A
sp

ir
in

, s
ta

tin
, G

P 
II

b/
II

Ia
 in

hi
bi

to
r, 

PC
I 

/ s
te

nt
s,

 tP
A

E
le

va
te

d 
IC

P
H

ea
da

ch
e,

 A
M

S,
 h

ea
d 

tr
au

m
a,

 f
al

ls
Pa

pi
lle

de
m

a,
 C

T
 s

ca
n

H
yp

er
ve

nt
ila

tio
n,

 h
yp

er
to

ni
c 

sa
lin

e/
m

an
ni

to
l, 

ne
ur

os
ur

gi
ca

l i
nt

er
ve

nt
io

n
H

yp
er

ka
le

m
ia

H
is

to
ry

 o
f 

E
SR

D
 o

n 
H

D
E

K
G

 –
 p

ea
ke

d 
T

 w
av

es
, s

in
e 

w
av

e,
 e

le
ct

ro
ly

te
s

C
al

ci
um

 in
fu

si
on

, a
lb

ut
er

ol
, i

ns
ul

in
 +

 g
lu

co
se

, b
in

de
rs

, 
he

m
od

ia
ly

si
s

H
yp

ot
hy

ro
id

is
m

C
ol

d 
in

to
le

ra
nc

e,
 w

ei
gh

t g
ai

n,
 

fa
tig

ue
T

SH
, f

re
e 

T
4

L
ev

ot
hy

ro
xi

ne

H
yp

ot
he

rm
ia

Pr
ol

on
ge

d 
ex

po
su

re
 to

 c
ol

d
E

K
G

 –
 O

sb
or

n 
w

av
es

W
ar

m
in

g
In

fe
ct

io
us

 –
 C

ha
ga

s,
 L

ym
e,

 
Pa

rv
ov

ir
us

, C
ox

sa
ck

ie
, S

yp
hi

lis
Fe

ve
r, 

tic
k 

bi
te

, t
ra

ve
l t

o 
en

de
m

ic
 

ar
ea

s
Sp

ec
ifi

c 
an

tig
en

 te
st

in
g

A
nt

ib
io

tic
s

V
as

ov
ag

al
Se

ve
re

 p
ai

n,
 a

nx
ie

ty
, s

tr
on

g 
em

ot
io

n
N

on
e

N
on

e
To

xi
dr

om
es

B
et

a-
bl

oc
ke

rs
H

is
to

ry
 o

f 
ov

er
do

se
, m

ed
ic

at
io

n 
ch

an
ge

, p
ol

yp
ha

rm
ac

y
B

ra
dy

ca
rd

ia
 w

ith
 A

V
 b

lo
ck

G
lu

ca
go

n 
(5

 m
g 

IV
 Q

10
 m

in
ut

es
 u

p 
to

 3
 d

os
es

)
C

al
ci

um
 c

ha
nn

el
 

bl
oc

ke
rs

B
ra

dy
ca

rd
ia

 w
ith

 A
V

 b
lo

ck
C

al
ci

um
 g

lu
co

na
te

, i
ns

ul
in

 (
1 

u/
kg

 b
ol

us
 th

en
 0

.5
 u

/k
g/

hr
) 

+
 g

lu
co

se
D

ig
ita

lis
N

au
se

a,
 v

om
iti

ng
, y

el
lo

w
/g

re
en

 
vi

si
on

 d
is

co
lo

ra
tio

n,
 p

al
pi

ta
tio

ns
, 

co
nf

us
io

n

Sl
ow

 A
F,

 A
V

 b
lo

ck
 (

fir
st

, s
ec

on
d,

 
or

 th
ir

d)
, r

eg
ul

ar
iz

ed
 A

F,
 V

T,
 

sc
oo

pe
d 

ST
 s

eg
m

en
t

D
ig

ox
in

 im
m

un
e 

Fa
b,

 1
0–

20
 v

ia
ls

 o
r 

do
se

 b
as

ed
 o

n 
le

ve
ls

O
pi

oi
ds

M
io

si
s,

 b
ra

dy
pn

ea
R

es
po

ns
e 

to
 n

al
ox

on
e

N
al

ox
on

e 
0.

4 
m

g 
IV

 th
en

 2
 m

g 
IV

 if
 n

o 
re

sp
on

se
O

rg
an

op
ho

sp
ha

te
s

Sa
liv

at
io

n,
 la

cr
im

at
io

n,
 u

ri
na

tio
n,

 
de

fe
ca

tio
n,

 g
as

tr
oi

nt
es

tin
al

 m
ot

ili
ty

, 
em

es
is

, m
io

si
s

N
on

e
A

tr
op

in
e 

2 
m

g 
IV

 e
ve

ry
 3

–5
 m

in
ut

es
 (

PR
N

 b
ra

dy
ca

rd
ia

 o
r 

br
on

ch
or

rh
ea

) 
+

 p
ra

lid
ox

im
e 

(2
-P

A
M

) 
2 

g 
IV

 o
ve

r 
10

–1
5 

m
in

ut
es

N. Christopher and W.-T. W. Chang



145

 Pathophysiology

 Sinus Tachycardia (ST)
A sinus rate greater than 100 beats/min defines 
sinus tachycardia and is often caused by enhanced 
automaticity of the SA node. The P-wave con-
figuration is the same as in sinus rhythm with 
upright morphology in leads II, III, and aVF, 
negative in AVR, biphasic in V1–V2, and positive 
in leads V3–V6. Generally, the maximum pre-
dicted atrial rate can be estimated by the simple 
formula of 220 - age, although this can underesti-
mate true maximum [8]. Sinus tachycardia results 
from increased adrenergic drive, found in exer-
cise, hyperthyroidism, acute sepsis, decompen-
sated heart failure, anemia, fever, pulmonary 
embolism, myocardial ischemia, hypovolemia, 
and many other conditions. This situation is 
termed physiologic sinus tachycardia, and man-

agement historically involves treatment of the 
underlying cause, although more recently there 
has been evidence to suggest that controlling rate 
in the setting of septic shock may impact out-
come [9].

A persistently elevated resting heart rate in 
the absence of obvious triggers is known as 
inappropriate sinus tachycardia. The underly-
ing cause is either enhanced automaticity or 
abnormal autonomic regulation of the sinus 
node. This is a diagnosis of exclusion, as all 
other causes of sinus tachycardia must be 
addressed. Postural orthostatic tachycardia syn-
drome is a constellation of signs and symptoms 
that include marked orthostatic sinus tachycar-
dia (rate >120 or increase >30 beats/min within 
10 minutes of positional change) without ortho-
static hypotension in a patient without auto-
nomic neuropathy.

Tachydysrhythmia

Narrow QRS Wide QRS*

Regular RR Regular RRIrregular RR Irregular RR

• •

•

•

•

•

•

•

•

•

•

•

Sinus
tachycardia
(sinus P
waves)

SVT (no clear
P waves)

Atrial flutter
with fixed
block (flutter
P waves)

Atrial fibrillation
(no clear P
waves)

Multifocal atrial
tachycardia (> 3
P wave
morphology)

Atrial flutter
with variable
block (flutter P
waves)

Atrial flutter
with WPW

Antidromic
AVRT

Ventricular
tachycardia

Atrial fibrillation
with WPW

Polymorphic
ventricular
tachycardia

Ventricular
fibrillation

Fig. 9.1 Approach to tachydysrhythmias. An approach to 
tachydysrhythmias includes determining whether the 
QRS complex is narrow or wide and whether the rhythm 

is regular or irregular. ∗Wide QRS tachydysrhythmias 
include any tachydysrhythmias with bundle branch block 
or aberrancy
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 Supraventricular Tachycardia (SVT)
Supraventricular tachycardia refers to a wide 
range of tachydysrhythmias that originate from 
the sinus node, atria, and/or atrioventricular node. 
This includes sinus node reentry tachycardia 
(SNRT), AV nodal reentry tachycardia (AVNRT), 
AV reentry tachycardia (AVRT), unifocal atrial 
tachycardia (UAT), multifocal atrial tachycardia 
(MAT), and junctional tachycardia (JT). Atrial 
fibrillation and atrial flutter may degenerate into 
SVT and may require a slightly different approach. 
SVT originates from a combination of enhanced 
automaticity and the presence of reentrant paths 
for conduction. Enhanced automaticity allows 
cells to depolarize earlier than normal in diastole, 
with the resulting impulses overriding the sinus 
node as the predominant pacemaker of the heart. 
There are many areas of the heart that can exhibit 
enhanced automaticity, including tissues of the 
atria, AV node, His bundle, pulmonary veins, or 
vena cava [10, 11]. Reentry occurs as repetitive 
excitation of a region of the heart that begins from 
a specific focus and moves through a defined cir-
cuit. Often, the location of the reentrant circuit 
will characterize the type of SVT with the major-
ity of reentrant tachycardias originating from the 
AV node or from an AV circuit [12].

 Sinus Node Reentry Tachycardia (SNRT)
Sinus node reentry is a rare tachycardia that pres-
ents as paroxysmal tachycardia with abrupt onset 
and termination. The P-wave morphology is sim-
ilar to sinus rhythm, resulting from a reentrant 
circuit located near the sinus node. One clue to 
the diagnosis is a RP interval that is longer than 
the PR interval [13]. This rhythm is often trig-
gered by a PAC. Vagal maneuvers are useful in 
terminating sinus node reentry.

 AV Nodal Reentry Tachycardia (AVNRT)
AVNRT is the most common SVT and is more 
prevalent in women [14]. AVNRT is not usually 
associated with underlying heart disease, and 
typical heart rates range from low 100 s to over 
250 beats/min [15]. In AVNRT, the reentrant cir-
cuit is localized to the AV node itself and is com-
posed of fast pathways and slow pathways. 
Normal conduction through a fast pathway usu-

ally leads to normal P & QRS morphology. 
However, if rate is too high, conduction may 
switch to the slow pathway and create a reentrant 
loop. Following conduction through the AV node, 
impulses are carried by the His–Purkinje system, 
which leads to a narrow QRS (<120 ms) without 
any bundle branch block (BBB).

 AV Reentry Tachycardia (AVRT)
AVRT is the second most common SVT with 
typically a heart rate between 120 and 250 beats/
min [14–17]. In AVRT, a normal AV node with a 
single conduction pathway is paired with an 
accessory pathway between the atria and ventri-
cles. An example of this type of conduction 
occurs in Wolff–Parkinson–White (WPW) syn-
drome in which the accessory pathway is termed 
bundle of Kent.

Normal conduction in WPW occurs through 
both the AV node and bundle of Kent, leading to 
a short PR interval from rapid conduction through 
the accessory pathway and a slurred QRS (delta 
wave) from the early ventricular depolarization 
through the accessory pathway. As conduction 
through the AV node catches up, the remainder of 
the QRS takes on a narrow morphology. 
Orthodromic AVRT occurs when conduction 
travels anterograde through the AV node and ret-
rograde through the accessory pathway. This 
results in a narrow complex without aberrancy or 
BBB and no delta wave. Antidromic AVRT 
occurs with anterograde conduction through the 
accessory pathway and retrograde conduction 
through the AV node. Since the accessory path-
way depolarized the ventricular myocardium, 
this arrhythmia is a wide-complex regular tachy-
cardia indistinguishable from VT.

In patients with atrial fibrillation, impulses 
may be conducted through the accessory path-
way, AV node, or both, which results in a rapid, 
irregular tachycardia with variable QRS mor-
phology. This preexcited AF can degenerate to 
ventricular fibrillation. It is important to distin-
guish this irregular wide-complex tachycardia 
from others, such as atrial fibrillation with RVR 
and a BBB. Some clues that suggest the presence 
of an accessory pathway include a ventricular 
rate greater than 250 beats/min, beat-to-beat vari-
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ability of QRS-complex morphology, and atypi-
cal bundle branch morphology [18, 19].

 Unifocal Atrial Tachycardia (UAT)
Unifocal atrial tachycardia is a paroxysmal 
narrow- complex regular tachycardia generated 
from a pacemaker not in the SA node, which has 
a rate between 100 and 250 beats/min and a 
monomorphic P wave. This P wave is often 
obscured by the T wave due to an underlying 
first-degree AV block, which helps differentiate 
this SVT from AVRT and AVNRT. UAT can be 
caused by abnormal automaticity or micro- 
reentry, which is differentiated by a gradual ver-
sus sudden heart rate increase, respectively. 
Nonsustained UAT is often asymptomatic, while 
sustained UAT can account for 10–15% of SVTs 
that require ablation [20]. UAT is frequently seen 
in children (10–23%) and at much higher rates in 
patients with congenital heart disease, even after 
repair [21–24]. UAT usually occurs in patients 
before the age of 40 and is associated with car-
diovascular disease [17, 25].

 Multifocal Atrial Tachycardia (MAT)
Multifocal atrial tachycardia manifests as an 
irregularly irregular tachycardia with three or 
more distinct P-wave morphologies and an atrial 
rate greater than 100 beats/min. It is responsible 
for 1–2% of all SVT, and most cases are associ-
ated with underlying severe pulmonary disease. 
It can also occur in the setting of pneumonia, sep-
sis, heart failure, digoxin toxicity, and theophyl-
line toxicity and in the postoperative period [26]. 
Each distinct P wave originates from a separate 
atrial focus and results in a variable PP, PR, and 
RR interval. Calcium channel blockers may be 
indicated for rate control, but antiarrhythmic 
drugs or DC cardioversion are ineffective. 
Correction of the underlying electrolyte disorder 
or treatment of pulmonary disease is most suc-
cessful at controlling this arrhythmia.

 Junctional Tachycardia (JT)
Junctional tachycardia arises from either the AV 
node or common His bundle. It can be broken 
down into paroxysmal or nonparoxysmal. 
Paroxysmal junctional tachycardia is seen in 

children with congenital heart abnormalities or 
young adults in the setting of stress or exercise 
[27]. Nonparoxysmal junctional tachycardia 
(NPJT) results from enhanced automaticity from 
cells in the AV node or common His bundle [28] 
or as a response to a trigger. NPJT is associated 
with acute myocardial infarction, hypokalemia, 
chronic obstructive lung disease with hypoxia, 
post-valvular cardiac surgery, CABG, myocardi-
tis, and digitalis toxicity [25].

Junctional tachycardia is a narrow-complex 
regular tachycardia. Rates can be as high as 250 
beats/min if paroxysmal, while nonparoxysmal 
JT rarely exceeds 120 beats/min. The P wave 
may precede, follow, or be buried in the QRS 
complex. The QRS complex can be wide if a 
BBB or aberrancy is present. The relationship 
between the atrial and ventricular rates is vari-
able. If retrograde AV block is present, there will 
be AV dissociation and the atria may be in sinus 
rhythm. Otherwise, there will be a constant rela-
tionship between the QRS and the P wave with 
the P wave inverted in II, III, and aVF. If a junc-
tional tachycardia is associated with atrial fibril-
lation, digitalis toxicity should be suspected [29].

 Atrial Flutter with Fixed Conduction
Atrial flutter is a macro-reentrant atrial tachyar-
rhythmia with atrial rates ranging from 250 to 
350 beats/min and a fixed or variable ventricular 
conduction. When there is a fixed atrioventricular 
block (usually 2:1), the resulting rhythm is nar-
row complex with a rate of approximately 150 
beats/min. This characteristic rate should raise 
the suspicion for atrial flutter with a 2:1 block if 
it is steady. ECGs typically show a sawtooth 
appearance of the P wave with negative deflec-
tions in leads II, III, and aVF and no return to an 
isoelectric baseline. Ventricular rate varies based 
on AV nodal conduction and ranges from 1:1 to 
4:1. In 1:1 conduction, ventricular depolariza-
tions may appear as wide complex and can be 
associated with significant hemodynamic 
 instability. When atrioventricular conduction is 
variable, the EKG will show an irregular narrow-
complex tachycardia, which can be differentiated 
from atrial fibrillation or MAT by the presence of 
uniform flutter waves inferiorly or in V1.

9 Cardiac Dysrhythmias
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 Emergency Evaluation

 Initial Assessment
In the initial evaluation of patients with SVT, 
assessment of clinical stability is paramount and 
will guide initial management decisions. In sta-
ble patients, a focused history and physical can 
aid in the diagnosis. Typical symptoms include 
palpitations, chest discomfort, dyspnea, fatigue, 
presyncope, and syncope. The regularity and 
character of onset of palpitations also provides 
useful information, as abrupt onset and termina-
tion with vagal stimulus (e.g., cough, Valsalva) 
are more likely to be related to an SVT while 
gradual onset is more likely sinus tachycardia. 
Syncope related to SVT can occur at the initia-
tion and termination of SVT episodes due to low 
cardiac output or prolonged sinus pause, respec-
tively. However, these are not typical and syn-
cope with SVT may suggest an accessory 
pathway or structural heart disease. Finally, the 
diagnosis of hyperthyroidism should always be 
considered in patients with a first episode of SVT.

Physical examination is often noncontributory 
to the diagnosis of SVT. However, careful assess-
ment of volume status can aid in evaluation of 
sinus tachycardia. Furthermore, evaluation for 
signs of hyperthyroidism, anemia, underlying car-
diac disease (MVP, CHF), and chronic lung dis-
ease can help to delineate further essential 
workup. Directed diagnostic workup for SVT can 
include toxicologic screens for sympathomimet-
ics or anticholinergics, thyroid function evalua-
tion, chest X-ray to evaluate for signs of CHF or 
pulmonary disease, and cardiac troponin levels in 
patients with symptoms consistent with ischemia. 
However, mild troponinemia can be seen as a con-
sequence of SVT and may lead to inappropriate 
anti-anginal therapy and coronary angiography.

 Diagnostic Studies
ECG evaluation is the diagnostic test of choice 
and should focus on details previously discussed 
but should also include evaluation for signs of 
ischemia and underlying conduction abnormali-
ties (e.g., Brugada). Additionally, one study 
shows that using an increased paper speed of 
50 mm/sec can improve the diagnostic accuracy 

of physicians and prevent inappropriate dosing of 
adenosine [30]. Further studies include echocar-
diography to evaluate for structural heart disease 
and Holter monitor or event monitor to character-
ize transient arrhythmias, but these modalities are 
not usually emergently applicable.

 Treatment
Patients with mild symptoms but without cardio-
vascular compromise may be managed on the 
outpatient basis with avoidance of precipitating 
factors (i.e., caffeine, alcohol, and illicit drugs) 
and further workup in primary care and cardiol-
ogy clinic evaluations. However, patients with 
significant symptoms or sustained tachydys-
rhythmias must be managed expeditiously 
(Table 9.3). Initial evaluation and support of the 
patients’ ABCs should be followed by appropri-
ate placement of cardiopulmonary monitors and 
intravenous access. Patients who are unstable due 
to their tachydysrhythmia should be prepared for 
immediate synchronized cardioversion. Note that 
there are patients with atrial fibrillation with 
rapid ventricular response from septic shock who 
would benefit from aggressive volume repletion 
rather than focusing on the dysrhythmia, so man-
agement decisions clearly need to be in the con-
text of the clinical evaluation. While preparing 
for cardioversion, vagal maneuvers and/or ade-
nosine administration may be attempted if imme-
diately available.

AV Nodal Blockade
Vagal maneuvers such as carotid sinus massage, 
Valsalva, and cold water facial immersion have 
been shown to terminate SVT in 30% of patients 
[31]. Valsalva was shown to be the most effective, 
accounting for 54% of successful terminations 
[32]. These maneuvers are most successful if the 
SVT is recent in onset as sympathetic tone 
increases with the duration of SVT [33].

Adenosine is an AV nodal blocking agent that 
has a short half-life (<10 s) and rapid onset of 
action. It can be used to determine the underly-
ing rhythm or terminate certain SVTs (preferred 
for reentrant SVT). The initial dose of 6  mg 
should be given as a rapid push through a large 
bore proximal IV followed by a rapid saline 
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flush, which is often facilitated with a three-way 
stopcock. If no change is noted, a second dose 
of 12 mg can be given. A randomized, double- 
blinded, placebo-controlled study has shown 
successful conversion of up to 60% of SVT with 
a 6-mg dose and 90% with a 12-mg dose [34, 
35]. When given centrally, dosing should be 
halved (3  mg and 6  mg for initial and subse-
quent doses).

When not successful at conversion to sinus 
rhythm, adenosine can still provide information 
about the underlying rhythm, often with demon-
stration of atrial tachycardia with a high-grade 
AV block or the presence of an accessory path-
way. Alternatively, the patients’ rate may gradu-
ally slow and then resume the prior arrhythmia. 
Typically, AVRT, AVNRT, and SNRT will termi-
nate with adenosine, while ST and JT will slow 
and then resume their prior rate. Atrial tachycar-
dia, flutter, and fibrillation will reveal their 
underlying atrial rhythm with an AV block. 
Adenosine administration may be associated 
with significant side effects, including flushing, 
chest pain, headache, nausea, and a “sense of 

doom,” all of which are usually self-limited [35], 
but it is prudent to advise the patient of these 
effects prior to administration. Some significant 
bradydysrhythmias and ventricular tachydys-
rhythmias have been reported with its use [36]. 
Adenosine should be used in lower doses 
(1–3 mg) in heart transplant patients, as they are 
particularly sensitive. Theophylline and caffeine 
may blunt the response to adenosine, while 
dipyridamole and carbamazepine may lead to 
heart block [25]. If WPW is suspected, nodal 
blocking agents should be avoided.

Nondihydropyridine calcium channel block-
ers slow conduction and increase refractoriness 
of the AV node, which can terminate reentrant 
arrhythmias and control ventricular rate. While 
they may decrease blood pressure, these effects 
can be mitigated with a continuous infusion [37] 
and/or pretreatment with calcium [38]. Studies 
have shown equivalence in efficacy and relapse 
with both diltiazem and verapamil [37]. 
Diltiazem can be given at an initial dose of 
0.25 mg/kg and subsequent dose of 0.35 mg/kg 
if no response, while verapamil can be dosed at 

Table 9.3 Specific treatment considerations for supraventricular tachycardias

Diagnosis Recommendations
Sinus tachycardia Address underlying cause; beta-blockers for post-MI/CHF, thyrotoxicosis and anxiety-related 

symptoms.
Sinoatrial nodal 
reentrant tachycardia

Catheter ablation reserved for patients with significant symptomatic episodes not responsive 
to AV nodal blockade.

AVNRT “Pill in the Pocket” approach may be recommended for patients with infrequent, well-
tolerated AVNRT. Single-dose diltiazem + propranolol superior to flecainide and placebo. 
Chronic therapy with AV blockade or digoxin; second-line agents are flecainide/propafenone.
Catheter ablation recommended if symptomatic and sustained AVNRT.

AVRT Narrow complex (orthodromic): Treat with vagal maneuvers, AV blockade (can degenerate to 
VFib if WPW present).
Wide complex (antidromic): Treat as VT, consider procainamide/amiodarone if stable and DC 
cardioversion if not.
AFib/flutter with paroxysmal wide complex: Treat with cardioversion but procainamide or 
ibutilide can be used if stable.
Catheter ablation is an option.

UAT Secondary to micro-reentry. Sensitive to AV blockade and cardioversion but may require 
antiarrhythmics (Ia, Ic, III).
UAT with AV block - > dig toxicity.
Catheter ablation 86% success rate; 8% generate new focus.

MAT Correct underlying pulmonary disease (hypoxia) and electrolyte abnormalities. Beta-blockade 
useful but controversial if caused by pulmonary disease.

Junctional 
tachycardia

AV blockade effective, antiarrhythmics (Ia, Ic, III) if refractory.
Catheter ablation is definitive but 5–10% risk AV block.
Consider dig toxicity, hypokalemia, COPD, MI, and myocarditis as causes.

9 Cardiac Dysrhythmias
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2.5–5  mg initially with subsequent doses of 
5–10 mg. However, these agents are not recom-
mended in the setting of heart failure [25].

Beta-adrenergic blockade can decrease 
heart rate as well as blood pressure, with side 
effects including bradycardias and AV conduc-
tion delays. Metoprolol can be given as a 5 mg 
infusion over 2  minutes with repeat doses 
every 15  minutes. Propranolol infusion of 
0.15 mg/kg can be given over 2 minutes, and 
esmolol can be bolused at 250–500 mcg/kg 
over 1 minute followed by 50 mcg/kg/min with 
titration to control heart rate (maximum dose 
200 mcg/kg/min). These agents are contraindi-
cated in second- and third-degree heart block, 
severe heart failure, lung disease with broncho-
spasm, and WPW.

Antidysrhythmic Therapy
Procainamide, ibutilide, flecainide, propafe-
none, and amiodarone can all be used for rhythm 
control in both SVT and atrial fibrillation/flutter 
with WPW. Procainamide (class IA) slows con-
duction by prolonging the refractory period of 
cardiac tissue and accessory pathways. It is 
given at a rate of 20 mg/min until the arrhythmia 
is suppressed, QRS duration prolongs more than 
50%, hypotension occurs, or maximum dose is 
reached (17–20 mg/kg). If successful, continu-
ous infusion of 1–4  mg/min can be initiated. 
Amiodarone is preferred in patients with 
severely depressed LVEF and is given as a bolus 
of 150 mg over 10 minutes followed by 1 mg/
min for 6 hours and 0.5 mg/min over 18 hours. 
Initial treatment can include repeated boluses 
prior to starting an infusion if the clinical effects 
are not complete. Hypotension and bradycardia 
can occur as side effects which are mitigated by 
slowing the infusion.

DC Cardioversion
Synchronized cardioversion is the recommended 
treatment when the patient is unstable and is the 
preferred treatment for the patient with atrial 
fibrillation/flutter with WPW [19, 25, 39]. Shock 
delivery should be synchronized to prevent R on 
T phenomenon, which can degenerate into ven-
tricular fibrillation. The initial dose for cardio-

version is 50–100  J monophasic (30–50  J 
biphasic). However, some clinicians and studies 
report higher success rates by starting at higher 
energy levels. When possible, patients should be 
sedated prior to cardioversion. Cardioversion is 
not likely to be successful for junctional tachy-
cardia or MAT.

 Atrial Fibrillation

Atrial fibrillation (AF) is the most common atrial 
dysrhythmia encountered in the hospital setting, 
and the presentations range from asymptomatic 
to life threatening [40–42]. It is associated with 
increased strokes and thromboembolic events 
and accounts for significant healthcare expense 
with over 350,000 hospitalizations and 276,000 
emergency department visits [43–45]. Risk fac-
tors include valvular heart disease, conduction 
system disorders, and pericardial disease [46]. 
Atrial fibrillation is often associated with electro-
lyte abnormalities, infection, hypoxia, thyrotoxi-
cosis, pulmonary embolism, and digoxin toxicity 
[47–49]. AF is also common in the post-MI 
patient with up to 15% of ED patients with new- 
onset AF as a presenting sign of an MI [50–53].

 Pathophysiology

AF originates from disorganized atrial depolar-
ization, which is frequently associated with areas 
of fibrosis and loss of myocardium. These areas 
are prone to reentry circuits, which have a short-
ened refractory period and action potential [54]. 
AF can be triggered by many mechanisms, 
including autonomic stimulation, premature 
atrial beats, tachycardia, accessory pathways, 
atrial stretch, or abnormal foci in the pulmonary 
veins or vena cava [55]. Disorganized atrial 
activity results loss of contractile force, which 
when coupled with a rapid ventricular rate can 
lead to hemodynamic compromise [56, 57]. 
Prolonged AF with rapid ventricular rates can 
lead to dilated cardiomyopathy, which can make 
restoration and maintenance of sinus rhythm dif-
ficult [54, 58, 59].
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 Emergency Evaluation

 Initial Assessment
The management of AF begins with an assess-
ment of stability based on the patient’s airway, 
breathing, and circulation. If signs of significant 
instability are present, early cardioversion is indi-
cated. However, in the stable patient, additional 
information from the history, physical, and diag-
nostic tests may be useful in directing manage-
ment. For example, cases of AF secondary to 
sepsis or hypovolemia may require an alternate 
resuscitation route than cardioversion.

A focused history should assess for clinical 
symptoms, including anxiety, palpitations, chest 
pain, dizziness, shortness of breath, or general-
ized weakness. In addition to vitals, the examina-
tion should focus on etiologies by evaluating for 
hyperthyroidism, DVT or pulmonary embolus, 
and signs of valvular disease or heart failure.

 Diagnostic Studies
AF is distinguished on ECG with the presence of 
low-amplitude fibrillation with lack of discern-
able P waves and an irregularly irregular ventric-
ular rhythm with a ventricular rate of up to 160 
beats/minute. When coupled with WPW, the 
rhythm can look like VT, but is distinguished by 
its irregularity, variable QRS morphology, and 
rates above 250 beats/min.

Initial labs should focus on presumed etiolo-
gies and may include electrolyte panel, CBC, 
liver function tests, and coagulation profile. 
Thyroid function should be evaluated in patients 
older than 55, those which clinical symptoms 
consistent with hyperthyroidism, or those with 
difficult to control AF [60]. If risk factors or ECG 
findings of an acute coronary syndrome are pres-
ent, cardiac markers should be drawn. Additional 
studies including drug screening, digoxin levels, 
theophylline levels, and pregnancy testing should 
be done when appropriate.

A chest X-ray may aid in the diagnosis of 
heart failure with the presence of pulmonary 
edema, valvular disease evidenced by an 
enlarged left atrium, or pulmonary embolism 
suggested by a Westermark sign. Focused car-
diac ultrasound can help identify signs of right 

heart strain indicative of pulmonary embolism or 
dilated cardiomyopathy associated with valvular 
disease [61–63]. Additionally, ultrasound can 
help rule out other causes of hypotension, includ-
ing tamponade and abdominal aortic aneurysm, 
as well as evaluate for signs of intravascular vol-
ume depletion [64, 65]. Formal transthoracic 
ultrasound may be obtained as part of the inpa-
tient workup of AF, and can indicate causative 
factors as well as predict successful conversion 
to sinus rhythm based on left atrial size [66]. 
Transesophageal echocardiography may be nec-
essary to evaluate for atrial thrombus if the dura-
tion of arrhythmia is unknown [67–73].

 Treatment
The initial management of AF should focus on 
ensuring hemodynamic stability while treating 
symptoms and preventing thromboembolism 
[70]. As with all arrhythmias, initial stability 
does not preclude the potential for decompensa-
tion, so the provider should be prepared with car-
diac monitoring, IV access, and supplemental 
oxygen.

Unstable Patient
ACLS guidelines state that cardioversion should 
be performed in patients with signs of shock or 
hemodynamic instability, which may include 
altered mental status, chest pain, or acute heart 
failure [74]. Additionally, patients with a wide- 
complex QRS which may suggest an accessory 
pathway should be treated with cardioversion. 
However, cardioversion may be unsuccessful if 
the AF is secondary to another disease process 
(sepsis, pulmonary embolism, tamponade, hypo-
volemia) or if it is longstanding. In these cases, 
treatment of hypovolemia with crystalloid resus-
citation (30 ml/kg) [61] should be started early. 
Additionally, appropriate antibiotics, thrombo-
lytics, pericardiocentesis, transfusion, and revas-
cularization should be considered based on the 
etiology of AF.

Electrical cardioversion is a first-line treat-
ment of AF, which can convert the patient to 
sinus rhythm. If indicated by hemodynamic 
instability, this therapy should not be withheld 
based on the concern for thromboembolism. 
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Synchronized cardioversion may be attempted 
starting with 50 J (biphasic) or 100 J (monopha-
sic). However, studies have shown higher suc-
cess rates with higher power (100  J  – 60% 
conversion, 200 J – 90%) [75]. In addition, the 
application of manual pressure to the pads dur-
ing cardioversion may enhance electrical con-
duction and increase success rates [76]. In an 
unstable patient who fails cardioversion, an 
alternative strategy is to pretreat with push dose 
phenylephrine (50–200 mcg Q1-2 minutes) to a 
goal diastolic pressure  >60  mmHg prior to a 
slow infusion of amiodarone (150 mg bolus) or 
diltiazem (2.5  mg/min drip) [77]. Additionally, 
calcium pretreatment (5–10 ml of calcium glu-
conate or 1–3  ml of calcium chloride) may 
reduce the hypotensive effects of some calcium 
channel blockers [78–81].

Stable Patient
In the stable patient, the major management con-
sideration is rate versus rhythm control. Multiple 
studies have shown no difference in mortality and 
stroke rate in patients treated with rate or rhythm 
control [82–88]. However, rhythm control may 
have the added benefit of decreasing hospital 
admissions for low-risk patients with new-onset 
AF of <48 hours [89–94]. Caveats to this practice 
include the fact that many patients cannot iden-
tify the onset of AF reliably [55, 95, 96]. 
Additionally, it is unclear whether rate control 
prior to cardioversion affects success rates [97, 
98]. Alternatively, since nearly 50% of patients 
spontaneously convert, selected patients may be 
started on rate control and managed as an outpa-
tient with next day follow-up.

Rate Control
Most rate control agents work by slowing con-
duction through the atrioventricular node. These 
agents should be avoided if there is any concern 
for preexcitation (accessory pathway). Typical 
agents include beta-blockers (e.g., esmolol, 
metoprolol, and propranolol) and nondihydro-
pyridine calcium channel blockers (e.g., diltia-
zem, verapamil). Digoxin is a weak AV nodal 
blocker that works by increasing vagal tone.

Beta-blockers are the drug of choice in patients 
with heart failure, hypertension, or acute coro-
nary syndrome. Propranolol is especially useful 
in the setting of hyperthyroidism. Beta-blockers 
should be used with caution in acute decompen-
sated heart failure as well as in patients with 
obstructive pulmonary disease.

Nondihydropyridine calcium channel block-
ers are also first-line agents especially useful 
when there is a contraindication to beta blockade. 
Verapamil tends to have more potent negative 
inotropy and vasodilation [99]. Diltiazem has a 
faster onset than both propranolol and metoprolol 
[100, 101] and is more effective at rate control 
than digoxin or amiodarone [102].

Digoxin has both negative chronotropy and 
positive inotropy, which makes it particularly 
useful in heart failure with AF. It does not cause 
significant hypotension, but its action may take 
up to 3 hours [103]. Thus, digoxin is particularly 
useful as an adjunct to beta-blockers or calcium 
channel blockers and exerts a synergistic effect 
[104]. It should be noted though that the combi-
nation of atenolol with digoxin may precipitate 
severe bradycardia [118], while verapamil can 
increase digoxin levels [105].

Amiodarone is a second-line agent due to its 
slower onset and significant side effect profile 
[106]. It has less negative inotropy and, thus, may 
be useful in patients with significant hypotension 
or heart failure [107]. It can also promote cardio-
version, so it should be used with caution in 
patients with high risk of thromboembolism.

Magnesium supplementation is an adjunctive 
therapy, which slows AV nodal conduction 
[108–113] without significant negative inotropy 
or other side effects. Rapid infusion, however, 
can be associated with respiratory muscle weak-
ness, hypotension, and sinus pauses [108]. 
Magnesium can also promote conversion to 
sinus rhythm [109].

Rhythm Control
Rhythm control can be achieved through elec-
trical or pharmacologic cardioversion. Studies 
have shown shorter ED length of stay as well as 
reduced recurrence of AF with cardioversion 
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[89, 90]. If electrical cardioversion is selected, 
the patient should be sedated prior to the proce-
dure. Additionally, pretreatment with an anti-
dysrhythmic (amiodarone, flecainide, ibutilide, 
propafenone) can increase the success of elec-
trical cardioversion and should be considered if 
the initial electrical cardioversion attempt is 
unsuccessful.

Prior to pharmacologic cardioversion, a 
patient’s electrolyte abnormalities should be 
corrected and QTc should be checked as  
many antidysrhythmics can prolong the 
QT. Procainamide (1 g over 60 minutes) is the 
most common choice with a success rate of up 
to 58% and low rate of adverse events. The 
most common complication is temporary hypo-
tension [114]. Ibutilide (1 mg over 10 minutes) 
is another option, which side effects including 
QT prolongation and torsades. Amiodarone 
(5–7 mg/kg over 30–60 min followed by 1.2–
1.8 g/day) is another alternative. Other agents 
include flecainide, propafenone, dofetilide, 
and quinidine.

Thromboembolic Risk
AF is strongly associated with increased risk of 
thromboembolic disease, especially in the 
postconversion period [115]. Stagnant blood 
flow due to poor contractility can predispose to 
clot formation. Cardioversion may also lead to 
atrial “stunning” in which atrial contraction 
may be impaired for weeks [116]. The rate of 
thromboembolic events after cardioversion 
ranges from 5% to 7% but drops to <2% if 
patients are anticoagulated for 2–4 weeks and 
have a negative transesophageal echocardio-
gram. If cardioversion is carried out within the 
first 48  hours of AF onset, the incidence of 
embolism is similar to that of anticoagulated 
patients [117]. However, studies have reported 
the presence of a clot in 13% of patients with 
AF for less than 72 hours.

Current recommendations from the ACC/
AHA suggest that if patients require immediate 
cardioversion, they should be concurrently 
started on a heparin drip with a bolus and goal 
PTT of 1.5-2x normal. If cardioversion is not 

emergently required, the patient should be anti-
coagulated (INR 2–3) for 3 weeks prior and 4 
weeks after cardioversion. Alternatively, a 
transesophageal echo can reliably rule out an 
atrial thrombus prior to cardioversion. However, 
these patients should also be concurrently anti-
coagulated with heparin. If a thrombus is iden-
tified, patients should be anticoagulated for at 
least 3  weeks prior and 4  weeks after 
cardioversion.

In patients who are not undergoing cardiover-
sion, the risk of stroke should be evaluated in 
order to determine the need for anticoagulation. 
Multiple studies have validated the CHADS2- 
VASc scoring system for classifying risk of 
stroke in patients with AF. This method stratifies 
patients into low, moderate, and high risk. High- 
risk patients (>2 points) should be started on anti-
coagulation, while low-risk patients can be safely 
managed without anticoagulation. Moderate-risk 
patients require further risk stratification. 
However, even in the high-risk group, the yearly 
risk of stroke ranges from 2.2% to 11.2%, which 
extrapolates to a maximum daily risk of 0.03%. 
These numbers suggest that anticoagulation may 
be delayed without any significant increase in 
stroke risk, which may be appropriate for patients 
the potential for significant bleeding.

If a patient is considered low risk (<2% stroke 
risk per 100 patient years if on aspirin), the risk 
of bleeding with vitamin K antagonists is signifi-
cantly higher than the benefits of stroke reduction 
[118]. For patients considered high risk (>4% 
stroke risk per 100 patient-years), the usage of 
vitamin K antagonists has been shown to improve 
survival [119]. Vitamin K antagonists reduce 
stroke risk by 66%, while aspirin alone reduces 
risk by 22% [120]. Adding clopidogrel to aspirin 
reduces stroke risk at the expense of increased 
major bleeding [120]. However, vitamin K antag-
onists carry a 0.4% increased risk of intracranial 
hemorrhage [121]. Other potential agents include 
rivaroxaban, dabigatran, and apixaban, which 
have been shown to be noninferior to warfarin for 
thromboembolism prevention. However, these 
agents carry additional risk due to the lack of 
available reversal agents.
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 Wide-Complex Tachycardias

Wide-complex tachycardias (WCT) are arrhyth-
mias that occur with frequent concomitant clini-
cal instability. Common etiologies of WCT 
include SVT with aberrant ventricular conduc-
tion, ventricular tachycardia (VT), preexcitation 
tachycardias, as well as toxic and metabolically 
mediated WCT. While a safe and effective treat-
ment for most WCT includes DC cardioversion, a 
systematic approach to the diagnosis of WCT can 
suggest additional interventions likely to prevent 
recurrent episodes.

WCT is defined by a ventricular rate greater 
than 100 beats/min with a QRS duration of 120 ms 
or longer in adults. This significant dysrhythmia is 
one that is seen frequently in the emergency set-
ting, with numbers ranging from 2 to 7 cases seen 
per month [122, 123]. The breakdown for causes 
of WCT is variable, with some studies showing 
80% of WCT diagnosed as VT, while other stud-
ies suggest that the actual number is much lower 
(16%) when accounting for SVT with aberrancy 
and atrial fibrillation [124, 125].

 Pathophysiology

In the most basic terms, WCT occurs when the 
conduction of electrical impulses through the 
ventricular myocardium is delayed. This delay 
can be secondary to a dysfunctional or damaged 
conduction system or the lack of utilization of the 
intact conduction system.

 Ventricular Tachycardia
Ventricular tachycardia most often originates 
from a scar in the myocardium usually secondary 
to coronary artery disease and myocardial infarc-
tion [126, 127]. EPS studies in patients with prior 
MI often show significant inducible monomor-
phic ventricular tachycardia. Nonischemic car-
diomyopathy also tends to generate scars which 
can promote VT.

 Preexcitation Tachycardia
Preexcitation tachycardia can also manifest as a 
wide-complex tachycardia. This typically occurs 

in WPW as the impulse from the atria travels 
down the accessory pathway to the ventricular 
myocyte and propagates through the myocar-
dium, resulting in a wide QRS. In this situation, 
the underlying rhythm may be atrial fibrillation, 
SVT, or antidromic reciprocating tachycardia.

 Toxic and Metabolic Causes of Wide- 
Complex Tachycardia
Metabolic derangements and toxidromes can also 
generate WCT, with the most classic cases sec-
ondary to TCA overdose, hyperkalemia, and  
antiarrhythmic toxicity. The underlying patho-
physiology of these derangements is a poisoning 
of the conduction system by an alteration of the 
function of ion channels. This effect can lead to 
both atrial and ventricular arrhythmias. Often, 
arrhythmias generated from toxic and metabolic 
causes can be refractory to standard management 
strategies. One common antidysrhythmics that 
can lead to malignant ventricular arrhythmias is 
sodium channel blockers (Class IC  – propafe-
none, flecainide, with flecainide associated with 
high mortality in overdose [128]). Many other 
drugs, including class Ia and III antidysrhyth-
mics, can lead to arrhythmias due to QT prolon-
gation, which leads to torsades de pointes [129]. 
TCA toxicity is also associated with WCT that is 
worsened with acidosis and hyperthermia [130, 
131]. This is typically manifested with an anti-
cholinergic toxidrome and ECG findings of a 
deep S wave in lead I and a terminal R in aVR 
[132]. Hyperkalemia is another common source 
of conduction abnormalities. Elevated extracel-
lular potassium causes persistent membrane 
depolarization, which slows conduction and 
leads to widened QRS rarely with a rate greater 
than 140. Slowing of conduction is evidenced on 
ECG by the lack of any rapid deflections in the 
QRS complex [133–136].

 Pacemaker-Related Wide-Complex 
Tachycardia
In rare cases, a malfunctioning pacemaker can 
lead to VT. This runaway pacemaker can induce 
ventricular fibrillation and needs to be addressed 
emergently. In most modern pacemakers, the 
placement of a magnet over the device will 
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default the device into asynchronous mode. If 
this does not terminate the rhythm, more drastic 
measures such as cutting the leads or removal of 
the pacemaker may be necessary. Other 
pacemaker- mediated WCT includes sensor- 
mediated tachycardia, where the activity sensor, 
which is meant to adjust heart rate to patient 
demands during exercise, inappropriately senses 
and elevates the ventricular rate. This can also 
occur if a pacemaker is sensing the atrial rate and 
responding during an SVT.  Finally, if a retro-
grade pathway is present, impulses from pace-
maker activation of the ventricle can travel to the 
atria and be sensed by the pacemaker as an atrial 
depolarization, inducing a response. These WCTs 
are usually limited by maximum rates, which are 
programmed into the device [137–140].

 Emergency Evaluation

One of the fundamentals of management of VT is 
the recognition that typical interventions for VT 
will not have deleterious effects if the actual 
arrhythmia is SVT, but the converse is not true. 
Accordingly, if there is any uncertainty, the 
default diagnosis of VT should be assumed and 
treatment should proceed along this algorithm. 
Another common misconception is that hemody-
namic stability in the setting of WCT favors SVT 
[141]. However, hemodynamic instability should 
trigger an immediate intervention including 
telemetry monitoring and frequent BP checks 
[142–144], deferring the history and physical 
until stability is achieved.

 Initial Assessment

Certain specific history elements can signifi-
cantly increase the likelihood of a ventricular 
arrhythmia. These include history of MI, CHF, or 
unstable angina. In one retrospective univariate 
analysis, these features were associated with high 
positive likelihood ratios (>6) and low negative 
likelihood ratios (<0.5). Additional useful histori-
cal elements include ESRD, presence of pace-
maker or ICD, history of ingestion of suicide 

attempt, and home medications that are dysrhyth-
mogenic (TCA, digoxin, antidysrhythmics). 
These elements have been shown to differentiate 
VT from SVT with statistical significance [125] 
and can hint at the cause of the WCT, leading to 
specific steps in management (i.e., empiric treat-
ment of hyperkalemia). History of CABG, PCI, 
or valvular disease does not carry the same 
weight in differentiating VT from SVT as these 
diagnoses are not necessarily associated with 
myocardial scarring, which is the prime etiology 
of VT.  Age less than 35 also should not favor 
SVT over VT as approximately 10% of cases of 
WCT in this age group are VT.

Physical exam findings are rarely useful, but 
specific findings of AV dissociation include irreg-
ular cannon “a” waves and variations in the inten-
sity of the first heart sound (S1) [145]. 
Additionally, the physical presence of a dialysis 
catheter, AV graft, or pacemaker can identify a 
patient’s risk for VT.

 Diagnostic Studies

The single most important laboratory test for the 
management of WCT is electrolytes, as derange-
ments in potassium and magnesium can trigger 
arrhythmias as well as reduce the success of elec-
trical conversion. Troponin and BNP may be 
helpful in determining etiology but rarely change 
initial management. Laboratory studies which 
can generate results within minutes (i.e., blood 
gas with electrolytes) are most useful as pH and 
electrolyte measurements can significantly 
change the initial management.

Detailed analysis of the ECG to differentiate 
supraventricular and ventricular WCT should 
be forgone in patients with hemodynamic insta-
bility. These patients should receive immediate 
electrical cardioversion. However, it should be 
kept in mind that WCT resulting from meta-
bolic or drug toxicities may be resistant to 
cardioversion.

The first step toward the diagnosis of WCT is 
to obtain a 12-lead ECG. This will help to dif-
ferentiate artifacts and pacemaker-related WCT 
(revealed by pacer spikes) from other etiologies. 
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If possible, a prior ECG can significantly aid in 
the diagnosis of WCT. If the wide QRS beats dur-
ing sinus rhythm have a significantly different 
morphology or axis from the QRS complexes 
during WCT, a diagnosis of VT is strongly sug-
gested. The converse can be cautiously suggested 
but significant exceptions exist [146–148]. A 
baseline ECG with a narrow complex is less help-
ful in the diagnosis of WCT.

Given the patient is still hemodynamically 
stable, the WCT can be classified into irregular or 
regular rhythm. Irregular WCT is usually poly-
morphic VT, AF with AVC, or AF with antegrade 
conduction down an accessory pathway (AF with 
WPW). Polymorphic VT is characterized by a 
rate >200 beats/min and significant variability in 
QRS amplitude [149]. AF with AVC usually has 
a rate <200 beats/min with a relatively stable 
QRS amplitude. AF with preexcitation usually 
has rates >200 beats/min with beat-to-beat vari-
ability of QRS morphology and amplitude. 
Regular WCT can be broken down into mono-
morphic VT, regular SVT with AVC, SVT with 
preexcitation, or pacemaker-related WCT.

There are numerous criteria to distinguish dif-
ferent etiologies of WCT.  These include the 
Brugada criteria as well as the Griffith criteria. In 
order to be clinically useful, these criteria must be 
sensitive, simple, and easy to recall. The Griffith 
criteria come close to these standards and provide 
a way to characterize both regular and irregular 
WCT.  These criteria use the QRS morphology, 
axis, and presence of AV dissociation to identify 
VT.  The presence of AV dissociation (fusion or 
capture beats) in any case is pathognomonic for 
VT, but this occurs rarely. The remainder of the 
Griffith criteria deal with the QRS morphology 
and axis. Using this framework, a regular WCT 
with a classic RBBB without a northwest axis 
(180–270°) is suggestive of SVT with 
AVC. Alternatively, a regular WCT with classic 
LBBB without a right (90–180) or northwest 
(180–270) axis is suggestive of SVT with 
AVC.  All other WCT should be considered 
VT. While these criteria can lead to misdiagnosis 
of SVT with AVC or preexcitation as VT, it leads 
to safer ED management the use of VT appropri-
ate drugs. In diagnosing irregular WCT, polymor-

phic VT must first be excluded (rate >200 beats/
min with variable amplitude QRS complexes). If 
a classic LBBB or RBBB is present, the suggested 
diagnosis is AF with AVC.  Otherwise, all other 
irregular WCTs should be labeled AF with preex-
citation. Again, this methodology can misclassify 
AF with AVC as AF with preexcitation, but this 
leads to a safer management algorithm rather than 
the opposite.

 Treatment

The treatment of WCT is primarily dependent 
on the clinical presentation and degree of hemo-
dynamic stability of the patient (Table 9.4.). As 

Table 9.4 Differential diagnosis for wide-complex 
tachycardia

Diagnosis Considerations
Supraventricular 
tachycardia with 
aberrancy

Abnormal intraventricular 
conduction delay in His–Purkinje 
system during SVT (transient or 
preexisting)

Ventricular 
tachycardia

Originates from the ventricular 
myocardium
  Monomorphic – secondary to 

scar tissue (structural HD, prior 
MI, NICM) – more inducible in 
patients with prior MI than in 
those with CAD

  Polymorphic
Preexcitation 
tachycardia

WPW – impulse flows down 
accessory pathway external to AV 
node and His–Purkinje
Subtypes – antidromic reciprocating 
tachycardia, atrial fib with 
preexcitation, SVT with 
preexcitation

Toxic and 
metabolic causes

Poisoning of the conduction 
system – requires specific 
interventions
Antiarrhythmic overdose – sodium 
channel blockade – leads to 
arrhythmia, electromechanical 
dissociation, asystole
Flecainide overdose – high 
mortality (8%) – mechanism QRS 
prolongation and torsades
TCA toxicity – hypotension and 
WCT – sinus with BBB, VT, VF

Pacemaker-
related WCT

Runaway pacemaker, sensor- 
mediated WCT, endless loop 
tachycardia
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discussed earlier, an analysis of the rhythm is 
useful to direct therapy, but it is not essential for 
appropriate and safe medical management. 
Clinical instability is evidenced by hypoperfu-
sion, coronary ischemia, altered mental status, 
pulmonary edema, or a rapid rate. Any WCT can 
rapidly deteriorate into VF and the presence of 
signs of instability should prompt immediate 
interventions (i.e., defibrillation).

For the unstable patient, synchronized cardio-
version is the treatment of choice and should be 
performed as many times as necessary. Patients 
with recurrent unstable VT should also receive an 
IV antiarrhythmic. First-line agent is amiodarone 
(bolus 300 mg, 150 mg, then 1 mg/min × 6 hours 
and 0.5  mg/min  ×  18  hours), and lidocaine is 
another option (1–1.5 mg/kg IV with repeat doses 
0.5–0.75 mg/kg up to max 3 mg/kg and infusion 
of 1–4 mg/min).

For stable patients, synchronized cardiover-
sion should be immediately available but attempts 
at medical management can be made. 
Procainamide is the drug of choice for termina-
tion of stable VT (77% termination rate) versus 
amiodarone (30%) and lidocaine (27%) [150–
153]. Additionally, procainamide blocks acces-
sory pathways which can terminate preexcitation 
tachycardias. Procainamide can be given until the 
arrhythmia terminates or one of the following: 
hypotension, QRS prolongation >50% of base-
line, worsening tachycardia, or total 17  mg/kg 
administered. Rapid loading can be achieved 
with rates of 100 mg/min to a max dose of 10 mg/
kg [151]. Maintenance dosing is 1–4  mg/min 
with lower doses for renal insufficiency.

Amiodarone and lidocaine are also viable 
options for the treatment of stable VT or preexci-
tation tachycardia. Amiodarone is given as a 
bolus dose of 150 mg over 10 minutes with main-
tenance of 1 mg/min over 6 hours and 0.5 mg/
min over 18 hours. Additional bolus doses can be 
given as needed. Lidocaine is less effective than 
amiodarone and procainamide [153–155] for 
both VT and preexcitation tachycardia. For stable 
VT, the dose is 0.5–1.5  mg/kg over 2  minutes 
with repeat doses of 0.5–0.75  mg/kg every 
5–10  minutes and an infusion of 1–4  mg/min 
(max dose 3 mg/kg) [150, 156, 157].

If there is a strong suggestion based on the 
Griffith criteria that a WCT is actually SVT with 
AVC (if regular) or AF with AVC (if irregular), 
then the treatment algorithm can proceed in a 
slightly different path for the stable patient. Take 
note that if there is any doubt to the diagnosis, the 
default treatment path should be that of VT/pre-
excitation, as the consequences of using AV nodal 
blockade in the setting of preexcitation can lead 
to cardiovascular collapse.

In patients with SVT with AVC, AV nodal 
blocking agents are the drugs of choice after 
attempts at vagal maneuvers. Adenosine is the 
first line, with the initial dose of 6 mg rapid IV 
push through a large IV followed by 12  mg if 
unsuccessful. Typically this will result in conver-
sion to sinus rhythm or slowing of the ventricular 
response. Alternative agents are beta-blockers 
and calcium channel blockers. Diltiazem can be 
given as multiple bolus doses (0.25 mg–0.35 mg/
kg per dose) followed by a maintenance dose 
(5–15 mg/hr) or oral loading dose if successful. 
Metoprolol can be given as 5 mg IV doses every 
5 minutes for up to 3 doses. Alternatively, esmo-
lol can be started as a loading dose of 0.5 mg/kg 
over 1 minute followed by an infusion of 0.05 mg/
kg/min over 4 minutes. This can be repeated with 
an increase in the infusion to 0.1  mg/kg/min if 
unsuccessful. Significant side effects for these 
agents include bradycardias, hypotension, and 
pulmonary edema.

Polymorphic VT is another WCT character-
ized by a high rate (>200 beats/min) and signifi-
cant QRS amplitude variability. This rhythm can 
quickly degenerate into VF. Sustained polymor-
phic VT is typically an unstable rhythm, but some 
patients can demonstrate recurrent episodes that 
are self-limited. If unstable, the treatment of 
choice is cardioversion. Otherwise, the first step 
to management is determination of the QT inter-
val as polymorphic VT with a prolonged QT is 
torsades de pointes, while a normal QT interval 
suggests myocardial ischemia. In the case of sus-
pected myocardial ischemia, the treatment of 
choice is beta blockade, amiodarone, and early 
cardiac catheterization. Beta blockade can be 
with propranolol (0.15  mg/kg over 10  minutes 
and 3–5 mg Q6 hours), esmolol (300–500 mg/kg 
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over 1  minute and 25–50  mg/kg/min mainte-
nance), or metoprolol (5 mg IV every 5 minutes 
for 3 doses with an oral dose of 50  mg every 
6 hours). Amiodarone is typically dosed as 150- 
mg bolus followed by an infusion. Lidocaine can 
also be used as an alternative at previously men-
tioned doses. If torsades de pointes is suspected, 
rapid correction of electrolytes, especially magne-
sium and potassium, is essential. Patients should 
be given 2-gm bolus dose of IV magnesium sul-
fate, which can be repeated if VT persists. Since 
tachycardia shortens QT intervals, other treatment 
modalities may also be useful. Transvenous or 
transcutaneous pacing can be initiated, especially 
if the underlying rhythm is bradycardic. 
Alternatively, isoproterenol (1–4 mcg/min) can be 
used as long as the patient does not have signifi-
cant hypertension, myocardial ischemia, or history 
of congenital long QT syndrome, which can pre-
dispose the patient to malignant arrhythmias. 
Finally, while lidocaine can also be used for poly-
morphic VT with a prolonged QT, amiodarone 
should be avoided as it causes QT prolongation.

Pacemaker-mediated WCT is a rare cause of 
wide-complex tachycardia whose management is 
significantly different than other etiologies. If 
this diagnosis is suspected, an ECG should be 
obtained before and after placement of a magnet 
on the pacemaker. Pacer spikes should be clearly 
seen before each QRS complex. The application 
of a magnet to the pacemaker will terminate most 
pacemaker-mediated WCT.  Specific changes to 
pacemaker settings can then be made in consulta-
tion with a cardiologist.

WCT mediated by drug toxicity or metabolic 
derangements can often be resistant to cardiover-
sion. These patients can present with significant 
hemodynamic instability, requiring inotropes, 
pressors, and even mechanical support (ECMO, 
balloon pump) [158]. Toxicity secondary to class 1 
antiarrhythmic toxicity (propafenone, flecainide) 
can be treated with sodium bicarbonate. The 
increased concentration of sodium overcomes the 
channel blockade and can terminate the dysrhyth-
mia. Often times, the amount of sodium bicarbon-
ate required is high (ranging from 200 to 450 meq, 
3 meq/kg) [159–161]. Sodium bicarbonate is also 
essential to treatment of TCA toxicity, with the ini-

tial dose of 1–2 meg/kg given as an IV bolus with 
continuous monitoring of the ECG. Treatment is 
titrated to narrowing of the QRS complex and goal 
pH of 7.5–7.55. Lidocaine and amiodarone are 
also options for treatment of flecainide toxicity 
[162, 163]. The treatment of hyperkalemia 
involves the use of membrane-stabilizing agents 
(calcium), transient shifting agents (sodium bicar-
bonate, albuterol, insulin, dextrose, magnesium 
sulfate), and removal agents (polystyrene binding 
resins and hemodialysis).

 Conclusion

Cardiac dysrhythmias are often life-threatening 
problems requiring immediate and appropriately 
directed interventions to stabilize the patient. 
However, a systematic approach can lead to the cor-
rect diagnostic and treatment steps whether dealing 
with bradydysrhythmias or tachydysrhythmias. In 
many cases, treatment of the dysrhythmia and stabi-
lization of the patient may precede the determination 
of the etiology. Regardless, a reasoned approach as 
is laid out in this chapter should lead to the safe and 
effective management of cardiac dysrhythmias in 
the emergency and critical care setting.
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Left Ventricular Assist Devices 
and Pacemakers

Ayan Sen

 Section I: Ventricular Assist Devices

 Left Ventricular Assist Devices

Mechanical circulatory devices have become com-
mon to support a failing heart, often as a temporiz-
ing measure prior to cardiac transplantation, and 
occasionally as destination therapy [1]. It restores 
tissue circulation by optimizing blood supply 
thereby enabling organ function. However, these 
devices could be associated with several challenges 
and complications and with increasing number of 
devices being implanted both as a bridge to trans-
plant and destination therapy, it is necessary for the 
critical care and emergency physicians unfamiliar 
with them to understand the physiology, clinical 
presentations, and management of complications.

Mechanical circulatory assist devices [2, 3] or 
left ventricular assist devices (LVAD) can be 
inserted in these following situations:

• Bridge to transplant (BT): Supporting the car-
diac function prior to patient being able to 
receive a heart transplant.

• Bridge to recovery: Supporting cardiac func-
tion before the native heart shows signs of 
recovery.

• Bridge to decision: Decision about whether 
patient is a candidate for transplant/may have 
cardiac recovery.

• Destination therapy (DT): Supporting the car-
diac function until the end of life.

Some of the device-related terminologies are 
as follows:

• Paracorporeal devices: The pumping chamber 
can be placed outside the patient’s body 
(extra- or paracorporeal devices).

• Intracorporeal devices: The pumping cham-
ber is placed within the abdomen in a preperi-
toneal position immediately under the 
diaphragm or above the diaphragm in the peri-
cardial space (intracorporeal devices).

• Blood flow in LVADs can be pulsatile or 
continuous.

• Pulsatile flow LVAD: Pulsatile or displace-
ment pumps were the first generation of left 
ventricular support devices. These pumps con-
sist of inflow and outflow conduits, unidirec-
tional valves, a pumping chamber, a battery 
pack, and a system controller and may be 
driven pneumatically or electrically. Due to 
size and frequent complication rate of pulsa-
tile devices, continuous-flow VADs have 
become more common.

• Continuous-flow VAD: CF rotary pumps gen-
erally consist of blood inlet and outlet ports 
and a single rotating element that imparts 
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energy to the blood to increase arterial blood 
flow and pressure [4]. Blood is pulled into 
the impeller of the pump via an inlet cannula 
connected to the left ventricular apex and 
delivered to the systemic circulation via an 
outflow cannula connected to either the 
ascending or the descending aorta. The rigid 
stationary housing(s) that surrounds and/or 
lies in the center of the rotating element 
incorporates some combination of motor 
windings, permanent magnets, electromag-
nets, or mechanical bearing surfaces that act 
to drive and support the rotating element. 
Newer generation continuous-flow LVADs 
are designed for less mechanical wear and 
doubled 2-year survival compared with pul-
satile LVADs and improved quality of life for 
BTT and DT patients [5–7]. Continuous-flow 
VADs have two types of blood flow: centrifu-
gal or axial [8].

• Centrifugal pump: Rotating elements act as a 
spinning disk with blades that work as a 

“thrower” where the fluid is captured and 
thrown tangentially out of the blade tips.

• Axial pump: Axial CF pump rotating ele-
ments operate like a propeller in a pipe and 
can be viewed as a “pusher.” This mecha-
nism can also be viewed as an “auger” trying 
to screw itself into the inlet fluid, against the 
“resistance force” at the outlet, to overcome 
the difference between preload and 
afterload.

A classification of different kinds of devices 
and type of cardiac support provided are shown 
in Table 10.1:

Another classification that is used as follows:
• First generation (pulsatile blood flow), for 

example, Novacor
• Second generation (continuous axial blood 

flow), for example, HeartMate II
• Third generation (continuous centrifugal 

blood flow), for example, HeartWare

Mechanical Circulatory Devices

PARA/EXTRA-CORPOREAL INTRACORPOREAL (IMPLANTED) 

RVAD
LVAD
BiVAD BIVAD LVAD

CONTINUOUS 
FLOW; 
CENTRIFUGAL
CentriMag
ECMO (e.g. Rotaflow)

PULSATILE
pVAD

RVAD

LVAD 

PERCUTANEOUS   

TandemHeart
Impella LP 
5.0/2.5
Impella RP

TAH
Abiomed BVS 5000

AXIAL 
CONTINUOUS
HM II (6000-
15000 rpms upto 
10l/min flow)
Jarvik 2000
HeartAssist 5
INCOR
Micromed heart 
Assist 
(DeBakey)

CENTRIFUGAL
CONTINUOUS

HeartWare (HW; 
1800-4000 rpms 
upto 10l/min flow)
DuraHeart
Levacor
EVaHeart
VentrAssist

PULSATILE

HM XVE
AbioMed 
BVS 5000
AbioMed 
AB5000
HM VE
LionHeart
IVAD
Novacor

Table 10.1 Mechanical Circulatory Devices
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 Radiographic Images of (A) Novacor, 
(B) HeartMate II, and (C) HeartWare [9]

 Terms and Numbers
Revolutions per Minute (RPM) This value is 
entered by the provider and it is the pump RPMs 
that create VAD flows. It is directly measured 
through the motor. RPMs are modified based on 
flows needed. Usual range is 6000–15,000 for 
HM II and 1500–4000 for HW device.

Flows The continuous flow of the LVAD is cre-
ated from a circulating impeller device in the 
bloodstream which generates forward flows [10]. 
A change in pump function or patient condition 
leads to changes in flow. The device flow is 
directly proportional to the rotor speed and 
inversely related to the difference of pressure in 
the inflow and outflow cannulas.

Device Flow Rotor Speed Pinflow Poutflow= −/ .  

Therefore, low device flows are caused by:

 1. Low intravascular volume/low preload to the 
device

 2. RV failure/tamponade/thrombus/kinking in 
the inflow cannula/low preload to the 
device

 3. Hypertensive emergency/outflow cannula 
obstruction/high afterload to device

Pump Power LVAD pump power is a measure 
of the current and voltage applied to the motor. It 
varies directly with pump speed and flow [10]. 
Flow obstruction without contact with LVAD 
rotor results in reduced power, while thrombus in 
contact with the rotor will lead to increased 
power with low flows.

Pulsatility Index This corresponds to magnitude 
of flow pulse through the pump. The magnitude of 
flow pulse is measured and averaged over a 15-sec-
ond interval to produce pulsatility index on the 
HM II but not the HW [11]. PI fluctuates with 
change in volume status and heart’s contractility.

Increased PI
1. Increased preload
 2. Increased contractility

Decreased PI

1. Decrease volume status
 2. Reduced afterload
 3. Inflow/outflow obstruction with low flows and 

abnormal power

Suction Events A suction event occurs when 
there is reduced filling of the pump/reduced pre-
load, which increases negative pressure within 
the left ventricle. A part of the ventricle wall is 
sucked over and covers the pump inlet cannula. 
The pump alarms and leads to decrease in speed 
to release suction. The causes are:

 1. Low volume
 2. RV failure/tamponade causing low LV 

filling
 3. Inflow cannula obstruction

Suction events can lead to low VAD flows and 
trigger ventricular arrhythmia. The management 
includes turning down RPMs and administering 
fluid [10].

 Clinical Presentations

 Picture of a Typical HeartMate II Device 
on a Patient

Always look at the patient first, and then, look 
at the device

• A = Assess ability to protect airway
• B  =  Assess breathing (RR, pulse oximetry 

[may not reliable]), use of accessory muscles, 
work of breathing

• C = Check Doppler MAP and HR/EKG/listen 
to hear sounds – continuous whirling sound

• Check device  =  Which device/pump speed/
flows/power/PIs/suction events

• Call the VAD coordinator/CT surgeon/heart 
failure cardiologist

10 Left Ventricular Assist Devices and Pacemakers
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• Backup bag = two extra fully charged batter-
ies, second controller

• D = Neuro assessment
• E = Exposure under environmental control
• DEFG = Do not ever forget glucose

 Blood Pressure Measurement [12] 
(Fig. 10.1)

 Steps
 1. Use Doppler ultrasound monitor, 8–9  MHz, 

pencil style
 2. Appropriate BP cuff with 

sphygmomanometer
 3. Ultrasound gel
 4. Artery location with probe at 15 degree angle 

to skin; do not press too hard
 5. Inflate to 30  mm above where sound 

disappears
 6. Release bulb slowly and note pressure at 

which sound reappears

 Device Failure
Providers taking care of a patient with an LVAD 
should be aware of the following emergency drill 
if there is concern for LVAD failure with alarms:

• Call VAD coordinator/center.
• Check instruction booklet/color of the tag (on 

the controller around the waist).
• Check batteries (do not remove both batteries 

at the same time).

• Batteries drain simultaneously, replace as a 
pair when drained (exchange one battery at a 
time).

• One battery will briefly run the LVAD while 
changing power sources.

• Check controller (green light).
• Check for loose connections.
• Assess for alarms (usually if flows <2.5 lpm) 

(Fig. 10.2a, b).

 Some Common Alarms in a Patient 
with an LVAD

 Emergency Pump Drill
Pump is running…

 A. Controller is not alarming
 – Patient issue, not a pump issue

 B. Controller is alarming:
 – Continuous tone = Urgent
 – Beeping = Warning
 – Check all cable connections
 – Check power source
 – Change controller if needed (follow 

 product manual)

Pump is stopped…

 A. Controller alarm lights/sounds should be 
alarming continuously
 – Check all cable connections
 – Check power source
 – Change controller if needed

 B. Patient:
 – Connect EKG
 – Check Doppler pressure
 – Support blood pressure
 – Advanced cardiac life support (ACLS, 

except CPR unless unable to restart pump)
 – Start CPR if unable to restart pump
 – Heparin bolus recommended if ACLS and 

CPR needed

Other abnormal LVAD-related alarms and dif-
ferential diagnosis is described below [6, 13] 
(Figs. 10.3 and 10.4):

Fig. 10.1 Using a Doppler probe to determine BP in a 
patient with a continuous flow LVAD

A. Sen



169

 The Short of Breath “VAD” Patient

These can be noted in a patient who presents to 
the emergency department or a fresh postopera-
tive LVAD patient in a cardiothoracic ICU. VAD-
specific diagnoses include:

 1. LV failure (new MI, worsening LV failure)
 2. Device failure (pump thrombus, cannula 

obstruction, mechanical failure)
 3. RV failure
 4. Valvular regurgitation
 5. Tamponade

a

b

Fig. 10.2 LVAD System Controller Warning Lights and Sounds
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Abnormalities

High Flows

Low Flows

Suction events

Causes Interventions

Vasodilation causes;
SALAD- Sepsis/
Anaphylaxis/Liver
Dysfunction/Adrenal
Insufficiency/Drugs-
Device

Hypovolemia/Bleeding

RV failure/Tamponade/
Hypertensive

Arrhythmias

All causes of Low flow

Excessive LV unloading

Identify and treat
causes of sepsis;
vasopressors if low
MAP

Give IV fluids/blood

Assess and treat

Assess and treat

Give volume

Lower pump speed

Fig. 10.3 LVAD Trouble- Shooting 1

Abnormalities Cause Interventions

High Power

Low power

High PI

Low PI

Pump thrombus

Device problem

Recovery of LV
function

Lead damage

Worse native
ventricular function

Hypovolemia

Excess pump speed

Anticogulation, pump
exchange

Check batteries,
power

Check LVAD/driveline

Increase pump speed,
intropes

Give fluids

Lower pump speed

Fig. 10.4 LVAD Trouble- Shooting 2

 6. Arrhythmias
 7. Hypovolemia

Other primary pulmonary, CNS, and metabolic 
problems should be considered in the differential 
diagnosis. Measure ABG, lactate, continuous 

pulse oximetry, chest X-ray, and if necessary, CT 
scan should be considered. Worsening hypoxia, 
hypercarbia, or acidosis and inability to protect 
airway may warrant intubation and mechanical 
ventilation. Mechanical ventilation should adopt 
lung protective ventilation strategies. Low tidal 
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volume/adequate PEEP strategies are helpful. 
Care must be taken not to increase PEEP too much 
for risk of causes worsening RV dysfunction. 
Therapeutic management may include drainage of 
pleural effusion, chest tube for pneumothorax, 
bronchoscopy, and optimizing hemodynamics.

 The Hypotensive VAD Patient

Hypotension is usually defined as mean arterial 
pressure <60 as measured by Doppler. Patients 
may have cold, mottled extremities or warm 
peripheries based on the etiology as described in 
the figure below. LVAD flows should be assessed. 
Bedside echocardiography can help provide valu-
able clinical data. Assess inferior vena cava col-
lapsibility/tamponade signs. Check RV and LV 
functions. On echocardiographic examination, 
the ventricular septum should be flat and lie in a 

neutral position, the LV should be adequately 
filled but not distended and the drainage cannula 
(if placed in the LV apex) should be well aligned 
with the mitral valve. The aortic valve should be 
competent and open only intermittently, every 
second or third beat. Central access and arterial 
line access should be instituted. Hematocrit 
should be measured to assess for bleeding 
(Table 10.2).

The VAD-specific causes of shortness of 
breath and cardiogenic shock are described as 
follows:

 (a) New LV dysfunction: This may manifest as 
fluid overload and other signs of cardiogenic 
shock as listed above. The etiology may be 
due to worsening LV function, new MI, 
arrhythmias, and aortic valve degeneration 
causing aortic regurgitation. The manage-
ment includes adjusting pump speed, use of 

Hypotension: Shock

•

•

Low VAD flows/suction events/ low 
PI 

• IVC underfilled; ECHO showed 
underfilled/non-dilated RV)

• PLR improves low VAD flows/blood 
pressure

• CVP-low
• Cold extremities, CRT>2 s, reduced 

urine output, confusion
• Low svO2, elevated lactate

Hypovolemic/Hemorrhagic Shock
• Signs of bleeding-give blood/correct 

anticoagulation
• Give IV fluids if no sign of bleeding
• Lower pump speed 

• Low VAD flows/suction events
• ECHO shows RV dilated/IVC non-

collapsing
• CVP high; consider PAC; high PA 

pressures
• Cold extremities, reduced UOP, 

confusion, pulmonary edema, 
peripheral edema, liver dysfunction

• Low svO2 and rising lactate

Cardiogenic/Obstructive Shock
• Consider-
• 1) LV dysfunction-device 

malfunction/inadequate unloading by 
pump/cannula obstruction/ new MI/ pump 
thrombus/arrhythmia/aortic valve 
regurgitation

• 2) RV dysfunction/Pulmonary Embolism
• 3) Tamponade/ Pneumothorax 
• (a) Treat the cause (b) 

inotropes/pulmonary vasodilators (c) 

• High VAD flows 
• ECHO shows IVC 

collapsing; RV non-
dilated; hyperdynamic

• Warm peripheries, reduced 
urine output, CRT<2 sec

• Normal-high svO2, 
elevated lactate

• Likely Vasodilatory 
Shock

• SALAD-Sepsis, 
Anaphylaxis, Liver 
dysfunction, Adrenal 
insufficiency, drugs 

• Needs vasopressors
• Fluid boluses judiciously

Adjust pump speed/assess cannula position

Table 10.2 Algorithm for evaluation and management of hypotension/shock in a patient witha LVAD
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inotropes/diuretics, antiarrhythmics, reliev-
ing tamponade, if present.

 (b) New MI: Acute myocardial infarction (AMI) 
can occur in LVAD patients and may be due 
to coronary plaque rupture or thromboembo-
lism from a deep vein thrombus if there is a 
right–left shunt [14]. Left heart catheteriza-
tion should be performed for symptom relief, 
prevention of arrhythmias, supporting the 
right ventricle function if AMI is causing 
right ventricle failure.

 (c) RV failure: Right heart failure can occur in 
5–10% of patients after LVAD implanta-
tion [15]. This can be diagnosed through 
bedside echocardiography. If a central 
venous catheter is inserted, a high CVP 
will be noted. Pulmonary artery catheter 
(PAC) may be needed to assess pulmonary 
artery pressures. Inodilator support for the 
right heart may be needed (e.g., milrinone, 
dobutamine, or low-dose epinephrine). 
LVAD settings may be titrated to keep the 
ventricular septum in a neutral position. 
Avoidance of hypoxia, hypercarbia, and 
limiting positive end-expiratory pressure 
(PEEP) is beneficial. If pulmonary vascu-
lar resistance is increased (as measured 
through a PAC), inhaled nitric oxide or 
sildenafil may be required [16]. Continued 
worsening right heart failure may necessi-
tate insertion of right ventricular device 
support in the form of an RVAD/Impella/
TandemHeart [17].

 (d) Tamponade/pneumothorax–cardiac tampon-
ade: Hypotension and low VAD flows with/
without suction events may indicate develop-
ing cardiac tamponade. Late tamponade is 
possible. Bleeding is a risk factor. Stat bed-
side echo may reveal the cause. TEE may be 
necessary for regional tamponade.

 (e) Arrhythmias: Atrial fibrillation/flutter has 
been reported to be present in patients with 
LVADs and associated with worse clinical 
outcomes despite the absence of an increased 
risk of bleeding and thromboembolism. Loss 
of AV synchrony results in reduced ventricu-
lar filling and decompensated right heart 
failure [18]. Antiarrhythmic therapy is stan-

dard including beta-blockers, amiodarone, 
sotalol, digoxin, if tolerated, but may not be 
very successful for maintenance. Ventricular 
arrhythmias have been reported to occur in 
22–59% of LVAD recipients [7, 19]. Some 
patients can experience right heart failure, 
hemodynamic deterioration, ICD shocks, 
and cardiac arrest with ventricular arrhyth-
mias. Beta-blockers and intravenous amiod-
arone and lidocaine can be used acutely. 
Close attention to potassium and magnesium 
levels and avoidance of QT prolonging med-
ications should be considered. Patients with 
an LVAD should have an automatic 
implanted cardioverted defibrillator (AICD). 
AICD interrogation and optimization may 
be needed to treat ventricular rhythms. 
Uncontrollable ventricular arrhythmias can 
be an indication for temporary ECMO, bi-
VAD, total artificial heart, or heart 
transplantation.

 (f) Aortic valve degeneration: Continuous-flow 
LVADs can lead to aortic valve degenera-
tion and aortic regurgitation with long-term 
use. Changes in the blood flow mechanics 
causing increased mechanical stress on the 
valve causes the above changes [20, 21]. 
This has been reported in more than 90% of 
patients with long-term VAD support, 
although the time course is variable [22, 
23]. Echocardiography can help diagnose 
the problem. Aortic valve degeneration 
increases the risk of thromboembolism, 
infection, congestive heart failure, and car-
diogenic shock. Antihypertensives should 
be used to improve forward flow. Surgical 
patch closure or valve replacement should 
be considered early, prior to the develop-
ment of heart failure. VAD pump RPM may 
be adjusted so that the aortic valve opens 
once every three cardiac cycles to improve 
hemodynamics. Serial echocardiography 
may be needed [24].

 (g) Cannula obstruction: Cannula obstruction is 
one potential cause for low pump flow 
despite adequate volume and can occur 
because of malpositioning or blockage of the 
cannula with thrombus. Reduced power con-
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sumption is noted on the VAD. Auscultation 
over the device may elicit an intermittent 
chattering sound, as the device is unable to 
obtain fill because of the obstruction. 
Echocardiography can determine whether 
the inflow orifice points toward the mitral 
valve (desirable) or is malpositioned toward 
the septum or LV free wall and becoming 
intermittently occluded. Cannula obstruction 
must be surgically repaired.

 (h) Pump thrombosis: One of the common 
causes of low cardiac output state is pump 
thrombosis which occurs in around 8% of 
continuous-flow LVADs [25]. Predisposing 
factors include blood–VAD surface interac-
tions, low flow states, cannula malposition, 
hypercoagulable states including develop-
ment of heparin-induced thrombocytopenia, 
and protein C and S deficiency. There is low 
occurrence of pump thrombosis with INR 
range above 1.5. Apart from signs of cardio-
genic shock, including shortness of breath, 
hypotension, and tachycardia, they may have 
“scratchy, grating, rough sounds” on auscul-
tation, power spikes, and low flow alarms, 
and increased native pulsatility (new aortic 
valve opening or significantly increased 
pulse pressure). Laboratory evidence of 
hemolysis (lactate dehydrogenase [LDH] 
levels greater than three times the upper limit 
of normal and/or plasma free hemoglobin 
[pfHb] greater than 40  mg/dL should raise 
concern for possible thrombus). Serial 
recording of LV end-diastolic diameter with 
increasing VAD speeds (so-called ramp 
study) may diagnose pump thrombus or other 
obstructions to blood flow within the rotary 
pump and cannula system [14, 26]. Pump 
exchange is the definitive treatment. 
Intracavitary thrombolysis to resolve LVAD 
thrombosis has been used in select patients 
deemed inoperable candidates for pump 
exchange or urgent transplantation [27]. If 
heparin-induced thrombocytopenia is diag-
nosed, alternative anticoagulants should be 
used (e.g., antifactor Xa  – fondaparinux, 
direct thrombin inhibitors – bivalirudin, arg-
atroban) [28, 29].

 LVAD Patient with GI Bleed

The incidence of GI bleeding in LVAD patients 
has been reported to be around 22–40% in  various 
studies [30]. The etiology of the bleeding is con-
sidered due to altered blood flow patterns (Heyde’s 
syndrome) in continuous-flow LVAD patients and 
also due to acquired von Willebrand factor defi-
ciency [31]. Gastric and colonic AVMs have been 
reported. Octreotide is a long-acting somatostatin 
analog used in GI bleeding because it reduces 
splanchnic arterial and portal blood flow, most 
probably by decreasing smooth muscle tone. Case 
reports using octreotide have shown a significant 
reduction in hospital admissions and number of 
administered blood units and increase in mean 
hemoglobin values in patients with chronically 
bleeding AVMs [32, 33]. Management steps 
include stopping anticoagulation, correcting coag-
ulopathy, blood transfusion, octreotide, proton 
pump inhibitors, and endoscopy. Injection/clip-
ping and cauterization may be needed. If source of 
bleeding is not identifiable, capsule study or push 
enteroscopy may be required. If all else fails, mes-
enteric angiography and embolization should be 
considered. Resumption of anticoagulation is con-
troversial. Some authors propose resuming warfa-
rin with INR goal of 1.5, while others have used 
aspirin only or a combination of the two.

 Acute Kidney Injury in an LVAD 
Patient

Patients with an LVAD may present with new 
onset of acute kidney injury (AKI) as manifested 
by oliguria, abdominal pain, fatigue, nausea, 
vomiting, dysuria, hematuria, and lower extrem-
ity edema. The incidence of AKI after LVAD 
implantation has been reported to range from 7% 
to 56% [34]. Some patients may have abnormal 
renal function prior to LVAD due to low flow 
states. Postdevice implantation they show 
improvement of their renal perfusion and func-
tion. Mortality is high among patients who have 
postimplantation AKI.  VAD-specific causes of 
AKI include shock states (cardiogenic/hypovole-
mic/vasodilatory) leading to poor renal perfusion 
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and prerenal azotemia and acute tubular necrosis 
from hemolysis. Patients who do not improve by 
optimization of hemodynamics and volume sta-
tus may need CRRT or hemodialysis.

Criteria for renal replacement therapy remain 
the same as for non-VAD patients (AEIOU; 
A = acidosis, E = electrolyte imbalance [HyperkK, 
hyperphosphatemia, etc.], I  =  intoxicants, 
O = overload [fluid], U = uremic encephalopathy/
pericarditis). Emergent dialysis will require tem-
porary catheter placement. Hemodialysis can be 
done and is preferred through an AV graft place-
ment to avoid tunneled catheters introducing 
infections and causing bacteremia.

 LVAD Patient with Stroke

As with any patient, the initial assessment of an 
LVAD patient with altered mental status or new 
onset of focal or global neurologic deficit should be 
seen in the emergency department and subse-
quently admitted to the ICU. Examination should 
be focused on ABCDEs (airway, breathing, circu-
lation, disability, exposure assessment). LVAD 
device should be checked along with the patient 
examination. Full neurologic examination should 
be done/CT scan and MRI will be needed; full 
blood count, hemolysis panel (LDH/haptoglobin, 
bilirubin, plasma-free Hb), and coagulation panel 
should be sent. A study comparing the use of a 
pulsatile-flow LVAD versus a continuous-flow 
LVAD showed the rate of hemorrhagic stroke to be 
11% in the continuous-flow group and 8% in the 
pulsatile-flow group [35]. Risk factors of stroke in 
LVAD patients include diabetes, preimplant 
strokes, aortic cross-clamping with cardioplegic 
arrest during their LVAD implant [36] and systemic 
infection [37]. Supratherapeutic INR due to antico-
agulation is a risk factor for hemorrhagic stroke. 
Acquired von Willebrand syndrome (aVWS) is 
also a risk factor leading to impaired hemostasis of 
the vascular endothelium. Of all strokes that 
occurred, 58% were found to occur in the right 
hemisphere compared to a left hemisphere rate of 
28%, bilateral hemispheres 6.5%, and vertebro-
basilar 6.5%. The authors suggested a significant 
correlation between infection and the development 
of stroke. The predilection of right hemispheric 

stroke was explained by the anatomic alignment of 
the outflow cannula directing material toward the 
brachiocephalic trunk [38]. Management of hem-
orrhagic stroke includes reversal of coagulopathy 
(FFP, vitamin K, and/or prothrombin complex con-
centrate [PCC] if patient is on warfarin). 
Desmopressin has been used if patient has been on 
antiplatelet agents along with platelet transfusion. 
The risk of pump thrombosis is high, but risks–
benefits must be ascertained by a multidisciplinary 
team. Ischemic stroke in a patient with LVAD may 
warrant endovascular stroke therapies based on 
new literature (especially as systemic thrombolyt-
ics may be contraindicated).

 VAD-Related Infections

Second-generation continuous-flow LVADs have 
lower overall infection rates compared with first-
generation devices, ranging from 30% to 50% [9, 
39]. Destination therapy patients were more 
likely to develop infections compared with those 
who received LVADs as a bridge to transplant 
because destination therapy patients tend to be 
more ill and have a longer duration of LVAD sup-
port. A classification of VADs and associated 
infections are as follows [9, 40].

Driveline Infections They occur in 17–30% of 
patients. Cutaneous migration of bacteria and local 
trauma is a causative factor. Exit site cellulitis may 
be noted. Ultrasound/CT may be helpful in diag-
nosis. Common organisms include Staphylococcus, 
Enterococcus, Pseudomonas, Enterobacter, 
Candida, etc. Oral/IV antibiotics are needed based 
on severity. Two-week therapy may suffice.

Pump Pocket Infection With a prevalence rate 
of 1.8–10%, they may present as abscess beneath 
skin, purulent drainage, and systemic signs of 
infection (sepsis). Ultrasound/CT scan can help 
in diagnosis. Staphylococcus is a common cause; 
gram-negative bacteria and Candida have been 
reported. Management includes drainage and 
debridement of pump pocket with empiric broad-
spectrum antibiotics. Chronic antimicrobial sup-
pressive therapy is indicated and omental 
wrapping of pump pocket has been described.
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Cannula/Pump Infection/Endocarditis Although 
rare at around 0.6%, this is associated with high 
mortality. Diagnosis is usually presumptive when 
other sources of infection cannot be found, and usu-
ally patients are in septic shock. Device removal is 
necessary and urgent transplantation is the norm in 
bridge-to-transplant patients.

Bloodstream Infection Bloodstream infections 
are high with a reported rate of 20–27%. Fever, 
leukocytosis, septic shock, and septic emboliza-
tion have been described. This may be as a result 
of central catheter or LVAD related. If blood cul-
tures grow same organism from peripheral and 
catheter culture less than 2 hours from each other, 
then this is usually LVAD-related bacteremia. 
More than 2  hours between the two cultures 
could indicate catheter-related infections. 
Empiric antibiotics should be commenced with 
removal of central catheter source. If continued 
bacteremia is noted, device replacement and 
transplantation are indicated, although associated 
with low survival.

Other contiguous sources of infection should 
be investigated: pneumonia, urinary tract infec-
tions, sinusitis, cholecystitis, wound infections, 
cellulitis, etc. should be assessed in patients pre-
senting with signs of infection or sepsis.

 Pregnancy

Although favorable outcomes have been 
reported with one case report indicating suc-
cessful cesarean section and childbirth [41], the 
lack of data on placental blood flow and preg-
nancy risks during support with a left ventricu-
lar assist device continues to make pregnancy a 
contraindication after its placement. Pregnancy 
counseling is therefore necessary prior to device 
placement.

 Involved in Trauma

Management of trauma in a patient with an LVAD 
should be as per Advanced Trauma Life Support 

(ATLS) protocols. Device malfunction must be 
ruled out. Early involvement of the VAD coordi-
nator and heart failure/cardiac surgery team is 
necessary. Trauma-related failure of a continu-
ous-flow left ventricular assist device (LVAD) 
has been reported [42]. Damage to the cables and 
displacement of the pump from its original posi-
tion have been described. The mechanism has 
been due to fall or blow to the chest. Pump 
exchange has been undertaken.

 Cardiac Arrest

Cardiac arrests may occur in patients with 
indwelling left ventricular assist devices. A 
stepwise approach is helpful. VAD coordinator/
perfusionist should be contacted. Stat VAD 
equipment should be assessed to check if criti-
cal connections are intact. Driveline and power 
should be checked and reconnected if discon-
nected. Alarms should be assessed. Presence of 
VAD hum should be auscultated. Doppler 
should be used to check blood pressure. If pump 
stays off, backup controller should be switched 
on or alternately power sources should be 
switched. ACLS should be continued with no 
chest compressions unless the pump cannot be 
restarted.

 Section II: Pacemakers

 Pacemakers

Temporary cardiac pacing consists of an artifi-
cial electrical stimulus to the heart to produce 
cardiac cell depolarization [43]. This is neces-
sary when the patient’s own intrinsic pacemaker 
fails or is aberrant leading to ineffective depo-
larization. Cardiac pacemaker problems can 
arise from degeneration of the conduction sys-
tem, atherosclerosis, ischemia, drug induced, 
electrolyte problems, and postcardiac surgery. 
Urgent temporary pacing may be necessary. 
Electrophysiological abnormalities that may 
benefit from temporary cardiac pacing [44, 45] 
are as follows.
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 Conduction Abnormality

• Prolonged AV delay (common after cardiac 
surgery)

• AV block, third degree or type II second 
degree

• Bifascicular block with first degree block
• New onset bifascicular block (indicative of 

active ischemia)
• Prolonged QT syndrome in the presence of 

significant bradycardia (to prevent torsades de 
pointes)

 Tachycardia

• AV junctional tachycardia (common after car-
diopulmonary bypass) may be terminated by a 
brief period of pacing, which can then be 
discontinued

• To terminate reentrant SVT or VT
• Type I atrial flutter (rate <320–340 beats/min)
• Prophylaxis of atrial fibrillation

 Other

• Sick sinus syndrome
• Neurocardiogenic syncope
• To restore AV mechanical synchrony in under-

lying third degree block, AV junctional or ven-
tricular rhythms

• Hypertrophic obstructive cardiomyopathy 
(in particular if effective in reducing systolic 
anterior motion of the anterior mitral 
leaflet)

• Following heart transplantation

The types of pacing are as follows.

Temporary Transvenous Pacing
• Transcutaneous pacing
• Epicardial pacing

Permanent Pacing
• Single chamber
• Dual chamber

• Biventricular

Transcutaneous pacing is quick to apply, non-
invasive, but should only be used for a short time.

Transvenous pacing should be provided when 
available: Easiest route is right internal jugular or 
left subclavian; fluoroscopy should be used, but it 
can be attempted without it in an emergency.

If the patient has epicardial wires postcardiac 
surgery, then this is the primary method of 
pacing.

Some common terminologies are as follows:
• Pacing – Deliver an electrical impulse.
• Pacing spike – Stimulus from the pacemaker 

recorded on the EKG, a short narrow 
deflection.

• Capture – Depolarization of the heart by an 
artificial stimulus; myocardial cells capture 
the impulse delivered by the pacemaker; pacer 
spike followed by a QRS complex (Fig. 10.5).

Pacing Threshold It is the amount of energy 
required to initiate depolarization for the cells to 
capture the impulse and depolarize. It is measured 
in mA. This should be checked regularly in order to 
see how much “leeway” you have to go up in mil-
liamps. Turn the mA down until there is no capture, 
that is, the stimulation threshold. The mA should 
be set at double or triple that number (Fig. 10.6).

Different hearts may require different amounts 
of energy to elicit a depolarization and contrac-

What does a ventricularly paced beat look like?

Pecer Spikes Wide QRS: because
the beat is initiated

away from the
superhighway so it
takes longer for the

ventricle to depolarize

Fig. 10.5 Pacemaker spike with QRS showing capture
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tion; the variables that could affect the amount of 
energy required include the following:

• Position of electrode
• Contact with viable myocardial tissue
• Level of energy delivered through wire; pres-

ence of hypoxia, acidosis, or electrolyte 
imbalances

• Other medications being used
• Degree of inflammation/fibrosis at the needle 

site

 Demand (Synchronous) Mode

• In demand mode, the stimulus is provided 
when the patient’s heart rate drops below at 
predetermined rate.

• Pacemaker detects or senses the patient’s 
intrinsic electrical activity and inhibits the 
pacemaker from firing an electrical 
stimulus.

• If the pacer is set at 60, it will not pace until 
the heart rate falls below 60.

• This avoids competition between the native 
heart rate and that of the pacer box.

• Adequate sensing must be present (Fig. 10.7).

 Fixed (Asynchronous) Mode

• In fixed mode, the stimulus is provided at a 
preset rate and the pacer fires at that rate 
regardless of what the patient’s heart is doing.

• If fixed rate is used and the patient has an under-
lying rhythm, the rate must be set greater than 
the patient’s inherent rate to avoid competition.

• There is a great risk for “R on T” phenomena 
with asynchronous pacing (Fig. 10.8).

 Sensing and Sensitivity

Sensing involves the ability of the pacemaker to 
detect intrinsic cardiac electric activity in the 
patient. This is the minimum native current that 
the pacemaker is able to sense. A lower number 
corresponds to greater sensitivity. This is benefi-
cial when synchronous or demand pacing is 
applied. Sensitivity is measured in millivolts 
(mV). The sensitivity is set low enough so that 
the smallest electric activity of the heart is 
detected and inappropriate pacing is not acti-
vated. The sensitivity is set to detect the mini-

3 mA 2 mA 1 mA
threshold here is
1 mA so the pacers
mA would be set at
2 or 3 mA

Fig. 10.6 As mA is 
reduced below the 
threshold required 
ventricular capture is 
lost

Fig. 10.7 Appropriate sensing inhibits the pacemaker when the intrinisic rate is above the pacing minimum rate

Fig. 10.8 Pacing in the asynchronous mode without any sensing risks R on T phenomena since pacing spikes 
occur despite intrinsic depolariazations
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mum R wave amplitude and subsequently set two 
to three times lower. It is usually assessed in 
demand modes (VVI, AAI, DDD) and allowed to 
pace asynchronously before being dialed down 
until the “sense” indicator flashes. If sensitivity 
value is set too low (too sensitive), it may have 
interference. Sensitivity depends on the device 
being used. If there is no endogenous rhythm, it 
is impossible to determine the pacemaker sensi-
tivity, in which case the sensitivity is typically set 
to 2 mV (Fig. 10.9).

 Rate

The rate set on pacemakers is the rate at which 
we want the heart to beat to achieve adequate car-
diac output. Usually it is set at 80–90 beats/min. 
Occasionally, a backup rate can be set which 
allows patients to have their native rhythm until 
the pacemaker sets in when the rate falls too low 
leading to hemodynamic collapse.

 Other Pacing Variables

The less commonly adjusted variables, such as 
the maximum tracking rate, AV interval, and 
postventricular (pacing spike) atrial refractory 
period (PVARP) should be noted.

 Transcutaneous Pacing

External transcutaneous pacing is done in emer-
gency situation. Most defibrillators have the 
ability to deliver this pacing.(Figs. 10.10 and 
10.11).

• The Philips defibrillator machines are capable 
of delivering either demand or nondemand 
fixed (asynchronous) pacing.

• Both the rate and current level (mA), called 
“output” on this machine, can be controlled.

• Although it is sensing when you are in demand 
mode, you are not able to control the sensitivity.

5 (mV)

2.5 (mV)

1.5 (mV)

1.25 (mV)

Sensitivity (mV)

Fig. 10.9 Setting the 
pacemaker sensitivity at 
2 mA when there is no 
intrinisic heart rate

Fig. 10.10 An external defibrillator with trascutaneous 
pacing

Fig. 10.11 Another model
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• Pacing is done through two disposable elec-
trodes which are self-adhering.

• ECG leads should be plugged into defibrilla-
tor machine.

• Like defibrillation, anterolateral and antero-
posterior placement of patches with electrodes 
can be done.

• High outputs (~200 mA) may be necessary for 
capture due to tissue impedance.

Femoral pulse should be checked to assess if 
the electrical capture is leading to cardiac output 
(Fig. 10.12)

 Pulse Generators

Pulse generators are small, battery-powered med-
ical devices designed to electrically stimulate the 
heart muscle. They are used with either transve-
nous or epicardial pacing wires in situ. With these 
pacer boxes you can choose and adjust:

• Asynchronous or demand pacing.
• The rate at which you pace the patient’s heart.
• The amount of energy in milliamps (mA) 

required for to cause a depolarization in the 
myocyte, referred to as “capture.”

• How sensitive you want the pacer box to be to 
the intrinsic activity of the heart (Figs. 10.13 
and 10.14).

 Medtronic Temporary Pacemaker [46] 
(Fig. 10.15)

Green LED is for pacing stimulus. Orange LED 
for sensing indication. Set-up indicators identify 
chambers set up to pace/sense (Figs. 10.16 and 
10.17).

Pacing range 30–200 PPM
Atrial output range 0.1–20 mA
Ventricular output range 0.1–25 mA

The menu key activates the lower screen and 
the four menus

• Sensitivity/AV interval/tracking
• Upper rate/PVARP
• Rapid atrial pacing
• Dial-a-mode (Fig. 10.18)

Atrial and ventricular sensitivity have been 
described in previous section.

1.Turn the defib machine
   to manual and plug in
   appropriate cable 2. Turn Pacer modality on

3.Press start

4.Increase mA
   until you have a
   pacer spike,
   followed by a
   QRS associated
   with a pulse

Special multifunction pad
cable is inserted here

Remeber to plug sync cable or ECG leads into Defib machine

Fig. 10.12 An upclose 
image showing controls 
and settings
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Single

Single
Dual

Fig. 10.13 Varoius models of pulse generators for transvenous or epicardial pacing

 AV Interval

This represents the interval following atrial depo-
larization before a ventricular spike is delivered. 
The default is usually set at 170 millisec. The pace-
maker takes on the function of the AV node. No 
change is usually necessary from default settings.

 PVARP

This time interval is needed to prevent retrograde 
conduction between the ventricle and atrium 
through the AV node or accessory pathway. 

Retrograde pulses may trigger a loop and trigger 
ventricular contraction leading to a reentry tachy-
cardia. PVARP ensures that the atrium is refractory 
during the ventricular depolarization, but this may 
limit atrial tracking. Typical settings are 300 msec.

 Upper Rate Limit

This rate indicates the fastest the pacemaker will 
pace the ventricle in response to a sensed atrial 
event and protects against overpacing of ventricle 
in atrial tachycardia. It lengthens the AV interval 
until it is long enough for the next atrial depolar-
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ization to fall within the PVARP. Most generators 
set this automatically.

 Blanking Period

Atrial or ventricular blanking periods are time 
periods that begin after an impulse is delivered 
into the other cardiac chamber, thereby prevent-
ing cross-talk between leads. This is preset.

 Atrial Tracking

Atrial tracking enables ventricle depolarizing at 
the same rate as the atria. If the patient’s intrinsic 
rate is 80 and the pacemaker set rate is 70, it will 
sense the higher atrial rate and will not pace the 
atria. It will wait for preset AV interval and if the 
ventricle does not depolarize, the pacer will trig-
ger and pace the ventricle at the intrinsic rate of 
atria.
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1. Pace/Sense LEDs

Lock/Unlock Key

Lock Indications

Rate Dial

Atrial Output Dial

Ventricular Output Dial

Menu Parameter Dial

Parameter Selection Key

Menu Selection Key

Pause Key

Power On Key

Power Off Key

Emergency/Asynchronous
Pacing Key
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Ventricular Output Graphics
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20.
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Fig. 10.14 An up close image of a pulse generator showing the controls and setting
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 Antitachycardia Pacing

Overdrive pacing can be used to terminate 
tachyarrhythmias. When attempting overdrive 
pacing, ventricular tachycardia or fibrillation 
may result and so DC cardioversion must be 
immediately available.

Rhythms that cannot be controlled by pacing:

 1. Atrial fibrillation
 2. Sinus tachycardia
 3. Ventricular fibrillation

 Transvenous Pacing Wire Insertion

Transvenous wires are inserted through an 
introducer placed in a large central vessel like 

Use the dials to set:

Rate

mA

Sensitivity

Note on both these boxes the sensitivity
can be set at ‘Asynch’ where the pacer
box doesn’t care about what the heart is
doing or ‘most’ sensitive where is will
see all electrial activity generated from

the heart.

Fig. 10.15 Pulse 
Generators settings of 
Rate, Output (mA) and 
Sensitivity

Fig. 10.17 Pulse Generator screen showing possible 
setttings

Pace/Sense

Low Battery
Indicator

DDI Indicator Setup
Indicators

Padlock Icon

A V

DDI

PACE SENSE PACE SENSE

PACE SENSE

A+V A+V

Fig. 10.16 Pulse 
Generator indicators
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the internal jugular vein or subclavian vein. 
The introducer is one size bigger than the size 
of the wire (e.g., 6Fr introducer for 5Fr wire; 
7Fr for a 6Fr wire, etc.). The pacer wire should 
not be put in through an existing PA catheter 
introducer, as the size is larger and will lead to 
leakage around the wire. The best way to 
ensure proper placement is to do the procedure 
under fluoroscopy, but if transvenous pacing 
requires stat, it can be inserted without 
fluoroscopy.

 Epicardial Pacing Wires (Figs. 10.19 
and 10.20)

The risk of epicardial wires is small, but it does 
exist. They include myocardial damage, infection, 
perforation, tamponade, or disruption of coronary 
anastomoses [47, 48]. Epicardial wires are manu-
factured with a small needle on one end. This is 
used to embed the wire in the myocardium. The 
lead should be sufficiently well anchored in the 
myocardium to avoid premature dislodgement, 

Fig. 10.18 Pulse 
Generator menu options
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while still allowing eventual removal by gentle 
traction. Epicardial pacing wires can be unipolar 
and bipolar [43, 49] (Figs. 10.21 and 10.22).

Unipolar Single wire (anode) attached to epi-
cardium and positive electrode at a distance in the 
subcutaneous tissue.

Bipolar Single wire with two conductors insu-
lated from one another run to the epicardial  surface. 
The ends of the conductor are 8 mm apart. Better in 

dual-chamber applications as current needed for 
sensing and pacing is much less due to less suscep-
tibility to interference. Unipolar has a larger spike.

Wires attached to the right atrium are brought 
out through skin on the right of the sternum. They 
are usually blue in color. Wire attached to right 
ventricle emerges on the left of the sternum. They 
are usually brown in color.

One of the problems with epicardial wires is 
development of an inflammatory reaction around 
wire/myocardial surface [47, 50, 51]. 
Inflammation is increased with higher energy. 
Increased resistance with inflammation may lead 
to increased need for current or voltage to pace 
perpetuating a vicious cycle. Bipolar electrodes 
require less energy. Epicardial wires fail to sense 
and capture after a few days. Variations in place-
ment site and use of steroids have been tried to 
extend wire longevity with variable results. 
Steroid-eluting endovascular wires have been 
used in permanent systems.

NASPE/BPEG codes for temporary pacemak-
ers are as follows [52] (Fig. 10.23).

 Temporary Pacemaker Modes [52]

 1. VVI
V – Ventricular pacing: The pacing device is 
located in the ventricle. V – Ventricular sens-
ing: The device is sensing for ventricular 
activity. I – Inhibit mode: The pacing device 
will inhibit itself from pacing when it senses 
intrinsic ventricular activity. It should be 
used for bradycardia with AV block, sick 
sinus syndrome, atrial fibrillation, atrial flut-
ter, or overdrive suppression of ectopic beats.

 2. AAI
A – Atrial pacing: The pacing device is 
located in the atria. A – Atrial sensing: The 
device is sensing for atrial activity. I – Inhibit 
mode: The pacing device will inhibit itself 
from pacing when it senses any intrinsic 
atrial activity. Bradycardia, with an endoge-
nous atrial rhythm (or frequent ectopics), 
sufficiently quick to compete with the pace-
maker rate is an indication. It should not be 
used in atrial tachycardias, fibrillation, flut-
ter, or AV nodal block.

Fig. 10.19 Epicardial pacing wires

Fig. 10.20 Up close image
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 3. VOO
VOO is fixed asynchronous pacing of the 
ventricle. The pacer does not care what the 
patient’s heart is doing, it is just going to 
pace at the set rate. This may cause an 

R-on-T phenomenon and should only be 
used in bradycardia without reliable AV node 
conduction where sensing may be a problem 
(e.g., electrocautery interference).

 4. AOO
This is atrial asynchronous mode. Pacing 
spikes are delivered to the atrium at a set 
rate, regardless of electrical activity in either 
chamber of the heart. The conduction must 
be intact through the AV node. It is contrain-
dicated in atrial tachycardia, fibrillation, flut-
ter, AV nodal block, and can be used only in 
bradycardia with intact AV conduction, espe-
cially when sensing may not be possible 
(e.g., electrocautery).

 5. DDD
This indicates dual function, with pacing and 
sensing of both atria and ventricle with inhi-
bition when there is intrinsic activity in either 
of the chambers. This is also described as AV 
synchronous/universal pacing. This is indi-

+ve terminal

+ve terminal

-ve terminal

-ve terminal

Fig. 10.21 Unipolar and Bipolar pacing wires

Ventricular
lead Atrial

lead

Fig. 10.22 Bipolar pacing schematic
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cated for pacing for all indications except 
atrial tachyarrhythmias.

 6. DOO
Dual-chamber pacing, but no sensing func-
tion. This can be used like VOO with addi-
tional atrial contribution. R-on-T 
phenomenon can occur.

 7. DVI
This is also described as AV sequential pac-
ing. There is no atrial sensing. When ven-
tricular depolarization is sensed (due to 
intrinsic or paced atrial beat), the ventricu-
lar spike is inhibited. This is preferred 
mode if there is retrograde conduction of a 
ventricular paced beat up the AV node. 
Atrial sensing in DDD and DDI modes may 
misinterpret this as intrinsic activity and 
lead to pacemaker-induced tachycardia. 
DVI mode, which resets the AV interval, 
avoids this complication. This mode is con-
traindicated in atrial tachycardias and 
fibrillation.

 8. DDI
This is a form of AV sequential dual-cham-
ber sensing pacing. It adds atrial sensing to 
DVI, avoiding atrial pacing spike to compete 
with intrinsic atrial rhythm. DDI is better 
than DDD in rapid atrial tachyarrhythmias.

 9. VDD
Only the ventricle is paced here. Sensed 
intrinsic atrial beat will lead to ventricular 
depolarization if there is none; if there is no 
atrial beat, the ventricular will still be paced.

This mode is unusual among the dual-
chamber modes in that only the ventricle is 
paced.

The pulse generator inhibits its ventricu-
lar spike in response to a sensed ventricular 
depolarization. A sensed atrial depolariza-
tion, however, triggers a ventricular spike if 
an endogenous ventricular depolarization 
is not sensed. If there is no endogenous 
atrial depolarization, a ventricular pacing 
spike is delivered. This is helpful in patients 
with an AV node block and intact sinus 
node.

 10. Triggered modes
Triggered modes (VAT, AAT, and DAT) are 
more commonly employed in permanent 
pacemakers. Triggered modes prevent inap-
propriate inhibition from oversensing (such 
as with electrocautery) [5], but in practice, 
asynchronous modes are more commonly 
used for this indication (Fig. 10.24).

A tabular form of set-up indications is 
described in Fig. 10.24.

1st Letter 2nd Letter 3rd Letter

Chamber(s) Paced Chamber(s) Sensed

A = artium

V = ventricle

A = artium

V = ventricle
D = dual (both
   atrium and
   ventricle)

D = dual

D = dualO = none
O = none (Asynch)

Response to Sensing

I = inhibit
     (Demand mide)

T = triggered

Chamber paced

Chamber sensed

Action or response to a sensed event

V V I

Fig. 10.23 Codes for temporary pacemakers
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Appropriate modes for different 
arrhythmias postcardiac surgery

 1. AV junctional tachycardia – AOO, VOO, AV 
sequential overdrive pacing; pacing rate 
increased to 120% of intrinsic rate; after 1:1 
capture is achieved, pacemaker rate is reduced 
and a sinus rhythm should be established.

 2. Paroxysmal reentrant SVT – AOO, AV sequen-
tial overdrive pacing.

 3. Atrial flutter – Overdrive pacing in type 1 
atrial flutter (<320–340 beats/min), but not in 
type II flutter with higher rates. Typically 
10–20 bpm higher than flutter rate.

 4. Supraventricular tachycardias with rapid ven-
tricular response: failure to revert to sinus 
rhythm – If overdrive pacing fails, rapid atrial 
pacing up to 800 beats/min may terminate SVT.

 5. Ventricular tachycardia – Although overdrive 
pacing may be beneficial, the risk of precipi-
tating VF makes DC cardioversion the accept-
able preferred standard of care.

 Pacemaker Problems

In a study of 1675 patients undergoing cardiac 
surgery over 18 months, the incidence of tempo-

rary epicardial pacemakers requiring trouble-
shooting was 0.4%. The following steps should 
be adopted if any pacemaker problem is 
suspected:

 1. Are the wires secure if patient has epicardial 
wires postop? Confirm the wire connection 
with pacer.

 2. The pacer box needs to be checked for set-
tings, mode, battery lights, and cable.

 3. Check the ECG strip rate of rhythm, pacer 
capturing every stimulus, sensing all intrinsic 
activity?

 4. Check underlying rhythm.
 5. Check underlying rate (ideal to walk the rate 

down to give intrinsic rate to evolve).
 6. Check stimulus threshold  – pacer rate is 

turned to 10 above intrinsic rate and then mA 
is turned down until capture is lost. This is the 
threshold and the set threshold should be dou-
ble or triple the number.

 Failure to Pace

With failure to pace, the pacer does not produce a 
stimulus when it is required. Check for:

Table 5-3. Model 5388 Pacing Setup Table.

AOO* VOO AAI VVI DOO DVI DDD DDI

DDI

Setup Indicators
A V V V VA A A+V A+V A+V A+V A+VA+V

Instructions

1. Set Output

2. Set Sensitivity

A Output

A Sensitivity
V Sensitivity

V Output

3. Set A Tracking

On
On

On
On On

On
On

On On
On On

On On
On

On Off

On

On
Off

Off
Off

Off

ASYNC
ASYNC

ASYNC
ASYNC

ASYNC
NA

NA NA NA NA NA NA

NA
NA

NAOn
OnOn

* Caution: DAD and OOO are accessible modes, but are not recommended. Refer to “Controls, Indicators, and Other Features” in the technical 
   manual.

Fig. 10.24 Temporary Pacemaker Set Up
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 1. Failure of pacemaker battery or pulse genera-
tor so both may need to be changed.

 2. Loose cable connections in the pacing 
system.

 3. Fracture or dislodgement of the pacing lead 
wire.

 4. With epicardial pacing, check ground is in place/
strip everything down to wires can be seen.

 5. Eliminate sources of external interference.
 6. If cross-talk is suspected, sensitivities may be 

adjusted (Fig. 10.25).

 Failure to Capture

Failure to capture is when the cardiac cells are 
unable to depolarize in response to the stimulus 
being generated by the pacemaker. It happens 
because of one of the following:

• Lack of enough milliamps (mA) being gener-
ated by the pacer for the cells to depolarize.

• The cells are unable to depolarize because of 
issues such as ischemia, fibrosis, electrolyte 
imbalance; the lead has perforated the 
myocardium.

• There is an issue with the pacing system.
• This is the most common problem encountered 

with temporary pacemakers (Fig. 10.26).

The following steps should be followed:

 1. View rhythm in different leads; verify with 
a-line or pulse oximeter.

 2. Check to make sure the battery light on the 
pacer is not on. Change battery if required.

 3. Increase the mA.
 4. Check and change the lead cables, connec-

tions, and the pacer itself; if dealing with 
epicardial wires, ensure the ground is intact.

 5. If you have a transvenous wire, it may need to 
be repositioned.

 6. Try changing polarity (change which wire is 
in the positive and negative port).

 Undersensing

Undersensing involves the pacemaker firing with-
out regard to patient’s own rhythm. It does not 
sense the intrinsic activity of patient’s heart. This 
may lead to ventricular tachycardia or fibrillation. 
Undersensing indicates overpacing. Undersensing 
can occur because of inadequate QRS signal, 
myocardial ischemia, fibrosis, myocardial edema, 
electrolyte imbalances, bundle branch block, or a 
poorly positioned lead (Fig. 10.27).

 1. Sensitivity of pacemaker needs to be checked. 
Lower number indicates more ability to sense 
and not fire indiscriminately (decrease mV).

 2. Check that the battery light is not on.
 3. Check all lead connections and ground 

connection.
 4. Check electrolytes/pH/ABG.
 5. Switch polarity on epicardial wires.
 6. If the patient has an adequate underlying 

rhythm, you may have to turn the pacer off.

 Oversensing

When oversensing occurs, the pacemaker thinks 
it detects a QRS complex so it inhibits itself from 
producing a pacing stimulus. What the pacer 
could be seeing is the following:Fig. 10.25 Failure to pace

Fig. 10.26 Failure to capture Fig. 10.27 Undersensing
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• Tall or peaked P waves or T waves
• Myopotentials (electrical signals produced by 

skeletal muscle contraction as with shivering 
or seizures) (Fig. 10.28)

 1. Pacemaker needs to be made less sensitive 
(increase mV).

 2. Check all connections, change cables, switch 
pacer.

 3. Reverse polarity on epicardial wires.

 Competition and Fusion Beats

There will be times, especially if the heart is 
recovering when both the intrinsic rate and the 
paced rate are very close. This can lead to com-
petition between the two. This can lead to 
fusion beats. Competition can also occur when 
there is asynchronous pacing, failure to sense, 
mechanical failure, or loose connections 
(Fig. 10.29).

 Cross-Talk

This occurs in a dual-chamber system with AV 
pacing and ventricular sensing (DVI, DDD, 
and DDI). Sensing of one lead depolarization 
by another causes an inappropriate response. 
In atrial sensing systems, this is less serious 
because ventricular pacing persists. Of more 
concern is the system that allows such atrial 
sensing “cross- talk” to trigger a ventricular 

pacemaker spike. This will cause a form of 
pacemaker-mediated tachycardia. The steps to 
eliminating cross-talk are:

• Reduce the sensitivity (increase the lowest 
power that is sensed) in the atrial or ventricu-
lar channel.

• Reduce the power delivered to the ventricular 
or atrial pacing wire.

 Pacemaker-Mediated Tachycardia

This usually occurs in VDD or DDD mode. Atrial 
sensing of a ventricular depolarization inter-
preted as intrinsic atrial spike and leads to new 
ventricular depolarization. This can occur also 
when reentrant pathways are present. Atrial 
blanking period can prevent this. Prolonging the 
PVARP period may be helpful, especially if a 
reentrant pathway is present. Alternative is to 
change mode to DVI or VVI. However, this may 
lead to loss of AV synchrony.

Should have paced here
but the pacer saw the

myopotentials as intrinsic
activity so didn’t fire.

Fig. 10.28 Oversensing

1 2 3

1 is a paced beat

2 & 3 are fusion beats

Fig. 10.29 Fusion beats
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 Atrial Electrogram: Temporary Wires 
for Diagnostic Use

Atrial pacemaker wires can be used to create an 
atrial electrogram (AEG). The advantage of atrial 
electrograms over routine ECGs recorded from 
skin electrodes is that the P waves are much 
larger on atrial electrograms, a characteristic that 
aids in diagnosis of arrhythmias. This helps in 
differentiating atrial and junctional arrhythmias 
[53]. They can be valuable in the following cir-
cumstances [43, 53]:

• Atrial depolarization is not visible with sur-
face ECG leads (bedside monitor or standard 
12-lead ECG).

• The relationship between atrial and ventricu-
lar electrical activity is unclear.

• Wide QRS complex rhythms need to be 
defined (e.g., distinguishing ventricular tachy-
cardia from supraventricular tachycardia with 
a bundle branch block or aberrant 
conduction).

• Clarification of tachycardias with a narrow 
QRS complex is needed when the arrhythmia 
mechanism is unclear.

Some new ECG recorders have three leads 
used specifically for this purpose: two for bipolar 
atrial wires and a third for skin electrode. AEG 

channel set to lead I reveals large deflection with 
atrial depolarization, but no signal with ventricu-
lar depolarization. Lead II or III will lead to 
larger ventricular waveform. If the machine does 
not have AEG leads, the right and left arm leads 
can be attached to bipolar atrial wires. Lead I will 
reveal an AEG. Some recommend connecting the 
wires to chest leads as the AEG using limb leads 
will not record simultaneously from chest leads 
[43] (Fig. 10.30).

 Removal of the Epicardial Wires

Pacing wires are usually removed after 4–5 days 
when they may stop capturing or need higher cur-
rent. If pacing is still needed, permanent pace-
maker should be placed. Gentle traction should 
be applied. Excessive traction may lead to risk of 
tamponade, ventricular arrhythmia, or damage to 
coronary anastomosis [54].

Permanent pacemakers have the following 
codes [52] (Fig. 10.31).

 Special Circumstances

MRI is not possible in a patient dependent on 
temporary epicardial pacing as it may precipitate 
arrhythmia or cause heating [55]. When a patient 
has an IABP in situ, high-frequency filter should 
be applied. If filter is disabled, spikes may be 
misinterpreted by balloon pump as QRS com-
plex. IABP should be timed to the arterial pulse. 
If atrial spike is also being misinterpreted, timing 
cannot be adjusted and filter needs to be applied.

Fig. 10.30 Rhythm strip showing paced beats and 
PVCs in 2 leads simultaneously

POSITION:

Category Chamber(s) paced

Manufacturers’ designation only S = Single (A or V) S = Single (A or V) Note: Position I through III are used exclusively for
antibradyarrhythmia function.

From Bernstein AD, Doubert JC, Fletcher RD, et al: The revised NASPE/BPEG generic code for antibradycardia, adaptive-rate and multisite pacing. 
North American Society of Pacing and Electrophysiology/British Pacing and Electrophysiology Group, Pacing Clin Electrophysiol 25-260–264, 2002.

Chamber(s) sensed Response(s) to sensing Rate modulation Multi-site pacing

I II III IV V

O = None
A = Atrium
V = Ventricle
D = Dual (A+V) 

O = None
A = Atrium
V = Ventricle
D = Dual (A+V) 

O = None
A = Atrium
V = Ventricle
D = Dual (A+V) 

O = None
T = Triggered
 I = Inhibited
D = Dual (T+l) 

O = None
R = Rate modulation

Fig. 10.31 Permanent pacemaker coding
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Critical Points
• More than 300,000 Americans suffer 

out-of-hospital cardiac arrest annually; 
about 40,000 achieve return of sponta-
neous circulation (ROSC) and are 
treated in the emergency department.

• Initial management of the pulseless 
patient should follow American Heart 
Association cardiac arrest guidelines 
based on the presenting rhythm:

 – High-quality chest compressions and 
early defibrillation of shockable 
rhythms are treatment priorities. 
Both improve patient outcomes.

 – Secondary priorities that are not 
shown to improve outcomes are intra-
venous access, code medications, and 
placement of an advanced airway.

• Patients with ROSC who remain coma-
tose are at significant risk for poor out-
come without early and advanced 
critical care interventions including:
 – Active temperature management.
 – Identification and treatment of the 

underlying etiology of arrest, with 
emergent cardiac catheterization if 
indicated.

 – Avoidance of hyperoxia, hyperventi-
lation, and cerebral hypoperfusion.

 – Delayed neurological prognostica-
tion by experts.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28794-8_11&domain=pdf
mailto:elmerjp@upmc.edu
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 Introduction

Sudden cardiac arrest is the most common cause 
of death in America, with over 500,000 Americans 
suffering cardiac arrest annually. About two- 
thirds of these occur outside of the hospital and 
are assessed by emergency medical service 
(EMS) providers. Half of these are treated by 
EMS and a quarter of EMS-treated out-of- 
hospital cardiac arrest (OHCA) patients have 
return of spontaneous circulation (ROSC) and 
survive at least 1  hour after emergency depart-
ment (ED) arrival. With increasing use of 
implantable defibrillators and other cardiac care, 
the proportion of patients with shockable rhythms 
on presentation is decreasing over time, and now 
represents a minority of patients. In recent years, 
rates of ROSC and survival from OHCA have 
improved in some patient populations, such as 
bystander- witnessed cardiac arrest, however, 
overall survival and favorable neurological recov-
ery after OHCA remain low at about 10.6% and 
8.3%, respectively [1].

 Pathophysiology

Cardiac arrest can result from many different 
underlying disease processes, such as acute cor-
onary syndrome, pulmonary embolism, sepsis, 

or stroke, among many other causes. Rapid iden-
tification and treatment of the underlying etiol-
ogy of an individual patient’s cardiac arrest is 
mandatory, as is supportive critical care treat-
ment of the postcardiac arrest syndrome. During 
pulselessness, total body ischemia develops, 
which is then compounded by reperfusion injury 
in the minutes after ROSC. This ischemia–reper-
fusion injury results in significant derangements 
of normal physiology and a systemic inflamma-
tory response, often leading to multisystem 
organ failure. Common pathophysiological man-
ifestations of the postcardiac arrest syndrome 
include anoxic brain injury, respiratory failure, 
post-arrest myocardial dysfunction, and vasodi-
latory shock [2].

 Patient Presentation

A patient in cardiac arrest will typically be obvi-
ous to recognize. However, it is important to note 
that in the absence of a definitive pulse in an oth-
erwise unresponsive patient, cardiac arrest is to 
be assumed and resuscitative measures should 
not be delayed by attempting to verify whether 
other signs of circulatory collapse can be ruled in 
or out. After ROSC, the severity of multisystem 
organ failure will be variable and must be 
assessed systematically. For example, patients 
may rapidly regain consciousness or remain 
comatose; myocardial dysfunction and shock 
may range from mild to profound. Cardiac arrest 
is not an uncommon presentation resulting from 
ST-elevation myocardial infarction or other acute 
coronary syndrome. This and other possible 
underlying etiologies of arrest (see below) must 
not be obscured by the more dramatic presenta-
tion of full cardiac arrest, and ruled in or out 
based on clinical suspicion or directed diagnostic 
testing.

 Initial Diagnostics

During cardiac arrest, clinicians should search 
for reversible causes of cardiovascular collapse: 
hypovolemia, hypoxia, hypothermia, acidosis, 
abnormal serum potassium levels, tension pneu-

• Anoxic brain injury is the most common 
cause of death after cardiac arrest, but 
accurate neurological prognostication is 
impossible for at least 72 h after ROSC.
 – Before this time, no clinical sign or 

combination of signs precludes 
favorable outcome.

 – The diagnosis of brain death cannot 
be made for at least 24 h following 
cardiac arrest.

• Comatose cardiac arrest survivors should 
be transferred to a hospital capable of 
providing advanced cardiac and neuro-
logical care, including cardiac catheter-
ization, specialized neurocritical care, 
and neurological prognostication.

T. K. Becker and J. Elmer
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mothorax, cardiac tamponade, toxins, acute cor-
onary syndrome, and pulmonary embolism [3]. 
A focused history may be helpful to rule in or 
out many of these possible causes of cardiac 
arrest. Therefore, it is important to gather as 
much information as possible from EMS person-
nel or family. In addition, in our practice, a stan-
dardized approach to evaluate for reversible 
causes includes a physical examination, a finger-
stick glucometer test, a blood gas with electro-
lytes, and a focused ultrasound of the heart and 
lungs for signs of pericardial effusion, right ven-
tricular failure, pneumothorax, or pulmonary 
edema. However, a definitive cause is often dif-
ficult to determine before ROSC and thus clini-
cians must often continue to investigate the 
etiology of arrest after ROSC. Without identify-
ing and reversing the primary disease process, 
cardiac arrest will likely recur.

 Intra-arrest Management

The fundamentals of cardiac arrest treatment 
include high-quality chest compressions and 
early defibrillation of ventricular fibrillation or 
pulseless ventricular tachycardia. The American 
Heart Association 2010 cardiac arrest algorithm 
provides an easy-to-follow and systematic 
approach to the management of a patient in car-
diac arrest (Fig. 11.1). For a few select patients 
with cardiac arrest refractory to standard treat-
ment, invasive extracorporeal support may be 
considered [4].

 Post-arrest Diagnostics

After ROSC, several rapid diagnostic and thera-
peutic options must be considered. It is important 
to perform and document an initial neurologic 
examination, including a brainstem and motor 
examination, as it has prognostic value [5]. The 
full outline of unresponsiveness (FOUR) score 
(Table 11.1) has been validated in both the emer-
gency department (ED) and the intensive care 
unit (ICU) with good interrater reliability [6]. We 
recommend its use over the Glasgow Coma 
Scale, since the FOUR score includes a brain-

stem examination and allows for a more differen-
tiated assessment of intubated patients. In 
addition, the following minimum diagnostic 
work-up should be performed on virtually every 
postcardiac arrest patient:

• ECG to evaluate for underlying cardiac etiol-
ogy, since patients with underlying, and often 
undiagnosed, coronary artery disease are at 
particularly elevated risk to suffer from car-
diac arrest [1].

• Laboratory tests to include complete blood 
count, comprehensive chemistry, coagulation 
studies, arterial blood gas, lactic acid, and 
troponin.

• Noncontrast CT of the head to evaluate for 
underlying etiology, such as subarachnoid 
hemorrhage, and for prognostic purposes [7, 8].

• Additional workup guided by clinical context 
and results of the above-mentioned studies 
(Table 11.2).

 Post-arrest Management

Neurological Early studies demonstrated that 
therapeutic hypothermia after OHCA improved 
neurological outcomes compared to no tempera-
ture management for selected comatose patients. 
The more recent and larger targeted temperature 
management (TTM) trial found that active tem-
perature management to a goal of 33  °C was 
equivalent to active temperature management to a 
goal of 36 °C [9–11]. Unlike earlier studies, the 
TTM study included subjects with nonshockable 
initial rhythms. Regardless of the goal tempera-
ture, active temperature management should be 
strongly considered in all comatose post-arrest 
patients unless an absolute contraindication (such 
as significant intracranial hemorrhage or uncon-
trolled bleeding) exists.

Cardiovascular Consideration must be given to 
emergent cardiac catheterization after OHCA, 
particularly for patients with signs or symptoms 
of acute coronary syndrome as the cause of car-
diac arrest. Such signs may include a shockable 
initial arrest rhythm. The post-arrest ECG is nei-
ther specific nor sensitive for coronary occlusion, 

11 Cardiac Arrest and the Post-arrest Syndrome
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and catheterization should not be withheld based 
on a relatively normal ECG only, as risk-adjusted 
analyses have shown catheterization to be associ-
ated with improved neurological outcomes in 
patients surviving OHCA [12–14]. Cerebral 
autoregulation is commonly impaired after 
ROSC, and the already injured brain may be vul-
nerable to secondary brain injury for several 
days. Observational data suggest that targeting a 
mean arterial pressure (MAP) of 80  mmHg or 
higher in the early postcardiac arrest phase, 
regardless of the need for vasopressor support, 
improves neurological outcomes [15]. If there is 
no contraindication, a higher than typical MAP 
goal may be considered to ensure adequate cere-
bral blood flow. Conversely, hypotension must be 
avoided.

Respiratory Most post-arrest patients are 
comatose and will require endotracheal intuba-

tion for airway protection and to ensure ade-
quate oxygenation and ventilation. Multiple 
observational studies have associated early arte-
rial hyperoxia with worse patient outcomes, 
presumably due to increased oxidative injury 
during ischemia–reperfusion [16]. This obser-
vation has not been consistently replicated in all 
studies; regardless, no studies have associated 
hyperoxia with improved outcomes. We believe 
that hyperoxia should therefore be avoided. 
From a practical perspective, clinicians should 
target a pulse oximetry of not above 99%, or a 
PaO2 of less than 300  mmHg. Additionally, 
mild hypercapnia (PaCO2 40 to 45 mmHg) has 
been associated with improved neurological 

Table 11.1 Full outline of unresponsiveness (FOUR) 
score

Response Score
Eyes Open spontaneously, track, blinks 

to command
4

Open but do not track or blink to 
command

3

Open to loud voice 2
Open to painful stimuli 1
Remain closed with painful stimuli 0

Motor Follows commands 4
Localizes pain 3
Flexes to pain 2
Extends to pain 1
No response to pain or myoclonic 
status

0

Brainstem Pupil and corneal reflexes present 4
One pupil wide and fixed 3
Pupil or corneal reflexes absent 2
Pupil and corneal absent 1
Absent pupil, corneal, and cough 0

Respiration Not intubated, regular breathing 
pattern

4

Not intubated, Cheyne–Stokes 
breathing

3

Not intubated, irregular breathing 
pattern

2

Intubated, overbreathing ventilator 1
Intubated, breathing at set rate or 
apnea

0

Table 11.2 Symptom-guided diagnostic evaluation of 
the postcardiac arrest patient

Underlying etiology Work-up to consider
Cardiac
  Acute coronary syndrome
  Structural heart disease
  Cardiomyopathies
  RV failure (e.g., pulmonary 

hypertension, pulmonary 
embolus)

  Arrhythmia

ECG for ischemic 
changes, rhythm, and 
intervals
Troponin
BNP
Echocardiogram
CT angiography of 
chest
Cardiac catheterization

Pulmonary
  Primary respiratory failure 

(e.g., COPD, asthma)
  Large airway obstruction

CXR
Blood gas
Peak pressures
Bronchoscopy

Trauma
  Exsanguination
  Nontrauma exsanguination 

(e.g., GI bleed)
  Pneumothorax
  Cardiac tamponade

Detailed history
Complete blood count
CT chest/abdomen/
pelvis

Catastrophic neurological 
event
  Stroke
  Subarachnoid hemorrhage

CT head
MRI head

Septic shock Cultures (blood, urine, 
+/− sputum)
CXR
Inflammatory markers

Metabolic derangements
  Diabetic ketoacidosis
  Hypoglycemia
  Hyperkalemia

Comprehensive 
chemistry

Exposures
  Toxicological
  Environmental (e.g., 

electrocution, hypothermia)

Detailed history
Toxicology studies
ECG for intervals

11 Cardiac Arrest and the Post-arrest Syndrome
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outcome, presumably by increasing cerebral 
blood flow [17]. Blood gas results must be tem-
perature corrected in patients who are hypother-
mic or undergoing TTM.

Prognosis Neurological prognostication in the 
ED must be avoided. Evidence-based guidelines 
recommend delaying withdrawal of life- 
sustaining therapy based on neurological progno-
sis for at least 72 hours after ROSC. Prior to this 
time, no clinical sign or test precludes a favorable 
neurological outcome [18], and patients who 
remain comatose days after ROSC may still 
awaken and have favorable recoveries [19]. 
Formal brain death testing should not be con-
ducted for at least 24 hours after ROSC.

Disposition Patients who have achieved ROSC 
but remain comatose should be transferred to a 
hospital capable of providing advanced critical 
care interventions, including cardiac catheteriza-
tion, expert neurological evaluation, and electro-
encephalogram (EEG) monitoring [20].
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Heart Failure

Christopher J. Hogan

 Acute Heart Failure

 Introduction

Acute heart failure (AHF) affects approximately 
5.7 million Americans, with 87,000 new AHF 
cases annually [1]. For every large myocardial 
infarction saved by an intervention, another heart 
failure patient is created. Projections suggest that 
the prevalence of AHF will increase 46% from 
2012 to 2030, resulting in over 8 million people 
with the disease [2, 3]. A disease of the elderly 
[4], up to 75% of AHF patients also have preced-
ing hypertension, another reason why emphasiz-
ing follow-up for uncontrolled hypertension in 
emergency department (ED) patients presenting 
with other complaints is important. Because AHF 
disproportionally affects minorities, urban medi-
cal centers evaluate and treat AHF-related prob-
lems more frequently.

AHF is particularly germane to emergency physi-
cians because 80% of patients hospitalized with the 
disease are admitted through the ED [5], accounting 
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Critical Points
• Assess if preserved versus reduced ejec-

tion fraction heart failure: old records, 
echocardiography.

• Evaluate early for myocardial infarction 
or acute ischemia: ECG, serial cardiac 
enzymes.

• Use noninvasive pressure support venti-
lation often and early.

• Hypotension (do not overlook relative 
hypotension) is ominous and should be 
corrected early and aggressively (fluids, 
dobutamine).

• N-terminal brain natriuretic peptide 
(NT-proBNP) or B-type natriuretic pep-
tide (BNP) measurements are of limited 
use in renal failure patients.

• If using nitrates, higher doses may be 
more beneficial, but may be of less value 
in patients who are on chronic nitrate 
therapy.

• If the initial dose of loop diuretics fails 
to be effective, consider adding a low-
dose second agent such as thiazides or 
spironolactone.
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for almost a million ED visits annually in the United 
States. Once admitted, patients stay for a median of 
3.4 days, a duration that has not changed in a decade 
[4]. While most of the cost of AHF is from post-dis-
charge care [6–8], the cost of ED evaluation and sub-
sequent admission are expensive as well [4]. The 
treatment rendered by ED physicians impacts patient 
outcome and cost [9], not only in those patients dis-
charged from the ED [10], but those who are admit-
ted as outpatients as well [11, 12].

 Pathophysiology

The nomenclature of AHF has undergone several 
iterations. The classic concept of “heart failure” 
has a reduced ejection fraction in which the left 
ventricle is dilated with reduced systolic function 
(defined as an ejection fraction less than 40%). 
This occurs in ~50% of AHF patients. While in 
the United States the leading cause is uncon-
trolled hypertension and post-myocardial infarc-
tion loss of myocardium, the worldwide cause is 
Chagas disease. To offset falling cardiac output 
and perfusion, vasoconstriction is enhanced by 
upgrading the renin–angiotensin axis. 
Unfortunately, this further taxes a failing heart, 
exacerbating the diminished forward flow.

The other half of HF patients has a normal 
ejection fraction, defined as an EF equal to or 
greater than 50% [13]. Previously, this was 
referred to as diastolic AHF because it was 
thought that most patients with the symptoms of 
AHF and a normal EF had diastolic dysfunction, 
but this has been found to not be the case. The 
current prevailing theory is that prolonged hyper-
tension causes left ventricular hypertrophy, 
decreased renal function, and vascular changes, 
all of which impair microvascular perfusion and 
cause local ischemia. This disrupts the balance of 
autoregulation and vasodilation, causing organ 
remodeling, myocardial fibrosis, hypertrophy, 
and necrosis. Additionally, pulmonary hyperten-
sion occurs in about 80% [14] of patients with 
preserved EF AHF.  One potential clue of the 
presence of preserved EF AHF is decreased exer-
cise tolerance  – as stroke volume fails to rise, 
patients develop dyspnea and fatigue.

Although the initial evaluation and treatment 
of preserved EF AHF is not drastically different 
from classic AHF, the overall behavior of the dis-
ease differs. Secondary analyses of the Irbesartan 
in Heart Failure with Preserved Ejection Fraction 
(I-PRESERVE) trial reported an annual death 
rate of 5.2%, 26% of which was due to sudden 
death, 14% AHF, 5% myocardial infarction, and 
9% from stroke death [5]. Most of these presenta-
tions will be to the ED.

Classic teaching has centered around two 
main components of heart failure: The degree 
of fluid overload (wet vs. dry) and the perfu-
sion from diminished cardiac output (warm vs. 
cold) [15, 16]. While most presentations are 
warm and wet, patients can be hypovolemic 
from over- diuresis and can demonstrate a low 
perfusion state (cold) that will initially require 
resuscitation. Cardiogenic shock is caused by 
fluid overload and diminished perfusion (cold 
and wet) and is difficult to treat because it 
requires resuscitation despite fluid overloaded 
patients.

 Patient Presentation

The traditional evaluation for acute AHF relies 
on qualitative measures and clinical gestalt based 
on physical examination findings, patient symp-
toms, and chest radiograph findings [17]. ED 
physicians in particular are not good at estimat-
ing the perfusion and fluid status, as one study 
found that one in five patients thought to have 
AHF in the ED did not have that as a final diag-
nosis [18]. This is echoed by an older study sug-
gesting AHF patients admitted with an AHF 
diagnosis were misdiagnosed in approximately 
10% of hospital admissions [19].

In patients presenting with what appears to be 
AHF, but who do not carry the diagnosis, a fur-
ther evaluation in necessary. In patients from 
South or Central America, the presence of a sys-
tolic murmur may be an indication of valvular 
damage from Chagas disease. In patients with a 
drug abuse history, valvular disease should also 
be considered, necessitating a formal echocardio-
gram. All patients need an ECG to evaluate for 
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acute or recent infarct as well as left ventricular 
hypertrophy or pulmonary hypertension.

Although the Forrester AHF classification was 
developed in AMI patients, it lends itself well to 
the acutely decompensated reduced EF AHF 
population [16]. Patients are classified clinically 
on the basis of peripheral perfusion (cool/clammy 
skin, cyanosis, altered mental status, or oliguria) 
and pulmonary congestion (rales, abnormal chest 
X-ray). If the hemodynamic component of the 
classification is not readily available in the ED 
(cardiac index ≤2.2 L/min/m2 or pulmonary cap-
illary pressure >18 mmHg), they may be found in 
old records. Treatment strategy is based accord-
ing to the clinical and hemodynamic status and 
its approach is still valuable when assessing AHF 
patients. For instance, even though a patient may 
be grossly fluid overloaded, she may still need 
intravascular volume if hypoperfusion is present 
[16]. Mortality was 2.2% in group I, 10.1% in 
group II, 22.4% in group III, and 55.5% in group 
IV  – not too different from the current cardio-
genic shock population [20].

The one universal finding in compensated 
AHF, regardless of its etiology, is hypertension. 
This is from a combination of the worsening 
renin–angiotensin feedback loop and anxiety. It 
also enables the use of afterload reduction and 
diuresis, giving a buffer to the treating 
physician.

Physical examination findings, review of sys-
tems, and the elements of the history are by them-
selves limited in attempting to determine the 
presence of AHF, but the lack of these findings 
does not mean it is not present. While the speci-
ficity of physical examination findings such as a 
cardiac third heart sound (S3) (99%), rales (78%), 
or JVD (92%) are reasonable, the respective sen-
sitivities are poor (13%, 60%, and 39%) for eval-
uating for AHF [21, 22] as are the likelihood 
ratios. In one study, rales on lung examination 
were absent in 80% of patients who were found 
by pulmonary artery catheter pressure monitor-
ing to have elevated filling pressures [23]. Wang 
et  al. published a thorough analysis of physical 
examination and chest radiographs findings in 
acutely decompensated AHF, concluding that the 
most useful piece of history is preexisting AHF 

and the presence of paroxysmal nocturnal dys-
pnea, orthopnea, and peripheral edema on physi-
cal examination have an acceptable positive 
likelihood ratios for the presence of acute decom-
pensated systolic AHF [22].

In patients with preserved EF AHF, decreased 
ventricular compliance predisposes them to pul-
monary edema because small changes in volume 
can lead to large changes in left ventricular dia-
stolic pressure. The ventricle is unable to tolerate 
venous return without elevated diastolic pres-
sures, so small changes in fluid balance will man-
ifest clinically, such as hypertension and dyspnea. 
This makes patients very sensitive to vasodilation 
and vasoconstriction, and they can also develop 
hypotension with aggressive diuresis or vasodila-
tion [14].

Cardiogenic shock is usually obvious and 
ominous, as patients have hypotension and other 
indicators of poor perfusion, coupled with dys-
pnea and lung rales usually associated with clas-
sic AHF. Although there is usually a component 
of dyspnea with cardiogenic shock, poor perfu-
sion can also manifest itself in other ways, such 
as altered mental status or worsening renal fail-
ure. These presentations can be more subtle than 
straightforward acute AHF decompensation.

 Diagnostics

Traditionally, chest radiographs (CXR) are the 
mainstay of AHF evaluation, looking for pulmo-
nary edema or other causes of dyspnea 
(Table 12.1). But pulmonary edema or increased 
vascular markings [24, 25] found on CXR are 
poor indicators of the degree of AHF present [22, 
25], and chronic heart failure can also account for 
findings that can be confused with acute disease 
[24, 25]. While pulmonary venous congestion, 
cardiomegaly, and interstitial edema are the most 
specific test findings for AHF, their absence will 
not rule it out [22]. Twenty percent of AHF ED 
patients can demonstrate no evidence of conges-
tion on CXR [26].

Surrogate markers have had limited success in 
guiding treatment for AHF [27], and risk stratifi-
cation models have yet to prove long-term accu-
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racy in long-term outpatients. However, they are 
of good value in the ED setting. The mainstay of 
the suspected AHF diagnostic armamentarium 
are N-terminal brain natriuretic peptide 
(NT-proBNP) and B-type natriuretic peptide 
(BNP). Serum natriuretic testing is supported as a 
Level B guideline in the ACEP Clinical 
Guidelines for heart failure [17] and is highly 
recommended by the American College of 
Cardiology Foundation (ACCF)/American Heart 
Association [28]. The ACEP Guidelines for AHF 
specifically stating that a single BNP or 
NT-proBNP level can improve the diagnostic 
accuracy for the presence of AHF when com-
pared to standard clinical judgment alone. When 
ruling out AHF in the acutely dyspneic patient, a 
BNP  <  100  pg/dL or NT-proBNP  <  300  pg/dL 
makes AHF less likely (negative LR = 0.1). When 
trying to rule in ADHF, a BNP > 500 pg/dL or 
NT-proBNP  >  1000  pg/dL is present (positive 
LR = 6) [17].

Natriuretic peptide measurement is most use-
ful when trying to rule out the presence of AHF in 
patients presenting with dyspnea [29, 30]. 
Specifically, a value <100 pg/mL yields a nega-
tive LR = 0.11 (95% CI, 0.07–0.16) [22, 31]. In 
one study, BNP had greater utility than CXR for 
diagnosing AHF [29]. There are limitations to the 

usefulness of BNP, namely that it increases with 
age and are affected by weight and ethnicity [31]. 
Since BNP is released from atrial stretching, con-
ditions that cause distention can also cause false 
elevated levels, such as pulmonary embolism, 
pulmonary hypertension, and hemodialysis. 
Since it is cleared renally, chronic or acute kidney 
disease will also cause elevated levels. Finally, 
genetic variation can alter BNP levels and obesity 
can cause falsely low BNP values [32].

BNP levels can also help guide initial treat-
ment. If a prior BNP level is known, a level 
greater than 50% suggests volume overload, as 
does a dyspneic patient with a history of AHF 
found with a BNP level >600 pg/ml for BNP or 
>6000  pg/ml for proBNP.  If being discharged 
from the ED, remember a decrease in BNP in 
response to treatment is important, as the final 
BNP level seems to be the most accurate predic-
tor of death or readmission. A BNP in the 350–
400  pg/ml or NT-proBNP in the 4000  pg/ml 
range at the time of discharge predicts a stable 
posthospital course [33].

Bedside cardiac ultrasonography is a more 
recent addition to diagnostics that holds promise 
for determining the etiology of dyspnea. It pro-
vides a real-time assessment of left ventricular 
function and volume status, and can be repeated 

Table 12.1 Summary of diagnostic accuracy of findings on chest radiography and electrocardiography for acute heart 
failure in emergency department patients presenting with dyspnea

Finding
Pooled Summary LR (95% CI)
Sensitivity Specificity Positive Negative

Chest radiography
Pulmonary venous congestion 0.54 0.96 12.0 (6.8–21.0) 0.48 (0.28–0.83)
Interstitial edema 0.34 0.97 12.0 (5.2–27.0) 0.68 (0.54–0.85)
Alveolar edema 0.06 0.99 6.0 (2.2–16.0) 0.95 (0.93–0.97)
Cardiomegaly 0.74 0.78 3.3 (2.4–4.7) 0.33 (0.23–0.48)
Pleural effusion 0.26 0.92 3.2 (2.4–4.3) 0.81 (0.77–0.85)
Any edema 0.70 0.77 3.1 (0.60–16.0) 0.38 (0.11–1.3)
Pneumonia 0.04 0.92 0.50 (0.29–0.87) 1.0 (1.0–1.1)
Hyperinflation 0.03 0.92 0.38 (0.20–0.69) 1.1 (1.0–1.1)
Electrocardiography
Atrial fibrillation 0.26 0.93 3.8 (1.7–8.8) 0.79 (0.65–0.96)
New T-wave changes 0.24 0.92 3.0 (1.7–5.3) 0.83 (0.74–0.92)
Any abnormal finding 0.50 0.78 2.2 (1.6–3.1) 0.64 (0.47–0.88)
ST-segment elevation 0.05 0.97 1.8 (0.80–4.0) 0.96 (0.95–1.0)
ST-segment depression 0.11 0.94 1.7 (0.97–2.9) 0.95 (0.90–1.0)

LR likelihood ratio, CI confidence interval
Used with permission from Collins et al. [35]
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as treatment is rendered. ED physicians can esti-
mate ejection fraction with good interrater reli-
ability [34], and volume status can be estimated 
by inferior vena cava (IVC) diameter and its 
degree of change with respiratory variation, spe-
cifically looking for dilation without any respira-
tory variation, consistent with fluid overload 
[35]. Pulmonary edema may be evident on pul-
monary ultrasound (US) by looking for sono-
graphic B lines, which occur most commonly in 
patients with AHF and correlate with elevated 
PCWP and pulmonary edema [36]. When used in 
conjunction with serum markers, US accuracy 
improves [37]. For further discussion on US, see 
Chap. 35.

More recently, bedside ultrasound has been 
used to augment the diagnosis of AHF, particu-
larly when there are other potential causes of dys-
pnea, such as COPD or end-stage renal disease. 
One study (n  =  130) prospectively examined 
patients presenting with dyspnea and for the diag-
nosis of reduced EF AHF and found cardiopulmo-
nary ultrasound had an accuracy of 90% (95% CI: 
84–95) versus 81% (95% CI: 72–88) for the com-
bination clinical examination, NT-proBNP and 
CXR. In addition to evaluating AHF in the setting 
of dyspnea, cardiopulmonary ultrasound can also 
shed light into the presence of pneumonia or pleu-
ral effusion with an accuracy of 86% (95% CI, 
80–92) and decompensated chronic obstructive 
pulmonary disease or asthma with an accuracy of 
95% (95% CI, 92–99) [38].

Previously stable AHF often is exacerbated by 
other comorbidities. Considerations include:

• Unstable angina/myocardial infarction (par-
ticularly involving right ventricle)

• Myocarditis
• Poor dietary or medication compliance 

(NSAID use)
• Arrhythmias +/− electrolyte abnormalities
• Hypertensive crisis
• Chordae tendineae rupture or other valvular 

regurgitation
• Acute kidney injury/failure
• Aortic valve stenosis
• Sympathomimetic (cocaine) abuse
• High-output syndromes (wet beriberi)

• Sepsis/SIRS
• Cardiac tamponade
• Aortic dissection
• Postpartum cardiomyopathy
• Pulmonary hypertension/asthma/COPD
• Pheochromocytoma or thyrotoxicosis crisis
• Critical anemia

 Initial Stabilization

Acute HF patients typically present with dyspnea, 
ranging from wheezing to complete respiratory 
failure. Often, comorbidities such as COPD or 
asthma may accompany AHF, and preserved EF 
AHF patients often have a component of pulmo-
nary hypertension that can complicate presenta-
tion and management. The majority of AHF 
patients are hypertensive upon presentation, as this 
is part of the AHF pathophysiology. Hypotension 
in the AHF population is ominous and makes the 
usual management (diuresis, afterload reduction) 
more challenging. Resuscitation with small vol-
ume of intravenous fluids or initiation of an inotro-
pic agent is reasonable first moves.

An ECG early in the presentation is important 
to evaluate for an acute myocardial infarction or 
cardiac ischemia (particularly in hypotensive 
patients), which may alter the trajectory of the 
patient’s care (Table 12.2). A CXR will also allow 
a more thorough differential diagnosis, including 
pneumonia, pleural effusion, or the presence of 
chronic pulmonary disease, in addition to serum 
lab work.

Patients with underlying AHF are at risk for a 
variety of cardiac arrhythmias, sometimes from 
ischemic myocardium or hypokalemia. For ven-
tricular fibrillation or tachycardia, the usual 
ACLS guidelines apply. Low doses of beta block-
ade (metoprolol or esmolol) can be used to treat 
sinus or supraventricular tachycardias. Atrial 
fibrillation or flutters are occasional arrhythmias 
that require cardioversion (if unstable), β block-
ade, or amiodarone to slow AV conduction with-
out compromising left ventricular function. 
Rarely, theophylline is required in AMI patients 
with atropine-resistant bradycardia [15]. If the 
bradycardia is nonresponsive to medications, 
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consider temporary transcutaneous or transve-
nous pacing.

 Noninvasive Pressure Support 
Ventilation

The urgency to treat AHF and cardiogenic shock 
is dictated primarily by the pulmonary status of 
the patient. Dyspnea and impending respiratory 
failure from fluid overload are often the present-
ing complaint and main issue to address. Patients 
with chronic AHF, regardless of whether it is pre-
served versus reduced EF, know their disease, 
and often before ED presentation, will increase 
their diuretic dose as previously instructed by 
their cardiologist based on their daily weight in 
an attempt to mobilize excess fluid.

Noninvasive pressure support ventilation 
(NIPSV), either bilevel positive airway pressure 
support or continuous positive pressure airway 
support, is the greatest innovation available for 
AHF.  It improves respiratory distress from car-
diogenic pulmonary edema by preventing alveo-
lar collapse and, to a small extent, helps to 
redistribute intra-alveolar fluid that improves pul-
monary compliance. These reduce the work of 
breathing that has translated into clinical studies, 

as a recently updated Cochrane Review con-
cluded that when compared to standard care 
without NIPSV, its use significantly reduced hos-
pital mortality (relative risk reduction of 0.66) 
and endotracheal intubation (relative risk reduc-
tion of 0.52). While this did not translate into 
decreases in hospital length of stay, intensive care 
unit stay was reduced by 1 day. NPPV is an effec-
tive and safe intervention for the treatment of 
adult patients with acute cardiogenic pulmonary 
edema based on several small trials [39].

Although only a temporary measure, NIPSV 
can buy time while diuresis and afterload reduc-
tion therapy offload excess fluid [17]. It also fre-
quently avoids endotracheal intubation in a 
subset of patients who are at a high likelihood of 
prolonged intubation because of their comorbidi-
ties. Altered mental status can sometimes cause 
NIPSV to fail because of an uncooperative 
patient, and it should also be avoided in patients 
at risk for vomiting or aspiration. NPPV, particu-
larly the EPAP (or CPAP), reduces preload as 
well as afterload and acts as a mild LV assist 
device.

 Definitive Treatment

Before initiating treatment, get a sense of the car-
diac function, specifically the degree of preload, 
afterload, and contractility. This can be done with 
a chart review for the patient’s most recent echo-
cardiography or catheterization report. Not only 
is systolic function important, but particular 
 consideration should be given to the patient’s dia-
stolic function.

If a recent cardiac assessment is unavailable, a 
bedside-limited transthoracic echocardiography 
(LTTE) examination can be done to get a rough 
idea of fluid status and contractility, as well as 
determine the presence of a pleural or cardiac 
effusion. Collins et al. [35] suggest an approach 
based on presenting blood pressure that is helpful 
(Table  12.3). Therapy can be guided based on 
patient blood pressure: hypertensive 
(SBP > 140 mm Hg), normotensive (SBP 100–
140  mm Hg), or hypotensive (SBP  <  100  mm 
Hg) [40, 41]. Hypertension is an important target 

Table 12.2 Suggested workup in patients with acute 
heart failure

Complete blood count Always
Electrocardiogram Always
PT/PTT/INR If patient anticoagulated or 

may need anticoagulation
Basic metabolic panel Always
Cardiac enzymes 
(troponin)

Always

BNP or NT-proBNP Always except in renal failure 
patients

Echocardiography If no recent one available or if 
new issue suspected

Arterial blood gas If acidosis or hypoxia 
suspected

Serum lactate Always
Liver function tests If hepatic dysfunction 

suspected or AMS
Urinalysis If infection suspected
Chest radiograph Always
Chest radiograph Always
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because AHF patients may present with volume 
redistribution rather than volume overload, in 
which congestion is due to increased afterload 
rather than excess fluid. This is also important in 
diastolic AHF patients, who are known to present 
with a rapid onset of dyspnea and flash pulmo-
nary edema. While for volume overloaded 
patients, intravenous loop diuretics remain the 
primary ED pharmacologic therapy, patients with 
volume redistribution may respond better to 
vasodilation therapy [42].

There are specific instances when emergent 
surgery is required in patients presenting with 
new or suddenly worsening AHF (of note, a bed-
side echocardiogram will help diagnose a major-
ity of the following):

• Cardiogenic shock after AMI
• Postinfarction ventricular septal defect or free 

wall rupture
• Prosthetic valve failure or thrombosis
• Aortic aneurysm or aortic dissection rupture 

into the pericardial sac
• Acute mitral regurgitation from infection, 

ischemia or trauma
• Acute aortic regurgitation from infection, 

ischemia, dissection
• Mechanical assist device failure

The classic medication class used as an initial 
intervention for AHF for both EMS [43] and ED 
physicians [35] is loop diuretics, most commonly 

furosemide (Table 12.4). Despite its widespread 
usage (88% of the patients in on large database 
received IV diuretics during their admission) 
[44], there have been limited studies evaluating 
this drug class. Diuretics cause a decrease in 
plasma and extracellular fluid volume, leading to 
reduced ventricular filling pressures, peripheral 
congestion, and pulmonary edema. They also 
cause an early but temporary vasodilation effect 
with the first dose, as well as a reduction in neu-
rohormonal activation [45]. Failure to respond to 
diuretics may be caused by intravascular volume 
depletion, rebound sodium uptake after volume 
loss, decreased tubular secretion from renal fail-
ure or nonsteroidal drug use (NSAIDs), and 
decreased renal or gut perfusion (not absorbing 
oral diuretics) from low cardiac output.

If the patient fails to respond to the initial 
dose of loop diuretics, consider adding a thia-
zide, as low-dose combinations can be more 
effective with fewer secondary effects than the 
use of higher doses of a single drug. Similarly, 
using diuretics in conjunction with dobutamine, 
dopamine, or nitrates can be effective and pro-
duce fewer secondary effects than increasing the 
dose of the diuretic [15]. The use of diuretics 
alone is further discouraged by the ACEP guide-
lines that caution against “aggressive” diuretic 
monotherapy, as it is unlikely to prevent the need 
for endotracheal intubation compared with 
aggressive nitrate monotherapy. These guide-
lines further recommend if diuretics are used, 

Table 12.3 Associated clinical characteristics and treatment approaches based on emergency department presentation 
phenotype

ED presentation phenotype Clinical characteristics Treatment
Low BP (SBP < 100 mm Hg) Known/suspected low LVEF

Likely CAD and CRI
Diuretics (+++)
Inotropes/vasopressors (++)
Mechanical support (+)

Normal BP (SBP 100–140 mm 
Hg)

Subacute symptoms
Preserved or reduced LVEF
Dietary/medical indiscretion

Diuretics (++)
IV vasodilators (+)
Topical nitrates (++)

High BP (SBP > 140 mm Hg) History of HTN
Abrupt symptom onset
Flash pulmonary edema
Multiple non-CV comorbidities

Topical/SL nitrates (++)
Diuretics (+)
IV vasodilators (+++)
NIV

Adapted from and used with permission from Collins et al. [35]
+ relative intensity of use, BP blood pressure, SBP systolic blood pressure, LVEF left ventricular ejection fraction, CAD 
coronary artery disease, CRI chronic renal insufficiency, IV intravenous, HTN hypertension, SL sublingual, NIV nonin-
vasive ventilation
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they should be administered judiciously, given 
the potential for worsening renal and long-term 
mortality [17].

Nitrates are another classic drug class that has 
been a mainstay for treatment of acute AHF with 
a paucity of convincing evidence. The mecha-
nism of action addresses the arterial endothelial 
dysfunction and impaired endothelium- 
dependent dilation [46] known to occur in AHF, 
relieving pulmonary congestion without compro-
mising stroke volume or increasing myocardial 
oxygen demand in AHF.  While at low doses, 
nitrates should only induce venous dilation, and 
as the dose is gradually increased, arterial dilata-
tion occurs as well. When titrated properly, 
nitrates can reduce left ventricular pre- and after-
load without impairing tissue perfusion.

A recent Cochrane review [47] looked at four 
studies (634 participants) that met their inclusion 
criteria, with no significant difference in the 
rapidity of symptom relief between intravenous 
nitroglycerin and intravenous furosemide/mor-
phine after 0.5, 3, or 24 hours, suggesting little 
evidence to support the use of intravenous nitrate 
vasodilator therapy in the AHF population. Other 
measures, such as the need for mechanical venti-
lation, change in blood pressure, and progression 
to myocardial infarction, suggest there was a sig-
nificantly higher incidence of adverse events 
after 3  hours with nitroglycerin compared with 
placebo (odds ratio 2.29, 95% CI 1.26–4.16), but 
this was based on a single study. A more recent 
meta-analysis suggests intravenous vasodilators, 
when used in acute AHF in the ED, are safe and 

Table 12.4 Medications commonly used in acute decompensated heart failure

Medication Indication Dosing Side effect Miscellaneous
Vasodilators
Nitroglycerin Afterload reduction, 

blood pressure control
Start 10 μg/min, 
increase by 10,
Max 200 μg/min

Hypotension, 
headache

Decreased efficacy with 
chronic use

Isosorbide dinitrate Afterload reduction, 
blood pressure control

Start 1 mg/h,
Max 10 mg/h

“               ” Decreased efficacy with 
chronic use

Nitroprusside Hypertensive urgency or 
emergency

0.3–5 μg/kg/min Hypotension, CN 
toxicity

Watch for cyanide 
toxicity in renal failure

Natriuretic peptides
Nesiritidea Acute HF, failed other 

measures
2 μg/kg IV bolus, 
then 0.01–
0.03 μg/kg/min

Hypotension, atrial 
fibrillation

Infusion only if 
hypotension a concern

Loop diuretics
Furosemide Afterload reduction, 

diuresis
Mild to moderate: 
40 mg PO/IV
Severe: 80 mg IV

Dehydration, 
ototoxicity renal 
injury

If first dose fails, 
consider adding another 
agent below

Bumetanide Prior patient use, diuresis 0.5–4 mg PO or 
IV

“               ” Monitor Na, K, and 
creatinine closely

Torasemide Prior patient use, diuresis 10–20 mg PO or 
IV

“                ” Monitor Na, K, and 
creatinine closely

Thiazide diuretics
Metalozone Augment loop diuresis 2.5–5.0 mg PO Worsening renal 

failure
Use in renal 
insufficiency

Hydrochlorothiazide ↓ sodium reabsorption in 
distal tubule

25–50 mg PO “                       ” “                   ”

Inotropes
Dobutamine Enhances cardiac 

contractility and diuresis 
if used with diuretics

2–20 μg/kg/min 
IV infusion, no 
bolus

Tachycardia (try 
fluid bolus), 
hypotension

Insert arterial and 
central catheters

Milrinone Enhances cardiac 
contractility

50 μg/kg bolus, 
then 0.3–0.7 μg/
kg/min

Arrhythmias, 
hypotension 
tachycardia

Insert arterial and 
central catheters

“   ”Same as Above
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improve short-term symptoms but have no impact 
on mortality [48].

The studies evaluating nitrates used relatively 
lower doses that may have a limited effect in 
improving clinical status, so consider higher 
doses with the understanding that it is also best to 
avoid nitrates in hypotensive and relatively hypo-
tensive patients, meaning patients who on any 
given day are profoundly hypertensive, but have 
what would be considered a normal blood pres-
sure when you are considering treatment. In 
patients who are chronically on nitrates, even 
higher doses may not work because of the rapid 
development (12–24  h) of tolerance (especially 
when given intravenously) [15].

Sodium nitroprusside is another short-acting 
vasodilator that can be considered in patients 
with severe heart failure, particularly those with 
predominantly increased afterload (hypertension 
or mitral regurgitation). It must be titrated cau-
tiously and requires an arterial line. Also, pro-
longed administration can accumulate 
thiocyanide and cyanide, so should be used with 
caution in renal or hepatic failure patients. To fur-
ther argue against its use, it may cause “coronary 
steal syndrome” in ischemic patients by shifting 
blood toward healthy myocardium whose coro-
naries dilate and away from those areas where the 
vessels are diseased or obstructed and cannot 
dilate [15].

 Inotropes

Typically, the use of inotropic support has been a 
last resort in the ED, as using these medication 
means an ICU bed will be needed for admission, 
and patients need arterial and central lines (except 
for dobutamine or milrinone, since no alpha 
effects) to safety titrate these medications. Of all 
of the sympathomimetics used in the manage-
ment of acute heart failure, dopamine and dobu-
tamine are the most common. Both target 
beta-adrenergic receptors and have positive ino-
tropic effects at lower doses. Dopamine, at higher 
doses, can increase systemic vascular resistance 
which may impact cardiac output, making dobu-
tamine a better choice for patients with normal 

MAPs who need an inotropic agent. Dobutamine 
is not without its drawbacks, as the peripheral 
vasodilatory effects that make it useful in acute 
AHF can also cause tachyarrhythmias. For fur-
ther discussion on vasopressors, see Chap. 32.

Although initiating vasopressors in the ED is 
time-consuming, earlier initiation of vasoactive 
therapy may impact outcomes based on the large 
Using the Acute Decompensated Heart Failure 
(ADHERE) registry [9]. Although this study was 
not prospective or randomized, the investigators 
evaluated if vasoactive agents were used early 
(defined as <6 hours) versus later impacted inpa-
tient mortality and found in-hospital mortality 
was significantly lower in the early group 
(OR  =  0.87; 95% CI: 0.79–0.96; P  =  .006). 
Furthermore, the adjusted odds of death increased 
6.8% for every 6 hours of treatment delay (95% 
CI, 4.2–9.6; p <  .0001). Thus, the therapy initi-
ated in the ED may impact overall mortality and 
should be considered earlier rather than later.

Milrinone in one prospective study showed 
that there was no difference when compared 
against placebo in days of hospitalization, but 
there were significant occurrences of hypoten-
sion, ventricular fibrillation, and tachycardia. 
These results suggest that routine use of milri-
none in most patients admitted with AHF is not 
indicated, but those select patients with low car-
diac output (cold) and hypervolemia (wet) might 
benefit if other modalities are contraindicated or 
have failed [49].

Even in hypotensive patients, an assessment 
of volume is important because they may still be 
fluid overloaded. For such patients, inotropes 
should be used as a last resort or if there is clear 
evidence of shock or organ hypoperfusion [35].

 ACE-I

ACE inhibitors work by interrupting the 
renin–angiotensin system that results in 
decreased preload and decreased afterload. To 
date, no controlled, randomized clinical trials 
exist that evaluate the use of ACE inhibitors in 
AHF, but they are well accepted in chronic 
management [28].
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 Beta Blockers

While beta-blocker therapy is commonly used in 
chronic AHF because they reverse cardiac remod-
eling, improve the quality of life, and reduce 
mortality [28], it has come under greater scrutiny 
in those patients with preserved EF [50]. Overall, 
there is no role of beta-blockers in the acute man-
agement of AHF. That being said, in patients with 
preserved EF, tachycardia can decrease preload 
and cardiac output, and a small dose of beta 
blocker (for instance, metoprolol 5 mg IV, slow 
push) that lowers the heart rate may paradoxi-
cally improve output.

 Hydralazine

As a vasodilator primarily targeting arteries and 
arterioles, hydralazine decreases peripheral resis-
tance and decreasing afterload and should be an 
ideal agent for acute AHF.  However, for treat-
ment of AHF, it has been poorly studied and data 
is limited [48]. Should urgent blood pressure 
reduction be needed in an AHF patient, hydrala-
zine would be a prudent choice, but be aware of 
rebound hypertension once its effects wear off.

 Calcium Sensitizers

Levosimendan is a newer drug class for the treat-
ment of AHF currently available in Europe, but 
not in the United States. Its mechanism of action 
is increasing calcium activity inside the cardiac 
cell (therefore increasing contractility); and 
relaxation of smooth muscle (causing vasodila-
tion) [51]. Currently, it is under consideration at 
the FDA for clinical use.

 Ultrafiltration

In patients with chronic renal failure, removal of 
excess fluids is a prudent indication for those 
with respiratory failure or in embarrassment. In 
patients without chronic renal failure, continuous 
renal replacement therapy, specifically ultrafiltra-

tion, may be considered in refractory cases in 
which fluid overload and pulmonary congestion 
from a specific source (renal failure, acute myo-
cardial infarction) is identified. Those patients 
with persistent congestion despite diuretic ther-
apy, with or without impaired renal function, may 
be candidates for continuous venovenous ultrafil-
tration after discussion with cardiology and renal 
consultants [15].

 Disposition

With aggressive treatment in the ED, impending 
respiratory failure can be reversed effectively, 
sometimes making disposition (ICU vs. floor) a 
challenge. A trial of time off NIPSV or follow-up 
ABG can assist in disposition. Positive cardiac 
markers or new/worsened renal failure can also 
help an ICU disposition occur.

Both fields of cardiology and emergency med-
icine struggle with how to disposition those 
patients with mild heart failure, as these patients 
often have subclinical inadequate perfusion 
whose symptoms are reversed but have not had 
the underlying pathophysiology addressed [52]. 
This accounts for the high readmission rate 
encountered with AHF. If close follow-up can be 
arranged or the patient is well known by their 
 primary physician, discharge home is possible. 
Otherwise, an observation stay may be in order.
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Hypertensive Emergencies

Aimee Wendelsdorf and Brian T. Wessman

 Introduction

Systemic hypertension effects an estimated 1 bil-
lion persons worldwide and is responsible for 7.1 
million deaths per year making it one of the most 
ubiquitous medical disorders seen and treated by 
the medical community [1]. Approximately 30% 
of the United States population, 65 million 
Americans, will suffer from high blood pressure 
by the age of 20 [2]. True hypertensive crisis, 
however, is less common, effecting only 1–2% of 
patients with chronic hypertension, yet still 
accounting for up to 25% of all medical emergen-
cies and 3% of all emergency department (ED) 
visits [3, 4]. Hypertensive emergencies are the 
result of acute and rapid elevations in blood pres-
sure. They may develop from a number of differ-
ent etiologies (Table 13.1) and manifest across a 
variety of different organ systems making it both 
a diagnostic and a management challenge for the 
treating emergency medicine physician.
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Table 13.1 Causes of hypertensive crisis [5, 6]

Essential hypertension
Medication noncompliance
Collagen vascular diseases (lupus)
Aortic dissection
Cardiac
  Unstable angina
  Myocardial ischemia/infarction
  Acute left ventricular failure
Renal parenchymal disease
  Acute renal failure
  Acute glomerulonephritis
  Vasculitis
  Hemolytic uremic syndrome
  Thrombotic thrombocytopenic purpura
  Renal transplant rejection
Renovascular disease
  Renal artery stenosis
Endocrine
  Pheochromocytoma
  Cushing’s syndrome
  Renin-secreting tumors
  Mineralocorticoid hypertension
  Thyroid storm
Illicit drugs/toxins
  Cocaine, methamphetamines, PCP, lead poisoning
  Rebound hypertension (s/p stopping BP agent such 

as clonidine)
Prescription drugs
  Sympathomimetics, oral contraceptives, 

erythropoietin, cyclosporine, antihypertensive 
withdrawal (clonidine), monoamine-oxidase 
inhibitors (tyramine)

Alcohol withdrawal
Central nervous system disorders
  Traumatic brain injury, cerebral infarction/

hemorrhage, tumors
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 Definition [1]

Systemic hypertension is defined as a systolic 
blood pressure (SBP) >140  mmHg or a dia-
stolic blood pressure (DBP) >90 mmHg as clas-
sified by the Joint National Committee on 
Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (Table 13.2) 
[7]. Although not recognized as a formal clas-
sification, hypertensive crisis is often defined as 
an acute elevation of blood pressure greater 
than SBP ≥180 mmHg or a DBP ≥110 mmHg. 
Of note, the below definitions are devoid of 
absolute blood pressure numbers due to the fact 
that end-organ damage can be patient specific 
and variable with the rapidity of blood pressure 
elevation.

• Hypertensive crisis: Nonspecific term for 
severe elevations in blood pressure that have 
the potential to cause end-organ damage 
(brain, heart, aorta, kidneys, eyes, 
vasculature).

• Hypertensive urgency: Blood pressure is 
severely elevated, but end organs have yet to 
be effected.

• Hypertensive emergency: Severe elevation of 
blood pressure with evidence of ongoing acute 
end-organ damage.

 – Hypertensive encephalopathy: Specific 
subset of hypertensive emergency char-
acterized by headaches, irritability, and 
 mental status changes (usually due to 
very rapid elevations of blood 
pressure).

 – Accelerated–malignant hypertension: 
Specific subset of hypertensive emergency 

characterized by fundoscopic findings of 
papilledema and/or acute retinal hemor-
rhages and exudates.

 Pathophysiology

The pathophysiology related to hypertensive 
emergencies and the resulting end-organ damage 
is not well understood. Given evidence that the 
rapidity of blood pressure elevation contributes to 
the development of end-organ damage, one mech-
anism of action is believed to be a sudden increase 
in systemic vascular resistance due to circulating 
humoral vasoconstrictors that occur as a response 
to some acute insult. Whatever the underlying 
mechanism for the sudden increase in blood pres-
sure, the end result is thought to be beyond that of 
which end-organ compensatory mechanisms can 
manage. This change in vascular resistance leads 
to fluid shifts, capillary leaks, edema, and fibrin 
deposits which can alter elasticity of the vessels 
responsible for augmenting blood flow to the 
organs [1, 5].

 Presentation

Whether classified as hypertensive emergency 
or urgency, uncontrolled blood pressure can 
have numerous deleterious effects on varied 
organ systems as shown in Table  13.3. These 
multiple manifestations of disease may result in 
a variety of initial presenting signs and symp-

Table 13.2 Joint National Committee VII guidelines for 
defining hypertension

Blood pressure 
classification

Systolic blood 
pressure 
(mmHg)

Diastolic blood 
pressure 
(mmHg)

Normal <120 and <80
Prehypertension 120–139 or 80–89
Stage 1 
hypertension

140–159 or 90–99

Stage 2 
hypertension

≥160 or ≥100

Pregnancy
  Preeclampsia
  Eclampsia
Autonomic hyperreactivity
  Guillain–Barré syndrome, acute intermittent 

porphyria
Postoperative hypertension

A. Wendelsdorf and B. T. Wessman
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toms requiring a thorough history and physical 
examination to assess for both etiology and end-
organ damage. A complete neurologic examina-
tion and fundoscopic examination assessing for 
findings concerning for stroke, papilledema, 
retinal hemorrhage, or exudates should be per-
formed when focal neurologic symptoms, 
altered mental status, or visual disturbances 
exist. Appreciation of a third heart sound, gal-
lop, peripheral edema of jugular venous disten-
sion may indicate acute decompensated heart 
failure or myocardial infarction, while a fourth 
heart sound may be present indicating a stiff LV 
due to elevated aortic afterload. Blood pressure 
should be measured in both arms as disparities 
may indicate aortic dissection (further discussed 
below) [1, 9].

 Diagnostics

When blood pressure is severely elevated, labora-
tory and radiographic workup should be tailored 
based on found signs, symptoms, and suspicion 
for end-organ damage. In the presence of chest 
pain or signs of acute congestive heart failure, a 
CXR, EKG, serial troponins, and d-dimer are 
important to rule out other life-threatening causes 
of chest pain such as myocardial infarction or pul-

monary embolus. When altered mental or focal 
neurologic signs are present, head computed 
tomography (CT) imaging is warranted to rule out 
any intracranial hemorrhage or acute stroke. A 
complete blood count with peripheral smear 
should be analyzed for low platelets and schisto-
cytes indicating potential microvascular hemolysis 
(microangiopathic hemaolytic anemia). Urea, cre-
atinine, and electrolytes should be monitored 
given the potential for renal dysfunction. Urinalysis 
may be analyzed for proteinuria, microscopic 
hematuria, or illicit substances [1, 2, 6, 9].

 Initial Stabilization

The first priority in the management of hyper-
tensive emergencies is the controlled yet rapid 
reduction of mean arterial pressure (MAP) by 
20–25% in the first hour of presentation with a 
target blood pressure of 160/110  in the first 
3–6  hours in most cases [4, 10–12]. This 
requires administration of appropriate intrave-
nous antihypertensive medications and often 
invasive blood pressure monitoring in the 
form of an arterial line. The choice of antihy-
pertensive medication should be tailored to 
the underlying etiology of hypertensive crisis 
and ideally should be short- acting (Figs. 13.1 
and 13.2). Careful consideration of potential 
side effects should be considered as too great 
of a reduction in blood pressure may worsen 
outcomes in certain instances such as acute 
ischemic stroke, renal failure, or coronary isch-
emia. Any pain should be appropriately treated 
as it may contribute to uncontrolled hyperten-
sion. Diuretics should be avoided in most cases 
(except pulmonary edema or myocardial infarc-
tion), as patients are usually hypovolemic 
despite elevated blood pressure, as activation of 
the renin–angiotensin system and pressure 
natriuresis leads to systemic free water loses. 
Some patients may actually require gentle crys-
talloid fluid resuscitation for precipitous drops 
in blood pressure on initiation of antihyperten-
sive therapy [1].

Table 13.3 Manifestations of hypertensive crisis [1, 4, 8]

Hypertensive urgencies
  Shortness of breath
  Severe anxiety
  Epistaxis
Hypertensive emergencies
  Hypertensive encephalopathy
  Aortic dissection
  Intracerebral hemorrhage
  Acute coronary syndrome/myocardial infarction
  Acute left ventricular failure
  Pulmonary edema
  Hypertensive retinopathy
  Subarachnoid hemorrhage
  Acute ischemic stroke
  Sympathetic crisis
  Acute postoperative hypertension
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Drug Drug Class Initial dose Titration Max dose Onset Duration Side-effects Contra-indications
Clevidipine Dihydropyridine 

calcium-channel 
blocker

1-2 mg/hr May be doubled 
every 90 seconds till 
goal achieved

21 mg/hr 2-4 mins 5-15 mins Reflex tachycardia, 
hypertriglyceridemia
with prolonged use 
at high doses

Severe aortic stenosis, 
allergies to soy or egg 
(emulsified), disordered 
lipid metabolism

Enalaprilat ACE-inhibitor 1.25 mg IV push Repeat dosing every 
6 hrs

5 mg every 
8 hours

15-30 
mins

12-24 hrs Delayed peak effect 
of 4 hrs

Renal artery stenosis, 
reduce dose in azotemia,
pregnancy

Esmolol Beta-1 selective 
blocker

500 mcg/kg IV 
bolus; 50 
mcg/kg/min 
infusion

Bolus 500mcg/kg if  
no effect in 5 mins 
and increase infusion
by 50 mcg/kg/min

300 
mcg/kg/min

1-5 mins 15-30 mins Local necrosis if 
extravasation 
occurs, bradycardia

LVH, COPD/asthma, 
high-grade heart block, 
bradycardia, cocaine-
toxicity (controversial)

Fenoldopam Dopamine-1 
receptor agonist, 
vasodilator

0.1 to 0.3 
mcg/kg/min

0.05 to 0.1 
mcg/kg/min every 15
mins

1.6 
mcg/kg/min

5-10 
mins

1 hour Flushing, headache, 
nausea, 
hypokalemia so 
potassium should be 
monitored

Glaucoma, sulfite 
sensitivity 

Hydralazine Arteriolar 
vasodilator

10 mg slow IV 
bolus/IM 

10-20 mg IV bolus 
every 4 to 6 hours 

20 mg/dose 10-30 
mins

2-4 hours Reflex tachycardia, 
less predictable 
response

Coronary disease, aortic 
dissection (administer 
beta-blocker prior)

Labetalol Beta-blocker 20 mg IV push; 
0.5 to 2 mg/min 
infusion

20-80 mg IV push 
every 10 mins 

300 mg/day 5-10 
mins

2-6 hrs Bradycardia, 
orthostatic 
hypotension

Asthma, COPD, CHF, 
bradycardia, heart block

Nicardipine Dihydropyridine 
calcium channel 
blocker

5 mg/hr Increase by 2.5 
mg/hr every 15 mins

15 mg/hr 15 mins < 8 hours, 50% 
decrease in 
effect seen 30  
mins after 
discontinuation

Long half-life, poor 
rapid titration

Heart block, recent AMI, 
renal failure

Nitroglycerin Venous 
vasodilator

5 mcg/min IV 
infusion

Increase by 5 
mcg/min every 3-5 
mins

200mcg/min 2-5 mins 5-10 mins Increases ICP, 
headache, 
decreased pre-load, 
nitrate tolerance

Right-sided AMI, HTN 
encephalopathy, stroke, 
ICH

Nitroprusside Afteriolar and 
venous
vasodilator

0.3-0.5 
mcg/kg/min

Increase by 0.5 
mcg/kg/min

10 
mcg/kg/min

Within 
seconds

2-3 mins Cyanide toxicity 
with prolonged use  
> 24-, 48 hrs

MI, renal failure, 
pregnancy

Fig. 13.2 Initial dosing and contraindications of 
 commonly used intravenous antihypertensive agents 
([10, 11], UpToDate. https://www.uptodate.com/contents/

drugs-used-for- the- t reatment-of-hyper tensive-
emergencies?source=see_link)

Comorbidity
Aortic dissection
Acute congestive heart failure
Acute intracranial hemorrhage/ischemic
stroke

Subarachnoid hemorrhage (SAH)
Acute myocardial infarction

Acute hypertensive pulmonary edema
Acute renal failure
Encephalopathy/posterior reducible
encephalopathy syndrome (PRES)

Sympathetic crisis or catecholamine
toxicity

Acute post-operative hypertension

Eclampsia or preeclamsia

Acceptable Intravenous Agent(s)
Esmolola, labetalola, nicardipine, sodium nitroprusside
Nitroglycerin, nitroprussside
Labetalol, nicardipine, nitroglycerin

Esmolol, labetalol, nicardipine

Clevidipine, esmolol, labetalol, nicardipine,
nitroglycerin

Enalapril, nicardipine, nitroglycerin, nitroprusside

Clevidipine, fenoldompam, nicardipine
Nicardipine, clevidipine

Benzodiazipine, fenoldopam, nicardipine,
nitroglycerin, phentolamine

Clevidipine, esmolol, narcotics (pain control)
nicardipine, nitroglycerin, nitroprusside

Hydralazine, labetalol, nicardipine, nifedipine

Fig. 13.1 Hypertensive emergencies and recommended 
antihypertensive therapies. Medications are listed in 
alphabetical order, not order of preference. aEffective beta 

blockade should be achieved prior to institution of a vaso-
dilator when treating aortic dissection
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 Definitive Treatment

The necessity for tight blood pressure control by 
continuous infusion and invasive monitoring war-
rants intensive care unit (ICU) admission [4, 7]. In 
cases of hypertensive urgency without end- organ 
damage, the goal should be symptom  management 
such as analgesia for headache or nasal packing for 
epistaxis. If symptoms persist, then blood pressure 
control with cautious administration of oral medi-
cations or home antihypertensive regimens may be 
warranted followed by several hours of observation 
[7]. For asymptomatic patients, intravenous anti-
hypertensive should not routinely be initiated in the 
ED as there is no proven benefit of blood pressure 
reduction in the first 24 hours in these patients, and 
uncontrolled reduction may lead to worsened out-
comes and prolonged hospital stays [1, 2]. Patients 
with hypertensive urgency may be discharged from 
the hospital as long as a reliable follow-up is avail-
able within 24–48 hours [7]. For patients with lim-
ited resources and lack of reliable follow-up, ED 
physicians may want to initiate long-term antihy-
pertensive therapy and admission to the hospital 
may be warranted [13]. Specific management of 
other hypertensive emergencies not listed below is 
discussed elsewhere in this book.

 Aortic Dissection

 Introduction

One of the most life-threatening hypertensive 
emergencies is acute aortic dissection. Occurring 
at a rate of 3 cases per 100,000 persons, it is a 
relatively rare disease, making it a diagnostic 
challenge that requires a high degree of suspicion 
on the part of the emergency medicine physician 
[14]. There are several underlying risk factors 
and etiologies for aortic dissection (Table 13.4), 
however, the most common causes seen in 
upward of 75% of cases is uncontrolled, severe 
hypertension (acute or chronic). Genetic disor-
ders such as Marfan’s syndrome account for 
approximately 20% of dissection cases [15].

 Definition [14, 15]

Dissection may occur anywhere along the aorta. 
The location origin of the dissection is used to 
classify the disease process by either the Stanford 
or DeBakey system (Fig.  13.3). The DeBakey 
system further differentiates dissections of the 
ascending aorta.

• Stanford type A: Aortic dissection involving 
the ascending aorta, which begins proximal to 
the brachiocephalic artery and may or may not 
include the descending aorta.

• Stanford type B: Aortic dissection isolated to 
the descending aorta alone.

• DeBakey type I: Aortic dissection involving 
the ascending aorta, with extension to at least 
the aortic arch and often involving the 
descending aorta.

• DeBakey type II: Aortic dissection involving 
the ascending aorta alone.

• DeBakey type III: Aortic dissection isolated to 
the descending aorta.

 Pathophysiology

Despite many different etiologies, the common 
pathophysiology leading to an aortic dissection is 
a defect in the intima of the aortic wall. This can 

Critical Points
• The difference between hypertensive 

urgency and hypertensive emergency is 
the presence of end-organ damage.

• For hypertensive emergency, mean arte-
rial pressure (MAP) should be rapidly 
reduced by 25% over the first hour of 
presentation.

• Elevated blood pressure in hypertensive 
urgency should be treated within 
24  hours and if follow-up is arranged, 
patients can be discharged from the ED.

• Intravenous antihypertensive medica-
tions should not be administered to 
asymptomatic patients.

• Easily titratable, short-acting, intrave-
nous antihypertensives are first-line 
therapy for initial stabilization and tight 
blood pressure control.

13 Hypertensive Emergencies
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be due to chronic weakening over time or an 
acute injury such as with trauma. A defect in the 
intima allows blood to dissect along the media 
creating both false and true aortic lumens. 
Chronic and poorly controlled hypertension is 
one of the most common underlying causes due 
to the chronic calcification, intimal thickening, 
and adventitial fibrosis that occur with repeated 
hypertensive insults. Once a tear in the intima 
develops, hematoma expansion and sheer forces 
(dP/dT) generated by the pulsatile blood flow 
within the aorta propagate the dissection allow-
ing for extension along the aorta usually in an 
antegrade fashion. As the false lumen expands, it 
compresses the true lumen supplying blood to 
vital organs therefore leading to malperfusion 
syndromes. The ascending aorta is most suscep-
tible to intimal tears as 65% of dissections occur 
here with only 30% and 10% evolving from the 
descending aorta and aortic arch, respectively 
[14, 15].

 Presentation

Adding to the diagnostic challenge is the fact 
that aortic dissection can present in a variety of 
different ways. Depending on the location of the 
dissection along the aorta, blood flow may be 
compromised to the spinal cord, coronary arter-
ies, intestines, kidneys, and limbs (Table 13.5). 
By far, the most common symptom on presenta-
tion is the sudden onset of severe chest pain 
(often described as ripping) that may radiate to 
the back, abdomen, or extremities. It is impor-
tant to note that the resolution or absence of 
chest pain on evaluation does not exclude dis-
section and the diagnosis should still be consid-
ered in high-risk individuals especially in those 
without evidence of myocardial ischemia. 

Table 13.4 Aortic dissection [14–17]

Risk factors
  Hypertension (75%)
  Dyslipidemia
  Smoking
  Genetic disorders
   Marfan’s syndrome (20%)
   Loeys–Dietz syndrome
   Ehlers–Danlos syndrome
   Bicuspid aortic valve
    Familial TAA/D (thoracic aortic aneurysm and 

dissection)
  Congenial disorders
   Coarctation of the aorta
   Turner syndrome
  Cocaine/amphetamine/stimulant use
  Pheochromocytoma
  Heavy weight lifting (with prolonged valsalva)
  Pregnancy (during labor/early postpartum)
  Autoimmune disorders
  Infections
   Syphilis
   Tuberculosis
  Blunt trauma/decelerating injuries
  Iatrogenic injury
   Intraaortic balloon pump
   Catheter/stent placement
Presenting signs/symptoms
  Sudden, sharp, severe chest, back and/or abdominal 

pain
  Migratory/radiating pain (17%)
  Painless aortic dissection (6%)
  Hemodynamically unstable (50% of type A 

dissections)
  Asymmetric/deficit pulses (19% type A, 9% type B)
  Aortic regurgitation/new diastolic murmur (41–76% 

type A)
  Syncope (9%)
  Left-sided pleural effusion (20%)
Complications
  Cardiac tamponade (9% type A)
  Acute congestive heart failure (7%)
  Acute myocardial infarction/right coronary artery 

dissection (1–2% type A)
  Neurologic complications (more common in 

type A)
   Stroke (6%)
   Spinal cord ischemia
   Ischemic neuropathy
   Hypoxic encephalopathy
  Mesenteric ischemia (5%)
  Renal ischemia/infarction (5–10%)
  Upper and lower limb ischemia
Diagnostics

Table 13.4 (continued)

  CBC, renal and liver function studies, troponin, 
d-dimer, type and cross

  CXR mediastinal widening (normal in 12–15%)
  CT (most common)/MRI/TEE (dependent on 

availability and patient stability)

Nonspecific EKG changes (ST elevation in 1–2%)
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Although hypertension is a risk factor for dis-
section, patients may be normotensive or even 
hypotensive on presentation if active hemor-

rhage or cardiac tamponade is a factor. In fact, 
50% of Type A dissections are hemodynami-
cally unstable on presentation due to increased 
risk of tamponade, aortic valve dysfunction, and 
heart failure when compared to Type B dissec-
tions, which are more likely to present with 
hypertension [15].

 Initial Stabilization

Mortality with acute aortic dissection is high 
especially if diagnosis and interventions are 
delayed; mortality increases by 1–2% every hour 
the first 24 hours of symptom onset. If untreated, 
20% of patients will die within the first day, 30% 
within 48 hours, and 50% by 1 week [14]. This is 
unsettling given that only 39% of aortic dissec-
tions are diagnosed within the first 24 hours of 
symptom onset [17]. An early priority in the 
hemodynamically stable patient is blood pres-
sure control to a goal systolic of 100–120 mmHg 
or the lowest pressure tolerated for organ perfu-
sion. This should be achieved with intravenous 
medications that are easily titratable and “fast on 
and off” such as nicardipine or classically 
sodium nitroprusside (though this has fallen out 
of favor given risk for cyanide toxicity with pro-
longed use or high doses); see Figs.  13.1 and 
13.2. It is crucial, however, that effective beta 
blockade be achieved before reducing systemic 
blood pressure in order to reduce sheer forces 

TYPE A TYPE B
TYPE I TYPE II TYPE III

Fig. 13.3 Stanford (bold letter) and DeBakey (Roman numerical system) classification for aortic dissection [14] and 
MRI images of type A (arch and descending)

Table 13.5 Posterior reversible encephalopathy syn-
drome (PRES) [4, 18, 19]

Risk factors/causes
  Hypertension/fluctuations in blood pressure
  Chemotherapy and/or immunosuppressant therapy
  Autoimmune disorder
  Renal failure
  Eclampsia
Signs and symptoms
  Altered mental status/encephalopathy (50–80%)
  Headache (50%)
  Seizures (60–75%)
  Visual disturbances/cortical blindness (33%)
  Retinal arteriolar hemorrhage/exudates
  Papilledema
  Status epilepticus (5–15%)
Radiographic findings on MRI
  Bilateral vasogenic cerebral edema
  Cytotoxic cerebral edema
  Frontal and temporal involvement (75%)
  Intracranial hemorrhage (10–25%)
  Microhemorrhage (58%)
  Vasoconstriction (15–30%)
  Normal
Management
  Invasive blood pressure monitoring
  Blood pressure reduction by 25% in first few hours
  Antiepileptic therapy
  Temporarily discontinue any inciting drugs

Standard treatment of any underlying autoimmune disor-
der or eclampsia
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(dP/dt) that may worsen the dissection or lead to 
aortic rupture. This can be accomplished by 
reducing the heart rate to a goal rate of <60 bpm 
with a beta- blocker infusion such as esmolol [10, 
11, 14].

 Definitive Treatment

All aortic dissections require ICU admission for 
invasive blood pressure monitoring and titration 
of anti-hypertensive drips. Type B dissections 
isolated to the descending aorta can often be 
managed with medical therapy alone. However, 
for dissections involving the ascending aorta, the 
life-saving management is prompt surgical inter-
vention [14–17]. Type B dissections resulting in 
complications involving the vasculature to the 
kidneys, bowel, or limbs may also require surgi-
cal intervention which is why cardiothoracic and 
vascular surgery should be consulted for all aor-
tic dissections no matter their location to insure 
proper therapy is being instituted. After initial 
stabilization and blood pressure control, all 
patients requiring surgical intervention should be 
transferred to a tertiary care facility with an avail-
able interventional radiology service, cardiology 
consultation, and cardiothoracic–vascular sur-
geon [14].

 Hypertensive Encephalopathy

It is defined as an acute encephalopathy or delir-
ium in the setting of severe hypertension. 
Hypertensive encephalopathy results when an 
acute rise in systemic blood pressure overwhelms 
the brain’s ability to autoregulate cerebral vascu-
lar resistance and therefore cerebral blood flow 
(Table  13.5) [6]. Normal autoregulation allows 
for controlled cerebral blood flow by adjusting 
vasoconstriction in the setting of blood pressure 
fluctuations. Inappropriate dilation of cerebral 
vessels in the setting of hypertension leads to dis-
ruption of the blood–brain barrier, extravasation 
of plasma into the surrounding tissues, and con-
sequently cerebral edema [4]. The resulting con-
sequences may vary widely from headache and 
confusion to seizures, intracranial hemorrhage, 
and ultimately coma. On the spectrum of hyper-
tensive neurologic disorders is posterior revers-
ible encephalopathy syndrome (PRES) where 
symptoms are resultant of characteristic edema 
isolated to the occipital and cerebellum of the 
brain that is detected on MRI during routine 
workup for altered mental status. As the name 
suggests, the rate of recovery from PRES is high 
(75–90%) with resolution of symptoms usually 
occurring within the first week of symptom onset 
in most cases [18, 19].

Critical Points
• Aortic dissection should be considered 

in any patient presenting with chest pain 
regardless of presenting blood pressure.

• A negative CXR and/or d-dimer do not 
rule out aortic dissection especially in 
high-risk patients.

• All dissections involving the ascending 
aorta require surgical intervention.

• Dissections of the descending aorta that 
compromise other vital organs or limbs 
may require surgical intervention along 
with standard medical therapy.

Critical Points
• A stat head CT should be obtained in 

all patients with altered mental status, 
seizure, or focal neurologic findings 
when hypertensive emergency is 
suspected.

• Targeted reduction of MAP by 25% is 
required to prevent any concurrent 
hypoperfusion to insulted brain tissue.

• Posterior reversible encephalopathy 
syndrome (PRES) often resolves with 
improved control of blood pressure 
fluctuations.
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 Flash Pulmonary Edema

More than half of patients in hypertensive crisis 
are euvolemic or hypovolemic. However, patients 
with underlying renal, hepatic, or congestive 
heart failure are often chronically hypervolemic. 
In this setting, dramatic increases in blood pres-
sure may lead to development of sudden, “flash,” 
pulmonary edema and hypoxic respiratory fail-
ure. If profoundly hypoxic or unable to tolerate 
increased work of breathing, patients may require 
mechanical ventilator support. Noninvasive ven-
tilation strategies and careful use of diuretic ther-
apy may avoid the need for invasive interventions, 
though most recent studies show no improvement 
in outcomes with diuretic therapy [9]. Preload 
reduction with nitroglycerin or nitroprusside is 
often recommended in the setting of pulmonary 
edema. Afterload reduction may be achieved 
with intravenous hydralazine or angiotensin- 
converting enzyme inhibitors (ACE inhibitors), 
however, renal function must be taken into con-
sideration as administration of an ACE inhibitor 
may lead to further kidney injury [9–11].
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Critical Points
• Noninvasive ventilation should be con-

sidered a first-line intervention for the 
management of hypoxemia secondary 
to flash pulmonary edema.

• Preload reduction through short-acting 
vasoactive infusions should be consid-
ered early in the management algorithm 
of pulmonary edema.
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 Introduction

Emergency physicians care for a large number of 
patients with gastrointestinal (GI) bleeding; how-
ever, few of these patients develop life- threatening 
GI hemorrhage [1–3]. In these selected patients, 
prompt recognition, aggressive resuscitation, and 
definitive therapy saves lives. This chapter will 
discuss GI bleeding in general, but will focus on 
management of massive GI hemorrhage and the 
acute management of the critically ill patient.

Identifying a source of bleeding can be chal-
lenging. Although significant effort is often 
spent determining the location of bleeding, for 
the purposes of emergency department (ED) 
resuscitation, principles are similar regardless of 
the source.

 Relevant Anatomy and Physiology

The upper and lower GI tract have traditionally 
been divided by the ligament of Treitz (musculus 
suspensorius duodenii), a suspensory muscle at 

the level of the duodenal–jejunal junction, where 
the retroperitoneal duodenum meets the intra-
peritoneal jejunum. This anatomic landmark was 
first described in 1853 by Vaclav Treitz, and 
bears his eponymous name. Proximal to this 
landmark is considered the upper GI tract and 
entails the esophagus, stomach, and first seg-
ment of the small intestine known as the duode-
num. Distal to this division is considered the 
lower GI tract, and includes the distal portion of 
the duodenum, the remainder of the small bowel, 
the colon, and the anus.

Within the past decade, technologies includ-
ing video capsule endoscopy and double-balloon 
push enteroscopy have potentially changed the 
definition of upper versus lower GI tract source 
by introducing the concept of the “mid-GI” tract. 
Lesions from the esophagus to ampulla of Vater 
are considered upper GI bleeding, and can gen-
erally be visualized and intervened upon via 
esophagogastroduodenoscopy (EGD). Mid-GI 
lesions are located between the ampulla of Vater 
and the terminal ileum within 6–7  m of small 
intestine, and can be visualized by double-bal-
loon enteroscopy and capsule endoscopy. 
Bleeding distal to the terminal ileum is now con-
sidered to be of a lower GI source, and can best 
be visualized by colonoscopy [4–6]. This termi-
nology is not yet widely adopted in the literature, 
and references in this chapter referring to upper 
versus lower GI bleeding largely predate the 
introduction of mid- GI bleeding, unless specifi-
cally noted.
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Understanding the origins of arterial and 
venous supply to the gastrointestinal tract is 
important in elucidating the causes and treat-
ments of hemorrhage. Because of its important 
role in absorbing nutrients, the gastrointestinal 
tract has a robust blood supply, and this blood 
supply is well preserved, even in patients in 
shock. This is one factor that contributes to the 
severity of GI hemorrhage and the urgency of 
definitive hemorrhage control. Figure 14.1a and b 
details the respective arterial and venous supply 
to the GI tract.

Increased resistance to venous return leads to 
collateral connections between the portal and 
systemic circulation. For instance, patients with 
cirrhosis have chronically elevated portal venous 
pressures, so these portosystemic shunts develop 
in the form of esophageal varices, gastric varices, 
and even rectal varices. These connections are 
constructed of thin-walled veins that empty large 
volumes of portal blood into systemic circula-
tion, and the high pressures that these venous 
structures can experience predispose them to 
bleeding. Hemorrhage from these sites may be 
particularly difficult to control, and large vol-
umes of blood may drain into the lumen of the GI 
tract very quickly.

Special note must be made of patients with 
prior aortic surgery who present with GI bleed-
ing. Because of postoperative scarring and 
remodeling, fistulae can develop between the 
aorta and the lumen of the GI tract. These aorto-
enteric fistulae are associated with high mortality 
and can be very difficult to repair. The astute cli-
nician should maintain a low threshold to image 
these patients even in the absence of hemody-
namic instability, and consulting a surgical spe-
cialist skilled in aortic surgery should be done 
early in patients for whom the diagnosis is 
suspected.

 Epidemiology

Upper GI bleeding is responsible for 63–76% of 
bleeding for which gastroenterologists are con-
sulted [1, 7]. Few studies have compared out-
comes in patients with GI bleeding from upper 

versus lower sources, but overall, upper GI bleed-
ing is associated with more recurrent GI bleed-
ing, increased need for surgery, and higher 
mortality compared with lower GI bleeding or 
indeterminate source of GI bleeding (24.6% vs. 
18.9% vs. 9.0%, respectively, p = 0.008) [8].

There is wide variety of etiologies causing 
upper GI bleeding, and epidemiologic investiga-
tions of etiology vary significantly between geo-
graphic regions, largely due to variation in 
prevalence of alcohol consumption, use of non-
steroidal anti-inflammatory medications, and 
hepatitis. In the United States, the most com-
mon cause of acute upper GI bleeding is peptic 
ulcer disease, which is responsible for approxi-
mately 50% of all acute upper GI bleeding epi-
sodes [3]. Other etiologies of acute upper GI 
bleeding include esophageal or gastric varices 
(10%), mucosal erosive diseases including 
esophagitis and gastritis (10%), Mallory–Weiss 
tears (5%), and malignancy (2%). Overall, mor-
tality for acute upper GI bleeding is 5–10%. Of 
note, esophageal variceal bleeding is the cause 
of only 50–60% of acute upper GI bleeding in 
cirrhotic patients, suggesting that even patients 
at high risk develop nonvariceal bleeding [3, 9]. 
Gastric varices are also common in patients 
with portal hypertension, occurring in 5–33%. 
Risk of hemorrhage of known esophageal or 
gastric varices is 5–15% per year. Approximately 
40% of bleeding esophageal varices stop bleed-
ing spontaneously, but overall mortality for 
bleeding esophageal varices approaches 20% by 
6 weeks [10].

Fewer studies describe the epidemiology of 
acute lower GI bleeding, and acute lower GI 
bleeds occur approximately 20% as frequently as 
upper GI bleeds [11]. The most common etiology 
is diverticulosis (20–40%) [2, 11, 12]. Other 
common causes of acute lower GI bleeding 
include ischemic colitis (5–25%), colitis 
(5–12%), hemorrhoids (5–28%), malignancy 
(6–14%), and postpolypectomy bleeding (1–8%). 
In-hospital mortality from an acute lower GI 
bleeding episode is 2–5% [11, 13]. Approximately 
80% of lower GI bleeds resolve spontaneously 
[14]; however, there exists no reliable method for 
predicting which cases will resolve.
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No source of bleeding (obscure bleeding) is 
found by EGD or colonoscopy in approximately 
5% of patients who present with acute GI bleed-
ing, and nearly 75% of these patients are found to 
have a small bowel lesion [15]. On further evalu-
ation, nearly 80% of patients with an obscure 
source of bleeding will be found to have angiecta-
sia, and nearly 50% of lesions may rebleed [5, 6].

Complicating the identification of a source of 
bleeding is the fact that nearly 10% of patients 
presenting with bright red blood per rectum or 
maroon-colored stool (typically associated with 
lower GI bleeding) actually have an upper GI 
source with rapid transit of the blood through the 
GI tract [16]. This reinforces the primary role of 
the emergency clinician to resuscitate the hemor-
rhaging patient, and not to be overly focused on 
identifying the exact source.

 Diagnosis and Testing

Resuscitation and planning definitive therapy 
should be initiated prior to or in concert with sig-
nificant investigation, especially in those who are 
hemodynamically unstable.

 Physical Examination

Physical examination of the patient with an acute 
GI hemorrhage should follow a systematic 
approach. The airway should be assessed for both 
obstructing blood and the patient’s level of con-
sciousness (e.g., ability to protect the airway). In 
patients with advanced liver disease with GI 
bleeding, hepatic encephalopathy should be con-
sidered. Examination for stigmata of liver disease 
such as presence of ascites, spider angiomata, 
caput medusa, hemorrhoids, jaundice, or scleral 
icterus may help detect evidence for portal hyper-
tension in a patient with undiagnosed cirrhosis.

Hematochezia, or bloody stools, are unreli-
able at predicting an upper versus lower source of 
GI bleeding [16]. Rectal examination for the 
presence of melena (digested blood) can be help-
ful to identify the source of bleeding (positive 
likelihood ratio 25, 95% CI 4–174), and is the 

single most important sign to help determine if a 
GI bleed is from an upper or lower GI source [1]. 
Not surprisingly, patients and physicians rarely 
agree when it comes to descriptive terms used for 
stool color [17].

 Nasogastric Lavage

The use of nasogastric (NG) lavage for localizing 
the source of upper versus lower GI bleeding 
remains controversial. Patients presenting with-
out hematemesis, but with either melena or 
hematochezia, may have either an upper GI 
source or a lower GI source. The potential for 
rupturing esophageal varices with the placement 
of an NG tube is an unfounded myth, and even 
known varices are not a contraindication for 
placement of an NG tube if necessary [18]. The 
process of NG lavage involves insertion of an NG 
tube, aspiration of gastric contents for gross 
appearance, and then instillation of a volume of 
saline or water followed by aspiration of that 
fluid for examination of the gross appearance of 
the fluid. An NG lavage is traditionally consid-
ered positive if it is blood red or coffee ground 
colored, whereas a negative NG lavage would be 
clear or green, bile colored [19]. There is a wide 
degree of heterogeneity with regard to reports on 
sensitivity and specificity of NG lavage, likely 
due to evolving gold standards and varying defi-
nitions of “positive” lavage, ranging from trace 
coffee ground colored to gross blood. Overall, 
nasogastric lavage is a poor test for localizing GI 
bleeding (sensitivity 42–90%; specificity 
19–95%), and is infrequently used [1, 20]. The 
insensitivity of NG lavage is likely due to the 
inability of an NG lavage to detect postpyloric 
bleeding from the duodenum. More important 
than the very heterogeneous reports of test char-
acteristics is that NG lavage has no effect on mor-
tality (OR 0.84, 95% CI 0.37–1.92), hospital 
length of stay (7.3 vs. 8.1 days, p = 0.57), need 
for surgery (OR 1.51, 95% CI, 0.42–5.43), or the 
number of transfusions required (3.2 vs. 3.0 units, 
p = 0.94) [21]. Emergency department NG lavage 
was significantly associated with earlier time to 
endoscopy (HR 1.49, 95% CI, 1.09–2.04).
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 Laboratory and Ancillary Studies

Diagnostic laboratory studies for a patient with 
known or suspected GI hemorrhage should 
include a complete blood count, blood typing and 
screening for antibodies, and a chemistry profile. 
Additional routine studies to obtain include coag-
ulation profile, liver function tests, troponin and 
electrocardiogram, and lactate.

Assessment of the ratio between blood urea 
nitrogen (BUN) and creatinine can suggest the 
location of the bleeding, and one study showed a 
significantly higher BUN/creatinine ratio in 
patients with an upper GI bleed as compared to 
those with a lower GI bleed (22.5  ±  11.5 vs. 
15.9 ± 8.2; p = 0.0001). Using a BUN/creatinine 
ratio ≤33 resulted in sensitivity 96% and speci-
ficity 17% for a lower GI source, making the ratio 
suggestive but not diagnostic of upper versus 
lower GI source [22]. Another study found that a 
BUN/creatinine ratio ≥36 is predictive of upper 
GI bleeding, but a ratio <36 was not helpful 
in localizing the source [23].

We recommend assessment of ECG and tropo-
nin in patients with acute GI hemorrhage as there 
is a high incidence of acute coronary syndrome in 
patients with acute GI hemorrhage [24–26]. This 
is likely due to the supply–demand mismatch in 
acutely bleeding patients. Furthermore, the inci-
dence of both coronary artery disease and GI 
bleeding increases with age.

The utility of serum lactate measurement as a 
clinical predictor for mortality has also been 
recently examined and found to be significant. 
Patients in this retrospective study presenting GI 
hemorrhage and a lactate >4  mmol/L had 6.44 
times higher odds of death (OR 6.44, 95% CI 
3.3–12.6), even when controlled for age, heart 
rate, and hematocrit [27]. Although this is pre-
liminary, prospective validation of lactate as a 
predictor of mortality in GI hemorrhage may be 
on the horizon.

 Nuclear Medicine

An obscure source of bleeding in a patient with 
GI hemorrhage can be difficult to manage. It is 

possible to help localize a source of bleeding 
noninvasively using a tagged red blood cell scan, 
typically utilizing technetium-99m-labeled red 
blood cells. Angiography (discussed below under 
section “Interventional Radiology”) affords the 
benefit of being both diagnostic and, if a lesion is 
found, therapeutic, but requires 1–1.5 mL/min of 
blood extravasation to be detected. Using 
technetium- 99m-labeled red blood cells, hemor-
rhage at rates as low as 0.05  mL/min can be 
detected in animal models of obscure GI bleed-
ing [28]. In clinical practice, technetium-99 scans 
detect bleeding rates of 0.1–0.4  mL/min [29]. 
Since nuclear scans are not therapeutic, bleeding 
at this rate often stops by the time intervention is 
arranged. Additionally, localization errors rang-
ing from 3% to 25% have been reported with this 
technique [30–32]. A tagged blood cell scan also 
requires that the patient be transferred from the 
ED to a radiology suite for imaging that often 
takes 1–2 h. For these reasons, we do not recom-
mend routinely obtaining tagged red blood cell 
scans for GI hemorrhage, especially in hemody-
namically unstable patients.

 Capsule Endoscopy

Capsule endoscopy was introduced as a means 
to visualize the small bowel for evaluation and 
localization of an occult GI bleed. There have 
been several recent feasibility studies demon-
strating that emergency physicians with mini-
mal training can accurately interpret images 
obtained via capsule endoscopy, achieving sen-
sitivity of 0.94 (95% CI 0.91–0.96) and specific-
ity of 0.87 (95% CI 0.80–0.92) as compared to 
gold standard gastroenterologist interpretation 
of the images [33]. A pilot study also demon-
strated emergency physician interpretation of 
capsule endoscopy is cost effective in managing 
patients at low and moderate risk (as determined 
by Glasgow–Blatchford score, see below) of GI 
hemorrhage [34]. In the next few years, the use 
of this diagnostic modality may become more 
common for low and moderate risk patients with 
GI bleeding; however, as capsule endoscopy is 
not a therapeutic option, it will likely not be 
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employed in patients at high risk of GI hemor-
rhage nor in patients who require urgent endo-
scopic therapy.

 Resuscitation

 Airway

Patients with massive GI hemorrhage and hemor-
rhagic shock require aggressive resuscitation. 
Because massive hemorrhage can lead to both 
airway compromise and shock, endotracheal 
intubation is often required. Early endotracheal 
intubation should be performed for all patients 
with GI hemorrhage who are unable to protect 
their airways due to massive hematemesis, obtun-
dation, or concurrent hepatic encephalopathy. 
Endotracheal intubation should be strongly con-
sidered for hemodynamically unstable patients 
who will be leaving the ED for procedures 
including EGD and for those patients requiring 
transfer to another hospital for definitive care. 
Recall that many medications used for rapid 
sequence induction can result in worsening of 
hypotension, so the choice of pharmacologic 
agents and the side effects of those agents should 
be considered; this must be balanced with the risk 
that many patients with GI hemorrhage will fur-
ther decompensate, so early intubation in a hemo-
dynamically unstable patient is preferred.

Endotracheal intubation is best achieved 
using rapid sequence induction with paralytics, 
as paralysis may reduce the risk of aspiration of 
hematemesis during the intubation procedure. 
Unfortunately, most muscles involved in vomit-
ing are smooth muscles, which are unaffected by 
neuromuscular paralysis, so chemical paralysis 
does not completely eliminate the risks of intu-
bating these high-risk patients. Patients who 
have been actively vomiting may benefit from 
placement of an NG tube prior to intubation to 
try to reduce gastric distention and emesis dur-
ing intubation; however, there is no published 
literature to support this hypothesis. Indirect 
video laryngoscopy may be difficult because of 
large volumes of blood in the oropharynx, and 
fiberoptic intubation is generally contraindicated 
in a hemodynamically unstable patient with 

large volumes of blood obscuring visualization. 
During intubation, availability of two rigid suc-
tion catheters may help improve visualization of 
airway anatomy and enhance success. 
Supraglottic devices, in general, are not pre-
ferred in these patients because of the risk of 
large volume vomitus with an unprotected air-
way. Noninvasive ventilation is contraindicated 
in patients with massive hematemesis and 
marked hemodynamic instability, so should not 
be considered. Refer to Chap. 2 of this book for 
in-depth discussion of airway management.

 Vascular Access

Another priority in the patient with life- 
threatening hemorrhage is vascular access. 
Patients exsanguinating from GI hemorrhage 
require intravenous volume and blood resuscita-
tion, and the rapidity with which resuscitation 
fluids can be administered influence the speed 
with which shock can be reversed. Large-bore, 
short intravenous catheters have the least resis-
tance to flow, making these catheters preferred 
for their use in resuscitation (Table 14.1). In vivo 

Table 14.1 Approximate IV flow rate by catheter size 
[97–101]

Published approximate infusion 
rate
Gravity 
(80 cm)

Pressure bag 
(300 mmHg)

Catheter
22 Gauge PIV 10–30 mL/min 40 mL/min
20 Gauge PIV 30–40 mL/min 60 mL/min
18 Gauge PIV 50–60 mL/min 120–180 mL/min
16 Gauge PIV 90–125 mL/

min
200–250 mL/min

14 Gauge PIV 125–160 mL/
min

250–300 mL/min

Triple lumen catheter
16 Gauge 50 mL/min 420 mL/min
18 Gauge 27 mL/min 300 mL/min
18 Gauge 25 mL/min 300 mL/min
8.5 French 
introducer

200 mL/min 400–600 mL/min

15 Gauge EZ-IO 
needle, tibial

4–70 mL/min 6–200 mL/min

15 Gauge EZ-IO 
needle, humeral

80 mL/min 140–220 mL/min
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studies have failed to achieve flow rates similar to 
predicted values [35–38], but the advantages of 
large catheters are clear.

Large peripheral IVs are not always rapidly 
available due to body habitus, volume depletion, 
and poor peripheral vasculature. Multiple periph-
eral IVs can achieve more rapid volume adminis-
tration than a single catheter [38]. Although no 
studies of intraosseous (IO) infusion for volume 
resuscitation of patients with GI bleeding exist, 
the rapid placement of an IO catheter seems pru-
dent for patients in extremis for whom intrave-
nous access has proven elusive. Central access is 
also an option in the patient for whom peripheral 
cannulation is impossible, but use of a large-bore 
trauma introducer will allow for more rapid 
resuscitation than a smaller gauge, longer triple- 
lumen catheter. Peripherally inserted central 
catheters have significant resistance to flow in 
rapid resuscitation scenarios and should not be 
used exclusively for volume resuscitating a hem-
orrhaging patient.

 Volume Resuscitation 
and Transfusion

The initial fluid for resuscitation of an unstable 
patient with a GI bleeding should be a crystal-
loid, either 0.9% sodium chloride or lactated 
Ringer’s solution. Crystalloid resuscitation 
may stabilize a hemorrhagic shock patient 
while blood products are prepared and while 
bleeding is managed. Transfusion of packed 
red blood cells should be initiated early in the 
presence of hemodynamic instability (e.g., 
hemorrhagic shock) or concomitant acute cor-
onary or cerebral ischemia. The optimal goal 
of hemoglobin in a patient with acute blood 
loss anemia secondary to GI bleeding is 
unknown; however, evidence suggests that a 
more conservative threshold for transfusion 
has mortality benefits [39]. In a study of 921 
patients with acute upper GI bleeding, survival 
at 6 weeks was significantly higher in patients 
who were transfused only for anemia with 
hemoglobin concentration less than 7  g/dL 
compared to transfusion for hemoglobin less 
than 9 g/dL (95% vs. 91%, p = 0.02). Patients 

in the latter group received fewer blood trans-
fusions, had fewer rebleeding events, had fewer 
transfusion reactions, and less pulmonary 
edema. An important consideration is that 
patients with “massive exsanguinating bleed-
ing,” acute coronary syndrome, lower GI 
bleeding, stroke, or transient ischemic attack 
were excluded from this study, so restrictive 
transfusion practices may not apply in these 
populations. For patients with acute upper GI 
bleeding secondary to varices, one theory 
(based on a rat model) suggests that higher 
hemoglobin may increase portal pressure and 
result in higher incidence of rebleeding [40, 
41]. A large trial of heterogeneous ICU patients 
has demonstrated more conservative transfu-
sion thresholds result in improved mortality 
[42] and transfusion of packed red blood cells 
is independently associated with morbidity and 
mortality in critically ill adults [43, 44].

In addition to packed red blood cells, admin-
istration of platelets and plasma should be con-
sidered. Massive bleeding (usually defined as 
requiring 10 units of packed red blood cells 
over 24 h) leads to consumptive coagulopathy, 
so transfusing blood components to replete 
coagulation factors decreases the total amount 
of blood required. The ideal ratio of packed red 
blood cells, plasma, and platelets is debated 
[45], but this strategy has been effective at 
reducing mortality in exsanguinating trauma 
patients. An observational study of trauma 
patients receiving more than three units of 
blood products within 24 h of arrival has sug-
gested “massive transfusion protocols” involv-
ing early administration of plasma with packed 
red blood cells may improve mortality at 24 h, 
but did not demonstrated a 30-day mortality 
benefit [46]. Similarly, another observational 
trial of trauma patients receiving plasma within 
the first 2.5 h or as part of the first 3–6 units of 
blood products demonstrated improved 24  h 
and 30-day mortality, whereas more gradual 
replacement of coagulation factors did not 
improve mortality [47]. Such protocols have 
not been studied in patients with acute GI 
bleeding, but we advocate for aggressive factor 
replacement early in massive hemorrhage 
patients.
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 Pharmacotherapy

Multiple classes of medications have been studied 
for pre-endoscopic management of undifferenti-
ated GI bleeding, but few available in the United 
States have demonstrated a significant mortality 
benefit. Nonetheless, many of these agents con-
tinue to be used in hospitals nationwide for treat-
ment of GI bleeding for significant reductions in 
need for endoscopic intervention, rebleeding, and 
need for transfusion (Table  14.2). A 2003 
Cochrane meta-analysis of 15 randomized con-
trolled clinical trials comparing emergent endo-
scopic sclerotherapy to pharmacotherapy 
(vasopressin ± nitroglycerine, terlipressin, soma-
tostatin, or octreotide) for acute cirrhosis-associ-
ated variceal bleeding found equivalent efficacy. 
Acute bleeding was stopped by pharmacotherapy 
alone in 83% of patients [48].

 Proton Pump Inhibitors
Gastric acidity impairs clot formation and stabil-
ity, and coagulation and platelet aggregation 
show 50% reduction in activity with increased 
gastric acidity [49]. Randomized controlled tri-
als and meta-analysis have demonstrated that 
histamine- 2 (H2) blockers have no role in the 
management of acute gastric ulcer bleeding [50], 
however, proton pump inhibitors (PPIs) offer 
some benefits. Controversy remains as to 
whether PPIs prior to endoscopy provide clinical 
benefits.

Administration of IV omeprazole prior to 
endoscopy accelerated resolution of signs of 
bleeding on endoscopy (6.4% vs. 14.7%, 
p = 0.01), reduced the need for endoscopic inter-

vention (19.1% vs. 28.4%, p  =  0.007), and 
reduced the number of patients with a hospital 
length of stay more than 3  days (60.5% vs. 
49.2%, p = 0.005) [51]. There were no significant 
effects on the number of units of blood transfused 
(1.5 vs. 1.9  units, p  =  0.12), the percentage of 
patients with recurrent bleeding (5.9% vs. 4.2%, 
p  =  0.49), the percentage of patients requiring 
emergent surgery (1.6% vs. 2.1%, p = 1.0), or the 
30-day mortality rate (4.3% vs. 3.7%, p = 0.78). 
A 2010 Cochrane review also demonstrated that 
administration of proton pump inhibitors prior to 
endoscopy reduced the risk of finding stigmata of 
recent hemorrhage on endoscopy (OR 0.67, 95% 
CI 0.54–0.84) and reduced the risk of lesions 
requiring intervention on endoscopy (OR 0.68, 
95% CI 0.5–0.93) [52]. There was no benefit of 
PPI administration prior to endoscopy on clinical 
outcomes of the need for emergent surgery (OR 
0.90, 95% CI 0.65–1.25), rates of blood transfu-
sion (OR 0.95, 95% CI 0.78–1.16), rates of 
rebleeding (OR 0.81, 95% CI 0.62–1.06), or 
30-day mortality (OR 1.12, 95% CI 0.75–1.68). 
Because of the discordance between endoscopic 
and clinical outcomes, clinicians disagree on the 
utility of intravenous proton pump inhibitors in 
the undifferentiated bleeding patient. While there 
is not a mortality benefit, we recommend admin-
istration of PPIs to patients with acute upper GI 
bleeding for the benefits of reducing the neces-
sity of future endoscopic intervention and reduc-
ing stigmata of recent hemorrhage.

 Somatostatin Analogs
Patients with acute upper GI hemorrhage result-
ing from varices have increased splanchnic pres-

Table 14.2 Recommended pharmacotherapy of GI hemorrhage

Drug Dose Indication Benefit
Pantoprazole
or
Esomeprazole

Bolus 80 mg IV;
Consider infusion 
at 8 mg/h

Peptic ulcer, known or 
suspected
Empiric upper GI bleed

Pre-endoscopy: reduces signs of recent bleeding 
on endoscopy, reduces need for endoscopic 
intervention, reduces hospital length of stay

Octreotide Bolus: 50 μg IV;
Consider infusion 
at 50 μg/h

Know ovr high suspicion of 
esophageal varices

Pre-endoscopy: significantly lower transfusion 
requirement; lower risk of initial hemostasis 
failure

Ceftriaxone
or
Ciprofloxacin

1 g IV daily
400 mg IV Q12 h

GI hemorrhage in patients 
with cirrhosis, with or 
without ascites

Reduced rates of rebleeding, bacterial infections, 
reduced mortality, reduced hospital length of 
stay
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sure, so decreasing splanchnic circulation should 
decrease variceal bleeding. Administration of 
the synthetic somatostatin analog octreotide 
results in direct splanchnic vasoconstriction and 
reductions in splanchnic blood flow as well as 
inhibition of pepsin and acid secretion. In 
patients with acute bleeding from esophageal 
varices, treatment with octreotide improved ini-
tial hemostasis (RR 0.58, 95% CI 0.42–0.81) 
with fewer major complications (RR 0.31, 95% 
CI 0.11–0.87), compared with vasopressin [53]. 
In a 2008 Cochrane review of 21 trials involving 
2588 patients with suspected bleeding esopha-
geal varices, patients in blinded trials who were 
treated with somatostatin analogs octreotide or 
vapreotide were transfused 0.67 units less blood 
(95% CI, 95% CI 0.21–1.13) and had a lower 
risk of failure of initial hemostasis (RR 0.67, 
95% CI 0.49–0.9) [54]. There was no improve-
ment in patients treated with octreotide with 
regard to rebleeding episodes (RR 0.84, 95% CI 
0.52–1.37) and no improvement in mortality 
(RR 0.97, 95% CI 0.75–1.25). Of note, 12 of the 
21 trials required endoscopic confirmation of 
esophageal varices prior to randomization, 
which is rarely possible in the ED setting. Based 
on these findings, we recommend against empiric 
administration of octreotide for undifferentiated 
upper GI bleeding, however, in patients with 
known esophageal varices with active GI hemor-
rhage, particularly those with recent endoscopy 
or therapy of bleeding varices, octreotide should 
be considered.

 Tranexamic Acid
Tranexamic acid (TXA) is an antifibrinolytic 
agent which reduces the degradation of the fibrin 
component of a blood clot. Trauma literature has 
promoted the use of tranexamic acid (TXA); 
however, several trials of TXA for patients with 
GI hemorrhage have failed to show significant 
benefit. A 2012 Cochrane review of seven clini-
cal trials published between 1973 and 2001 found 
a significant decrease in mortality in patients 
with upper GI bleeding treated with TXA com-
pared to placebo (5% vs. 8%, RR 0.61, 95% CI 
0.42–0.89). This mortality effect, however, was 
not significant when the studies were controlled 

for potential bias or when a worst-case scenario 
analysis was performed (in which all cases lost to 
follow-up were assigned a treatment failure out-
come, of which 21% of patients were assigned). 
Similarly, the Cochrane review showed no bene-
fit with TXA with respect to rebleeding, number 
of units of blood transfused, nor need for opera-
tive intervention [55]. Based on these conclu-
sions, we do not recommend using TXA in 
patients with acute GI hemorrhage.

 Desmopressin (DDAVP)
Patients with end-stage renal disease have 
increased rates of both upper and lower GI bleed-
ing, thought to be due to several factors including 
increased exposure to anticoagulants such as 
heparin with dialysis, uremic platelet dysfunc-
tion, increased propensity to develop arteriove-
nous malformations, and concomitant use of 
NSAIDS and antiplatelet medications such as 
clopidogrel. As uremic platelet dysfunction likely 
contributes to bleeding in patients with renal fail-
ure and concomitant gastrointestinal hemorrhage, 
some patients may benefit from administration of 
desmopressin (DDAVP) [56]. Therapy with 
DDAVP has not been studied specifically in the 
setting of GI hemorrhage, but bleeding time can 
be significantly reduced [57], so may be consid-
ered in uremic patients with GI hemorrhage. 
DDAVP in these patients should be administered 
intravenously in a single dose of 0.4 μg/kg.

 Vasoactive Substances

Similar to the resuscitation of a trauma patient 
with hemorrhagic shock, resuscitation of a hem-
orrhaging patient with a GI bleed should focus on 
source control and controlling bleeding rather 
than administration of vasoactive medications or 
vasopressors. That said, prolonged hypoperfu-
sion while awaiting definitive therapy is also 
likely undesirable.

 Vasopressin
Vasopressin is a potent vasoconstrictor of 
splanchnic circulation, and causes decreased por-
tal venous pressure, making it seemingly an ideal 
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medication for upper GI bleeding, especially epi-
sodes resulting from increased portal pressure. 
Clinical trials, however, have not demonstrated a 
benefit to treatment of GI bleeding with vaso-
pressin 40 units/h, and with no benefit to initial 
hemostasis, rebleeding, or mortality [58]. 
Vasopressin has been associated with significant 
side effects including ischemia and infarction of 
myocardium, bowel, and extremities. Addition of 
nitroglycerin therapy in an attempt to decrease 
the unintended ischemic complications of vaso-
pressin has demonstrated a mild decrease in side 
effects, but no benefits with regard to rebleeding 
or mortality [59, 60]. Since the introduction of 
pharmacotherapy with octreotide, which has far 
fewer side effects than vasopressin, use of vaso-
pressin with or without nitroglycerine has largely 
ceased as a therapy for GI bleeding, and we rec-
ommend against using vasopressin in patients 
with an acute GIB.

 Terlipressin
Terlipressin is a synthetic analog of vasopressin 
that has significantly fewer side effects and has 
demonstrated a mortality benefit when compared 
with placebo in patients with acute GI bleeding due 
to varices. Within 1 min of administration of either 
octreotide or terlipressin, the hepatic venous pres-
sure gradient and heart rate have been shown to 
decrease and the mean arterial pressure increases; 
these effects are short lived with octreotide, but ter-
lipressin has sustained effects [61]. Furthermore, 
treatment of patient with acute upper GI bleeding 
due to varices with terlipressin, compared to pla-
cebo, has been shown in a 2003 Cochrane review to 
result in a significant reduction in all-cause mortal-
ity (RR 0.66, 95% CI 0.49–0.88) [62]. At the time 
of publication, however, terlipressin is not approved 
for use in the United States.

 Antibiotics

Patients with cirrhosis-associated upper GI 
bleeding have high rates of developing spontane-
ous bacterial peritonitis (SBP) and other second-
ary infections. These infections are associated 
with increased rates of rebleeding and mortality 

[63, 64]. A short course of prophylactic antibiot-
ics in patients with GI hemorrhage and cirrhosis, 
with or without ascites, has been shown to 
decrease rates of bacterial infection, decrease 
rates of rebleeding, and reduce mortality [65–67]. 
A 2011 meta-analysis supports these findings, 
with reduced rates of rebleeding (RR 0.53, 95% 
CI 0.38–0.74), reduced rates of bacterial infec-
tions (RR 0.35, 95% CI 0.26–0.47), reduced rates 
of mortality resulting from infection (RR 0.43, 
95% CI 0.19–0.97), and reduced all-cause mor-
tality (RR 0.79, 95% CI 0.63–0.98). In addition, 
hospital length of stay was reduced by adminis-
tration of antibiotic prophylaxis, with a mean 
reduction in hospital length of stay by 1.9 days 
(95% CI −0.02 to −3.80 days) [68]. Intravenous 
ceftriaxone has demonstrated superiority over 
enteral antibiotics [69], so in the setting of an 
acute GI bleed in a patient with cirrhosis, we rec-
ommend administration of ceftriaxone 1  g IV 
daily for 7 days (or until hospital discharge). In 
patients with a cephalosporin allergy, IV cipro-
floxacin is an acceptable alternative.

 Definitive Therapy

 Endoscopy

For upper GI bleeding, definitive therapy 
begins with EGD.  The definition of “early” 
endoscopy varies by study, but often includes 
within 24  h after presentation. Patients who 
undergo EGD within 8 h of presentation have 
significantly higher rates of endoscopic find-
ings of active bleeding, visible vessels, or 
adherent clots [70]. Despite no mortality ben-
efit, endoscopy within 24 h of presentation is 
associated with decreased hospital length of 
stay, treatment cost, recurrent bleeding epi-
sodes, and need for surgery [71, 72].

The focus of this chapter is on the resuscita-
tion of gastrointestinal hemorrhage and not on 
specific endoscopic techniques. The American 
College of Gastroenterology has published 
guidelines for the management of upper GI 
bleeding due to ulcer, varices, and lower GI 
bleeding [9, 32, 73]. Most patients presenting to 
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the ED with GI hemorrhage have an undifferenti-
ated etiology of bleeding, making these guide-
lines less applicable to the ED setting.

Following resuscitation, the majority of 
patients with GI bleeding that is not clearly 
from a lower GI source will undergo upper 
endoscopy first. Via endoscopy, esophageal var-
ices can be banded or sclerosed, gastric varices 
can be injected with tissue adhesive, and non-
variceal lesions can be treated with thermal or 
chemical cautery, injection, or coagulation. It is 
recommended that patients presenting with 
hematochezia or bright red blood per rectum are 
evaluated with upper endoscopy first, as 10–15% 
of patients have an upper GI tract source with 
rapid transit through the GI tract [16, 74, 75]. 
Emergency lower GI endoscopy is not fre-
quently performed for these patients as bowel 
prep is frequently necessary and therapeutic 
interventions via colonoscope are more limited 
than esophagogastroduodenoscopic interven-
tions. A case series of 409 patients who under-
went colonoscopic evaluation without purge 
bowel prep still had a 76% diagnostic yield of a 
lower GI source [76]; yet, in a randomized trial 
of urgent (<12 h) versus elective (36–60 h) colo-
noscopy, there were no differences in recurrent 
bleeding episodes, units of blood transfused, 
subsequent interventions, hospital length of 
stay, or costs [74].

 Interventional Radiology

Both lower and upper GI bleeding can be man-
aged definitively with interventional radiology 
(IR). For upper sources unable to be controlled 
endoscopically, embolization of vessels can be 
lifesaving. Transjugular intrahepatic portosys-
temic shunt (TIPS) can also be performed 
urgently, dramatically reducing portal pressure 
for treatment of varices and subsequently con-
trolling hemorrhage. For lower GI sources, inter-
ventional radiology may be the initial attempt at 
definitive therapy, with the ability to perform 
diagnostic angiography and therapeutic interven-
tion. As discussed above, angiography requires 
hemorrhage at a rate of at least 1–1.5 mL/min to 

be detected and localized. For less acute bleed-
ing, some gastroenterologists may also perform a 
diagnostic endoscopy and, if an actively bleeding 
lesion is identified, place hemoclips to localize a 
source that can be identified by IR if rebleeding 
occurs.

 Surgery

With effective endoscopic and IR interventions 
for GI bleeding, surgical options for definitive 
therapy are becoming infrequent. Complete or 
partial esophagectomy, gastrectomy, bowel 
resection, colectomy, or other procedures are, 
however, employed for the management of bleed-
ing due to ischemic bowel and may occasionally 
be required for other causes of bleeding. Surgical 
portosystemic shunt creation and gastroesopha-
geal disconnections are rarely performed, and 
few surgeons are experienced with these proce-
dures even at tertiary referral centers.

 Balloon Tamponade Devices

In cases of upper GI bleeding with hemorrhagic 
shock, patients are sometimes too unstable to 
undergo emergent EGD.  Additionally, free- 
standing EDs or EDs in rural, remote hospitals 
may not have gastroenterology services immedi-
ately available. In both cases, placement of a 
gastroesophageal balloon tamponade device, 
commonly known as a Sengstaken–Blakemore 
or Minnesota tube, should be considered as a 
temporizing measure for an unstable hemorrhag-
ing patient until more definitive therapy can be 
provided (Fig. 14.2). When utilized as a defini-
tive therapy, balloon tamponade is inferior to 
endoscopy with sclerotherapy for mortality, 
hemostasis, and rebleeding [77]. Balloon tam-
ponade can, however, prevent death from acute 
exsanguination when used temporarily while 
awaiting or transferring a patient for definitive 
care when such therapies are not immediately 
available [78].

Sengstaken and Blakemore first described use 
of this device in 1950, when they published their 
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experience in 30 patients with bleeding esophageal 
varices. They concluded, “There were no deaths 
from shock due to hemorrhage and, in our opinion, 
many pints of blood were saved” [79]. They further 
described how the device had been used for up to 
7  weeks in patients with refractory bleeding. It 
must be understood that at the time, endoscopic 
interventions for acute bleeding were not available. 
Mortality in other series of esophageal bleeding 
treated with the device was significantly higher, 
with one case series reporting 90% mortality in 39 
patients with 50 episodes of bleeding, and 8% of 
patients sustained esophageal rupture from the pro-
cedure that resulted in their death [80]. This case 
series did note that hemorrhage was controlled for 
more than 24 h in 40% of patients. Multiple case 
reports examining complications of Sengstaken–
Blakemore tubes have reported esophageal rupture 
[81], jejunal rupture [82], airway obstruction [83], 
cardiac tamponade [84], tracheal rupture [85], and 
bilateral parotiditis [86].

Despite these potential complications, balloon 
tamponade devices may be the only chance at 
survival among a select cohort of patients for 
which EGD is not immediately available or is 
unsuccessful. In more recent literature, balloon 
tamponade used as a resuscitative, temporizing 
measure while awaiting more definitive interven-
tional GI, radiological procedures, or surgical 
procedures, or as a rescue therapy for rebleeding 
after other interventions, and has demonstrated 
efficacy with relatively low mortality [78, 87].

In a 2006 series of 100 patients with variceal 
bleeding treated with balloon tamponade, the 
therapy was effective at stopping hemorrhage in 
61% of patients with no cases of esophageal rup-

ture reported, and balloon tamponade was 
employed after failed attempts at endoscopic 
therapy in 48% of patients [78].

In a multicenter study of 725 patients with 
variceal bleeding, initial balloon tamponade ther-
apy was employed in 5.5% of patients; mortality 
for all variceal bleeds in this study was 12.9% 
and 83% of which were treated with EGD with 
banding and/or sclerotherapy as the initial ther-
apy [88]. For the 92 patients who presented again 
within 2  weeks of their index variceal bleed, 
 balloon tamponade was employed in 17.4% as 
the initial therapy for rebleeding.

A 2013 case series of 1308 episodes of gastric 
variceal bleeding also demonstrated potential 
efficacy of balloon tamponade, which was the 
index, nonpharmacologic therapy in 25 patients 
(1.9%), 76% of whom achieved hemostasis [87]. 
This case series also reported 28% mortality in 
patients who underwent balloon tamponade as 
the index therapy for gastric varices.

When used alone, somatostatin and balloon 
tamponade have similar success at achieving 
initial hemostasis by 4  h (74% vs. 60%) [89]. 
One study reported 80% success at initial hemo-
stasis when balloon tamponade was used for 
control of acute variceal bleeding, but higher 
rates of rebleeding were observed compared to 
patients treated with octreotide or combined 
therapy with balloon tamponade and octreotide 
[90]. While this study compares the two thera-
pies, for the ED resuscitation of a patient exsan-
guinating from variceal bleeding, we recommend 
initiation of octreotide and, if hemostasis is not 
rapidly achieved, careful consideration of place-
ment of a balloon tamponade device.

Fig. 14.2 Minnesota 
balloon tamponade tube 
(C.R. Bard, Covington, 
GA, USA) and 
specialized supplies 
suggested for insertion
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 Insertion Technique
Due to the multiple pieces of equipment neces-
sary for expeditious and safe insertion of a bal-
loon tamponade device, we strongly recommend 
assembling a kit with all necessary components 
so that the clinician directing the resuscitation 
can focus his time on insertion and ongoing 
resuscitation. Furthermore, we recommend ongo-
ing training to refresh providers on the insertion 
technique, as this procedure is not often 
employed. Table 14.3 is a recommended list of 
items to assemble prior to inserting the device 
and Fig. 14.2 is an image of many of these indi-
vidual specialized parts. Figures 14.3a and b are 
images of the parts combined to functionally 
inflate the balloon tamponade device and mea-
sure the pressure in the balloon. Unfortunately, 
the latex balloon devices can become cracked as 
they age, so the devices need to be replaced as 
they expire.

As with any procedure, insertion of a gastro-
esophageal tamponade balloon should follow a 
stepwise process. Our suggested general process 
is outlined in Table 14.4, and specific caveats are 
described subsequently.

As this device is being used as a temporizing 
method for hemorrhagic shock, all patients 
undergoing ED placement of a balloon tampon-
ade catheter should be endotracheally intubated. 
This allows for adequate sedation and adminis-
tration of a long-acting neuromuscular blocking 
agent.

In our experience, we strongly support using 
manometry and radiographic confirmation for 
insertion of balloon tamponade devices. To use 

manometry, the clinician must inflate the gas-
tric balloon with serial volumes of air and 
record subsequent pressures prior to inserting 
the device into the patient. After insertion of 

Table 14.3 Suggested list of supplies for insertion of a 
balloon tamponade device

Equipment

Number

Equipment

NumberInsertion of device
Securing of 
device

Balloon tamponade 
catheter

1 Length of 
cord or 
oxygen 
tubing

1

Large wash basin 
(for ice bath)

1 1 L 
crystalloid 
for 
counter- 
traction

1

Manometer for 
manual blood 
pressure

1

Three-way IV 
stopcock

2

“Christmas tree” 
catheter adapter

2

Plastic Kelly-type 
(dialysis) clamp

2

Copy of Table 14.2 
for recording 
pressure

1

Laryngoscope or 
indirect 
videolaryngoscopy 
device

1

Water-based 
lubricant

–

McGill forceps 1

Please refer to Fig. 14.1 for images of many of these spe-
cialized supplies

a b

Fig. 14.3 (a) Assembled Minnesota tube and supplies for measuring pressure in balloon. (b) Detailed image of assem-
bly of three-way stopcock, 60 mL syringe, manometer, fitting, and Minnesota tube
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the device, a chest X-ray should be obtained 
prior to inflating the gastric balloon to ensure 
that the tube is in the stomach rather than the 
esophagus or airway. Recall that there is 
10–15 cm of tube distal to the balloon, so hav-
ing only the tip of the device in the stomach 
will not result in the balloon within the stom-
ach, as illustrated in Figs. 14.4 and 14.5. Only 
after radiographic confirmation is obtained 
should the gastric balloon be inflated. If the 
device is inserted and the balloon is inflated 
with subsequent pressure more than 10 mmHg 
greater than the preinsertion pressure for the 
same volume of air, the balloon is likely posi-
tioned in either the esophagus or the duode-
num, and should be repositioned prior to 
inflation. Table 14.5 is an example of a method 
for recording pressure–volume relationships 
within the gastric balloon. Following inflation 
of the balloon with air and confirmation via 
pressure readings, an additional chest radio-
graph should be obtained to further ensure 
proper positioning (Fig. 14.6).

Insertion of a balloon tamponade device is 
substantially more difficult than insertion of a 
standard orogastric tube due to the lack of rigid-
ity of the latex balloon catheter. In our experi-
ence, we have found several techniques to 
improve placement success of balloon tampon-
ade catheters.

Table 14.4 Protocol for insertion of a balloon tamponade device

1.  Endotracheal intubation
2.  Notify X-ray technician they will be needed for multiple STAT images
3.  Gather necessary equipment (Table 14.3)
4.   Prepare balloon tamponade device by measuring and recording preinsertion balloon pressures for serial volumes 

of air (Fig. 14.2 and Table 14.5)
5.  Immerse balloon tamponade device in bedside ice bath
6.  Ensure adequate sedation and then administer pharmacologic paralysis to patient
7.  Using direct or indirect laryngoscopy, visualize proximal esophagus
8.  Have assistant rapidly remove device from ice bath, coat in water-based lubricant, and hand to operator
9.   Visualize tip of device entering proximal esophagus and advance to 50 cm depth; if necessary, use fingers or 

McGill forceps to advance down esophagus but do not force the device
10. Obtain chest radiograph to ensure balloon is in the stomach and not airway, esophagus, or duodenum
11.  Inflate gastric balloon with 100 mL air and measure and record pressure; if this pressure is >10 mmHg greater 

than the pressure obtained prior to insertion of the device, deflate the balloon and reposition
12.  Inflate serial volumes of air into gastric balloon, recording pressure with each subsequent volume of air; if any 

pressure is >10 mmHg greater than the pressure for the corresponding volume of air obtained prior to insertion 
of the device, deflate the balloon and reposition

13.  Clamp the gastric inflation port with the plastic hemostat to prevent inadvertent leakage of air from the balloon 
or the three-way stopcock

14.  After inflation of the gastric balloon to a total volume of 300 mL of air, pull tension on the device coming out of 
the patients mouth and, using a hemostat and rope or oxygen tubing, secure the tube with traction applied by 
hanging a 1-L bag of fluid from the foot of the bed

15. Obtain chest radiograph
16.  If tamponade of bleeding is not achieved, the esophageal balloon may be inflated with a volume of air titrated to 

stop bleeding; pressure should never exceed 50 mmHg to avoid esophageal rupture or pressure necrosis

Fig. 14.4 Minnesota tube in proximal stomach
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Using a length of suture (0 silk), a standard 
nasogastric tube can be tied along the side of the 
balloon tamponade device to provide additional 
rigidity to the tube. If using a Sengstaken–
Blakemore tube, this NG can serve as a suction of 
the esophagus proximal to the gastric balloon, 
whereas a Minnesota tube has both gastric and 
esophageal suction capabilities.

Cooling of a silicone Sengstaken–Blakemore 
tube does not improve rigidity of the device; 
however, cooling of a latex tube will provide 
mildly increased rigidity for approximately 30 s 
when exposed to body temperature after removal 
from the cold [91]. The majority of Minnesota 
and Sengstaken–Blakemore devices available in 
the United States are constructed of latex, and we 
feel that the very transient increase in rigidity of 
the latex device afforded by immersing it in a 
bedside ice water bath provides improved direct-
ability of the distal tip of the catheter down the 
esophagus. Once the device is removed from the 
ice bath, it is immediately coated in water- soluble 
lubricant and rapidly directed down the esopha-
gus. Using direct or indirect laryngoscopy may 
help direct the tip of the catheter to the esophagus 
(Fig. 14.7). We recommend the operator visual-
ize the esophagus with indirect laryngoscopy, 
then have an assistant remove the tube from the 
ice bath, coat it with lubricant, and hand quickly 
to the operator. Pharmacologic paralysis will 
facilitate advancing the device down the esopha-
gus by inserting McGill forceps or the fingers of 
the operator into the mouth of the patient, as 
needed.

After insertion of the balloon tamponade cath-
eter to a depth of 50  cm, the operator should 
examine the patient’s oropharynx visually and by 
palpation to ensure that the tube is not coiled. A 
preinflation X-ray should then be obtained prior 
to inflating the gastric balloon as described above, 
checking and recording the pressure in the gastric 
balloon with each subsequent 100 mL of air. Care 
must be taken to ensure the three-way stopcock is 
closed at all times unless actively injecting air to 
avoid inadvertent deflation of the balloon. We 
recommend using a plastic hemostat or “dialysis 
clamp” to clamp the inflation port of the gastric 

Table 14.5 Recording pre- and postballoon inflation 
pressure–volume

Volume of 
air

Pressure 
(preinsertion)

Pressure (in 
situ)

50 mL ____ mmHg ____ mmHg
100 mL ____ mmHg ____ mmHg
200 mL ____ mmHg ____ mmHg
300 mL ____ mmHg ____ mmHg
400 mL ____ mmHg ____ mmHg
500 mL ____ mmHg ____ mmHg

If pressure in the balloon is >10 mmHg, different for the 
same volume of air preinsertion compared to in situ, the 
balloon is likely in the esophagus or duodenum and needs 
to be immediately deflated

Fig. 14.5 Same patient after inflation of Minnesota tube 
gastric balloon in esophagus with resultant hemodynamic 
instability. This is the argument for manometry

Fig. 14.6 Radiographic confirmation of correct position 
of Minnesota tube with balloon inflated in the stomach
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balloon distal to the three-way stopcock to avoid 
leakage of air and resultant loss of pressure in the 
gastric balloon.

 Securing the Balloon Tamponade 
Device
A variety of methods for securing the balloon 
tamponade device have been devised. As initially 
described by Sengstaken and Blakemore, the tube 
was inserted nasally and was secured with tape to 
the bridge of the nose [79]. More recently, with 
oral insertion of balloon tamponade devices, a 
technique involving placement of the patient in an 
American football helmet and securing the bal-
loon tamponade device to the facemask of the hel-
met has been described. Unfortunately, this 
dramatically limits access to the patient’s face, 
head, and neck and if the patient remained supine 
in the football helmet for several hours, pressure 
necrosis to the posterior head could develop. The 
alternate use of a baseball umpire mask slightly 
improves access, but continues to encumber the 
face and neck and can result in pressure necrosis 
to the anterior face. Use of an endotracheal tube- 
securing device has been proposed for securing a 
balloon tamponade tube, but does not allow for a 

consistent amount of traction to be applied to the 
tube, thereby hindering the tamponade effect of 
the balloon. Finally, it has been suggested that 
simply tying the end of the balloon tamponade 
device to a length of traction rope and hanging a 
500- to 1000-mL bag of crystalloid to the other 
end of the rope suspended from the head or foot of 
the bed will provide a consistent 0.5–1 Newton 
for traction on the balloon. As rope may not be 
readily accessible in the ED, a length of oxygen 
tubing or a nasal cannula could serve the same 
purpose (Fig. 14.8). For securing a balloon tam-
ponade device in a patient in the ED, we recom-
mend this final technique until more definitive 
therapy is available.

 Transfer

Patients presenting to a hospital without the 
availability of gastroenterology or ICU services 
will often require transfer to a tertiary referral 
center. Refer to Chap. 34 of this book for an in- 
depth discussion of interhospital transfer of criti-
cally ill patients. When arranging the interhospital 
transfer of a patient with significant GI hemor-
rhage, particular attention should be focused on 
ensuring appropriate venous access and ensuring 
the patient’s airway is protected. If there is doubt 
that the patient will maintain a protected airway, 
endotracheal intubation should be completed in 
the ED of the transferring facility prior to depar-
ture. Transfusion of blood products and adminis-
tration of PPI and, if varices are suspected, 
octreotide, can be initiated prior to transfer.

Fig. 14.7 Indirect laryngoscopic view of a Minnesota 
tube being advanced into the esophagus. Note the endotra-
cheal tube at the 3 o’clock position and the Minnesota 
tube toward the bottom of the screen

Fig. 14.8 Suggested application of traction to balloon 
tamponade device using nasal cannula and 1 L crystalloid 
solution
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 Disposition and Risk Stratification

This chapter focuses on resuscitation of critically 
ill ED patients with GI bleeding, nearly all of 
whom should be admitted to a critical care unit. 
These patients are a minority of patients with a GI 
bleeding who present to the ED, but based on the 
potential for clinical decompensation, maintaining 
a low threshold for ICU admission is prudent until 
the patient has undergone endoscopic evaluation.

Several risk stratification tools for assessing 
the severity of upper GI bleeds have been 

 developed, including the Rockall score [92] and 
the Glasgow–Blatchford score (GBS) [93] 
(Table  14.6). The Rockall score was originally 
devised to predict mortality for patients present-
ing with upper GI bleeding, and incorporates 
both clinical and endoscopic variables. An abbre-
viated version includes only pre-endoscopy vari-
ables and can be calculated in the ED prior to 
endoscopy [92].

The GBS was developed to identify a very 
low-risk cohort of patients who dare predicted 
not to require blood transfusion, surgery, or endo-

Table 14.6 Comparison of clinical scoring criteria for risk assessment in GI hemorrhage [92, 93, 96]

Pre-endoscopy Rockall score Glasgow–Blatchford score AIMS65 score
Criteria Points Criteria Points Component Points
Age BUN (mg/dL) (mmol/L) Albumin < 3 g/dL 1
<60 years 0 <18.2 (<6.5) 0 INR > 1.5 1
60–79 years 1 ≥18.2 to <22.4 (≥6.5 to 

<8.0)
2 Mental status change 

(GCS < 14)
1

≥80 years 2 ≥22.4 to <28 (≥8.0 to 
<10.0)

3 Systolic blood 
pressure < 90 mmHg

1

Shock ≥28 to <70 (≥10.0 to 
<25)

4 Age > 65 years 1

SBP ≥ 100 mmHg, HR < 100 0 ≥70 (≥25.0) 6

SBP ≥ 100 mmHg, HR ≥ 100 1 Hemoglobin for men (g/dL)
SBP < 100 mmHg 2 >13.0 0
Comorbidity ≥12.0 to <13.0 1
No major comorbidity 0 ≥10.0 to <12.0 3
Cardiac failure, ischemic heart 
disease, any major comorbidity

2 <10.0 6

Renal failure, liver failure, 
disseminated malignancy

3 Hemoglobin for women (g/dL)

>12.0 0
≥10.0 to 12.0 1
<10.0 6
Systolic blood pressure 
(mmHg)
≥110 0
100–109 1
90–99 2
<90 3
Other markers
HR ≥ 100/min 1
Presentation with melena 1
Presentation with 
syncope

2

Hepatic disease 2
Cardiac failure 2

HR heart rate, INR international normalized ratio, SBP systolic blood pressure

14 Management of Emergency Department Patients with Gastrointestinal Hemorrhage



240

scopic intervention to control bleeding [93]. 
Endoscopic findings are not included in the GBS, 
making it more applicable to use in the ED. Only 
those who have no risk factors on the GBS are 
considered low risk.

A study in the United Kingdom suggested that 
patients with a GBS of 0 could be safely dis-
charged from the ED for outpatient follow-up 
[94]. In the derivation phase of the study, none of 
the 105 patients with a GBS of 0 required a trans-
fusion, intervention to control bleeding, or died. 
Of the 184 patients with a Rockall score of 0, 
however, 17% had a complication: 23 required 
transfusion, 21 required endoscopy or surgery to 
control bleeding, and 1 died. In the validation 
phase of this study, 22% were found to have a 
GBS score of 0, of which 68% were discharged 
home and none of the 123 patients required trans-
fusion, endoscopic or surgical intervention, or 
died during the subsequent 6 months.

Although use of the GBS demonstrated prom-
ise in the United Kingdom, a US study found that 
both the GBS and Rockall scores failed to iden-
tify several cases where endoscopy was felt to be 
necessary within the subsequent 24 h. Of 18% of 
patients with a Rockall score of 0, 7.4% required 
endoscopy within 24 h. Only 9% of patients had 
a GBS of 0 and 13% of patients who were admit-
ted despite a GBS score of 0 required endoscopic 
therapy for bleeding within 24  h. The authors 
speculate that the poorer performance of both the 
Rockall and GBS scores are due to the retrospec-
tive design of their study and variation in patient 
and gastroenterologist practice between the 
United Kingdom and the United States [95].

The AIMS65 risk score was first described in 
2011, and is intended to predict inpatient mortal-
ity, length of stay, and costs associated with an 
upper GI bleed (Tables 14.6 and 14.7). The score 
was derived by analysis of nearly 30,000 patients 
presenting to EDs in the United States with upper 
GI bleeding and was validated in 32,500 patients. 
The score identified five risk factors that accu-
rately predicted in-hospital mortality, length of 
stay, and cost for the admission. Inpatient mortal-
ity was 0.3% for patients with no risk factors and 
31.8% in patients with all five risk factors 
(p  <  0.001) [96]. This score has not yet been 

 validated in a prospective trial, but again demon-
strates that even patients with no risk factors can 
die from acute GI hemorrhage.

Combining low risk factors from the 
Blatchford, GBS, and AIMS65 will still not elim-
inate the need for additional investigation, but 
these factors may help to guide decisions about 
the urgency of intervention (Table 14.8).

 Conclusions

Hemorrhage from the gastrointestinal tract is a 
common presenting complaint to EDs in the 
United States. Many of these bleeding events will 
resolve spontaneously, but for select cases, emer-

Table 14.7 Interpretation of AIMS65 scoring

Points
Mortality 
(p < 0.001)

Length of stay 
(days) 
(p < 0.001)

Inpatient cost 
(p < 0.001)

0 0.3% 3.44 $5,647
1 1.2% 4.37 $6,466
2 2.8% 5.35 $7,980
3 8.5% 6.23 $10,042
4 15.1% 7.21 $12,986
5 24.5% $15,776

Table 14.8 Low-risk criteria for patients with GI 
hemorrhage

Low risk by pre- 
endoscopy Rockall score

Low risk by Glasgow–
Blatchford score

Age <60 years
SBP ≥ 100 mmHg and 
HR < 100/min
Absence of:
  Cardiac failure
  Ischemic heart disease
  Renal failure
  Hepatic failure
  Disseminated 

malignancy
  Other major 

comorbidity

Urea < 18.2 mg/dL
Hemoglobin ≥13 g/dL 
(male) or ≥12 g/dL 
(female)
SBP ≥ 110 mmHg
Pulse < 100/min
Absence of:
  Melena
  Syncope
  Cardiac failure
  Liver disease

Low risk by AIMS65
Albumin > 3
INR < 1.5
Normal mentation
SBP > 90
Age <65 years

SBP systolic blood pressure, INR international normalized 
ratio
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gency physicians must rapidly assess and inter-
vene. The determination of upper versus lower 
source of bleeding can be challenging and it 
should not preclude the necessary resuscitation 
of an acutely bleeding patient. Large-bore IV 
access and airway protection should be promptly 
obtained and volume resuscitation initiated. 
Blood transfusion may be required, but with a 
hemoglobin goal of 7 g/dL in a patient without 
hemorrhagic shock. Additionally, pharmacologic 
therapies may benefit patients with specific diag-
noses. Definitive therapies may include endos-
copy, interventional radiology, or surgery, but 
such therapies are often not available to all 
patients at all times, so temporizing measures 
including balloon tamponade tubes should be in 
the toolbox of emergency physicians. 
Additionally, if definitive therapy is not available 
locally, the patient should be resuscitated and 
transferred to a facility capable of providing this 
therapy.
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 Acute Liver Failure

 Background/Epidemiology

Acute liver failure (ALF) is defined as new onset 
of hepatocellular dysfunction as reflected by 
coagulopathy (international normalized ratio 
[INR] > 1.5) and encephalopathy in the absence 
of preexisting liver disease. Acute liver failure is 
relatively rare, with 1–6 cases per million per 
year worldwide [1] and 2000–3000 cases per 
year in the United States [2]. Etiology varies by 
geography. Worldwide, infectious causes are the 
most common, followed by medication over-
doses, idiosyncratic drug reaction, toxins, and 
metabolic causes. Globally hepatitis A and E are 
responsible for most infections causing acute 
liver failure. In the developed world, hepatitis 
vaccination has reduced prevalence of infectious 
etiologies. In the United States, acetaminophen 
toxicity is the most common cause of acute liver 
failure followed by indeterminate cause, drug 
related, hepatitis B, autoimmune disease, isch-
emia, hepatitis A, and Wilson’s disease.

There are two primary classification systems 
that categorize patients by the timing of coagu-
lopathy and encephalopathy and can be useful in 

pinpointing the most likely etiology of liver fail-
ure (Table 15.1).

In pediatric patients, encephalopathy is diffi-
cult to evaluate and may appear late in the course 
or not at all; thus, the definition of ALF is based 
on the presence of coagulopathy [1]. The 
Pediatric Acute Liver Failure Study Group 
defined pediatric liver failure as biochemical evi-
dence of acute liver injury plus coagulopathy 
defined as prothrombin time (PT) ≥ 15 seconds 
or INR  ≥  1.5 plus hepatic encephalopathy or 
PT  ≥  20  seconds, INR  ≥  2.0 regardless of 
encephalopathy in the absence of chronic liver 
disease [3].

In pediatric patients, metabolic diseases, such 
as neonatal hemochromatosis, Wilson’s disease, 
and mitochondrial disorders are the most com-
mon causes of ALF, followed by infections 
(including herpes simplex virus, cytomegalovirus, 
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Table 15.1 Acute liver failure classification systems by 
time from jaundice to encephalopathy

Berneau 0–14 days 14 days to 8 weeks
Fulminant Acute

O’Grady 0–7 days 8–28 days 29 days to 
12 weeks

Hyperacute Acute Subacute
More likely due 
to 
acetaminophen 
or viral infection

More likely 
idiosyncratic, 
drug related, 
undetermined

Adapted from [1]
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and enterovirus), drug related, autoimmune dis-
ease, and hemophagocytic lymphohistiocytosis. 
However, the cause of acute liver failure in 32% 
of pediatric patients in one study was unknown 
[4] and no etiology was found in over half of 
patients in the pediatric ALF study group [5].

A large number of drugs can cause acute 
hepatic failure, most commonly phenytoin, car-
bamazepine, valproic acid, amiodarone, halo-
thane, antibiotics, and antifungals. Over 1000 
other medications have been reported to cause 
ALF [6]. Other less common causes of ALF 
include hyperthermia, Amanita mushroom poi-
soning, ischemia, Budd-Chiari syndrome, malig-
nancy, pregnancy-associated syndrome of 
hemolysis, elevated LFTs, and low platelets 
(HELLP). In a significant percentage of patients, 
the cause of ALF is unknown (7–38%) [1].

Morbidity and mortality are high in ALF, with 
33% mortality overall and 25% of patients requir-
ing liver transplant [7]. In pediatric patients, 46% 
survived without transplant and 70% survived 
posttransplant [4]. Patients with hyperacute pre-
sentations are more likely to survive without liver 
transplant, perhaps because the cause is more 
commonly acetaminophen toxicity, which can be 
effectively treated.

 Pathophysiology

The common pathway of acute liver failure is 
injury to hepatocytes that causes cell necrosis or 
apoptosis. In acetaminophen toxicity, an excess 
of the toxic metabolite N-acetyl-p-benzoquinone 
imine (NAPQI) overwhelms the ability of gluta-
thione stores to bind and detoxify it, leading to 
cell damage. Viral hepatitis may cause direct 
cytotoxicity or as a result of immune response to 
the infection. Liver cell damage has a number of 
downstream effects including release of cell pro-
teins such as lactate dehydrogenase (LDH), 
aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT), impairment of bilirubin 
transport causing hyperbilirubinemia, and dam-
age to Kupffer cells, which results in decreased 
clearance of endotoxin and increased risk of 
infection.

The pathophysiology of hepatic encephalopa-
thy is not completely understood; however, two 
theories are favored as possible explanations [8]. 
The ammonia-glutamine hypothesis states that 
ammonia (which is elevated in liver failure 
because the liver’s ability to metabolize the 
ammonia delivered via the portal circulation is 
diminished) is converted to glutamine by astro-
cytes and that this increased glutamine within 
astrocytes results in cell swelling and brain 
edema. The toxic liver or cerebral vasodilation 
hypothesis states that inflammatory cytokines 
released from the necrotic liver cause vasodila-
tion and increased intracranial blood volume [2]. 
Based on studies of brain sections from patients 
with ALF, it appears that the blood-brain barrier 
is relatively well preserved and that cytotoxic 
edema predominates over vasogenic edema [9].

Cardiovascular effects of acute liver failure 
are due to increased portal pressure, which causes 
splanchnic pooling of blood and decreased 
venous return as well as systemic arterial vasodi-
lation due to production of endogenous 
vasodilators.

 Patient Presentation: Typical 
Complaints, Signs/Symptoms, 
and Physical Examination Findings

Patients in acute liver failure may have a wide 
range of presentations, from subtle complaints of 
fever, anorexia, fatigue, and abdominal pain to 
florid encephalopathy, cerebral edema, and 
hemodynamic collapse. A classic presentation 
includes hepatic dysfunction, abnormal liver 
function tests (LFTs), and coagulopathy with 
signs of encephalopathy.

Hepatic encephalopathy (HE) is graded on a 
scale with severity of encephalopathy correlating 
with likelihood of progression to cerebral edema 
and correlated with outcome (Table  15.2). In 
addition to clinical evaluation, bispectral index 
(BIS) monitoring can be useful to classify HE, as 
decreased BIS correlates well with increasing 
severity of HE [10]. Progression to cerebral 
edema should be suspected if there is progressive 
HE, new systemic hypertension, pupillary dila-
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tion and/or decreased responsiveness, abnormal 
oculovestibular reflexes, or extensor posturing.

It is critical in the patient with suspected or 
confirmed ALF to obtain a thorough history with 
particular attention to medication history, herb-
als, foods, and travel. It is particularly important 
to identify acetaminophen-associated liver fail-
ure, whether from intentional overdose or thera-
peutic misadventure, as early treatment with 
N-acetylcysteine limits liver injury and improves 
prognosis. If there is any doubt about the possi-
bility of acetaminophen toxicity, NAC should be 
administered while obtaining further informa-
tion. Travel history to areas with endemic hepati-
tis is important to evaluate risk of infectious 
hepatitis.

 Diagnostics

Initial laboratory studies should include liver 
function tests including aminotransferases, bili-
rubin, and alkaline phosphatase, coagulation tests 
(PT, PTT/INR), complete blood count, and chem-
istry panel. Acetaminophen levels are most use-
ful in the setting of acute ingestion; however, 
acetaminophen levels should be drawn on all 
patients with ALF as this is the most common 
cause of ALF in the United States and there is an 
effective antidote [11]. Pregnancy history and 
testing should be obtained in women of child-
bearing age to evaluate for the possibility of 
HELLP syndrome. Additional testing for etiol-

ogy of ALF can be undertaken (i.e., hepatitis 
panel, ceruloplasmin, autoimmune evaluation, 
etc.), but results are unlikely to change the emer-
gent management of the patient. Additionally, if 
coexisting infection is suspected or if the diagno-
sis is uncertain, additional testing such as blood 
cultures should be obtained. Etiology-specific 
historical and diagnostic characteristics and treat-
ment recommendations are shown in Table 15.3.

Head computed tomography (CT) is recom-
mended for patients with grade III/IV hepatic 
encephalopathy or a change in mental status to 
evaluate for cerebral edema (as long as the patient 
is sufficiently stable for transport CT). It is also 
useful to rule out alternative causes of altered 
mental status (i.e., intracranial hemorrhage) in 
the altered patient. Transcranial Doppler may be 
useful to assess for hypoperfusion [12]. Magnetic 
resonance imaging is unlikely to contribute use-
ful information and the travel and time required 
to obtain the study may be unsafe for an unstable 
patient.

Differential diagnosis in the patient with sus-
pected ALF is broad and should include other 
causes of elevated LFTs, coagulopathy, and men-
tal status change. Biliary tract obstruction, infil-
trative hepatopathy, tumor, hepatic vein 
obstruction, acute exacerbation of chronic liver 
disease, sepsis, or warfarin ingestion should all 
be considered and evaluated.

Many different prognostic criteria have been 
proposed to predict outcome in patients with 
ALF and determine which patients should 

Table 15.2 Hepatic encephalopathy

Grade Criteria

Progression 
to cerebral 
edema (%)

3-week 
transplant- free 
survival (%)

Overall 
survival (%)

Minimal No clinical evidence of mental status change but 
abnormalities on psychometric or neuropsychological 
testing

I Trivial lack of awareness, euphoria or anxiety, shortened 
attention span, impairment of addition or subtraction

Rare 52 77

II Lethargy or apathy, disorientation for time, obvious 
personality change, inappropriate behavior, dyspraxia, 
asterixis

Rare

III Somnolence to semistupor, responsive to stimuli, 
confused, gross disorientation, bizarre behavior

25–35 33 56

IV Coma, unable to test mental state 65–75

Adapted from [48, 73]
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undergo transplant. These include the King’s cri-
teria, Clichy’s criteria, and the Model for End-
stage Liver Disease (MELD) and Pediatric 
End-stage Liver Disease (PELD) score (see 
Table 15.4). However, all the scoring systems are 
imperfect and should not be relied on exclusively; 
clinical judgment remains important in prognos-
tication and consideration of transplant [11].

 Initial Stabilization:  
Time Critical Resuscitation

 ABCs
As with all critically ill patients in the emer-
gency department, initial stabilization of the 
patient with ALF begins with the ABCs. 
Intubation is indicated for hypoxic or hypercap-
nic respiratory failure, airway protection, agita-
tion that impedes the ability to evaluate the 
patient, and if an intracranial pressure (ICP) 
monitor is necessary. In the patient with sus-
pected elevated ICP, the emergency physician 
must be aware that laryngoscopy may tran-
siently worsen ICP. The acute respiratory dis-

tress syndrome occurs in 21% of patients with 
ALF [13] and should be treated with lung pro-
tective ventilation strategies; however, the pro-
vider must also be aware that permissive 
hypercapnea may worsen ICP.  High positive 
end- expiratory pressure may also increase ICP 
by increasing intrathoracic pressure and thus 
decreasing venous drainage from the brain; it 
can also decrease hepatic blood flow and thus 
should be avoided.

Hemodynamic stabilization relies primarily 
on intravenous fluids to correct hypovolemia. 
Crystalloids are generally preferred initially [11, 
14]. If vasopressors are required, norepinephrine 
is recommended; ALF patients may exhibit 
reduced vasoconstriction in response to pure 
alpha agonists such as phenylephrine, and beta- 
adrenergic side effects of dopamine may limit its 
utility [14]. Vasopressin may be added but should 
play a secondary role as there is some concern 
that it could increase intracranial pressure [14]. 
A third of patients with liver failure have coex-
isting adrenal insufficiency [15]—consider a 
trial of hydrocortisone in refractory hypotension 
to intravenous fluids and vasopressors.

Table 15.3 Causes of liver failure and treatments

Diagnosis Treatment
Amanita mushroom History Penicillin G and NAC

List for transplant as this is often the only 
life-saving option

Hepatitis B History
Viral serologies

Nucleoside analogues

Other hepatitis History
Viral serologies

VZV or HSV Associated exam findings, PCR, biopsy Acyclovir
Consider transplant

Wilson disease Presence of Kayser-Fleischer rings
Serum ceruloplasmin
Serum and urinary copper
Liver biopsy
Total bilirubin:alkaline phosphatase 
>2.0

Dialysis, plasma exchange
Transplant

Autoimmune Liver biopsy Corticosteroids
Transplant

HELLP syndrome, acute 
fatty liver of pregnancy

Pregnancy Delivery

Ischemic History of hypotension Cardiovascular support
Budd-Chiari (acute hepatic 
vein thrombosis)

CT or Doppler ultrasonography Transplant if underlying malignancy is 
excluded

Malignant infiltration Imaging, biopsy Treatment of underlying malignancy
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 Cerebral Edema
Elevated intracranial pressure is one of the most 
critical complications of ALF. Risk factors for 
cerebral edema include hyperacute liver failure 
(since astrocytes are unable to accommodate 
rapid increase in osmotic stress), degree of 
hyperammonemia, need for vasopressors, and 
renal failure [16]. A serum ammonia >150–
200 μg/dL predicts development of intracranial 
hypertension and cerebral herniation, but the 
majority of patients who develop cerebral edema 
have ammonia levels lower than this [16, 17]. 
Grade III or IV hepatic encephalopathy is also a 
risk factor for progression to cerebral edema. 
Patients with serum ammonia <75  μg/dL and 
grades I–II hepatic encephalopathy rarely prog-

ress to cerebral edema [16]; however, close 
monitoring is indicated for any signs of deterio-
ration; in these patients, sedation should be min-
imized to allow for neurologic examination, and 
the environment should be kept quiet to mini-
mize agitation.

There is no evidence that ICP monitoring in 
patients with elevated ICP secondary to HE 
improves outcomes. However, monitoring is 
endorsed by the US Acute Liver Failure Study 
Group for patients at high risk of intracranial 
hypertension (ICH) including nontransplant can-
didates with higher rate of spontaneous survival 
(i.e., those with acetaminophen toxicity or hepa-
titis A) [18]. It should be considered in patients 
with grades III–IV hepatic encephalopathy and in 

Table 15.4 Prognostic criteria for acute liver failure

Definition Comments
King’s 
College 
Criteria: 
APAP

Arterial pH < 7.3
OR
ALL the following:
  1. PT > 100 seconds (INR > 6.5)
  2. Creatinine > 3.4 mg/dL
  3. Grade III/IV hepatic encephalopathy

Overall specificity 
85.7%, sensitivity 
48.3%.
Specificity 92.4% in 
subset of patients 
with APAP 
overdose.

Calculated from laboratory 
values that are easily and rapidly 
obtained at presentation.
Derived from a cohort treated 
for ALF in 1986–1987; however, 
high specificity value for 
mortality had been confirmed in 
independent cohorts since then.
Poor sensitivity; not meeting the 
criteria does not ensure survival.
May be less reliable in pediatric 
patients

King’s 
College 
Criteria: 
non-APAP

PT > 100 seconds (INR > 6.5)
OR
Any three of the following:
  1. Non-A, non-B viral hepatitis, drug, or 

halothane etiology
  2. Jaundice to encephalopathy progression 

in >7 days
  3. Age <10 or >40 years
  4. PT > 50 seconds (INR > 3.5)
  5. Bilirubin >17.4 mg/dL

Clichy’s 
Criteria

Presence of hepatic encephalopathy
AND
Factor V level <20% if patient <30 years old 
or <30% if patient ≥30 years old

Predictive accuracy 
approximately 60%

Less accurate that King’s criteria
Factor V level may take longer 
to obtain

MELD 
(Model for 
End-Stage 
Liver 
Disease)

3.78 × loge(bilirubin mg/
dL) + 11.2 × loge(INR) + 9.57 × loge 
 (creatinine mg/dL) + 6.4

MELD < 30 in 
APAP OD = high 
probability of 
survival
MELD ≥30 in 
non = APA OD 81% 
PPV for mortality

Currently used in US for 
allocation of donor organs in 
patients awaiting liver 
transplant.
Has not been shown to be more 
accurate than King’s criteria

PELD 
(Pediatric 
End-stage 
Liver 
Disease 
Score)

PELD = 4.80(Ln serum bilirubin [mg/
dL]) + 18.57(Ln INR) − 6.87(Ln albumin 
[g/dL]) + 4.36(<1 year old) + 6.67(growth 
failure)

Cut-off of 33 based 
on admission 
laboratory values is 
81% specific and 
86% sensitive for 
poor outcome

Adapted from [18, 74] http://bestpractice.bmj.com/bestpractice/monograph/1010/diagnosis/criteria.html. Accessed 20 
November 2014
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patients awaiting liver transplant, though coagu-
lopathy may complicate placement of a monitor.

Therapies are directed at maintaining intracra-
nial pressure <20–25 mmHg and cerebral perfu-
sion pressure >50  mmHg. First-line supportive 
measures include elevation of the head of bed to 
30°, maintenance of a neutral neck position, and 
ensuring a quiet environment with limited stimu-
lus and minimization of noxious stimuli such as 
chest physical therapy and suctioning.

Adequate sedation should be ensured. 
Propofol decreases cerebral blood flow and ICP 
in fulminant hepatic failure [19] and also has the 
benefit of a short recovery time which will allow 
frequent neurologic assessments; however, its 
use may be limited by hemodynamic effects. 
Morphine should be avoided in patients with 
renal failure because active metabolites accumu-
late. Avoid meperidine because it’s metabolite, 
normeperidine, can cause neurotoxicity includ-
ing hallucinations, tremors, and seixure.

Osmolar therapy is a cornerstone of treatment 
for elevated ICP. By increasing serum osmolarity, 
mannitol draws water out of neurons and thus 
reduces cerebral edema. Mannitol 0.5–1 g/kg is 
first line, but is contraindicated if serum osmo-
lality is >320 or in patients with renal failure. 
There is limited experience with hypertonic 
saline for the treatment of elevated ICP in acute 
liver failure patients; however, one small study 
of 30 patients showed lower incidence of ICH 
when used prophylactically in patients with 
severe HE [20]. Based on this study, prophylac-
tic use of hypertonic saline with a goal serum 
sodium of 145–155 mEq/L is recommended in 
patients with high risk for cerebral edema (those 
with serum ammonia >150 μg/dL, grade III/IV 
HE, acute renal failure [ARF], or requiring vaso-
pressors) [11]. However, many liver failure 
patients are chronically hyponatremic, and rapid 
correction of their hyponatremia may lead to 
osmotic demyelination.

Strategies to reduce ammonia include lactu-
lose and rifaximin; there is insufficient data to 
recommend these treatments for elevated ICP 
[18], but lactulose may be tried in patients with 
early-stage encephalopathy to reduce ammonia. 
Lactulose may cause gaseous distention, obscure 

the operative field for patients who undergo 
transplant, and can cause megacolon. It should 
not be administered to patients at risk of aspira-
tion without intubating for airway protection. 
Patients must also be monitored for intravascular 
depletion. Neomycin can cause nephrotoxicity 
and is not recommended [18] to reduce 
ammonia.

Hyperventilation reduces pCO2 thus causing 
cerebral vasoconstriction and temporarily reduc-
ing ICP. It can be used as short-term rescue ther-
apy in patients with brain herniation or impending 
herniation, but is not recommended long term as 
vasoconstriction reduces cerebral oxygenation. It 
is not effective for prevention of brain edema in 
patients with liver failure [21]. In general, it is 
reasonable to keep pCO2 30–40 mmHg.

Indomethacin has shown some positive effect 
as a “rescue therapy” for refractory intracranial 
hypertension; however, adverse effects including 
nephrotoxicity, platelet dysfunction, and GI 
bleeding are significant, and it is currently not 
recommended for routine use [22].

Seizures are common in patients with cerebral 
edema and are often subclinical or masked by 
sedative medications. Intermittent or continuous 
electroencephalography (EEG) is recommended 
for grade III/IV hepatic encephalopathy, sudden 
unexplained worsening of neurologic condition, 
myoclonus, and during titration of therapy in bar-
biturate coma [18]. Data regarding effectiveness 
of prophylactic anticonvulsant use is inconclu-
sive [23, 24], and its use is not currently recom-
mended [11].

Barbiturates may be considered for refractory 
elevated ICP; however, the provider must antici-
pate hypotension and markedly reduced clear-
ance in the liver failure patient that will make it 
difficult to perform serial neurologic 
assessments.

Maintenance of normothermia is important 
because fever exacerbates intracranial hyperten-
sion. Animal studies suggest benefit with thera-
peutic hypothermia, and several small 
unrandomized studies have been suggestive of 
benefit in controlling ICP and as a bridge to 
transplant. However, harms of TH have not been 
defined, and there is no RCT at this time [23].
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Steroids do not benefit cerebral edema 
secondary to ALF and are not recommended 
[11, 18].

 Hypoglycemia
ALF patients are at high risk of developing 
hypoglycemia and glucose should be carefully 
monitored. Beware infusing hypotonic glucose-
containing solutions as this may cause hypona-
tremia and worsen cerebral edema.

 Infection
Bacterial infections (pneumonia, urinary tract 
infection, catheter associated, spontaneous bacte-
remia) occur in 80% of ALF patients and fungal 
infections in a third [25]. ALF patients often do 
not show signs of infection, so routine surveil-
lance (daily blood and urine cultures and chest 
radiograph) are recommended since early inter-
vention may improve outcome [18]. There is 
insufficient data for prophylactic antibiotics in all 
ALF patients, but guidelines recommend antibi-
otics if surveillance cultures are positive, if ≥2 
systemic inflammatory response (SIRS) criteria 
are present, if there is refractory hypotension, in 
advanced hepatic encephalopathy (Grade III/IV), 
or if there is progression of hepatic encephalopa-
thy. Antibiotics are also recommended in patients 
listed for liver transplant since development of 
infection can result in their removal from the list 
[7, 18]. Other authors recommend prophylactic 
antibiotics for all patients with coagulopathy plus 
organ failure, encephalopathy, and those for 
whom disease progression is thought likely [1]. 
Antibiotic choice should include broad-spectrum 
coverage of gram-positive and gram-negative 
organisms, and there should be a low threshold 
for antifungal coverage.

 Coagulopathy
By definition patients with ALF have an associ-
ated coagulopathy. However, overall hemostasis 
may be “rebalanced” as hypocoaguable derange-
ments including thrombocytopenia and 
decreased coagulation factors are offset by 
increased levels of von Willebrand factor, 
decreased protein C, protein S, and other antico-
agulant substances, and low plasminogen [26]. 

Thromboelastography studies of the blood of 
patients with acute liver failure showed that most 
had normal hemostasis despite elevated INR 
[27]. Multiple studies have demonstrated that 
abnormal laboratory values in liver failure do not 
reflect gastrointestinal or procedure- related 
bleeding risk [28].

Spontaneous clinically significant bleeding in 
acute liver failure is rare (<5%) as is spontane-
ous ICH (<1%) [7]. Prophylactic treatment of 
the coagulopathy associated with acute liver fail-
ure in the patient without clinically significant 
bleeding is not indicated, and normalization of 
coagulation indices is generally not possible. 
Empiric administration of fresh frozen plasma 
(FFP) does not reduce bleeding, obscures the 
ability to monitor liver function by trending par-
tial thromboplastin time (PTT), and can cause 
volume overload and transfusion-related acute 
lung injury. Empiric administration of platelets 
is generally not recommended unless platelet 
values are <10,000/mm3; however some sources 
recommend a more conservative transfusion 
threshold of 15–20,000/mm3. Liver failure 
patients often have risk factors for vitamin K 
deficiency and clinical or subclinical deficiency 
is found in about a quarter, so empiric adminis-
tration of vitamin K is recommended in all ALF 
patients. It should be given parenterally, as oral 
absorption is unreliable in these patients [29]. 
Prophylactic administration of acid suppression 
medication (H2 blockers or proton pump inhibi-
tor) is also indicated to reduce risk of gastroin-
testinal bleeding [30].

Clinically significant bleeding in ALF patient 
requires treatment. In the bleeding patient, plate-
lets should be transfused for a goal of >50,000/
mm3 and fresh frozen plasma for a goal INR of 
close to 1.5. Factor VIIa may be preferable to 
FFP in the patient with volume overload, who has 
failed to correct with FFP, or prior to a very inva-
sive procedure such as intraventricular catheter 
(IVC) placement; however, drawbacks include 
high cost and risk of thromboembolism. 
Cryoprecipitate is indicated in the bleeding ALF 
patient with low fibrinogen (<100 mg/dL) [9].

There is a lack of data regarding correction of 
coagulopathy for procedures. Risk of bleeding 
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with placement of ICP monitor is generally low 
(5–7%) [31] and is proportional to the depth of 
the device [32]. Protocols differ regarding coagu-
lopathy correction for ICP placement, though 
goals typically include target INR  <  1.5 or 2, 
platelets >50 k/mm3 [9], and fibrinogen <100 mg/
dL.  Diagnostic paracentesis is a very low-risk 
procedure with minimal risk of bleeding even in 
patients with abnormal coagulation studies [33], 
and prophylactic correction of coagulation abnor-
malities is not indicated [34]. Studies show that 
bleeding complications during central venous 
cannulation in patients with liver disease and 
coagulopathy are rare and suggest that elevated 
INR should not be considered a contraindication 
to the procedure in these patients [35, 36]. Overall 
there is no evidence that correction of laboratory 
abnormalities in the ALF patient for any proce-
dure is beneficial.

 Renal Failure
About 40–50% of patients with ALF will develop 
renal failure [2]. Possible causes include hepa-
torenal syndrome (HRS), prerenal state, acute 
tubular necrosis (ATN), and exposure to hepato-
toxins that are also nephrotoxic. Nephrotoxic 
medications and contrast dye should be avoided 
if possible to avoid exacerbating renal injury. If 
dialysis is necessary, a continuous mode is theo-
retically preferable to minimize hemodynamic 
instability and reduce the risk of cerebral edema 
due to dialysis disequilibrium syndrome [11].

 Etiology-Specific Treatment
Acetaminophen toxicity is effectively treated 
with N-acetylcysteine (NAC) if given within 
8 hours after ingestion. Because NAC is effective 
and has minimal adverse effects, it should be 
given even if there is uncertainty about timing or 
dose of ingestion and should be given in cases 
where circumstances leading up to patient pre-
sentation are unknown but acetaminophen inges-
tion is possible, especially if aminotransferase 
levels are very high [11]. For additional informa-
tion on acetaminophen ingestion, see Chap. 28.

N-Acetylcysteine has been shown to improve 
transplant-free survival when given to patients 
with acute liver failure and stage I or II hepatic 

encephalopathy due to causes other than acet-
aminophen [37]; its use should be considered in 
this patient population.

Other etiology-specific treatments for acute 
liver failure can be seen in Table 15.3.

 Definitive Treatment

The American Association for the Study of 
Liver Diseases (AASLD) recommends that 
patients with ALF be hospitalized in a moni-
tored setting, preferably an intensive care unit 
(ICU), and that contact with a transplant center 
should be made early in the process [11]. 
Management in an ICU setting with experience 
caring for patients with liver failure is indicated 
for patients with INR > 2 or grade II or greater 
hepatic encephalopathy, extremes of age (<10 or 
>45 years old), or etiology of liver failure that 
carries a poor prognosis [14].

Likelihood of recovery from ALF with medi-
cal therapy depends on the etiology. The major-
ity of patients with acetaminophen-induced 
ALF will recover with early administration of 
NAC and supportive care, and only about 10% 
require liver transplant [38]; outcomes are worse 
in patients with liver failure due to other 
etiologies.

Decisions regarding listing a patient for trans-
plant are complex. Transplant is indicated in ALF 
where prognostic indicators suggest a high likeli-
hood of death [11]. However, prognostication of 
likelihood of death is not straightforward. 
Additionally, recipient age, illness severity, and 
presence of any contraindications such as sepsis, 
severe cardiorespiratory failure, ICH with low 
cerebral perfusion pressure, and extrahepatic 
malignancy must be considered. Given complexity 
of decision making and the extensive evaluation 
required to initiate this process, the most important 
intervention in the emergent setting is immediate 
involvement of a transplant team if available or 
early transfer of the patient to a transplant center.

Use of liver support systems (liver dialysis:  
Molecular Adsorbent Recirculating System (MARS)) 
remains an experimental approach and is currently 
not recommended outside clinical trials [11].
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 Acute Decompensation of Cirrhosis 
and Acute-on-Chronic Liver Failure

 Introduction/Epidemiology

Chronic liver disease is common. It ranks as the 
6th leading cause of death in the United States in 
people aged 25–44 and 5th in people aged 45–64 
[39], though true incidence may be underesti-
mated [40].

Acute decompensation of cirrhosis is defined 
as development of one or more of the complica-
tions of liver disease including ascites, encepha-
lopathy, GI bleed, and bacterial infection in the 
setting of cirrhosis. It can be caused by either a 
hepatic or an extrahepatic precipitant. Hepatic 
causes of superimposed liver injury include acute 
alcoholic hepatitis, drug toxicity, viral hepatitis, 
portal vein thrombosis, or ischemia. Extrahepatic 
precipitants include trauma, surgery, variceal 
bleeding, and in particular infection.

A universally accepted definition of acute-on- 
chronic liver failure (ACLF) is lacking. In gen-
eral, although specifics differ, the definitions of 
ACLF include (1) predisposition by chronic hep-
atitis/cirrhosis, (2) a precipitating event which 
may either be hepatic (alcoholic hepatitis, drug- 
induced liver injury, viral hepatitis, portal venous 
thrombosis, ischemic hepatitis) or extrahepatic 
(trauma, surgery, GI bleed, infection, or unrecog-
nized), and (3) resultant liver necrosis and hepatic 
inflammation causing single or multiple organ 
failure (liver failure, renal failure, hepatic enceph-
alopathy, cardiac collapse, coagulopathy). This 
condition is also in part identified by its high 
mortality rate—50% of patients with ACLF will 
die within 3  months [41]. Additional details of 
various definitions are included below. Regardless 
of the specific definition used, the emergency 
physician and intensivist must be able to identify 
and treat both precipitating events causing acute 
decompensation of cirrhosis and any associated 
organ failure with an appreciation for the high 
mortality of this condition.

Definitions of ACLF
• Acute decompensation plus either presence of 

2+ organ failures, presence of kidney failure, 

or presence of single “nonkidney” organ fail-
ure plus kidney dysfunction [42].

• Acute hepatic insult manifesting as jaundice 
and coagulopathy, complicated within 
4 weeks by ascites and/or encephalopathy in 
a patient with chronic liver disease (Asia 
Pacific Association for the Study of Liver 
Disease).

• A syndrome that defines a subgroup of patients 
who develop organ failure following hospital 
admission with or without an identifiable pre-
cipitating event and have increased mortality 
rates (EASL-AASLD).

 Pathophysiology

Several pathophysiologic effects predispose 
patients with chronic liver disease to decom-
pensation. Portal hypertension causes increased 
production of endogenous vasodilators [43] 
leading to dilation of the splanchnic arterial cir-
culation. This leads to splanchnic blood “pool-
ing” which decreases stimulus to stretch 
receptors in the carotids and aortic arch and 
causes inappropriate secretion of vasopressin, 
resulting in water retention and hyponatremia. 
Additionally underfilling of the arterial circula-
tion results in compensatory renal vasocon-
striction, decreased renal blood flow, and 
kidney injury. Bacterial translocation from gut 
lumen correlates with severity of liver disease 
[44] and leads to increased risk of infection as 
well as overproduction of inflammatory cyto-
kines, which causes further dilation of splanch-
nic arterial vessels [43].

 Causes of Acute Decompensation of 
Chronic Liver Failure

 General

Many of the causes of decompensation in the 
chronic liver failure patient are interrelated. 
However, a primary cause for the decompensa-
tion must be sought; most commonly this cause is 
sepsis or another underlying infection.
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 Bacterial Infections

Approximately a third of patients admitted to the 
hospital with cirrhosis have a bacterial infection 
at admission or develop one during their hospital 
stay [45]. The most common infections include 
urinary tract infection, spontaneous bacterial 
peritonitis, pneumonia, spontaneous bacteremia, 
and cellulitis [46]. Spontaneous infections (i.e., 
those without an identifiable source such as spon-
taneous bacterial peritonitis [SBP], spontaneous 
bacterial empyema, and spontaneous bacteremia) 
are thought to be due to bacterial translocation 
from the gut lumen to the systemic circulation or 
ascitic/pleural fluid [47].

Infection should be suspected in the cirrhotic 
patient who meets two or more SIRS criteria, but 
there should also be a low threshold to work-up 
infection in the cirrhotic patient with unexplained 
encephalopathy, new renal failure, or other unex-
plained decompensation. Evaluation for source of 
infection should include blood cultures, urinalysis 
and urine culture, chest radiography, evaluation 
and culture of ascitic and pleural fluid, and careful 
skin examination for cellulitis or abscess. If spon-
taneous bacterial peritonitis is diagnosed or sus-
pected as the cause in the stable patient, the 
recommended treatment is a third-generation 
cephalosporin; ceftriaxone is less preferable than 
cefotaxime or other choices for coverage of SBP 
because it is highly protein-bound, which may 
theoretically reduce penetration into ascites fluid 
[43]. In the septic patient or those with healthcare-
associated infection, broad-spectrum coverage 
including methicillin-resistant Staphylococcus 
aureus and resistant gram- negative bacteria should 
be initiated while awaiting culture data. Patients 
with ascites may be receiving norfloxacin as SBP 
prophylaxis as an outpatient, so treatment with 
quinolones is not recommended if these patients 
develop infection as the pathogen is likely to be 
resistant.

Relative adrenal insufficiency is common in 
both critically ill patients with decompensated 
cirrhosis (76% of patients with septic shock 
[48] and 60% of patients with gastrointestinal 
hemorrhage [49]) and is also present in 26% of 

noncritical decompensated cirrhosis patients 
[50]. However, low-dose hydrocortisone ther-
apy in patients with cirrhosis and septic shock 
did not improve mortality and increased adverse 
events [48].

 Spontaneous Bacterial Peritonitis

SBP occurs in 30% of patients with ascites. 
Patients may present with abdominal pain, vom-
iting, and diarrhea; however, presentation is 
classically vague and bedside assessment will 
miss over a third of patients with SBP [51]. For 
this reason, diagnostic paracentesis is recom-
mended in all patients with new onset moderate 
or large ascites, and in all patients hospitalized 
for worsening of ascites or any complication of 
cirrhosis [52].

SBP is diagnosed by ascitic fluid polymor-
phonuclear leukocyte (PMN) count of 
≥250  cells/mL in a patient without an intra-
abdominal source of infection (i.e., perforated 
viscus or abscess) or malignancy. Cultures are 
frequently negative; inoculation of culture bot-
tles at the bedside is recommended to increase 
yield [47, 52]. Evaluation for other sources of 
infection should be undertaken simultaneously, 
especially blood cultures as a significant propor-
tion of patients with SBP will also be bactere-
mic. If large volume of paracentesis is performed, 
then albumin (8 g/L of fluid removed) should be 
given to reduce the risk of circulatory dysfunc-
tion [34, 52].

SBP should be treated empirically with a 
third-generation cephalosporin to cover the three 
most common isolates (Escherichia coli, 
Klebsiella, and Streptococcus pneumonia [34]) 
while awaiting culture results. As discussed 
above, ceftriaxone may be less desirable in this 
setting than other 3rd generation cephalosporins. 
[43]. Administration of albumin to patients with 
SBP has been associated with improved mortality 
and less development of acute kidney injury 
(AKI) and is recommended in patients with 
Cr > 1 mg/dL, BUN > 30 mg/dL, or total biliru-
bin > 4 mg/dL [34, 53].
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 Acute Alcoholic Hepatitis

Acute alcoholic hepatitis may occur in chronic 
alcoholics or moderate drinkers after a period of 
binge drinking, and typically presents with fever, 
liver enlargement and tenderness, leukocytosis, 
hyperbilirubinemia, and impaired coagulation 
[54]. In severe cases, patients may manifest 
asterixis, hepatic encephalopathy, hepatorenal 
syndrome, liver failure, and multiorgan failure. 
Acute alcoholic hepatitis is clinically diagnosed 
in a chronic drinker or after an episode of binge 
drinking by liver enlargement, neutrophilic leu-
kocytosis, increased AST and ALT with AST:ALT 
ratio >1, mixed hyperbilirubinemia, and increased 
prothrombin time [54].

Patients presenting with suspicion of acute 
alcoholic hepatitis should be risk stratified using 
the Maddrey discriminant function (MDF) (4.6 
[patient’s PT – control PT] + total bilirubin) and 
evaluation of the presence of hepatic encepha-
lopathy. Patients with a MDF > 32 are considered 
to have severe alcoholic hepatitis and have high 
mortality. Corticosteroids or pentoxifylline ther-
apy may improve outcomes in these patients and 
should be considered [55]. Abstinence from alco-
hol is the most critical therapeutic intervention 
for all patients with alcoholic hepatitis and, in 
addition to nutritional interventions and close 
monitoring, is the primary treatment for patients 
with lower-risk alcoholic hepatitis.

 Portal Vein Thrombosis

Portal vein thrombosis in the acute phase typi-
cally presents with abdominal pain, fever, and 
nausea and may result in mesenteric ischemia 
with sepsis and infarction if the clot extends to 
the mesenteric circulation; it may also cause 
exacerbation of ascites or variceal bleed. Chronic 
portal vein thrombosis will typically present with 
symptoms of portal hypertension [56]. However, 
portal vein thrombosis frequently has nonspecific 
or absent symptoms and is frequently diagnosed 
at routine surveillance ultrasound in patients with 
cirrhosis [57].

Ultrasound with Doppler imaging of the por-
tal vein is the test of choice for the diagnosis of 
portal vein thrombosis.

There is little clinical data to guide the use of 
anticoagulation in cirrhotic patients with PV 
thrombosis, and its use is not generally recom-
mended [56].

 Hepatic Hydrothorax

Hepatic hydrothorax occurs when ascites fluid 
passes through small defects in the diaphragm 
into the pleural space, causing a large, usually 
right-sided effusion. Thoracentesis is indicated 
for diagnostic or therapeutic reasons. However, 
placement of a chest tube carries a complication 
rate of up to 100% and mortality of 27–35% due 
to pneumothorax, empyema, and acute kidney 
injury and electrolyte disturbances caused by 
drainage of large amounts of protein-rich pleural 
fluid [58]. Chest tube placement in these patients 
is therefore contraindicated [34]. First-line treat-
ment is diuretics and sodium restriction, with 
consideration of transjugular intrahepatic porto-
systemic shunt (TIPS) and liver transplantation if 
medical therapy is ineffective [59].

 Variceal Bleed

Gastroesophageal varices are present in 50% of 
patients with cirrhosis; variceal hemorrhage is 
the most common lethal complication of cirrho-
sis [60]. Patients may present with hematemesis, 
which may be massive, melena, and hemody-
namic instability. Treatment is focused on restor-
ing blood volume and stopping hemorrhage.

Transfuse packed red blood cells (PRBCs) to 
maintain hemodynamic stability or to a hemoglo-
bin goal of 8 g/dL as a higher goal may increase 
portal pressure and thus worsen bleeding [60]. 
Transfusion of FFP and platelets to correct coag-
ulopathy should be considered. Patients with cir-
rhosis and acute variceal hemorrhage have high 
risk of development of bacterial infections and 
prophylactic antibiotics are recommended [34, 
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61]. Recommended prophylactic regimens 
include oral norfloxacin or ciprofloxacin, or IV 
ciprofloxacin or ceftriaxone [60].

Data regarding the use of splanchnic vasocon-
strictors such as octreotide are variable. Some 
evidence exists that its use in addition to endos-
copy improves control of bleeding [62, 63], but 
a Cochrane Review found a negligible effect 
[64]. However, guidelines recommend the use 
of pharmacologic agents in combination with 
esophagogastroduodenoscopy (EGD) and sclero-
therapy for acute variceal hemorrhage [60].

EGD with banding or sclerotherapy should be 
performed within 12 hours in patients with vari-
ceal hemorrhage [60].

In the patient with uncontrolled bleeding and 
no immediate availability of definitive treatment, 
balloon tamponade may be used [60]. Emergent 
TIPS is effective in controlling bleeding that is 
refractory to medical therapy [59]. For additional 
discussion on GI bleed, see Chap. 14.

 Renal Failure

Renal failure in the cirrhosis patient can be pre-
cipitated by any event that exacerbates splanch-
nic and systemic vasodilation (infection, large 
volume paracentesis, vasodilators) or depletes 
intravascular volume (overdiuresis, diarrhea, 
vomiting, gastrointestinal bleed) as well as by 
exposure to nephrotoxic drugs.

Renal failure in the cirrhotic patient is initially 
treated by withdrawal of diuretics and nephro-
toxic medications, treatment of any underlying 
cause, and rehydration with IV fluids or albumin 
if the patient is thought to be volume depleted.

Hepatorenal syndrome (HRS) describes 
either an acutely worsening (type I) or chronic 
(type II) decrease in renal function in the 
absence of other causes of renal failure and is 
diagnosed based on the criteria seen below. 
Type I HRS carries a grave prognosis with only 
15% of patients surviving more than 3 months 
[65]. Type I HRS should be treated with albu-
min resuscitation in conjunction with vasocon-
strictors [66] (norepinephrine, vasopressin, or 
midodrine or octreotide), though high-quality 

data to support this intervention are lacking 
[67]. Use of terlipressin in this setting is associ-
ated with decreased mortality [68; however, this 
drug is not available in the United States. There 
is limited experience with TIPS in HRS patients; 
the only definitive treatment is liver transplant. 
Renal replacement therapy should be avoided in 
HRS unless there is thought to be an acute 
reversible cause of renal failure or liver trans-
plantation is planned [66].

ATN should also be considered as the cause 
of renal failure in patients who have shock or 
have been exposed to nephrotoxins or contrast 
dye and those with granular or epithelial casts in 
the urine.

Diagnosis of HRS
• Chronic or acute hepatic disease with advanced 

hepatic failure and portal hypertension
• Serum Cr >1.5 mg/dL
• Absence of shock
• Absence of hypovolemia

 – Defined as no sustained improvement in 
renal function following 2 days of diuretic 
withdrawal and volume expansion with 
albumin (1 g/kg/day up to 100 g/day)

• No current or recent treatment with nephro-
toxic drugs

• No parenchymal renal disease
 – Defined as proteinuria <0.5 g/d, no micro-

hematuria, and normal renal ultrasound
• Type I HRS: rapidly progressive renal failure 

defined as doubling of serum creatinine to 
>2.5 mg/dL in <2 weeks

• Type II HRS: moderate renal failure (serum 
Cr >1.5  mg/dL) which follows a steady or 
slowly progressive course

 Hepatic Encephalopathy

Hepatic encephalopathy in chronic liver disease 
presents with a range of symptoms from subtle 
derangements of memory and attention to sleep- 
wake disturbances, behavioral disturbances, con-
fusion, and coma. Classic examination findings 
include asterixis (though this can be seen in other 
disease as well such as uremia), hypertonia and 
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hyperreflexia, tremor, slow speech, and dimin-
ished movements.

Serum ammonia levels alone do not add addi-
tional diagnostic or prognostic information; how-
ever, they may be useful if normal to prompt 
reconsideration of the diagnosis of HE and for 
trending with ammonia reduction therapy [69]. 
Cerebral edema is less common in chronic liver 
failure patients than in acute liver failure; if it 
develops, it should be treated as described above.

Treatment of hepatic encephalopathy in the 
chronic liver failure patient is with lactulose, 
which should be titrated to a goal of 2–3 loose 
bowel movements per day. Rifaximin is an alter-
native choice and may be considered if there are 
complications from high stool output due to 
lactulose.

 Hyponatremia

Hyponatremia is a challenging problem in the 
patient with advanced cirrhosis because symp-
toms can be similar to those of hepatic enceph-
alopathy. Nonacute treatment includes water 
restriction and combination therapy with spi-
ronolactone and a loop diuretic. There are no 
guidelines specific to the treatment of hypona-
tremia in the liver failure patient; however, in 
general, patients with severe symptoms of 
hyponatremia (seizure, coma) should be treated 
with intravenous 3% saline (100  mL) over 
10  minutes, repeated ×2 (if needed), with a 
goal of raising the serum Na by 4–6  mEq/L; 
patients with chronic liver disease and alcohol-
ism are at high risk for osmotic demyelination; 
however, further correction should be very 
gradual at no more than 8  mEq/L total in a 
24-hour period [70].

 Hepatopulmonary Syndrome

The diffuse vasodilation that accompanies 
chronic liver disease can affect the pulmonary 
capillary beds and result in the hepatopulmonary 
syndrome. Patients classically present with 
hypoxia and orthodeoxia (worsening oxygen-

ation upon moving from a laying down to a sit-
ting position caused by worsening 
ventilation-perfusion mismatch). No effective 
medical treatments exist and liver transplant is 
the only therapeutic option [71].

 Definitive Treatment

Evaluation for liver transplant in cirrhotic patients 
should be considered when an episode of decom-
pensation results in a MELD score ≥15 [72]. 
Patients with end-stage liver disease secondary to 
alcoholic cirrhosis should be considered for liver 
transplant, with a 6-month abstinence period rec-
ommended prior to transplant and a thorough 
evaluation of likelihood of maintaining long-term 
abstinence [55]. Patients must also remain absti-
nent from tobacco consumption. Patients with 
renal failure should be evaluated for simultane-
ous liver and kidney transplant if they have end- 
stage renal disease, chronic kidney disease with 
GFR < 30 mL/minute, acute renal failure or hep-
atorenal syndrome with creatinine >2 mg/dL and 
dialysis for ≥ 8 weeks, or renal biopsy showing 
>30% glomerulosclerosis or >30% fibrosis [72]. 
Screening for appropriateness for liver transplant 
involves a complex evaluation of the patient’s 
medical, social, psychological, nutritional, and 
financial circumstances; from the perspective of 
the emergency provider, the most critical step is 
early identification of a potential transplant can-
didate and engagement of the transplant team or 
transfer to a transplant center.
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 Acute Mesenteric Ischemia  Introduction

Although an uncommon disease, acute mesen-
teric ischemia (AMI) is associated with high 
mortality, largely due to diagnostic delays cou-
pled with multiple medical comorbidities in the 
affected patient population [1]. Mortality rates 
remain high despite advances in medical technol-
ogy and increased awareness [2, 3]. If identified 
within 24  hours of symptom onset, survival is 
around 50%. If the diagnosis is delayed, however, 
septic shock typically ensues and survival plum-
mets to 30% or lower [2].

 Pathophysiology

AMI can be broadly classified into occlusive and 
nonocclusive mesenteric ischemia (NOMI), with 
occlusive etiologies including arterial thrombo-
embolism and venous thrombosis and nonocclu-
sive causes including low-flow states, vasculitis, 
and abdominal compartment syndrome.

Arterial emboli, often from atrial fibrillation, 
are the most frequent cause of AMI and account 
for approximately half of cases [2, 4]. Other risk 
factors for cardiac thromboembolism are 
mechanical prosthetic valves, cardiomyopathy, 
or left ventricular dysfunction due to recent myo-
cardial infarction or valvular disorders. Although 
emboli can certainly lodge anywhere down-
stream, the oblique angle of the superior mesen-

M. T. McCurdy (*) ∙ K. Hu
Departments of Medicine and Emergency Medicine, 
University of Maryland School of Medicine, 
Baltimore, MD, USA

16

Key Points
• Mortality in acute mesenteric ischemia 

(AMI) is high; early recognition is cru-
cial to prevent bowel necrosis, sepsis, 
multiorgan failure, and death.

• Do not forget about the possibility of 
concomitant nonocclusive ischemia in 
your patients with shock from other 
causes, and do not forget abdominal 
compartment syndrome as a cause of 
hypotension and bowel ischemia.

• The mainstays of stabilization include 
fluid resuscitation, IV antibiotics, and, 
in occlusive AMI, a heparin drip. Avoid 
vasopressors in the under-resuscitated 
patient to avoid worsening splanchnic 
blood flow.

• Promptly involve vascular or interven-
tional radiology consultants to obtain 
definitive treatment.
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teric artery makes it the most common location of 
embolic obstruction [5, 6]. Paradoxical arterial 
emboli may arise from deep venous thromboses 
and pass into arterial circulation via a patent fora-
men ovale (PFO) or atrial septal defect (ASD).

Gradual atherosclerotic plaque buildup and 
subsequent plaque rupture at sites of atheroscle-
rotic stenosis also cause arterial thrombosis. Due 
to gradual stenosis-induced collateral develop-
ment, severe widespread chronic atherosclerotic 
occlusion generally must occur to cause 
AMI.  Mesenteric venous thrombosis accounts 
for 15–20% of AMI cases [2]. Risk factors for 
mesenteric venous thrombosis include hyperco-
agulable states (e.g., malignancy, inherited), 
recent abdominal surgery, and local inflamma-
tion, such as pancreatitis or inflammatory bowel 
disease [7].

Nonocclusive acute mesenteric ischemia 
accounts for approximately a third of all AMIs 
and is mostly due to low-flow states such as car-
diogenic shock, septic shock, or splanchnic vaso-
constriction. Vasopressors may also contribute to 
AMI in the setting of low-flow states by further 
decreasing intestinal blood flow and oxygen 
delivery. Cocaine-induced vasospasm may also 
cause NOMI.  Disease states in which diffuse 
bowel wall edema and/or intra-abdominal fluid 
cause increased abdominal pressures greater than 
20 mmHg lead to abdominal compartment syn-
drome (ACS) in which blood flow to the gut is 
decreased via external compression of the mes-
enteric vessels and splanchnic vasculature. 
Alternatively, ACS may actually arise secondary 
to the edema and bowel wall distension that can 
be caused by an acute ischemic event. Thus, 
determining the true etiology of AMI in the set-
ting of ACS can be challenging; the clinical pic-
ture may be cloudy, but without recognition of 
the disease processes at hand, the outcome 
remains dire.

Whatever the initial cause of AMI, patients 
with prolonged mesenteric ischemia have a high 
incidence of intestinal necrosis, which leads to 
multiorgan failure and death. Prolonged tissue 
hypoxia results in anaerobic metabolism-induced 
lactic acidosis, whereas ischemic injury caused 
by the mismatch of oxygen supply and demand 

rapidly progresses to transmural necrosis. 
Intestinal bacterial translocation into the perito-
neum may trigger the release of inflammatory 
mediators into the lymphatic and systemic circu-
lation, ultimately resulting in systemic inflamma-
tory response syndrome (SIRS), acute respiratory 
distress syndrome (ARDS), shock, and multior-
gan system failure [6].

 Patient Presentation

The pathophysiological classification of AMI 
helps explain the differing clinical presentations 
related to each mechanism of ischemia. Acute 
mesenteric arterial occlusion presents more 
acutely, with sudden, severe, cramping abdomi-
nal pain that is poorly localized or elicited on 
examination, resulting in the classic “pain out of 
proportion” described in the literature. The 
patient also usually complains of nausea with or 
without nonbilious emesis and may experience 
forceful bowel evacuation and diarrhea. The non-
specific nature of these complaints contributes to 
the difficulty in obtaining an early diagnosis of 
bowel ischemia.

The atherosclerotic formation leading to arte-
rial thrombosis requires longer periods of time to 
reach complete blockage, allowing the previ-
ously described collateral formation. These ath-
erosclerotic vessels usually result in a subacute or 
chronic presentation of AMI in which the patient 
has abdominal pain only with increased intestinal 
metabolic demand, such as after meals. Such 
postprandial abdominal pain classically results in 
food fear and weight loss. Only if complete 
obstruction of the culprit artery and its collaterals 
develops, or alternatively, if an atherosclerotic 
plaque ruptures to cause sudden stenosis, does 
sudden severe abdominal pain typically occur.

Nonocclusive mesenteric ischemia can easily 
be missed in the ED, as a patient’s primary ill-
ness, such as cardiogenic or septic shock, may 
cloud the clinical picture. For example, elderly 
patients with diffuse mesenteric atherosclerosis 
may only manifest symptoms of nonspecific 
abdominal pain and distension. Alternatively, 
NOMI may manifest as abdominal distension, 
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elevated lactic acid levels, and septic shock 
refractory to vasopressors (Table 16.1).

After initial symptom onset, pain may occa-
sionally abate for a period of 3–6  hours. This 
pain-free interval is thought to be due to 
hypoperfusion- induced downregulation of pain 
receptors in the bowel wall [8]. If the patient 
presents to the ED greater than 6 hours after ini-
tial symptom onset, other signs and symptoms 
related to underlying intestinal necrosis, peritoni-
tis, and sepsis may exist (e.g., tachycardia, tachy-
pnea, hypotension, poor skin turgor, abdominal 
distension with involuntary guarding, hemato-
chezia, confusion), which should signal to the 
emergency provider the severity of the patient’s 
illness.

 Diagnostics

 Laboratory Testing
The most common laboratory abnormalities seen 
in AMI are hemoconcentration and neutrophilic 
leukocytosis [1, 4, 9]. Although elevations in 
amylase, aspartate aminotransferase, and lactate 
dehydrogenase are common, they are neither sen-
sitive nor specific enough to diagnose 

AMI. Despite its high sensitivity, D-dimer testing 
is unhelpful due to its low specificity and unde-
fined clinical reference ranges for AMI. Lactate 
is both nonspecific and insensitive for early 
detection of AMI because, prior to any secondary 
injury, a well-functioning liver effectively clears 
lactic acid from the circulation [10].

Higher leukocyte counts and LDH concentra-
tions correlate with higher mortality [9], and 
hyperkalemia and hyperphosphatemia indicate 
existing bowel necrosis [2]. Critically ill AMI 
patients exhibit hyperlactatemia and a high anion 
gap metabolic acidosis [2, 9, 10], among other 
laboratory derangements, consistent with their 
severity of illness.

Other biomarkers, such as intestinal fatty 
acid-binding protein (I-FABP), alpha glutathione 
S-transferase (GST), diamine oxidase (DAO), 
and citrulline, have been studied in the search for 
an early indicator of AMI; however, none have 
proven sufficient as stand-alone tests [9–14]; 
investigations into combined specificity and sen-
sitivity are ongoing.

The ideal biomarker for AMI diagnosis must 
be highly sensitive and specific, but also must be 
released early enough in the disease course to 
enable an early diagnosis and thus earlier inter-

Table 16.1 Characteristics of acute mesenteric ischemia

Etiology

Acute mesenteric 
arterial thrombosis 
(AMAT)

Acute mesenteric 
arterial embolism 
(AMAE)

Mesenteric venous 
thrombosis (MVT)

Nonocclusive 
mesenteric ischemia 
(NOMI)

Incidence 25–30% [2] 40–50% [2, 4] 10–15% [2, 4, 6] 20–30% [2, 4]
Presentation Gradual onset

Generally present to ED 
after several days

Sudden onset
Generally present to ED 
after several hours

Gradual onset
Generally present to ED 
after several days

Gradual or sudden
Often already 
hospitalized for other 
severe illnesses

Collateral 
blood supply

Usually present Absent Absent Irrelevant (low flow 
affects entire blood 
supply)

Risk factors Smoking
Vasculitis
Hyperlipidemia
Atherosclerosis
Diabetes mellitus
Hypercoagulability

AFib
PFO, ASD
Recent MI
Endocarditis
Mechanical valve
LV dysfunction

IBD
Pancreatitis
Hypercoagulability
Trauma or major 
abdominal surgery
Portal HTN

Hypotension
Use of vasopressors
Low cardiac output
Cocaine, ergot, or
digoxin use
Vasculitis

Signs and 
symptoms

Postprandial abdominal 
pain
Weight loss

Palpitations
Other cardioembolic 
phenomena
Severe abdominal pain

Abdominal pain
Bloating
GI bleed
Nausea/vomiting

Hypotension
Bloating
Unexplained increase 
in lactate
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vention to allow a good outcome. Because no 
current laboratory test has yet met those criteria, 
the purpose of blood work in AMI is to estimate 
the extent of damage and secondary organ dys-
function and to set aside blood products for 
 transfusion in the case of surgery or coagulopa-
thy. The emergency provider should obtain a 
CBC, CMP, phosphate level, coagulation panel, 
lactate, and type and screen.

 Imaging
In general, the workup of suspected mesenteric 
ischemia should begin with a multidetector CT 
angiogram (CTA). With 96% sensitivity and 94% 
specificity [15, 16], its quick availability, noninva-
siveness, and ability to make alternative diagnoses 
have made it the diagnostic test of choice over the 
historic gold-standard catheter-based angiogram. 
CT findings consistent with AMI include intralu-
minal filling defects, downstream lack of contrast 
enhancement, circumferential mural thickening, 
and, with severe hypoperfusion, transmural isch-
emia or infarction, bowel dilatation, pneumatosis, 
and portal venous gas [17].

If high suspicion for acute mesenteric isch-
emia exists but no signs of peritonitis (which 
requires immediate operative intervention) are 
present, the emergency provider can consider 
immediate consultation with the interventional 
radiologist or vascular surgeon for conventional 
angiography. An “angiography first” diagnostic 
algorithm permits immediate diagnosis with 
potential intervention and requires less overall 
contrast, benefits that must be balanced with the 
ease, speed, and availability of first utilizing a 
CTA [15].

Abdominal radiography is unhelpful in early 
AMI, although in the later stages it may demon-
strate dilated loops of bowel with air-fluid levels, 
free air, pneumatosis, or portal venous gas. 
Doppler ultrasonography has some utility in the 
diagnosis and monitoring of chronic mesenteric 
ischemia [18], but is limited by the presence of 
bowel distension and is dependent on user expe-
rience and patient body habitus, and so should 
not be a cause for delayed CTA diagnosis.

Magnetic resonance angiography, while accu-
rate [15, 19] and free of ionizing radiation, 

requires the patient to be away from the ED for 
an extended period and should not be ordered to 
diagnose AMI.

 Other Considerations
Abdominal compartment syndrome (ACS), 
which manifests high extraluminal pressures that 
inhibit adequate splanchnic blood flow, may 
demonstrate the previously discussed image find-
ings, especially marked bowel wall edema or 
dilatation. The diagnosis of ACS can be quickly 
made by (1) placement of a Foley and measure-
ment of bladder pressure or (2) placement of a 
femoral central venous catheter and transduction 
of a central venous pressure (CVP); a pressure of 
>12  mmHg is indicative of intra-abdominal 
hypertension, and a pressure of >20 mmHg with 
evidence of end-organ dysfunction (e.g., high air-
way pressures, decreased urine output or worsen-
ing renal function, increased vasopressor 
requirement) is consistent with ACS.

 Initial Stabilization

In the stable patient with suspected AMI, the 
most important steps for the emergency medicine 
physician are diagnosis, resuscitation, and early 
surgical consultation. Cardiac monitoring with 
frequent blood pressure assessments allows 
timely identification of instability while adminis-
tering intravenous fluids.

In the unstable patient, standard resuscitative 
efforts should be initiated, including at least two 
large-bore IVs for rapid volume resuscitation, and 
avoidance of hypoxia with either supplemental oxy-
gen or intubation to prevent tissue hypoxia. If the 
patient is in atrial fibrillation with rapid ventricular 
rate, calcium channel blockers may have the added 
benefit of theoretically vasodilating the splanchnic 
vasculature; digoxin, however, can worsen splanch-
nic vasoconstriction and should be avoided. To help 
decrease vasospasm, emergency physicians can 
start intravenous glucagon (up to 10 μg/kg/min as 
tolerated) [2] while awaiting definitive manage-
ment. If the patient has an acute abdomen or contin-
ued hypotension, immediate surgical consultation 
should be obtained during resuscitative efforts. 
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Administer broad-spectrum antibiotics to cover 
gastrointestinal flora, such as ampicillin/sulbactam, 
piperacillin/tazobactam, or clindamycin with met-
ronidazole. A portable abdominal x-ray can assess 
for perforation, and a bladder pressure should be 
obtained. If vasopressors must be used, low-dose 
dopamine (0.5–8 μg/kg/min) is preferred for its spe-
cific splanchnic vasodilatory properties via intesti-
nal dopaminergic receptors [2, 20]. Similarly, lower 
doses of epinephrine (0.05–0.1  μg/kg/min) cause 
more beta than alpha receptor activation and, there-
fore, theoretically decreased splanchnic vasocon-
striction [2, 20].

Except in cases of NOMI, a heparin bolus and 
continuous infusion should be started as soon as 
the diagnosis of AMI is made.

 Definitive Treatment

As in other vascular emergencies, endovascular 
intervention has been increasingly used to treat 
acute arterial mesenteric ischemia in the past two 
decades. To date, no randomized controlled trial 
has compared endovascular and operative inter-
ventions, but some studies have reported 
decreased mortality, hospital length of stay, and 
need for bowel resection with endovascular repair 
as opposed to open repair [21–23].

Endovascular catheter-directed thrombolysis, 
thromboembolectomy, angioplasty, and stenting 
permit a less invasive procedure in a generally 
elderly patient population with a predominance 
of comorbidities; if endovascular approach fails, 
the intervention may be converted to an operative 
repair or bypass.

Emergent exploratory laparotomy is mandated 
in patients with bowel perforation and peritonitis 
(i.e., patients in whom bowel necrosis is highly 
suspected). After initial intraoperative revascu-
larization and/or resection, most patients will be 
taken back to the operating room at 24–48 hours 
after the initial operation for a “second-look” 
exploration to reassess bowel viability.

Intra-arterial papaverine, an opium-derived 
phosphodiesterase inhibitor that dilates the vas-
cular bed, is used as an adjunctive therapy in 
mesenteric ischemia. At the dose of 30–60 mg/

kg, it provides symptomatic relief and, in early 
small studies, decreased mortality in conjunction 
with angiographic intervention [24, 25]. Because 
of its tendency to precipitate with heparin, papav-
erine should be used with caution in 
thromboembolism- induced AMI.  It is, however, 
the only specific therapy for NOMI [26].

Because survival in AMI depends on early 
treatment, the emergency physician should initi-
ate interhospital transfer for suspected AMI if no 
surgical consultant is immediately available to 
evaluate the need for a potential emergency inter-
vention [27].

 Acute Limb Ischemia

 Introduction

Acute limb ischemia (ALI) is caused by abrupt 
interruption of arterial blood flow to an extremity. 
In contrast to chronic limb ischemia, in which the 
limb vasculature is gradually compromised, 
allowing adaptation via collateral circulation, the 
limb in ALI has no other source of perfusion and 
therefore requires emergent action to remain via-
ble. Tissue death commences at approximately 

Key Points
• TIME IS LIMB. Start a heparin drip and 

immediately consult a vascular 
surgeon.

• Immediately place affected limb in a 
dependent position and prevent cold 
temperatures.

• Classification of acute limb ischemia 
(ALI) directs appropriate intervention 
(i.e., endovascular vs. open revascular-
ization vs. amputation) and requires 
ABI measurement.

• For Stages I and IIa ALI, catheter- 
directed thrombolysis is the intervention 
of choice.

• Address underlying etiologies as appro-
priate (e.g., rate control in Afib).
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4  hours of ischemia, and irreversible necrosis 
occurs by hour 6. Lower extremity ischemia is 
more common than upper extremity ischemia, 
but both require prompt recognition and revascu-
larization to decrease morbidity and need for 
amputation.

The incidence of ALI is reported to be 140 
patients per million per year [28]. A recent 
Medicare data review revealed a hospitalization 
rate for ALI of 26 per 100,000 patients aged 
65  years and older, with a 30-day and 1-year 
mortality of 19% and 42.5%, respectively [29]. 
Despite revascularization, overall amputation 
rate at 1 year in patients hospitalized for ALI is 
approximately 25%, and all-cause 1-year mortal-
ity remains near 20% [28, 30, 31].

 Pathophysiology

Limb ischemia with symptom duration less than 
14 days is considered acute, while longer symp-
tomatology defines chronic limb ischemia. A 
patient with an embolic event generally presents 
to the ED within hours of a sudden, abrupt onset 
of pain, whereas one with a gradual expansion of 
an intra-arterial thrombus and resultant arterial 
occlusion presents several days after the start of 
slowly worsening symptoms.

The most common cause of upper extremity 
ALI is embolization of a cardiac thrombus, often 
developing in atrial fibrillation or low-flow states 
such as severe left ventricle dysfunction or fol-
lowing a myocardial infarction [30, 31]. Emboli 
can also originate from peripheral venous thrombi 
passing through an intracardiac shunt or directly 
from aortic plaque rupture, in vessel-to-vessel 
embolism [32, 33].

The most common etiology of lower extrem-
ity ALI is occlusive thrombosis within chroni-
cally stenosed arteries [28]. Atherosclerotic 
plaque rupture triggers downstream arterial 
occlusion, similar to the pathophysiology of 
acute coronary syndrome. Thrombi can also 
develop within aneurysms, especially of the pop-
liteal artery [34], as well as at sites of vascular 
grafts, and spontaneously in patients with an 
underlying hypercoagulability. Rarely, venous 

thrombosis can cause edema-induced external 
arterial compression and subsequent ischemia, a 
condition called phlegmasia cerulea dolens 
(acute DVT will be discussed further in Chap. 7).

Less commonly, vasospasm, such as in 
Raynaud’s, cocaine use, or vasculitis, can impede 
flow to distal extremities (especially the upper 
extremities) and cause acute ischemia. Buerger’s 
disease (also called thromboangiitis obliterans) is 
a smoking-induced inflammatory disease 
strongly associated with critical ischemia of mul-
tiple extremities. Vasculitides most associated 
with acute limb ischemia include Takayasu’s, 
giant cell arteritis, and Behcet’s disease.

Proximal arterial dissection can cause distal 
limb ischemia by directing blood flow into the 
false lumen, which then obstructs flow through 
the true lumen. Traumatic arterial disruption 
(e.g., arterial dissection or laceration) can cause 
ALI, as can extrinsic arterial compression in 
trauma-induced compartment syndromes. Lastly, 
whether from trauma, tumor, repetitive strain, or 
congenital structural abnormalities such as a cer-
vical rib, thoracic outlet syndrome can cause 
upper extremity arterial compression and resul-
tant ischemia.

 Patient Presentation

The sudden onset of severe limb pain in a patient 
with a cool extremity and decreased pulses is the 
cardinal presentation of acute limb ischemia. The 
limb may exhibit mottling, cyanosis, or depen-
dent rubor. The classic findings of acute limb 
ischemia are “the 6 Ps”: pain, pallor, poikilother-
mia, pulselessness, paresthesia, and paralysis. 
Importantly, however, the last three signs present 
late in the course of the disease and signify sig-
nificant myonecrosis (Fig. 16.1).

Other findings may provide clues as to the 
inciting factors of ALI (e.g., chest or abdominal 
pain in proximal aortic or iliac artery dissection, an 
irregularly irregular rhythm in thromboembolism 
secondary to atrial fibrillation). The emergency 
physician must fully assess all extremities, noting 
color and temperature, and thoroughly examine 
pulses and neurologic function to identify the level 
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of ischemia and categorize its severity using the 
Rutherford Classification Chart [28, 35] 
(Table 16.2). Because the pulse may be difficult to 
palpate, a Doppler assessments of arterial signals 

and bilateral ankle-brachial indices (ABI) should 
be assessed, keeping in mind that noncompress-
ible vessels due to atherosclerotic calcification 
may falsely elevate those numbers (Table 16.3).

Ascending Aortic arch Descending Thoracoabdominal

Fig. 16.1 Algorithm for management of acute limb ischemia. (Adapted from Tendera et al. [42])

Table 16.2 Rutherford Classification Chart

Class Sensory loss Muscle weakness
Doppler signals
Arterial Venous

(I) Viable
Not immediately threatened

None None Audible Audible

(IIa) Marginally threatened
Salvageable if promptly treated

None or minimal (toes) None Inaudible Audible

(IIb) Immediately threatened
Salvageable if immediately revascularized

Mild to moderate Mild to moderate Inaudible Audible

(III) Irreversible
Inevitable major tissue loss/nerve damage

Profound to complete Profound, paralyzed Inaudible Inaudible

Adapted from Rutherford et al. [35]
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 Diagnostics

 Imaging
Digital subtraction angiography (DSA) is the pre-
ferred method of imaging for ALI because it enables 
immediate administration of catheter- directed ther-

apy (CDT), such as thrombolytics, upon visualiza-
tion of an occlusion. Despite its invasiveness and 
need for intravenous contrast, DSA should be 
immediately performed if it is available and deemed 
appropriate by Rutherford classification [36].

If DSA is unavailable, duplex ultrasonography 
(DUS) and computed tomography angiogram 
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(CTA) are viable diagnostic options. DUS is non-
invasive, does not require contrast, and can be 
performed at the bedside. Compared to DSA in 
chronic occlusive disease, its specificity 
approaches 100%, but its sensitivity is as low as 
80%, which is thought to be due to limited visu-
alization of pelvic and infrageniculate vascula-
ture [37–40]. CTA is quick, readily available, and 
accurate, with a sensitivity of 89–99% and speci-
ficity of 83–97% [40]. However, CTA exposes 
the patient to ionizing radiation and nephrotoxic 
contrast, which is not ideal because of the need 
for a further contrast load if endovascular treat-
ment therapy is later pursued.

Contrast-enhanced magnetic resonance angi-
ography (CE-MRI) is accurate [40] but time- 
consuming and frequently inaccessible after 
regular business hours. Despite its ability to diag-
nose chronic vaso-occlusive disease, it has no 
role in the acute setting.

 Laboratory Work
No laboratory tests assist in diagnosing ALI, 
but basic blood work (e.g., CBC, BMP, type 
and screen, coagulation studies) may help with 
therapeutic and preoperative plans. 
Measurement of serum lactate, creatine kinase, 
and myoglobin levels can assist in diagnosing 
associated compartment syndromes or severity 
of limb malperfusion, guiding fluid resuscita-
tion, and predicting the likelihood of postrev-
ascularization reperfusion syndrome and need 
for fasciotomy.

 Electrocardiogram (ECG)
An electrocardiogram may reveal a possible eti-
ology of the patient’s thromboembolism (e.g., 
atrial fibrillation, recent MI) and can help with 
preoperative risk assessment.

 Initial Stabilization

The most immediate intervention in suspected 
acute limb ischemia is to place the affected 
extremity in a dependent position to assist with 
blood flow, avoiding pressure on areas distal to 
the suspected level of obstruction (e.g., heels, 
palms); this can easily be done during the initial 
history and physical examination.

An immediate vascular surgery consult is 
imperative. Depending on the hospital’s available 
resources, transfer to a facility capable of the 
appropriate intervention may be necessary and 
the process should be initiated as soon as the 
diagnosis is suspected.

While awaiting the consultant, the patient 
should be given an aspirin (162 or 325 mg) and 
immediately initiated on a heparin drip [28, 41, 
42]. Despite no RCTs indicating improved out-
comes with its use in acute limb ischemia, aspirin 
has proven benefits in chronic critical limb isch-
emia [43] and in maintaining vessel patency post-
revascularization [44] as well as an association 
with decreased mortality in the pathophysiologi-
cally similar acute coronary syndrome [45]. 
Although no RCTs exist to support heparin ther-
apy in ALI, it is the mainstay of ALI treatment to 
help prevent further propagation of intra-arterial 
thromboembolism [46].

Intravenous hydration in anticipation of a con-
trast load or operative management is warranted. 
Additionally, avoiding temperature extremes, espe-
cially cold, helps prevent vasoconstriction and 
decreased flow to the affected limb. Adequate anal-
gesia (e.g., narcotics) is usually necessary as well.

 Definitive Treatment

Definitive therapy of ALI includes percutaneous 
endovascular revascularization (ER), operative 
revascularization (OR), or amputation. Vascular 
surgeons generally agree that the degree of isch-
emia should dictate the intervention employed, 
with earlier stage ischemia allowing for slower but 
less invasive reperfusion by ER and reserving 
amputation for the unsalvageable ischemic limb. 
ER techniques include embolectomy or thrombec-

Table 16.3 Ankle-brachial indices (ABI)

ABI value Interpretation
0.91–1.3a Normal
0.71–0.9 Mild disease
0.41–0.7 Moderate disease
≤ 0.4 Severe disease

aABI >1.3 is abnormal and indicates calcified vessels 
resulting in an unreliable measure
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tomy, CDT, and endovascular stent deployment. 
Operative interventions include intraoperative 
thrombolysis, endarterectomy, angioplasty, 
bypass, associated fasciotomy, and, in cases of 
irreversible damage, amputation.

Several landmark studies can account for the 
increasing use of CDT in ALI.  The STILE trial 
demonstrated decreased hospital length of stay 
and decreased amputation rates at 6 months in 
patients who underwent ER at presentation, but 
only in the subset of patients who presented with 
less than 2 weeks of symptoms [47]. Although 
more patients treated with initial lysis versus sur-
gery required reintervention 1 year later, lytic ther-
apy decreased the overall number of surgical 
interventions required, and no mortality difference 
existed between endovascular and operative treat-
ment [48]. The TOPAS trial similarly found no dif-
ference between intra-arterial urokinase versus 
surgical revascularization in amputation rate or 
mortality at 6 months after intervention, although 
during initial hospitalization the urokinase group 
required less open surgical procedures or amputa-
tions and had a lower overall mortality [49].

More recent studies and a Cochrane Review 
have demonstrated no difference between initial 
treatment with thrombolysis versus OR in amputa-
tion rates or mortality at 1 year, although hemor-
rhagic complications are consistently more 
common in thrombolysis groups [30, 50]. For this 
reason, operative management should be utilized 
in patients who have a contraindication to throm-
bolysis (Table  16.4); otherwise, endovascular 
management is the initial intervention of choice in 
early ischemia, especially for patients with comor-
bidities precluding operative intervention [28, 42].

The current European Society of Cardiology 
(ESC) guidelines recommend endovascular inter-
vention for Rutherford Class I–IIa ALI of 
<14  days’ duration, or in whom comorbidities 
preclude operative intervention [42]. Both ESC 
and Trans-Atlantic Inter-Society guidelines state 
that patients with Rutherford IIb ischemia war-
rant immediate operative intervention, and 
patients with irreversible damage (Rutherford 
III) should undergo amputation [28, 42].

In some instances, patients with ALI may have 
comorbidities or a poor functional status that pre-
cludes operative intervention. If such patients 

also have contraindications to catheter-directed 
thrombolysis, conservative management with 
aspirin and heparin alone may be considered, but 
only after fully discussing all options and likely 
prognoses with both the vascular specialist and 
the patient and/or family members.

 Special Considerations
Popliteal artery aneurysms carry a high rate of 
thromboembolism and subsequent limb ischemia 
[51, 52]. Because endovascular intervention of 
popliteal artery aneurysms is still relatively new 
and thought to be fraught with a high rate of post-
procedural complications and need for reinter-
vention [53], surgical repair is generally the 
treatment of choice [54]. However, recent studies 
indicate that endovascular repair may be a rea-
sonable method of management [54–56]. 
Consulting the interventional radiologist for 
acute ischemia due to a popliteal artery thrombo-
sis can be entertained, but the vascular surgeon 
should be called if the interventional radiologist 
is not comfortable with ER in this setting.

Emergency physicians at hospitals without the 
appropriate specialists should initiate transfer as 
soon as the diagnosis is suspected. Transfer 
should not be delayed for imaging such as CT 

Table 16.4 Contraindications to thrombolysisa

Absolute Relative major Relative minor
Recent strokeb 
(<2 months)

Recent CPR (<10 
days)

Hepatic failure 
with 
coagulopathy

Active bleeding 
diathesis

Recent major 
surgery or trauma 
(<10 days)

Bacterial 
endocarditis

Recent GI bleed 
(<10 days)

Uncontrolled HTN
>180 mmHg 
systolic or 
>110 mmHg 
diastolic

Diabetic 
hemorrhagic 
retinopathy

Recent 
neurosurgery 
(<3 months)

Puncture of 
noncompressible 
vessel

Pregnancy

Recent 
intracranial 
trauma (<3 
months)

Intracranial tumor
Recent eye surgery

Adapted from Norgren et al. [28]
CPR cardiopulmonary resuscitation, GI gastrointestinal, 
HTN hypertension
aContraindications for systemic thrombolysis
bExcludes transient ischemic attacks
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angiography, but aspirin and heparin therapy 
must be initiated prior to transfer.

 Aortic Aneurysm Rupture

 Introduction

Although the overall rate of ruptured aortic aneu-
rysm has decreased in the past decade, mortality 
after rupture remains high. In fact, aneurysmal 
disease is the 15th most common cause of death 
in the United States and the 10th leading cause of 
death in patients over 55  years of age [57]. 
Increased outpatient diagnosis and elective repair 
of abdominal aortic aneurysms (AAA) have 
decreased the rupture rate, but approximately 
30% of patients with out-of-hospital rupture die 
before reaching the hospital [58], and the periop-
erative mortality rate is still 40–53% for those 
undergoing emergent repair [58–60]. Thoracic 
aortic aneurysms (TAA) occur less frequently but 
are also associated with high mortality [61] 
largely because as many as 95% are not diag-
nosed until rupture or dissection [62]. Emergency 

physicians must not only have a high suspicion 
for symptomatic aortic aneurysm to prevent pro-
gression to rupture, but must also know how to 
manage the critically ill patient immediately fol-
lowing rupture.

 Pathophysiology

An aortic aneurysm is a focal outpouching of the 
aorta due to weakening of all three layers of the 
aortic wall (i.e., inner intima, media, outer adven-
titia). The exact mechanisms behind aneurysm 
formation are not fully understood and appear to 
differ slightly between thoracic and abdominal 
aortic aneurysms [63]. AAAs are thought to 
result from a complex interplay between inflam-
matory cells and mediators, oxidative stress, and 
matrix metalloproteinases that ultimately leads to 
extracellular matrix degradation, vascular smooth 
muscle cell apoptosis, and aortic wall breakdown 
[63–65]. Although still resulting in degenerative 
vascular wall breakdown, the process behind 
TAA formation involves less inflammation and 
more often has a significant underlying genetic 
basis. Of note, the renin-angiotensin system is 
highly activated in both thoracic and abdominal 
aortic aneurysm development [63].

Risk factors associated with the development 
of AAA (Table 16.5) include advanced age, smok-
ing, hypertension, atherosclerosis, male sex, fam-
ily history of aortic aneurysm, and presence of a 
connective tissue disease [65–67]. For specific 
subtypes of aneurysm, inflammatory illnesses and 
infection are the predisposing conditions. 
Surprisingly, the presence of diabetes is actually 
inversely related to aneurysm formation [67, 68].

Factors associated with AAA rupture 
(Table 16.5) include female sex, aneurysm diam-
eter (≥6 cm in males, ≥5 cm in females), smok-
ing, faster rate of aneurysm growth (≥1 cm/year 
or 0.5 cm/6 months) [70–72], a first-degree rela-
tive with AAA, coexisting diagnosis of chronic 
obstructive pulmonary disease or hypertension 
[68, 72], and history of cardiac or abdominal 
organ transplantation [74, 75].

Thoracic aortic aneurysms are classified into four 
types according to their relationship with the aortic 

Key Points
• Classic presentation of AAA is rare.
• Two large-bore IVs, CBC/INR/T&S
• A-line, Foley, hemodynamically stable 

RSI meds
• Clinical suspicion + positive bedside US 

for AAA → vascular consultation or 
STAT interhospital transfer

• CTA for suspected TAA, preoperative 
planning

• DDAVP, PCC, vitamin K, FFP as indi-
cated for reversal of coagulopathy or 
poor/inhibited platelet function

• Delayed volume resuscitation to SBP 
70–80s

• Crystalloid challenge → massive trans-
fusion protocol (usually 1 unit PRBC: 1 
unit FFP: 1 pack of platelets ratio)

• Broad-spectrum antibiotics for IAAs
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arch (Fig. 16.2): (1) ascending, (2) aortic arch, (3) 
descending, (4) thoracoabdominal aortic aneurysm 
(descending aneurysms that cross the diaphragm). 
The majority of TAAs are ascending, and overall, 
most TAAs are degenerative in nature, especially 
descending and thoracoabdominal aneurysms.

Twenty percent of TAAs are familial, associ-
ated with inherited genetic mutations and connec-
tive tissue disorders such as Marfan’s, 
Ehlers-Danlos, and Loeys-Dietz syndrome [63], 
and most often affect the ascending aorta. Five 
percent are secondary to an inflammatory aortitis, 
most commonly giant cell and Takayasu’s arteritis, 
although they have been reported in multiple other 
systemic autoimmune disorders [77, 78]. Although 
less common in the current age of antibiotics, 
infectious aneurysms carry a high risk of rupture 

and near 100% mortality without appropriate diag-
nosis and management [77]. Degenerative TAAs 
have the same risk factors as abdominal aortic 
aneurysms (i.e., older age, smoking, hypertension, 
atherosclerosis), although a higher female pre-
dominance exists for TAAs than for AAAs [62].

 Patient Presentation

Diagnosing a symptomatic or ruptured AAA is a 
challenge because the classic triad of abdominal 
pain, hypotension, and pulsatile mass is only 
present in about a third of all patients presenting 
with ruptured aortic aneurysm [79, 80]. Patients 
with symptomatic AAA may manifest pain in 
various areas, including the back, buttock, leg, 
groin, and scrotum, often making the immediate 
diagnosis elusive. Additionally, palpating a pul-
satile mass can be difficult in obese patients and 
in those with smaller aneurysms.

In some cases, the patient may present with 
symptoms of secondary complications, such as 
gastrointestinal bleed in patients with aortoen-
teric fistula, or a congestive picture with dis-
tended neck veins and lower extremity edema in 
aortovenous fistula. Patients with frank rupture 
can present with altered mental status and florid 
shock, which can be confused with sepsis in the 
elderly patient. Due to confounding presenting 
signs and symptoms, the emergency physician 
must maintain a wide differential and high clini-
cal suspicion to avoid a potentially fatal 
misdiagnosis.

Up to 90–95% of patients with thoracic aortic 
aneurysms remain asymptomatic until rupture 
[63]. When present, the most classic symptoms 
are retrosternal chest pain (for ascending TAAs) 
radiating to the back between the scapulae (for 
descending TAAs). Rupture may cause hemotho-
rax and respiratory distress, tamponade and 
hypotension, or aortic valve insufficiency, con-
gestive heart failure, and flash pulmonary edema. 
Alternately, TAAs can present with symptoms 
related to the compression of or erosion into 
nearby structures, such as hoarseness due to 
laryngeal nerve compression, hemoptysis due to 
tracheobronchial erosion, or hematemesis due to 
aortoesophageal fistulization.

Table 16.5 Risk factors for abdominal aortic aneurysm 
development and rupture

Risk factors for AAA 
development [64–68]

Risk factors for AAA 
rupture [68–75]

Smoking Female gender
Male gender Aneurysm size 

(diameter)a

Advancing age First degree relative 
with aortic aneurysm

Hypertension Faster rate of aneurysm 
growthb

Hypercholesterolemia
Atherosclerosisc

Decreased FEV1

Active smoking
Family history Infected aneurysm
Inflammatory/infectious 
aortitis

History of abdominal 
organ transplant

a>6 cm in males, >5 cm in females
bGreater than 1 cm/year or >0.5 cm in 6 months
cComposite of coronary artery disease, cerebrovascular 
disease, and peripheral vascular disease

Fig. 16.2 Classification of thoracic aortic aneurysms
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 Diagnostics

 Imaging
Plain films are insufficiently sensitive and spe-
cific for diagnosing aortic aneurysms. If per-
formed as a part of a separate workup, x-rays 
may demonstrate mediastinal widening in the 
case of TAA, or widened aortic wall calcification 
or loss of a psoas shadow due to retroperitoneal 
hematoma in AAAs.

Bedside abdominal ultrasound has high sen-
sitivity (99%) and specificity (98%) for diag-

nosing abdominal aortic aneurysm [81]. 
Additionally, its point-of-care assessment per-
mits diagnosis without exposing the unstable 
patient to risky transport to locations where 
emergent care cannot be delivered (e.g., CT 
scanner). Transabdominal ultrasound is not sen-
sitive enough to rule out rupture, however, as 
retroperitoneal AAA rupture is poorly visual-
ized. Ultrasound accuracy is operator- dependent 
and can be limited in patients with large amounts 
of bowel gas, a tortuous aorta, or obesity 
(Figs. 16.3 and 16.4).

Acute Limb Ischemia

History and Physical + Doppler ABI Assesssment

Stage I
Viable

Heparin

Urgent Imaging

Endovascular
Revascularization

Stage IIa
Marginally

Threatened

Heparin

Emergent Imaging

Endovascular
Revascularization

Stage IIb
Immediately
Threatened

Heparin

Emergent Imaging
(if no delay to intervention)

Open Revascularization
(endovascular or hybrid may
be appropriate, depending on

patient)

Stage III
Irreversible

Amputation

Figs. 16.3 and 16.4 Transverse and longitudinal ultrasound views of aortic aneurysm (Reprinted with permission 
from the Encyclopedia of Intensive Care Medicine (2012). Copyright 2012, Springer Science+Business Media)
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Although readily available, bedside transtho-
racic echocardiography (TTE) has limited utility 
in diagnosing TAAs or their rupture due to its 
general poor visualization of the aortic root, aor-
tic arch, and proximal descending aorta [76]. 
While transesophageal echocardiography (TEE) 
sufficiently evaluates the aortic root and proximal 
aorta, its imaging of the aortic arch and descend-
ing portions of the aorta is limited [82], and TEE 
requires sedation, a definitive airway, and, most 
importantly, a trained operator, which further 
limits its frequent use in the unintubated, criti-
cally ill ED patients. However, if the patient 
requires intubation and a skilled operator is pres-
ent, TEE is an attractive option because of its 
ability to make a bedside diagnosis.

As previously mentioned, unstable patients, in 
whom the suspicion for ruptured aneurysm is 
high, should not be sent to the CT scanner. For 
stable patients with an unclear diagnosis, how-
ever, CT angiography (CTA) is helpful and is 
widely accepted as the imaging modality of 
choice to rule out aortic rupture. A study compar-
ing CTA to intraoperative findings demonstrated 
98% sensitivity and 94.9% specificity for aortic 
aneurysm rupture [83]. In addition, CTA pro-
vides information to guide therapeutic interven-
tions such as endovascular versus operative 
repair, identifies the presence of concomitant 
aneurysms at other sites, assesses for the pres-
ence of infectious or inflammatory aortitis, and 
rules out alternate intrathoracic or intra- 
abdominal pathology. For patients with chronic 
kidney disease or severe iodinated contrast 
allergy, even a noncontrast-enhanced CT scan 
can detect most intrathoracic or retroperitoneal 
hemorrhage [84, 85]. Other noncontrast CT find-
ings in aortic aneurysm rupture are listed in 
Table 16.6.

 Laboratory Tests
No role for laboratory work exists for the diagno-
sis of aortic aneurysm rupture, but it is needed for 
operative planning and to assess secondary dam-
age. Emergency providers should obtain a com-
plete blood count (CBC) to evaluate extent of 
blood loss, a comprehensive metabolic panel 
(CMP) to assess renal and hepatic function and to 

provide information about acid-base status, type 
and cross for anticipated transfusion, coagulation 
studies for possible anticoagulation reversal or 
plasma transfusion, and a lactic acid level to mea-
sure the extent of systemic hypoperfusion. An 
electrocardiogram and cardiac troponin and/or 
natriuretic peptide level may be indicated, 
depending on patient presentation, to identify the 
presence of demand myocardial ischemia or cor-
onary sinus involvement in proximal aortic aneu-
rysm rupture.

Emergency providers should consider obtaining 
a thromboelastogram (TEG), if available, as soon 
as the diagnosis of ruptured aortic aneurysm is 
made or suspected, especially in patients with 
known coagulopathy or on anticoagulant therapy. 
Although unlikely to change acute management, 
erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) may be elevated in 
patients with vasculitis-associated aortitis and 
aneurysm such as Takayasu’s or giant cell arteritis.

 Initial Stabilization

Initial care of the patient with aortic aneurysm 
rupture mandates prompt adequate intravenous 
(IV) access, which may include at least two large- 
bore peripheral IVs or a large-bore central venous 
catheter capable of quickly infusing large vol-
umes. The patient should have continuous car-
diac monitoring, an arterial line for accurate 
hemodynamic monitoring, and a Foley catheter 
to monitor urine output. Endotracheal intubation 
should be reserved for patients unable to protect 
their airway or requiring rapid imaging or sur-
gery. Because induction agents can precipitously 
lower an already tentative blood pressure, a 
hemodynamically stable sedative such as etomi-
date or ketamine should be used for induction 
and peri-intubation pressors should be readily 
available. In the case of ruptured TAA causing 
pericardial tamponade, intubation-induced 
decreases in venous return can cause PEA arrest. 
Intubation should, therefore, ideally be delayed 
until operative intervention.

For patients in whom impending rupture is 
suspected, reversal of any existing coagulopa-
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thies is imperative. Desmopressin (ddAVP) may 
be indicated for end-stage renal patients with ure-
mic platelet dysfunction. Vitamin K, fresh frozen 
plasma, three-factor (II, IX, X) and four-factor 
(II, VII, IX, X) prothrombin complex concen-
trates (PCC), and recombinant activated factor 
VII (rVIIa) are all effective for the reversal of 
warfarin, though not all of them are readily avail-

able at all facilities and some are more effective 
than others [86, 87].

Direct antidotes for the newer anticoagulants 
dabigatran, rivaroxaban, and apixaban are still 
under investigation, including a monoclonal anti-
body against dabigatran [88] and both natural and 
recombinant factor Xa for the factor Xa inhibi-
tors rivaroxaban and apixaban [89]. There is 

Table 16.6 Signs of AAA rupture on noncontrast-enhanced CT [127–130]

Finding Example
1.  Intraperitoneal/retroperitoneal 

hematoma adjacent to AAA
Images courtesy Department of 
Radiology, University of Maryland 
Medical Center, Baltimore MD

(Before rupture) (After rupture)

2.  Deviation or focal disruption of 
circumferential aortic wall 
calcification [128]

Image reprinted with permission 
from Clinical Radiology (2013). 
Copyright 2013, Elsevier

3.  “Draped aorta” sign – the 
posterior aortic wall is indistinct 
from adjacent structures or loses 
the regularity of its contour along 
adjacent structures (i.e., vertebral 
bodies) [129]. This example also 
shows disruption of aortic 
calcification

Image reprinted with permission 
from Abdominal Imaging (2008). 
Copyright 2008, Springer 
Science+Business Media, LLC
4.  “Hyperattenuated crescent” 

sign – a peripheral crescent that 
distinguishes the presence fresh 
blood (either dissection or 
hematoma) along the aneurysm 
wall or mural thrombus, in 
addition to an indistinct aortic 
wall [130]

Image A courtesy of Department of 
Radiology, University of Maryland 
Medical Center, Baltimore MD
Image B reprinted with permission 
from Emergency Radiology (2013). 
Copyright 2013, Springer 
Science+Business Media, LLC

(A) (B)
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some evidence that four-factor PCC, more than 
FFP, improves bleeding times and laboratory 
parameters of coagulation when administered to 
reverse dabigatran [87, 90]. Similarly, use of pro-
hemostatic agents rVIIa and factor VIII inhibitor 
bypassing activity (FEIBA), the only commer-
cially available activated PCC (II, VIIa, IX, X), 
improves monitoring parameters, but no conclu-
sive data demonstrate improved bleeding or mor-
tality [87]. Less data exist for reversal of 
rivaroxaban and even less for apixaban, but rVIIa, 
four-factor PCC, and FEIBA are reasonable ther-
apies in any patient on a novel anticoagulant with 
aortic aneurysm rupture [87, 90].

Permissive hypotension and delayed volume 
resuscitation, the practice of limiting volume 
resuscitation in patients with ruptured AAA until 
aortic hemostasis, is generally considered stan-
dard of care. The current European Society for 
Vascular Surgery (ESVS) guidelines include a 
level 4C recommendation for maintenance of 
systolic blood pressure (SBP) of 50–100 mmHg 
[91], while a narrower goal of 70–80 mmHg is 
more widely accepted [92–93].

Despite no randomized controlled trials directly 
investigating delayed volume resuscitation in 
patients with AAA rupture, several animal studies 
and trauma trials utilizing this practice demon-
strate a survival benefit [92, 94–96]. Several retro-
spective studies link patient mortality to aggressive 
preoperative fluid resuscitation, including one by 
showing a 60% increase in relative risk of periop-
erative mortality for each additional liter of vol-
ume given per hour [97]. The concept behind these 
findings is that blood pressure normalization may 
dislodge tenuous clots and cause further blood and 
coagulation factor loss. Additionally, crystalloid 
infusion results in hemodilution, hypothermia, and 
acidosis, all of which promote coagulopathy and 
capillary leak [98, 99].

More recently, the IMPROVE trial found 
increased mortality among patients with a lowest 
recorded SBP < 70 mmHg. The prospective, ran-
domized controlled trial looked at open versus 
endovascular repair in patients with ruptured 
AAA. Subanalysis showed no significant mortal-
ity difference based on the amount of fluids 
infused, and 30-day patient mortality was 

inversely proportional to systolic blood pressure, 
with every 10 mmHg increase in SBP correlating 
to a 13% increase in odds of survival [100]. With 
these findings, we recommend a general target 
SBP of 70–80  mmHg in younger patients with 
less comorbidities but caution that a higher SBP 
may be needed in older patients with less reserve 
and more inherent arterial resistance. The SBP 
goal is not necessarily a specific number but, 
rather, maintenance of adequate end-organ perfu-
sion and that therapy titration should be guided 
by trends in such measurements (e.g., mentation, 
urine output, lactate clearance).

No guidelines exist to select the most appropri-
ate resuscitation fluid in ruptured aortic aneu-
rysms. However, we caution against overreliance 
on nonsanguinous products for the reasons listed 
above, and crystalloids should be reserved for 
short-term intravascular repletion until blood 
products are available. If appropriate SBP goals 
are not reached with 30 mL/kg of an initial bal-
anced crystalloid infusion, utilization of blood 
transfusion is warranted. Some data indicate that 
patients with ruptured AAA have better outcomes 
with transfusion of plasma and platelets as com-
pared to packed red blood cells alone [101, 102]. 
If transfusion is utilized, a 1:1:1 ratio of red blood 
cells, plasma, and platelets, with platelets ideally 
being given first [103], is recommended, per 
established evidence on massive transfusion [104, 
105]. If available, however, a TEG can be used for 
goal-directed transfusion guidance. Few studies 
have examined TEG-directed transfusion in aortic 
aneurysm. Applying the evidence found in the 
trauma population, although TEG-guided transfu-
sion results in a decreased total number of blood 
products given, no conclusive evidence demon-
strates that it improves overall mortality [106]. It 
may result in decreased mortality compared to 
massive transfusion protocols (MTP) in the subset 
of patients requiring large-volume transfusion 
(≥10 units of packed red blood cells) [107].

 Special Considerations

Infected Aortic Aneurysms
The possibility of a mycotic or infection-related 
aortic aneurysm (IAA) should be considered in 
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any patient presenting with aortic aneurysm and 
fever; history of prior cardiac, aortic, or vertebral 
surgery; or signs of embolic phenomena on 
examination. The most common bacterial patho-
gens are Staphylococcus, Streptococcus, 
Salmonella, and Klebsiella, although a variety of 
pathogens have been documented in the literature 
[108, 109]. Tuberculous and syphilitic mycotic 
aneurysms are rare and usually involve the tho-
racic aorta. Fungal IAAs are also rare and usually 
result from systemic fungemia in immunosup-
pressed patients rather than focal infection. A 
contrast-enhanced CT, which is the diagnostic 
test of choice, may exhibit suggestive findings of 
an IAA, including reactive lymphadenopathy or 
an aneurysm with a multilobulated contour, adja-
cent soft tissue stranding, fluid collection, or gas 
[108]. Along with basic blood work, two sets of 
blood cultures, as well as fungal and acid-fast 
bacilli cultures, should be obtained and empiric 
antibiotic therapy should be started as soon as 
possible. Appropriate coverage includes intrave-
nous vancomycin to cover methicillin-resistant S. 
aureus and gram-negative coverage with a third- 
generation cephalosporin, fluoroquinolone, or 
piperacillin/tazobactam. If there is reason to sus-
pect a fungal mycotic aneurysm, such as a chronic 
indwelling catheter or total parenteral nutrition, 
an antifungal such as fluconazole or micafungin 
should be initiated as well. Immediate vascular 
surgery consultation should occur as soon as the 
diagnosis is suspected. Unfortunately, even with 
antibiotics and surgical intervention, persistent 
infection can be a problem and IAAs can have up 
to a 40% mortality rate [110, 111].

 “Novel” Interventions
Percutaneous placement of a resuscitative endo-
vascular intra-aortic balloon via the femoral 
artery in order to tamponade distal hemorrhage 
was first described in the literature in the ear-
ly1950s, albeit not with great improvements in 
patient outcomes [62, 112, 113]. A brachial artery 
approach was also described for acute aortic rup-
ture in 1964 [114] and a transaxillary approach 
was reported in 1972 [115]. In a 2003 study of 11 

patients with ruptured AAA, Matsuda [116] dem-
onstrated that brachially inserted intra-aortic bal-
loons could be inserted in as little as 10 minutes 
from presentation and could yield significant 
improvements in systolic blood pressure. The 
authors suggested that insertion is something that 
could “be introduced during CPR in the emer-
gency room” [116].

Most recently, Raux et al. [117] demonstrated 
via a retrospective comparison of 72 hemody-
namically unstable patients with ruptured AAA 
who underwent either aortic cross-clamping or 
resuscitative endovascular balloon occlusion of 
the aorta (REBOA) that the preoperative use of 
balloon occlusion decreased intraoperative mor-
tality (19% vs. 43%, p = 0.31), with more patients 
in the balloon occlusion group regaining hemo-
dynamic stability (85% vs. 57%, p  =  0.014), 
although these did not translate to improved in- 
hospital mortality or 30-day survival between the 
groups. Swine models undergoing balloon occlu-
sion for 30, 60, and 90 minutes demonstrated an 
increase in the inflammatory marker IL-6 and a 
trend toward increased incidence of acute respi-
ratory distress syndrome and requirement of 
vasopressor support with increasing occlusion 
times [118]. Although encouraging, the outcomes 
of REBOA use are not yet completely known.

A study out of R.  Adams Cowley Shock 
Trauma Center [119] demonstrated the teachabil-
ity of REBOA device placement to “novice inter-
ventionalists” (including a physician board 
certified in emergency medicine) utilizing an 
externally validated virtual reality simulator. All 
learners were able to perform the procedure 
quickly and effectively in a simulation environ-
ment, independent of endovascular experience in 
residency or residency type [119].

While no published data regarding the inser-
tion of REBOA devices by emergency physicians 
currently exist, this procedure will likely be fully 
integrated into the emergency physician’s scope 
of practice to temporize unstable patients with 
intra-abdominal hemorrhage in preparation for 
transport to the operating room or interhospital 
transfer.
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 Definitive Treatment

Historically, emergent open surgical repair was 
the standard of care for ruptured aortic aneu-
rysms; however, multiple randomized controlled 
trials have demonstrated equal or better survival 
outcomes with endovascular aortic repair (EVAR) 
[120–123]. Although long-term survival did not 
differ, EVAR decreased perioperative mortality 
as compared to open surgical repair in one study 
[120]. Despite more postoperative complications, 
another demonstrated better 30-day and 5-year 
survival with EVAR [121].

Patients with symptomatic or suspected rup-
tured aortic aneurysm warrant immediate transfer 
if appropriate resources are unavailable at the 
presenting hospital. A recent expert consensus 
addressing patient eligibility for interhospital 
transfer agreed that the only contraindication to 
transfer should be patients with ruptured AAA 
presenting with cardiac arrest; this same group, 
comprising emergency physicians, vascular sur-
geons, and interventional radiologists, agreed 
that inotropic support, psychiatric institutional-
ization, moderate systemic disease, and fluctuat-
ing consciousness should not preclude transfer 
[124]. Additionally, they agreed that bedside 
ultrasound should be performed but transfer 
should not be delayed for CT scan confirmation, 
and that in-house consultation should not be 
mandated prior to arranging transfer unless par-
ticular concerns exist regarding a patient’s suit-
ability for intervention (e.g., preexisting terminal 
diagnosis or severe limitation in daily function-
ing, severe systemic disease) [124]. For hospitals 
without specialist services, streamlined protocols 
to expedite interhospital transfer have proven to 
decrease time to intervention and improve mor-
tality [125].

Approximately 20% of patients transferred to 
another facility die before receiving the needed 
intervention at the second hospital [126], high-
lighting the importance of discussing this very 
real possibility with the patient and the family, 
while acknowledging the 100% mortality rate of 
rupture without repair.
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Renal Emergencies

Marie-Carmelle Elie, Charles Hwang, 
and Mark Segal

 Basic Renal Physiology

Renal oxygen consumption occurs at a rate of 
6–8 mL/min per 100 g. While the kidneys receive 
approximately 20–25% of cardiac output at rest, 
the kidneys use 7–10% of total oxygen uptake. 
The sodium-potassium ATPase pump utilizes 
approximately 2/3 of renal oxygen uptake [1]. 
Unlike other organs and tissues in which blood 
flow is determined by metabolic need, blood flow 
to the kidney is determined by metabolic need 
indirectly via sodium reabsorption and effects on 
the glomerular filtration rate. Additionally, as 
renal perfusion is autoregulated, changes in per-
fusion altering oxygen delivery are likely 
restricted in the kidney; this provides a basis for 
the production of erythropoietin in the presence 
of low tissue oxygen tension [2].

The kidneys represent a key component of 
homeostasis including the maintenance of blood 
volume and composition, and the regulation of blood 
pressure. Critical features include the  regulation of 

the ion concentration in body fluids, sustaining the 
balance between water and electrolytes, and the fil-
tration and elimination of wastes, byproducts, drugs, 
and toxins from the bloodstream. Blood pressure is 
regulated by the production of renin and the stimula-
tion of red blood cell production in the bone marrow 
by producing erythropoietin [3].

 Electrolyte Concentrations

The reabsorption of sodium (Na) along the neph-
ron is powered by the Na-K ATPase pump. More 
than half of total Na reabsorption occurs along 
the proximal convoluted tubule and proximal 
straight tubule; another third is reabsorbed by the 
ascending portion of the loop of Henle; and 
approximately 10% is left to the distal collecting 
tubule and cortical and medullary collecting 
ducts. In the proximal tubule, Na reabsorption is 
dependent on the rate of filtration, known as glo-
merulotubular balance. By linking reabsorption 
and filtration, Na and fluid losses decrease as 
GFR increases and cessation of tubular flow is 
prevented with a decrease in GFR [1].

Phosphate plays an essential role in facilitat-
ing oxygen release from hemoglobin, nucleotide 
generation, the formation of cell membranes, 
protein regulation, bone formation, and enzy-
matic processes; thus, serum phosphorus is 
highly regulated by parathyroid hormone (PTH) 
and the kidney. Approximately 90% of plasma 
phosphate is filtered by the glomerulus, and then 
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the proximal tubule reabsorbs approximately 
90% of the filtered phosphate [4].

It is well known that in bone, PTH causes 
stimulation of receptor activator of nuclear factor 
kappa-β ligand (RANKL) by osteoblasts, leading 
to calcium and phosphate efflux. The kidney pro-
duces increased 1,25-dihydroxyvitamin D 
(1,25(OH)2D), leading to increased intestinal 
reabsorption of both calcium and phosphate. To 
maintain serum balance, PTH decreases renal 
tubular phosphate reabsorption. In recent years, 
fibroblast growth factor 23 (FGF23) has been 
added to the bone-kidney axis. Bone secretes 
FGF23, which targets the kidneys to regulate 
phosphate and vitamin D metabolism. This axis 
with FGF23 appears to have at least two physio-
logical functions: (1) for bone to provide an indi-
cator to coordinate bone phosphate flux resulting 
from bone turnover and mineralization with kid-
ney conservation of phosphate and (2) to provide 
a counterregulatory hormone that protects the 
organism from excessive vitamin D exposure. 
The main effects of FGF23 overexpression are 
hypophosphatemia, abnormal vitamin D metabo-
lism, impaired growth, and rickets/osteomalacia; 
underexpression leads to hyperphosphatemia, 
excess 1,25(OH)2D, and calcium deposition in 
soft tissues [5].

Klotho is a type 1 membrane protein; struc-
tural analysis of FGF23 shows a possible klotho 
interaction site at the carboxy terminal of the 
FGF23 protein. Klotho expression has been 
found in the parathyroid gland, kidney, and brain. 
Experimental studies have shown that FGF23- 
klotho interaction can lead to decreased active 
vitamin D.  In patients with chronic kidney dis-
ease, klotho levels are reduced making FGF23 
nonfunctional. This reduced interaction decreases 
renal phosphate excretion in the urine and leads 
to elevated plasma levels of phosphate [6].

 Volume Status

The kidneys are responsible for maintaining 
water balance within the body and are the major 
source through which water is eliminated from 
the body. To maintain balance, water influx into 

the body needs to match the elimination from 
the body; positive water balance exists if water 
influx is greater than elimination and negative 
water balance exists if elimination is greater 
than influx.

The kidneys regulate both tonicity and extra-
cellular blood volume. Sodium balance regulates 
extracellular blood volume. Mechanisms direct-
ing extracellular blood volume and tonicity vary; 
however, there is some overlap in both physio-
logical processes. While potassium does influ-
ence tonicity, the usual marker for tonicity is 
serum sodium concentration. As body water 
decreases, serum sodium concentration increases, 
and vasopressin is released by the posterior pitu-
itary gland triggering thirst and decreased water 
excretion by the kidneys. As body water increases, 
serum sodium concentration decreases, and the 
kidneys increase water excretion by suppressing 
vasopressin [7].

 Acid-Base Balance

Besides the kidney, acid-base balance is influ-
enced by skeletal muscle (through exercise), the 
intestines (through the loss of bicarbonate or 
acid), bone (through the regulation of phosphate 
and carbonate), and diet. The kidney regulates 
acid-base balance through three mechanisms: 
acid or alkali excretion, the synthesis of ammo-
nium and bicarbonate, and the reabsorption of 
filtered bicarbonate [8].

The proximal tubules reabsorb approximately 
80% of filtered bicarbonate via the Na-bicarbonate 
cotransporter and the Na-hydrogen exchanger 
[9]. Classically, intercalated cells are present in 
the late convoluted tubule; type A intercalated 
cells secrete acid and non-type A cells excrete 
bicarbonate.

Pendrin is an anion exchanger expressed on 
the luminal membrane of non-type A intercalated 
cells. It is thought that in this location, pendrin 
regulates chloride/bicarbonate exchange by reab-
sorbing chloride and excreting bicarbonate into 
urine [8]. Jacques et al. created a mouse model in 
which intercalated cells overexpressed pendrin; 
this stimulated chloride reabsorption in the distal 
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tubule, leading to hypertension (HTN) in the 
mice. This confirms previous studies that show 
the inability of sodium to raise blood pressure 
when chloride is replaced with another ion in a 
sodium salt; this conclusion has led some people 
to believe that salt-sensitive HTN is chloride- 
dependent [10].

 Drug Elimination

Renal excretion of drugs in the urine involves 
three separate processes: glomerular filtration, 
active tubular secretion, and passive tubular reab-
sorption. The glomerular filtration rate deter-
mines the amount of drug or metabolite entering 
the tubular lumen; the ability of the drug/metabo-
lite to bind to plasma proteins also influences the 
amount entering the lumen, as only unbound 
drugs are filtered. Various transporters located 
along the membrane function to secrete amphipa-
thic anions, conjugated metabolites, and organic 
cations [11].

Alkalinization and acidification of urine influ-
ences drug elimination; the extent of the influ-
ence is determined by the degree of pH change 
and the role of pH-dependent passive reabsorp-
tion in the elimination of the drug [11]. In the 
tubules, passive reabsorption of nonionized weak 
acids and bases occurs. Passive reabsorption 
depends on the pH. If tubular urine is more alka-
line, weak acids are mostly ionized and therefore 
more rapidly excreted and excreted to a larger 
extent. Excretion of acids is reduced if the tubular 
urine is more acidic.

Alterations in kidney function impact glomer-
ular filtration, active tubular secretion, and pas-
sive tubular reabsorption, largely contributing to 
drug dosing recommendations. However, changes 
in kidney function also affect the metabolism of 
nonrenally metabolized drugs. Studies in rats 
show that uremia leads to decreased hepatic and 
intestinal activity of cytochrome P450 enzymes 
due to a reduction in gene and protein expression. 
Another mechanism through which uremia can 
affect nonrenal pharmacokinetics is via trans-
porter function; it is thought that accumulated 
uremic toxins either modify transcription or 

translation or they directly alter proteins post-
translation [12].

 Blood Pressure Control

The kidneys regulate blood pressure by secreting 
hormones into circulation and through barore-
ceptor reflexes. Renovascular hypertension 
occurs with decreased renal perfusion. In the 
event of decreased blood flow to the kidneys, the 
juxtaglomerular apparatus releases renin [13]. 
The three mechanisms that lead to renin secretion 
are: (1) decreased sodium transport through the 
distal portion of the thick ascending limb of the 
loop of Henle, (2) decreased stretch or pressure 
in the afferent arteriole, and (3) direct stimulation 
of Β1 adrenoreceptors by the sympathetic ner-
vous system [14]. Renin contributes to blood 
pressure regulation primarily through the produc-
tion of angiotensin II. Angiotensin II then directly 
increases blood pressure via vasoconstriction and 
indirectly through the activation of aldosterone, 
leading to water retention [13].

The kidneys also play a role in several causes 
of secondary hypertension. In renal artery steno-
sis, the narrow lumen of the renal arteries leads 
to decreased renal perfusion, causing renin 
secretion and activation of the renin-angiotensin- 
aldosterone pathway. In primary hyperaldoste-
ronism, the kidneys retain sodium; in this 
condition, because of elevated aldosterone lev-
els, renin is inhibited through negative feedback; 
thus, aldosterone is elevated but renin is not. 
Additionally, certain renal tumors can produce 
excessive amounts of renin, activating the renin- 
angiotensin-aldosterone pathway and causing 
hypertension [13].

 Erythropoietin Production

Erythropoietin (EPO) is an essential hormone in 
the production of red blood cells. In the fetal 
state, hepatocytes are primarily responsible for 
its production; however, fibroblasts from the 
renal cortex become the main producer of EPO 
following birth. When in circulation, EPO 
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 functions as an antiapoptotic agent for erythro-
cytic progenitors, mainly the colony-forming 
units – erythroid. Once stimulated by EPO, these 
cells differentiate into proerythroblasts and nor-
moblasts [15].

EPO release is stimulated by hypoxia; its 
expression is activated when arterial partial pres-
sure of oxygen declines or when oxygen affinity 
in the blood increases, such as in high-altitude 
settings. EPO values peak approximately 
1–2 days following ascent to a higher altitude and 
then stabilize at approximately twice the level 
noted at sea level [15].

The critmeter hypothesis explains a theory 
where the kidney notes the relative volumes of red 
blood cell mass and plasma (the two components 
of hematocrit) through tissue oxygen pressure. If 
the relative volumes of the two components need 
to be coordinated, it would require the ratio be 
sensed and thus a signal would need to be present 
to generate the ideal hematocrit. In the kidney, 
this theory proposes that the tissue oxygen tension 
acts as the common factor in which afferent sig-
nals sensing the relative volumes converge. 
Afferent signals report total blood volume and 
efferent signals alter the plasma component via 
sympathetic, renin- angiotensin, and vasopressin 
systems. Additionally, it suggests that the renin- 
angiotensin- aldosterone system increases EPO 
production; this is supported by certain disease 
states in which hematocrit is maintained or ele-
vated in the presence of elevated plasma renin [2].

 Acute Renal Failure 
and Hemodialysis Emergencies

 Introduction

Acute kidney injury (AKI), previously known as 
acute renal failure (ARF), is an important and 
common cause of morbidity and mortality for 
emergency department (ED) and critical care 
patients [16–21]. The disorder exposes patients to 
circulatory overload, acid-base disturbances, and 
life-threatening electrolyte disturbances including 
hyperkalemia, coagulopathy, and neurological 
complications [16, 22]. Despite advances in our 

understanding of the pathophysiology and man-
agement of AKI, many areas of this disease pro-
cess still remain subject to controversy and lack of 
consensus [20]. This chapter aims to review the 
available evidence regarding the vast spectrum of 
AKI based on the level and type of renal impair-
ment, the pathophysiology of AKI, and the man-
agement of these complex patients in the acute 
setting.

 Definition

AKI is a broad term that refers to an abrupt, rapid 
(1–7 days), and sustained (>24 hours) decrease in 
renal excretory function, resulting in the reten-
tion of nitrogenous (urea and creatinine) and 
non-nitrogenous waste products [17, 20, 23–28]. 
AKI is best understood as a continuum; kidney 
injury exists well before any laboratory derange-
ments can be measured as a result of decreased 
renal excretory function [17, 29]. Other clinical 
manifestations of AKI include decreased urine 
output, changes in fluid balance, acid-base dis-
turbances, and metabolic derangements, includ-
ing accumulation of organic acids and increase in 
serum potassium and phosphate concentrations 
[17, 24].

Until recently, an absence of consensus for the 
definition of AKI has resulted in wide variation in 
epidemiological estimates and difficulty in devel-
oping controlled trials or animal models [21, 22]. 
In fact, there are more than 60 definitions of AKI 
or ARF in the literature [20, 30, 31]. In 2002, the 
Acute Dialysis Quality Initiative (ADQI) [20] 
group proposed the RIFLE criteria, a consensus 
definition which embodies the AKI continuum 
[20, 21, 26, 31, 32]. Moreover, a new consensus 
definition from Kidney Disease: Improving 
Global Outcomes (KDIGO) has merged the 
RIFLE criteria and Acute Kidney Injury Network 
(AKIN) definitions [22, 30, 33–35].

The RIFLE criteria, a multilevel classification 
system, is an acronym that aims to provide a uni-
form definition of AKI; it identifies different 
stages along the complete spectrum of acute renal 
dysfunction: Risk of kidney dysfunction, Injury 
to the kidney, Failure of kidney function, Loss of 
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kidney function, and End-stage kidney disease 
(see Table 17.1) [20, 21, 32]. The RIFLE classifi-
cation is based on serum creatinine (SCr) and 
urine output (UO). It separates AKI into three 
severity classes (risk, injury, failure) and two out-
come classes (loss of kidney function and end- 
stage kidney disease). A patient is classified using 
the either the SCR or UO criteria, whichever 
leads to the worse RIFLE classification [21, 32].

There are several limitations to the RIFLE 
classification. First, the RIFLE classification can 
be easily applied if a patient’s baseline renal 
function is known. However, a significant num-
ber of patients may present with acute renal dys-
function where their baseline renal function is 
unknown; this is problematic for a classification 
system that is dependent on the change from 
baseline function for staging. In these situations, 
the theoretical baseline SCr should be calculated 
using the Modification of Diet in Renal Disease 
(MDRD) formula assuming a normal glomerular 
filtration rate (GFR) of approximately 
75 mL min−1 per 1.73 m2, and a relative change 
from baseline can be estimated for the patient 
[20, 21, 30, 32, 36, 37]. Second, the UO criteria 
have limited utility in the emergency department 
setting, since UO can only be accurately assessed 
in patients with a urinary catheter. Moreover, the 

sensitivity and specificity of UO is affected by 
diuretic use. Third, it is possible that the SCr and 
UO criteria for risk, injury, and failure do not 
directly correlate. The ADQI, which employs 
either of the criteria (SCr or UO), allows for the 
worse classification [21, 38, 39]. Lastly, RIFLE 
does not specify the etiology of AKI [21]. The 
use of biomarkers in the evaluation, prognostica-
tion, and management of AKI may help with 
these limitations and is discussed below.

Finally, we must consider scenarios of “acute- 
on- chronic” kidney injury. By definition, AKI 
refers to a decline in baseline renal function, but 
as we discussed previously, baseline renal func-
tion is frequently unknown. In a patient with pre-
existing renal disease, the patient’s actual GFR 
and SCr will be different from those predicted by 
the MDRD equation. Moreover, when applying 
the RIFLE criteria to patients with chronic kid-
ney disease (CKD), the proportional changes 
required by RIFLE seem excessive [20, 33].

For example, a patient with a baseline creati-
nine of 1.0  mg/dL would fulfill the criteria of 
AKI with an increase to 1.5 mg/dL, while a per-
fectly matched patient for age, sex, and race with 
a baseline creatinine of 2.0 mg/dL would need to 
reach 3.0  mg/dL.  Furthermore, the higher the 
baseline creatinine, the longer the duration 
required to reach the increased creatinine. Thus, a 
separate criterion for the diagnosis of acute-on- 
chronic kidney disease (acute rise of ≥0.3 mg/dL 
over 48 hours or less) helps to identify patients 
with AKI when their baseline creatinine is abnor-
mal [20, 33].

 Epidemiology

Epidemiological estimates of AKI vary signifi-
cantly as widely disparate definitions have been 
used [20]. Nevertheless, AKI is common and 
remains a diagnostic and therapeutic challenge 
for clinicians.

The population-based incidence of AKI is 
estimated around 2147 cases per million people 
per year [40] or approximately 600,000 annual 
cases of AKI in the US population of 300 million. 
Some sources indicate the incidence ranges from 

Table 17.1 RIFLE criteria for AKI: Risk, Injury, Failure, 
Loss of kidney function, and End-stage kidney disease 
(RIFLE) classification

Class Glomerular filtration rate
Urine 
output

Risk ↑ SCr x 1.5 or ↓ GFR >25% 
or SCr ≥0.3 mg/dL

< 0.5 mL/
kg/h × 6 h

Injury ↑ SCr × 2 or ↓ GFR >50% < 0.5 mL/
kg/h × 12 h

Failure ↑ SCr × 3 or ↓ GFR >75% 
or SCr ≥4 mg/100 mL 
(acute rise of ≥0.5 mg/dL) 
or initiation of renal 
replacement therapy

< 0.3 mL/
kg/h × 24 h 
or anuria × 
12 h

Loss of 
kidney 
function

Complete loss of kidney 
function >4 weeks

End-stage 
kidney 
disease

Complete loss of kidney 
function >3 months

GFR glomerular filtrate rate, UO urine output, SCr serum 
creatinine
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more than 5000 cases per million people per year 
for nondialysis-requiring AKI to 295 cases per 
million people per year for dialysis-requiring 
AKI [41]. The disorder occurs in 1.9–16% of 
hospital inpatients [42–44] and in 1–25% of criti-
cally ill patients where it frequently accompanies 
multiorgan dysfunction syndrome [20, 24, 43, 
45]. The prevalence increases to greater than 
40% at admission to the intensive care unit if sep-
sis is also present [46]. The prevalence of AKI 
has even been estimated to be as high as 60% 
during intensive care unit admissions [39].

Furthermore, in-hospital AKI-related mortal-
ity has not changed significantly in the past 
50 years [28]; the mortality rate in these popula-
tions remains unacceptably high, ranging from 
28% to 90% [18, 20, 28, 43, 47]. After account-
ing for other factors, AKI is an independent risk 
factor for the future development of CKD and 
death [16, 18, 20–22, 25, 28, 38, 48–51]. Seven- 
day mortality for AKI is 10–12% in both high- 
and low-income countries [34]. Evidence 
suggests that even small changes in SCr are asso-
ciated with increased inpatient mortality [21, 52]. 
Dialysis-requiring AKI is associated with a mor-
tality of 40–70% [22].

Metnitz et al. found that AKI occurs in 19% of 
patients with moderate sepsis, 23% of patients with 
severe sepsis, and 51% of patients with septic shock 
when blood cultures were positive [53]. These sta-
tistics are even more sobering when one considers 
that 20% of patients with a diagnosis of acute tubu-
lar necrosis (ATN), a subset of AKI, progress to 
CKD stage IV within 18–24 months [54].

 Pathophysiology

AKI is a complex syndrome that encompasses 
many different pathophysiological processes that 
occur simultaneously or in succession [55, 56]. 
The inflammatory pathway and antibody- and 
cell-mediated immune pathways are processes 
implicated in the development of AKI [17, 57, 
58]; we will briefly consider several common and 
key processes.

Several clinical studies have demonstrated a 
significant correlation between the duration and 

severity of systemic hemodynamic instability 
with the development of AKI [59–66]. While the 
FINNAKI study showed that hypotensive epi-
sodes in the setting of severe sepsis were associ-
ated with development and progression of AKI 
[61], Martin et al. showed that restoration of per-
fusion and correction of hemodynamic stability 
had beneficial effects on renal function [62]. 
Izawa et al. demonstrated that cumulative hypo-
tension duration was associated with AKI, espe-
cially in patients without sepsis [63].

Although global renal ischemia and hypoper-
fusion have been implicated in AKI, renal micro-
circulatory dysfunction plays a significant role in 
AKI development as well [67]. The two micro-
vascular structures within each nephron, the 
glomeruli and the peritubular capillary network, 
play an integral role in the development and 
worsening of AKI. Even in the absence of global 
hypoperfusion, any change in the circulation of 
these capillary networks causes microvascular 
dysfunction, localized hypoperfusion, and 
microischemia. Inflammatory conditions, such as 
sepsis, can profoundly alter the local microvascu-
lar flow [68–70], resulting in local tissue hypoxia 
and ischemia, increased reactive oxygen species 
(ROS) generation [71–73], endothelial dysfunc-
tion with the upregulation of adhesion molecules 
causing increased leukocyte adherence [72–77], 
tubular cell injury [57, 73], upregulation of toll- 
like receptors [78], release of pro-inflammatory 
cytokines [72, 73, 79, 80], increased capillary 
permeability [72–74], increased tissue edema, 
microthrombi generation [72, 81], and increased 
distance that oxygen must diffuse.

Neurohormonal system activation in condi-
tions such as sepsis, decompensated heart failure, 
and hepatorenal syndrome results in microcircu-
latory dysfunction. In these conditions, vasodila-
tion results in arterial underfilling and 
baroreceptor activation. In an attempt to increase 
blood pressure and perfusion, the body activates 
the sympathetic system and increases renin- 
angiotensin- aldosterone and vasopressin activity, 
resulting in vasoconstriction, although this has 
deleterious effects on renal microcirculation [17].

Endothelial dysfunction is also implicated in 
inflammatory conditions such as glomerulone-
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phritis and vasculitis through a separate mecha-
nism. In these conditions, endothelial dysfunction 
results in increased permeability of the glomerular 
basement membrane, resulting in fibrin leakage, 
the formation of crescents, and the proliferation of 
cells within the Bowman’s capsule. As the cres-
cents enlarge, capillary function diminishes and 
glomerular function decreases [57].

As previously discussed, microcirculatory 
dysfunction can cause tubular cell damage. 
Another mechanism that damages tubular cells 
is direct exposure to certain filtered substances. 
Due to their inherent anatomic and physiologic 
placement, tubular cells have frontline expo-
sure to filtered substances, such as drugs, cyto-
kines, free hemoglobin, abnormal proteins 
(i.e., paraproteins), uric acid, calcium-phos-
phorus complexes, and inflammatory mole-
cules [82]; exposure to these substances and 
subsequent injury result in apical membrane 
blebbing, loss of cellular polarity [83], cellular 
swelling and detachment from the basement 
membrane [24], and opening of tight junctions 
[57]. Moreover, mitochondrial damage results 
in generation of ROS and release of cytokines, 
furthering the progression of AKI [84]. 
Therefore, tubular cells are not merely dam-
aged in AKI, but they also play an active role in 
propagating AKI as well.

AKI is complicated by metabolic and acid- 
base disturbances. Common electrolyte abnor-
malities include hyperkalemia and hyponatremia; 
loss of cellular polarity and tubular cell detach-
ment from the basement membrane results in loss 
of Na+/K+-ATPase activity. AKI also causes the 
retention of nitrogenous waste products, hyper-
phosphatemia, hypocalcemia, and hypermagne-
semia. Metabolic acidosis, hypofiltration, and 
decreased tubular secretion promotes potassium 
efflux from cells [27]. Fluid is retained systemi-
cally due to decreased GFR, further exacerbating 
hyponatremia [27, 58].

 Mechanistic Pathways of AKI

AKI can be categorized into prerenal, intrinsic 
renal, and postrenal etiologies depending on the 

mechanistic pathway involved, so that the man-
agement of each category varies accordingly.

 Prerenal AKI
The clinical syndrome of prerenal AKI is charac-
terized by intact renal parenchymal function and 
renal hypoperfusion, either due to true hypovole-
mia (e.g., loss of blood volume from dehydration, 
fluid losses, hemorrhage, etc.) or relative hypovo-
lemia (e.g., decreased cardiac output, fluid 
sequestration, systemic vasodilation, or intrare-
nal vasoconstriction, caused by obstructive 
shock, cardiogenic shock, distributive shock, 
etc.) [22, 24, 58, 85]. The body’s primary defense 
against volume depletion occurs by a complex 
interplay between vasoconstriction and vasodila-
tion of the afferent and efferent arterioles to 
maintain renal perfusion [58]. The physiological 
response to reduced intravascular volume and 
decreased renal perfusion is the activation of sev-
eral reflexes and neurohumoral vasoconstrictive 
systems, including secretion of antidiuretic hor-
mone (ADH), increased adrenergic, angiotensin 
II, and aldosterone secretion to increase reab-
sorption of water and urea, and the myogenic 
reflex and tubuloglomerular feedback [58]. Other 
mediators involved in maintaining renal perfu-
sion include nitric oxide, endothelin, atrial natri-
uretic peptide (ANP), and dopamine [58, 85]. 
These neurohumoral vasoconstrictive systems 
attempt to maintain blood pressure, cerebral per-
fusion, and cardiac output [24, 85].

Renal autoregulation of blood flow occurs 
between systolic blood pressures of 80  mmHg 
and 150  mmHg [58]. When hypoperfusion is 
severe and occurs outside of this autoregulatory 
range, further incremental activation of the above 
systems overwhelms the compensatory mecha-
nisms. In situations of marked hypoperfusion, 
angiotensin II promotes vasoconstriction of the 
efferent arteriole and prostaglandin (PG)E2, 
which leads to vasodilation of the afferent arteri-
ole, attempting to preserve GFR. Failure of auto-
regulation and further activation of compensatory 
systems result in a precipitous decline in GFR 
and AKI [85]. Additionally, since many patients 
are on angiotensin-converting enzyme inhibitors 
(ACEI) or angiotensin receptor blockers (ARB), 
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which blocks the action of angiotensin II, and use 
nonsteroidal anti-inflammatory drugs (NSAIDs), 
which can block PGE2, the full ability to maintain 
renal perfusion is impaired.

It is important to remember that renal injury 
occurs across a continuum. Mild ischemia leads 
to prerenal injury; if perfusion is restored, isch-
emia is reversed, and initial renal abnormalities 
quickly normalize. If more severe ischemia is 
present or reperfusion is delayed, renal tubular 
cells are injured; if perfusion is restored, renal 
function is eventually restored after renal repara-
tion. In severe cases of ischemia, intrinsic renal 
injury in the form of acute tubular necrosis (ATN) 
and renal cortical necrosis occurs; fibrosis may 
follow incomplete repair and recovery, and CKD 
and ESRD may ensue [22, 58].

Prerenal failure is typically characterized by a 
high blood urea nitrogen (BUN) to SCr ratio 
(>15:1), low urine volume, increased specific 
gravity, and low urine sodium. Proteinuria, low 
serum albumin, or red blood cells in the urine are 
not features of prerenal failure in a person with 
no underlying kidney disease, but rather should 
prompt investigation to a more chronic intrinsic 
renal disease.

 Intrinsic Renal Injury
Intrinsic renal disease is caused by tubulointersti-
tial injury, glomerular disease, or microvascular 
disease [22].

Tubulointerstitial disease is caused by ATN, 
which refers specifically to the histological find-
ing of renal tubular cell necrosis [58]. ATN occurs 
secondary to ischemia, sepsis, nephrotoxins (i.e., 
aminoglycoside antibiotics, NSAIDs, ACEI, 
ARB, contrast-induced nephropathy, myoglo-
bin), myeloma cast nephropathy, amyloidosis, or 
acute allergic interstitial nephritis (AIN) [86]. 
AIN is a rare, idiosyncratic reaction that is most 
commonly drug induced (i.e., NSAIDs, diuretics, 
penicillin antibiotics, proton pump inhibitors), 
although infectious and autoimmune disorders 
have been implicated as well [87].

The inflammatory pathway plays an integral 
part in intrinsic renal injury pathogenesis (from 
injury to propagation to repair). Anoxic injury to 
tubular cells and endothelial cells results in 

endothelial- erythrocyte interaction, sludging of 
erythrocytes, leukocyte adhesion, inability to 
regulate blood flow, and activation of innate and 
adaptive immunity. Natural killer (NK) cell acti-
vation, complement activation, toll-like receptor 
(TLR) upregulation, and pro-inflammatory cyto-
kines (TNF-α, IL-6, IL-1b) have all been impli-
cated in endothelial dysfunction. Mediators of 
tubular cell injury include reactive oxygen spe-
cies (ROS) generation, intracellular influx of cal-
cium, nitric oxide, phospholipase A2, TNF-α, 
complement, and cell-mediated immunity. 
Tubular cells are normally attached to the base-
ment membrane; loss of cellular polarity can lead 
to detachment of the tubular cells from the base-
ment membrane and sloughing of cells into the 
tubular lumen. The loss of Na+/K+-ATPase 
activity decreases sodium reabsorption and 
increases fractional excretion of sodium (FENa). 
The sloughing of tubular epithelial cells causes 
gaps in the tubular architecture, loss of tight junc-
tions, denuded basement membrane, and tubular 
cast accumulation. Tubular filtrate leaks into the 
interstitium and is reabsorbed in the systemic cir-
culation, decreasing GFR [27, 58].

Rapidly progressive glomerulonephritis 
(RPGN) causes the nephritic syndrome, consist-
ing of hematuria, proteinuria, and AKI. Causes of 
glomerulonephritis include:

• Antiglomerular basement membrane (anti- 
GBM) antibody (Goodpasture syndrome if 
hemoptysis coexists)

• Lupus nephritis
• Post-streptococcal glomerulonephritis (recent 

group A β-hemolytic streptococcal infection 
or impetigo)

• Small vessel vasculitis (granulomatosis with 
polyangiitis [GPA]/Wegener’s granulomatosis 
or microscopic polyangiitis [MPA])

Glomerulonephritides will typically demon-
strate inflammatory glomerular crescents on 
immunohistological examination. Antiglomerular 
basement membrane antibody disease is charac-
terized by linear deposition of IgG along the base-
ment membrane. Lupus nephritis is characterized 
by “full-house” immune complex deposition. 
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Small vessel vasculitides are characterized by a 
“pauci-immune” pattern [86].

Finally, microvascular causes of intrinsic renal 
disease include hemolytic uremic syndrome 
(HUS), cholesterol emboli syndrome, malignant 
hypertension, and scleroderma [86].

 Postrenal Failure
Postrenal failure occurs due to obstruction of the 
urinary tract [22]. Urinary obstruction can occur 
at any level from the tubules to the urethra, result-
ing in obstructive uropathy. Substances that are 
insoluble in urine (i.e., uric acid, methotrexate, 
acyclovir) may cause crystal formation within the 
tubules, resulting in urinary obstruction [88]. 
Other causes of obstruction include nephrolithia-
sis, bladder outflow obstruction from prostatic 
hypertrophy, neurogenic bladder, or urinary tract 
fibrosis.

In patients with suprapubic discomfort and a 
distended bladder with declining urine output, a 
urinary catheter should be temporarily placed to 
rule out bladder outlet obstruction [27].

 Evaluation

 Diagnostic
Clinically available variables that are useful in 
the diagnosis and evaluation of AKI include SCr, 
creatinine clearance, urea or blood urea nitrogen 
(BUN), urine output, and markers of tubular 
injury.

Creatinine Clearance and Serum 
Creatinine (SCr)
In the steady state, glomerular filtrate can be 
quantified by measuring 24-hour creatinine clear-
ance. Patients with AKI, however, are not in 
steady state; as the GFR falls, creatinine secre-
tion is increased, and thus the rise in SCr is less. 
Creatinine excretion is much greater than the fil-
tered load, resulting in a potentially large overes-
timation of the GFR.  Therefore, measured 
creatinine clearance reflects the upper limit of the 
GFR under steady-state conditions [20]. 
Clinicians, however, are interested in whether the 
renal function is stable, improving, or worsening, 

and this can be easily evaluated with the SCr 
alone [20].

SCr is an easily measured biomarker specific 
for renal function. It is formed from the nonenzy-
matic dehydration of creatine within the liver, 
and 98% of creatine is found in muscle. In the 
steady state, i.e., patients with normal renal func-
tion, creatinine excretion presumably equals cre-
atinine production. Factors influencing creatinine 
production include hepatic dysfunction, mark-
edly decreased muscle mass, trauma, fever, 
immobilization, and aging. The volume of distri-
bution of creatinine also influences measured 
SCr levels as well [20].

SCr measurements, similar to creatinine clear-
ance, will not accurately reflect GFR in the non-
steady state of AKI.  SCr measurements will 
underestimate renal dysfunction as AKI evolves, 
while the opposite is true as renal function recov-
ers. Nonetheless, the degree to which SCr changes 
from baseline will, to some degree, reflect the 
change in GFR [20]. To account for these changes, 
one can determine the kinetic GFR, an estimate of 
renal function dependent on the change in creati-
nine from one time point to another [89].

Urea or Blood Urea Nitrogen (BUN)
Urea or BUN is a nonspecific marker of renal 
function. A variety of nonrenal conditions can 
dramatically alter urea levels, making it a rela-
tively poorer marker for AKI as compared to cre-
atinine [20].

Urine Output (UO)
Urine output (UO) is one of the criteria used in 
the RIFLE classification. Although changes in 
UO often occur before biochemical changes are 
able to be measured, oliguria is neither sensitive 
nor specific [17]; severe AKI can exist in the set-
ting of normal UO [20]. Therefore, UO is not 
helpful in diagnosing the etiology of AKI, but it 
plays an important role for directing management 
and for predicting outcome [27]. Kellum notes 
that patients meeting both SCr and UO criteria 
for AKI have dramatically worse outcomes when 
compared to patients who meet only one RIFLE 
criteria; he concludes that UO assessment is an 
“absolute necessity” for AKI staging [30].
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Other Markers
Urine analysis may be helpful in identifying and 
managing specific conditions. Abnormal urinary 
sediment suggests intrarenal cause of AKI.  For 
example, urine eosinophils indicate allergic inter-
stitial nephritis (AIN) and red cell casts are indic-
ative of glomerulonephritis. A patient with ATN 
frequently has “dirty” brown, opaque urine with 
“muddy brown” tubular casts.

Biochemical analysis of urine can help evalu-
ate the functional integrity of the renal tubules. 
The fractional excretion of sodium (FENa) is 
defined as

 
FENa

UrineNa PlasmaCr

UrineCr PlasmaNa
=

×
×

× las.
 

Generally speaking, the FENa is <1.0% in 
prerenal azotemia and is usually >1.0% in ATN, 
although the ratio has poor sensitivity and speci-
ficity. The FENa can be inaccurate in patients 
with diuretics, burns, contrast nephropathy, liver 
disease, or glomerulonephritis, and for this rea-
son, the FENa should not be used alone in assess-
ing the etiology of AKI [27]. Importantly, since 
everyone in the steady state has a FENa of <1%, 
FENa is only useful when the creatinine is 
increasing.

Outside of these specific disease entities, the 
routine use of urine analysis and urine biochemi-
cal analysis in evaluating and managing AKI 
often has poor sensitivity and does not lead to a 
change in clinical course, prognosis, or manage-
ment [17, 20, 27].

 Biomarkers
Delay in diagnosis of AKI can further deteriorate 
renal function and progress to CKD or end-stage 
kidney disease. Identification of patients with 
kidney damage at an early stage enables prompt 
intervention and prognosis.

The diagnosis of AKI and CKD is based pri-
marily on surrogate markers of GFR, such as SCr 
and UO, although these clinical data points 
remain imperfect. Unfortunately, SCr is a subop-
timal marker of renal dysfunction in both condi-
tions for several reasons. First, SCr can be 
elevated in prerenal azotemia when there is no 

tubular injury [28]. Second, SCr is influenced by 
many nonrenal factors, such as body weight, vol-
ume of distribution, muscle mass, diet and nutri-
tion, protein intake, gender, race, age, muscle 
metabolism, presence of gastrointestinal bleed-
ing, and drugs [17, 25, 28, 32]. For example, 
patients with AKI are frequently edematous, 
diluting SCr levels and confounding the clinical 
picture, potentially delaying recognition of AKI 
[19, 32]. Third, in AKI, the utility of SCr is 
worse; changes in SCr lag behind renal injury 
[25, 28]. Therefore, increases in SCr are often not 
able to be measured until 48–72 hours after the 
initial renal injury, thereby decreasing its sensi-
tivity to detect early AKI. Moreover, significant 
renal disease can occur with minimal change to 
SCr due to enhanced tubular creatinine secretion 
and renal reserve, among other factors [10, 13]. 
Other markers such as fractional excretion of 
sodium or urea may be affected by diuretic use or 
volume status [28].

At the onset of kidney injury, biological and 
molecular changes induce cellular signaling mol-
ecules to be upregulated or downregulated, ulti-
mately evolving into cellular damage. These 
signaling molecules can be measured and used as 
a surrogate marker, a biomarker, for renal injury. 
Biomarkers are defined as parameters of 
 structural, biochemical, physiological, or genetic 
changes that indicate the presence, severity, or 
progress of a disease [90]. Ideally, the develop-
ment of a renal-specific biomarker that is nonin-
vasive, undetectable when there is no disease, 
detectable early once the disease develops, easily 
measured, precise and accurate, highly sensitive 
and specific, correlates with disease severity, able 
to be measured serially to monitor disease pro-
gression, and unaffected by other factors is a top 
priority of the American Society of Nephrology 
[25, 28, 90–93].

In patients who develop AKI, some biomarker 
levels have been shown to change earlier than 
SCr concentrations [17, 22]. Early diagnostic 
biomarkers of AKI include plasma and urine neu-
trophil gelatinase-associated lipocalin (NGAL), 
urinary cystatin C, urinary kidney injury mole-
cule (KIM-1), urinary interleukin-18 (IL-18), and 
glutathione S-transferase (GST), which have 
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been shown to be present approximately 48 hours 
before AKI develops [25, 28, 94]. Insulin-like 
growth factor-binding protein 7 (IGFBP7) and 
tissue inhibitor of metalloproteinases-2 (TIMP- 
2) are cycle arrest biomarkers that induce G1 cell 
cycle arrest; they are novel markers of AKI that 
have performed better than any other biomarker 
to date [28, 30]. Biomarkers are also useful in 
determining the clinical course of AKI, including 
severity, duration, hospital length of stay, mortal-
ity, and likelihood of renal recovery; prognostic 
biomarkers include plasma NGAL, N-acetyl-ß-
(D)-glucosaminidase (NAG), urinary KIM-1, and 
urinary IL-18. In particular, urinary NGAL has 
been shown to be highly sensitive (90%) and spe-
cific (99%) for AKI, as well as distinguishing 
AKI versus CKD and identifying different causes 
of AKI [25, 28].

With respect to CKD, NGAL is a promising 
biomarker for CKD progression, along with 
cystatin C for CKD progression, renal function, 
and cardiovascular risk [95]. Increased levels of 
asymmetric dimethylarginine (ADMA) have 
been associated with rapid renal function loss 
and may cause renal dysfunction from glomer-
ular hypertension and endothelial damage 
[92, 93].

Renal biomarkers have potential diagnostic 
and prognostic value for AKI and CKD, 
although, currently, there is insufficient evi-
dence regarding their role in clinical decision-
making [25, 28]. One significant limitation 
regarding the use of biomarkers is that renal dis-
ease follows a continuum and is not separated 
into distinct entities, making it difficult to set a 
threshold or discriminatory zone separating 
AKI from CKD [28]. In addition, AKI increases 
the risk of CKD development, and CKD is a risk 
factor for AKI [16, 18, 25, 96–99]. As would be 
expected, AKI and CKD share biomarkers, 
reflecting the continuous nature of renal disease. 
Many other questions remain. What manage-
ment should be implemented if biomarkers are 
positive? At what biomarker threshold should 
we initiate dialysis? Does early intervention 
decrease morbidity and mortality? What is the 
temporal relationship between the collection of 
the biomarker and the diagnosis of AKI? Are 

these biomarkers consistent across subgroups of 
patients (i.e., sepsis, postkidney transplant, 
etc.)? Future studies need to address these and 
many other questions [25, 28].

 Imaging
Renal ultrasonography is useful in identifying 
either small kidneys providing evidence of 
chronic kidney disease or medical renal disease, 
or hydronephrosis suggesting an obstructive pro-
cess [17, 22, 30]. Whenever urinary tract obstruc-
tion is considered in the differential diagnosis, 
ultrasonography provides a readily available, 
noninvasive, accurate, reliable, cost-effective, 
and reproducible radiologic evaluation of the 
renal and urinary systems [27]; findings may 
include ureteral and renal pelvis dilatation. In 
intrinsic renal disease, ultrasonography may 
show increased echogenicity of the renal paren-
chyma, although this is neither sensitive nor spe-
cific [27].

Computed tomography (CT) or magnetic res-
onance imaging (MRI) may identify an obstruc-
tive process or parenchymal renal disease, 
although they are of limited value and generally 
do not provide additional information [27].

 Dialysis

Given, as discussed above, that an emergency 
department assessment of GFR is generally one 
time point, often without the benefit of the knowl-
edge of baseline SCr values, renal replacement 
therapy should only be instituted for an emergent 
indication. Although there are some studies that 
suggest that earlier initiation, AKIN stage 2, of 
renal replacement therapy (RRT) may improve 
outcomes, other studies suggest earlier initiation 
does not improve outcomes and no study has 
studied AKI in the emergency department. Thus, 
the conventional indications for renal replace-
ment therapy are:

 1. Volume overload unresponsive to diuretic 
therapy

 2. Hyperkalemia refractory to medical 
management
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 3. Metabolic acidosis refractory to medical 
management

 4. Uremia with symptoms of encephalopathy, 
pericarditis, or uremic bleeding

 5. Intoxication with a drug that can be removed 
with dialysis

In addition, a broader clinical context which 
includes general severity of illness, number of 
failed nonrenal organs, presence of oliguria and 
fluid overload, whether patient is recovering or 
deteriorating, and AKI with severe multiorgan dys-
function may benefit from early initiation of RRT.

 Volume Overload

Volume overload is an indication for initiation for 
RRT in 2% of AKI [100], in those individuals not 
responsive to diuretic therapy. Interestingly, in a 
patient with AKI, being nonresponsive to diuret-
ics is associated with worse outcomes. This con-
cept was formalized by the “furosemide stress 
test” [101]. In this test, critically ill subjects with 
early AKI who responded to a single dose of 1.0 
or 1.5  mg/kg, depending on prior furosemide 
exposure, with less than 200 mL of urine output 
during the next 2 hours were more likely to have 
progression of the AKI.

Given the role of kidney ischemia in worsen-
ing AKI, it is important if dialysis is being initi-
ated for volume overload to remove volume in a 
manner that does not worsen the blood pressure. 
However, while RRT can be limited to solitary 
fluid removal (ultrafiltration), conventional dialy-
sis should be performed as well if volume over-
load is associated with metabolic abnormalities.

 Hyperkalemia

Hyperkalemia is an indication for initiation for 
RRT in ~22% of AKI [100], in those individuals 
not responsive to medical therapy. However, over 
the past 2 years, an additional treatment has been 
added to the traditional medical management of 
insulin and D50, albuterol, sodium polystyrene 
sulfonate, and/or diuretics, and patiromer [102] 

and sodium zirconium cyclosilicate [103] are the 
novel potassium binders. While these treatments 
are not FDA approved for emergent treatment of 
hyperkalemia, 8.4–25.2 g of oral patiromer reli-
ably will reduce potassium within 7 hours.

It is recommended that patients who take pati-
romer should avoid taking other oral medications 
at least 3 hours before or 3 hours after other oral 
medications (Veltassa [patiromer for oral suspen-
sion] prescribing information: Relypsa Inc., 
Redwood City, CA).

Relypsa Inc. FDA approves supplemental new 
drug application for Veltassa removing boxed 
warning regarding drug-drug interactions. Press 
release 27 November 2016.

While RRT will reliably reduce potassium, 
using a potassium dialysate <2 mEq/L has been 
associated with increased risk of arrhythmias and 
sudden cardiac death in dialysis units [104, 105].

 Metabolic Acidosis

Metabolic acidosis is an indication for initiation 
for RRT in ~29% of AKI [100], in those individu-
als not responsive to medical therapy. Treatment 
of metabolic acidosis is the replacement with 
sodium bicarbonate. However, in cases of severe 
ongoing lactic acidosis or in cases were severe 
volume overload limits the ability to administer 
sodium bicarbonate, RRT is indicated.

 Uremia

While BUN is the easily measurable uremic 
toxin, uremia has been associated with an 
increase in dozens of solutes affected by kidney 
insufficiency [106], and thus uremia as an emer-
gent indication of dialysis should not be deter-
mined by a sole urea value alone. Rather, the 
constellation of uremic symptoms such as early 
morning nausea, pruritis, sleep reversal, loss of 
appetite, and difficulty concentrating should all 
be considered in diagnosing uremia. Emergent 
uremic indication for RRT would be pericarditis, 
encephalopathy, or bleeding thought to be sec-
ondary to uremia.
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 Intoxications

The emergency department is the primary site for 
diagnosis of toxic ingestions, and hemodialysis 
has been demonstrated to be an effective treat-
ment of toxic alcohol ingestion (such as metha-
nol or ethanol glycol), salicylate overdose, severe 
valproic acid toxicity, metformin overdose, and 
lithium poisoning. In the case of alcohol inges-
tions, the indications would be as discussed 
above, severe metabolic acidosis, worsening AKI 
and target organ damage, such as retinal toxicity 
in the case of methanol intoxication [107] and 
AKI in the case of ethylene glycol toxicity [108].

The efficacy of dialysis to remove toxins in 
general is dependent on a number of different 
factors. A knowledge of how different toxins and 
medications are cleared and their volume of dis-
tribution, protein binding, and molecular weight 
all help to determine the potential benefit of uti-
lizing renal replacement therapy and determining 
the optimal type of RRT for any toxin or medica-
tion. When the clearance of a toxin, drug, or 
metabolite is dependent on renal clearance, in the 
setting of AKI, RRT may be considered. Since 
removal of a toxin, drug, or metabolite by dialy-
sis is dependent on the substance passing through 
the pores of a membrane, large molecular weight 
medications are less effectively cleared than 
lower molecular weight substances. Also, sub-
stances that have a high protein binding are also 
removed less efficiently by RRT than substances 
that are water soluble. Finally, medications with a 
large volume of distribution will take longer to 
clear than medications that have a smaller vol-
ume of distribution.

 Methanol

Methanol is found in rocket fuels and as a general 
solvent in many household products such as 
windshield washers, paint removers, carburetor 
cleaners, and deicing fluids. The diagnosis of 
methanol intoxication should be considered in 
those patients with an anion gap acidosis and 
who have an osmolar gap. Classic findings of 
methanol intoxication are hyperemic optic disks 

and putamen swelling which occur when metha-
nol is metabolized to formic acid. While fomepi-
zole is considered first-line treatment of a 
methanol ingestion (see Chap. 28), hemodialysis 
should be considered for severe metabolic acido-
sis, renal failure, electrolyte disturbance unre-
sponsive to conventional therapy, visual 
symptoms, deteriorating vital signs despite inten-
sive care, and plasma methanol concentration 
≥50 mg/dL (15.6 mmol/L) [109, 110].

 Ethylene Glycol

Like methanol, ethylene glycol ingestion is also 
associated with an anion gap and an osmolar gap. 
The primary source of ethylene glycol ingestion 
is due to automotive antifreeze ingestion. The 
classic findings with ethylene glycol ingestion 
are flank pain, hematuria, and glycolate-induced 
damage to tubules. Similar to methanol, fomepi-
zole is considered first-line treatment of an ethyl-
ene glycol ingestion. Hemodialysis should be 
considered for severe metabolic acidosis, renal 
failure, electrolyte imbalances unresponsive to 
conventional therapy, and deteriorating vital 
signs despite intensive, supportive care. While 
initial serum glycolic acid >8 seems to be a good 
criterion for the initiation of hemodialysis, dialy-
sis is not necessary regardless of ethylene glycol 
level, specifically when glycolic acid is 
≤8 mmol/L, or in patients receiving fomepizole 
[111] when glycolic acid levels are not readily 
available.

Unlike methanol and ethylene glycol, isopro-
pyl alcohol does not cause an elevated anion gap 
acidosis, retinal toxicity (as does methanol), or 
renal failure (as does ethylene glycol). The hall-
mark of isopropyl alcohol is an increase in the 
serum osmolality as well as ketonemia and keto-
nuria, since isopropanol is metabolized by alco-
hol dehydrogenase to acetone, a terminal ketone. 
While metabolic acidosis is usually absent, the 
hypotension associated with isopropyl alcohol 
could be severe enough to produce lactic acido-
sis. Isopropyl alcohol is found in rubbing alcohol, 
hand sanitizers, and certain cleaning products 
and supportive measures are often sufficient. 
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However, if hypotension is present along with 
coma, then initiation of hemodialysis has been 
recommended. Given the effectiveness of dialy-
sis in removing isopropanol and the safety of this 
procedure, it seems reasonable to initiate hemo-
dialysis in the presence of severe coma, hypoten-
sion, or serum isopropanol levels >200 mg/dL.

 Salicylate

Hemodialysis is the most efficient way to elimi-
nate salicylate and normalize salicylate-induced 
acid-base and electrolyte imbalances [112]. 
Indications for hemodialysis include serum salic-
ylate level greater than 120  mg/dL acutely or 
greater than 100 mg/dL 6 h postingestion, renal 
insufficiency, severe pulmonary edema, altered 
mental status, deteriorating vital signs, and severe 
acid-base disturbance or clinical deterioration 
despite treatment [113, 114]. In chronic over-
dose, hemodialysis may be required for a symp-
tomatic patient with a serum salicylate level 
greater than 60 mg/dL.

Although charcoal hemoperfusion has a 
slightly higher rate of drug clearance than hemo-
dialysis, dialysis is recommended because of its 
ability to correct for fluid and electrolyte disor-
ders and to remove salicylates. Peritoneal dialy-
sis is only 10–25% as efficient as hemoperfusion 
or hemodialysis and is not even as efficient as 
renal excretion.

 Options for RRT

No study has convincingly demonstrated that one 
type of RRT is more advantageous than another, 
and thus the availability of different modalities 
and staff familiarity with a particular modality 
are usually the deciding factors with regard to 
what type of RRT is performed.

 Hemodialysis

With regard to hemodialysis, the filter used deter-
mines whether high efficiency or high flux verse 

standard dialysis is performed. In both modali-
ties, the clearance is diffusion with the major dif-
ference being the pore size of the membrane, 
membrane type, and dialysis flow. The pore size 
in high-flux dialysis is generally as large as 
20 kDa.

 Continuous Renal Replacement 
Therapy (CRRT)

CRRT either in a convective mode by effecting 
mass transport across the membrane or in a 
diffusive mode is routinely used in patients 
with AKI.  Studies using sieving coefficients 
have clearly demonstrated that there is a higher 
clearance of larger molecular weight mole-
cules and higher protein membrane media-
tions when convective clearance is used [115]. 
Therefore, if CRRT is to be used for intoxica-
tions, the focus should be predominantly on a 
convective modality. A large disadvantage of 
CRRT is that it is less efficient and the patient 
has less mobility as compared to hemodialysis 
(HD) [116].

 Peritoneal Dialysis (PD)

The most likely reason to encounter PD in the 
emergency room is peritonitis. Peritonitis should 
be suspected in all patients with a PD catheter 
who presents to the emergency department with 
gastrointestinal or intra-abdominal symptoms. 
These include, but are not limited to, pain local-
ized or generalized over abdomen; nausea, vom-
iting, or diarrhea; fever; and/or a cloudy PD 
effluent.

Abdominal examination of patient suspected 
of PD peritonitis should include examination of 
the exit site which should be performed in a ster-
ile manner. The PD catheter tunnel assessment 
should include an examination for focal tender-
ness or exudate for evidence of occult catheter- 
associated hernia or focal intra-abdominal 
process. If a focal or intra-abdominal pathology 
is suspected, further evaluation may be required 
including CT of the abdomen and a possible 
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 surgical consult. However, routine CT for PD 
peritonitis is not indicated.

Ideally the PD catheter should be manipulated 
and accessed only by a trained dialysis provider. 
In order to diagnose or rule out peritonitis, perito-
neal fluid needs to be obtained. If the patient 
presents to the ED with a dialysis dwell that is 
greater than 2 hours but less than 24 hours old, 
the dialysis provider can drain that fluid directly 
and send it for the PD fluid cell count, Gram 
stain, and cultures. If the patient has a dry abdo-
men and PD peritonitis is suspected, the patient 
should receive his or her regular dwell volume 
following lavage, and PD fluid cell count, Gram 
stain, and culture should be sent only after a 
dwell of 4 hours (minimum of 2 hours).

Once the PD fluid cell count, Gram stain, and 
cultures are sent, intraperitoneal (IP) administra-
tion of antibiotics can proceed. If the dialysate is 
cloudy or the peritoneal WBC is greater than 100 
with over 50% PMS, peritonitis should be 
assumed and antibiotics for gram-positive and/or 
gram-negative organisms should be initiated 
based on the Gram stain and clinical circum-
stance. For coverage of Gram-positive organ-
isms, Ancef 1–1.5g IP daily or vancomycin 1–1.5 
g IP every 5–7 days should be initiated, and for 
gram-negative organisms, ceftazidime 1–1.5g IP 
daily or cefepime 1 g IP daily should be initiated. 
Importantly, intraperitoneal administration of 
antibiotics is the preferred route for the treatment 
of PD peritonitis since many, if not all, antibiotics 
compatible with the intraperitoneal administra-
tion have excellent systemic bioavailability (e.g., 
vancomycin, ceftazidime, cefazolin, cefepime, 
ampicillin, fluconazole, etc.).

A stable, uncomplicated PD peritonitis 
patient usually does not require hospitalization 
and can be treated with outpatient therapy. 
Common indications for hospitalizations for a 
suspected PD peritonitis include uncontrolled/
severe abdominal pain not relieved despite 
abdominal lavage; intractable/severe GI symp-
toms; suspected intra- abdominal causes such as 
complicated hernia, diverticulitis, perforations, 
and cholecystitis; or the presence of systemic 
inflammatory response syndrome (SIRS) or sep-
sis with hypotension.
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 Normal Acid-Base Physiology 
and Definitions

Acid-base balance contributes to normal cellular 
function, with normal serum pH falling between 
7.35 and 7.45 [1]. Acidemia is defined as a 
decrease in serum pH below 7.35 and alkalemia a 
rise above 7.45; the terms acidosis and alkalosis 
refer to primary pathologic processes regardless 
of the overall pH. These processes may be acute, 
chronic, or a combination thereof, depending on 
the underlying disease state(s).

The major determinants of blood pH are as fol-
lows: (1) the partial pressure of carbon dioxide 
(PCO2), (2) the balance of strong ions such as 
sodium (Na+) and chloride (Cl−), and (3) the pres-
ence of weak organic acids [2]. Carbohydrate and 
fat metabolism produces CO2, a volatile acid 
excreted via alveolar ventilation. Protein metabo-
lism produces phosphate, sulfur, and nitrogen 
waste, nonvolatile weak acids which are excreted 
by the kidney. Bicarbonate (HCO3−) ion concentra-
tion changes as a result of acid-base conditions and 
is a measurable marker of acid-base disorders.

The carbonic anhydrase equation offers a sim-
plistic conceptualization of the balance of vola-
tile and nonvolatile acids in the body [3]:

 

H HCO H O CO
alveolar ventilation

+ −+ ↔ +
↔

3 2 2

 

Alveolar hypoventilation will increase PCO2 
and cause acidosis (right-to-left shift in the equa-
tion); adding nonvolatile acid (H+) to the system 
will result in rapid buffering and conversion of 
bicarbonate (HCO−

3) to water and CO2, which 
requires increased alveolar ventilation to balance 
the pH (left-to-right shift of the equation).

Nonvolatile acids are elegantly managed by 
the kidneys. These protein byproducts are buff-
ered by sodium bicarbonate (NaHCO3) and 
become sodium salts; they are converted to 
ammonia (NH4+) in the kidney, and with the 
assistance of carbonic anhydrase enzymes, H+ is 
excreted while HCO3− is reabsorbed [3]. In 
response to acidosis, the net renal acid excretion 
must increase: ammoniagenesis increases with 
increased NH4+ excretion and NaHCO3 reab-
sorption, and increased mineralocorticoid activity 
in response to acidosis increases Na + reabsorp-
tion in exchange for H- (and K+) excretion in the 
distal tubule.

In the acute response to metabolic acidosis, 
respiratory centers within the brainstem will 
increase minute ventilation via increased tidal vol-
ume and respiratory rate in an attempt to unload 
CO2; this response occurs within minutes [2]. In the 
case of a metabolic alkalosis, acute compensation 
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is again a respiratory phenomenon, with decreased 
alveolar ventilation and CO2 retention. Importantly, 
compensatory mechanisms mitigate pH changes 
but do not overcorrect or normalize pH.

Compensation for respiratory acid-base distur-
bances occurs mostly via renal mechanisms, which 
take several days to come fully online [4]. During 
acute respiratory acidosis, pH will drop briskly and 
the kidneys will attempt to retain HCO3−, increas-
ing over 24–48 hours to blunt the acidemia. During 
acute respiratory alkalosis, the kidney begins to 
excrete HCO3−, again becoming more efficient 
after 24–48  hours. Table  18.1 demonstrates the 

typical compensation patterns for various primary 
acid-base disturbances. Acid- base compensation 
may be dangerously inadequate in patients with 
neurologic, pulmonary, and renal comorbidities, 
requiring direct medical intervention such as 
mechanical ventilation or bicarbonate infusion.

 Physiologic Effects of Acidemia 
and Alkalemia

The clinical significance of acid-base disorders 
varies greatly depending on acuity, individual 
host factors, and the underlying disease(s). 
Extreme derangements in pH may manifest as 
central nervous system dysfunction and cardio-
vascular collapse; however, in vivo studies dem-
onstrate a wide range of compensatory and 
adaptive responses to acidemia in particular. 
Table  18.2 summarizes important physiologic 
effects of acid-base disturbances.

It is generally thought that a pH <7.2 exerts del-
eterious effects on end-organ function [5]. These 
effects are widespread and may include cerebral 

Table 18.1 Summary of compensatory changes in acid- 
base disorders

Primary disorder Expected compensation
Metabolic acidosis PCO2 = 1.5 (HCO3) + 8
Metabolic alkalosis PCO2 = 0.9 (HCO3) + 15
Acute respiratory acidosis Δ HCO3 = 0.1 (Δ PCO2)
Chronic respiratory acidosis Δ HCO3 = 0.35 (Δ PCO2)
Acute respiratory alkalosis Δ HCO3 = 0.2 (Δ PCO2)
Chronic respiratory 
alkalosis

Δ HCO3 = 0.5 (Δ PCO2)

Table 18.2 Important physiologic effects of acid-base disturbances

Body system Acidemia Alkalemia
CNS Cerebral edema

Altered mental status
Coma

Agitation
Seizure
Cerebral vasoconstriction/ischemia

Cardiovascular Mild acidosis
Increased contractility
Increased cardiac output
Increased catecholamine response
Decreased afterload
Severe acidosis
Decreased contractilitya

Decreased cardiac output
Decreased catecholamine response

Coronary vasoconstriction
Cardiac ischemia
Systemic vasoconstriction
Increased LV afterload
Malignant arrhythmias

Pulmonary Increased pulmonary vascular resistance
Increased RV afterload
RV dysfunction
Decreased diaphragm contractility

Decreased pulmonary vascular resistance

Metabolic Increased serum potassium
Increased ionized calcium
Increased phosphorus
Insulin resistance

Decreased serum potassium
Decreased ionized calcium
Decreased free magnesium
Decreased phosphorus

Peripheral tissues Vasodilation
Oxy-Hgb curve shifts right
Increased O2 delivery to tissues

Vasoconstriction
Oxy-Hgb curve shifts left
Decreased O2 delivery to tissues

aLactic acidosis associated with relatively less negative inotropy and diaphragm dysfunction compared to respiratory 
acidosis
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edema, decreased cardiac contractility, hemody-
namic changes and altered response to catechol-
amines, predisposition to arrhythmias, electrolyte 
abnormalities, insulin resistance, inhibition of 
anaerobic glycolysis and glucose metabolism, and 
changes in immune system function [5, 6].

In vitro studies have demonstrated that cardiac 
contractility and intracellular function, including 
calcium signaling, suffer in low pH [7–9]; however, 
a number of in  vivo animal and human studies 
demonstrate that the cardiovascular system 
responds quite well to modest acidemia (pH ≥7.1). 
For example, sympathetic tone, cardiac output, 
blood pressure and flow, and QT interval may hold 
steady or even improve [10–14]. In response to per-
missive hypercapnia for acute respiratory distress 
syndrome, an acute pH drop from 7.4 to around 
7.25 resulted in increased cardiac index, decreased 
systemic vascular resistance, and improved sys-
temic perfusion with no drop in blood pressure 
[15]. In particular, lactic acidosis does not appear to 
result in the same negative inotropy seen in respira-
tory or hyperchloremic acidosis [16].

Acidemia does however significantly affect 
the right ventricle and diaphragm function. 
Pulmonary vascular resistance increases in acide-
mic conditions, worsening right ventricular after-
load and contractility [13–15, 17]. Acute 
respiratory acidosis appears to inhibit diaphragm 
contractility, and lactic acidosis may suppress 
diaphragm function when pH <6.9 [17–21].

Tissue perfusion and oxygen delivery are 
affected by low pH. Acidemia has been shown to 
increase nitric oxide products and result in arte-
rial hypotension [12]; however, there may be 
vasodilation within the tissue bed. When com-
bined with a shift of the oxyhemoglobin curve to 
the right (known as the Bohr effect), oxygen 
delivery to the tissues may be enhanced; thus, 
acidemia during hypoxemia may be tissue- 
protective [15, 17, 22, 23].

It is unclear to what extent acidemia contrib-
utes directly to mortality. Cohort studies are con-
tradictory, one illustrating an association between 
acidemia (particularly lactic acidosis) and mor-
tality; while a second shows no correlation even 
down to a pH of 6.8 [24, 25]. This implies that it 
is the underlying disease, not the pH, which is 
responsible for mortality.

Alkalemia has also been associated with 
increased mortality [26]. Alkalemia causes 
decreased cerebral blood flow and cerebral isch-
emia, systemic arteriolar vasoconstriction and 
increased left ventricular afterload, coronary vaso-
constriction with resultant myocardial ischemia, 
and decreased threshold for malignant arrhythmias 
[27]. It may be the multiple associated electrolyte 
shifts—particularly hypokalemia and hypocalce-
mia—that are responsible for much of the symp-
tomatology. Oxygen delivery is impeded as the 
oxyhemoglobin curve shifts to the left [22]. 
Metabolic alkalosis may impair respiratory drive 
and interfere with ventilator triggering or weaning 
in patients with chronic lung disease [28].

 Diagnosis of Acid-Base Disorders

The purpose of evaluating a patient’s acid-base 
status is to formulate a differential diagnosis in 
order to tailor workup and treatment. There are 
multiple methods used clinically to evaluate and 
diagnose acid-base disorders, including the 
Henderson-Hasselbalch method, the Stewart 
method, and the standard base excess [2]. When 
used correctly, there is no difference between 
these methods in identifying and quantifying 
acid-base disorders [29]. The following steps are 
suggested using the Henderson-Hasselbalch 
method. Arterial blood gas (ABG) values are pre-
sented as pH/PCO2.

Step 1: Analyze the ABG for primary disorders.
Step 2: Evaluate serum HCO3 and test for respi-

ratory compensation.
Step 3: Calculate the anion gap.
Step 4: Calculate the “Gap Rise” to the “Bicarb 

Drop” (“delta-delta”).
Step 5: Calculate the osmolar gap.

 Analysis of the Arterial Blood Gas

Analysis of acid-base status begins with arterial 
pH and PCO2 (Fig. 18.1). A pH <7.35 confirms 
a primary acidosis, and a pH >7.45 confirms a 
primary alkalosis. If the PCO2 has changed in 
the same direction as the pH, a primary meta-
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bolic process is present. If the PCO2 has changed 
in the opposite direction as the pH, a primary 
respiratory process is present. For example, a 
patient with an ABG showing 7.30/32 has pri-
mary metabolic acidosis; a patient with an ABG 
showing 7.30/54 has a primary respiratory 
acidosis.

If a primary metabolic acidosis is identified on 
the ABG, a rough idea of respiratory compensa-
tion can be derived (Fig.  18.1). In a well- 
compensated metabolic acidosis, the PCO2 and 
the last two digits of the pH should be roughly the 
same, and a large disparity may signify poor 
respiratory compensation (additional primary 
respiratory acidosis) or relative hyperventilation 
(additional primary respiratory alkalosis). For 
example, an ABG showing 7.24/26 demonstrates 
adequate respiratory compensation for a primary 
metabolic acidosis. An ABG showing 7.12/30 
demonstrates inadequate respiratory compensa-
tion, with an inappropriately high PCO2 relative 
to the pH.

If a primary respiratory acidosis is identified 
on the ABG, clues regarding acuity versus chro-
nicity may be gleaned from the ratio of PCO2 rise 
to pH drop (Fig.  18.1). In an acute respiratory 

acidosis, the pH will drop by 0.08 for every 
10 mmHg rise in the PCO2; in a chronic respira-
tory acidosis, the pH only drops by 0.03 for the 
same rise in PCO2 because of increased renal 
HCO3− reabsorption.

Much controversy has surrounded the accu-
racy of venous blood gas (VBG) measurements 
in analyzing acid-base derangements. In a 
mixed ICU population, as well as in studies of 
patients with diabetic ketoacidosis, arterial and 
venous pH differ by only about 0.03 [30, 31], 
and in hemodynamically stable patients, arte-
rial to venous (A-V) PCO2 measurements differ 
by about 5 mmHg [32]. However, the disparity 
between A-V pH and PCO2 grows in conditions 
of low cardiac output; venous pH may be 0.1–
0.25 lower than arterial pH, and venous PCO2 
may up to be 20  mmHg higher than arterial 
PCO2 [27, 32, 33]. It has been demonstrated 
that an A-V PCO2 gap >6 correlates closely 
with significantly reduced cardiac index and 
lactate clearance [34]. During cardiac arrest or 
profound cardiogenic shock, the VBG and ABG 
may be completely different, the VBG reflect-
ing tissue level acidosis and the ABG showing 
a  “pseudo- respiratory alkalosis” (Fig.  18.2). 

ABG (pH/PCO2) Pattern Rules

7.40/40 Normal

7.24/24 Metabolic acidosis pH ¯, PCO2 ¯; change in the same direction 

7.24/60 Respiratory acidosis pH ̄ , PCO2 �; change in the opposite direction

ABG (pH/PCO2) Pattern Rules

7.24/24 Primary metabolic acidosis, with adequate 
respiratory compensation

pH ¯, PCO2 ¯; change in the same direction.  
PCO2 is similar to last two digits of pH

7.18/34 Primary metabolic acidosis, plus primary 
respiratory acidosis

pH ¯, PCO2 ¯; change in the same direction.    
However, PCO2 is much higher than last two digits of pH

7.32/18 Primary metabolic acidosis, plus primary 
respiratory alkalosis

pH ¯, PCO2 ¯; change in the same direction.  
However, PCO2  is much lower than last two digits of pH 

ABG (pH/PCO2) Pattern Rules

7.24/60 Respiratory acidosis, Acute Satisfies the “10-to-0.08 Rule” 

7.34/60 Respiratory acidosis, Chronic 

� by 20 (2 x 10); pH   PCO2 by 0.16 (2 x 0.08)¯

� by 20 (2 x 10); pH   PCO2 by 0.06 (2 x 0.03)¯
Satisfies the “10-to-0.03 Rule” 

Fig. 18.1 Examples of acid-base disorders diagnosed by arterial blood gas (ABG)
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Therefore, in a patient with normal hemody-
namics, a normal VBG is likely reflective of a 
normal ABG; however, in the critically ill 
patient with abnormal hemodynamics and an 
abnormal VBG, it will require measurement of 
an ABG to differentiate a true respiratory aci-
dosis from poor cardiac output and tissue level 
acidosis. We recommend obtaining both for a 
complete assessment.

 Analysis of Serum Bicarbonate 
and Respiratory Compensation

An abnormal HCO3 on a chemistry panel is diag-
nostic of a metabolic acid-base disorder, regard-
less of pH; HCO3 <22  mEq/L indicates a 
metabolic acidosis, and HCO3 >26 mEq/L indi-
cates a metabolic alkalosis [1]. Whether these 
metabolic processes are primary or secondary 
(compensatory) depends on the agreement 
between pH and the bicarbonate. For example, a 
low pH with a low HCO3 indicates a primary 
metabolic acidosis; a low pH with an elevated 
HCO3 indicates a compensatory metabolic alka-
losis, usually in response to a chronic respiratory 
acidosis.

If a primary metabolic disorder is uncov-
ered, the next step is to evaluate the patient’s 
respiratory compensation using the following 
formulae [4]:

For an acute metabolic acidosis: Expected 
PCO2 = 1.5(HCO3−) + 8 +/− 2

For an acute metabolic alkalosis: Expected 
PCO2 = 0.9(HCO3−) + 15 +/− 2

If the arterial PCO2 is within 1–2 of the 
expected (calculated) value, the patient would be 
described as having adequate respiratory com-
pensation [35]. If the PCO2 is significantly higher 
than expected, the patient is suffering hypercap-
nic respiratory failure, even if the patient’s PCO2 
is still within a “normal” range; if the PCO2 is 
significantly lower than expected, an additional 
primary respiratory alkalosis exists. Figure 18.3 
contains several examples of assessing respira-
tory compensation based on serum bicarbonate.

 Calculate the Anion Gap

Regardless of serum pH and HCO3, always cal-
culate the anion gap (AG):

 AG Na Cl HCO= + − −– – 3  
The AG represents unmeasured anions bal-

anced by measured cations (mostly sodium) in 
serum. As depicted in Fig. 18.4, the AG is largely 
made up of serum albumin and phosphorus, 
along with organic acids, lactate, and ketoacids. 
A normal AG is anywhere between 6 and 16 (we 
use 12 as the upper limit of normal). The “ normal” 

Normal cardiac output,
Normal ventilation

Balanced O2 
delivery/demand

ABG: 
7.40/40

VBG: 
7.37/45

Poor cardiac output, 
Same ventilation

Tissue Acidosis
↑H+, ↑CO2

ABG: 
7.40/40

VBG: 
7.15/60

Fig. 18.2 Cardiac 
output and the arterial- 
venous PCO2 difference

18 Acid-Base and Electrolyte Disorders in Emergency Critical Care



306

value for a given patient depends on their albu-
min concentration [36, 37]. Thus, to increase the 
detection of a subtly elevated AG in a hypoalbu-

minemic patient, add a correction factor of 2.5 
for every gram drop in albumin below the normal 
value of 4 g/dL (Fig. 18.5):

ABG, 

Serum

HCO3

Primary Disorder Check for respiratory compensation:

Metabolic Acidosis:

Expected PCO2 = 1.5 (HCO3) + 8 +/- 2

Metabolic Alkalosis:

Expected PCO2 = 0.9 (HCO3) + 15 +/- 2

Additional Respiratory Disorder?

7.19/21,

8 mEq/L 

Primary metabolic 

acidosis

Expected PCO2 = 1.5 (8) + 8 +/- 2
= 20 +/- 2

None; Normal compensation

7.10/28,

6 mEq/L 

Primary metabolic 

acidosis

Expected PCO2 = 1.5 (6) + 8 +/- 2
= 17 +/- 2
Actual PCO2 is > Expected PCO2 

Additional primary respiratory 

acidosis

7.32/16, 

10 mEq/L

Primary metabolic 

acidosis

Expected PCO2 = 1.5 (10) + 8 +/- 2
= 23 +/- 2 
Actual PCO2 is < Expected PCO2

Additional primary respiratory 

alkalosis

7.43/45,

33 mEq/L 

Primary metabolic 

alkalosis

Expected PCO2 = 0.9 (33) + 15 +/- 2
= 45 +/1 2 

None; Normal compensation

7.41/64,

39 mEq/L 

Primary metabolic 

alkalosis

Expected PCO2 = 0.9 (39) + 15 +/- 2
= 51 +/- 2 
Actual PCO2 is > Expected PCO2

Additional primary respiratory   

acidosis

Fig. 18.3 Examples of acid-base disorders and respiratory compensation diagnosed by arterial blood gas (ABG) and 
serum bicarbonate (HCO3)

Sodium Chloride

Bicarbonate

Anion Gap
Albumin
Phosphorus
Organic Anions
Lactate
Ketones
Malate
Isocitrate
Ketoglutarate

*

*

Fig. 18.4 The anion 
gap
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An elevated AG (“AG metabolic acidosis” 
[AGMA]) signifies the presence of pathologic 
levels of organic acids and/or ketoacids in the 
blood (i.e., lactic acid, beta-hydroxybutyric 
acid, salicylic acid) (Table 18.3a). Conversely, 
an abnormally narrowed or negative AG signi-
fies pathologic levels of positively charged 

molecules in the blood (i.e., paraproteins, 
myeloma or amyloid, protein, lithium) [37] 
(Table  18.3b). A primary metabolic acidosis 
with a normal AG is termed a “non-AG meta-
bolic acidosis” (NAGMA) (Table  18.3c). Be 
aware that an elevated AG is not sensitive 
enough to substitute for directly measuring 
serum lactate, nor is it specific for any particu-
lar disease process; it has been shown that criti-
cally ill patients may have an elevated AG 
without discernable cause due to the presence 
of intermediary metabolites, such as isocitrate, 
ketoglutarate, malate, and D-lactate [38, 39].

132      108             32
177         Albumin: 2.0 g/dL

5.1        12              2.1

Anion Gap = (Na –Cl–HCO3) + (2.5 x [4 –Albumin])

= (132 – 108 –12) + (2.5 x [4-2]) 
=  12 + 5
= 17

 

2
17

1
17

Fig. 18.5 Calculation of the anion gap

Table 18.3a Causes of elevated anion gap

Mnemonic: 
“MUKTPILES” Contributing acid

M Methanol Formic acid
U Uremia Nitrogen and sulfate 

waste, others
K Ketoacidosis (diabetic, 

alcoholic, starvation)
Beta-hydroxybutyric acid, 
acetoacetic acid

T Toluene Benzoic acid, hippuric 
acid

P Paracetamol 
(acetaminophen)

Pyroglutamic acid, lactic 
acid

Propylene glycol 
(intravenous 
lorazepam, diazepam)

Lactic acid

Propofol infusion 
syndrome

Lactic acidosis due to 
mitochondrial poisoning

I Iron Lactic acidosis due to 
hypovolemia, GI 
hemorrhage, and 
mitochondrial poisoning

Isoniazid Lactic acidosis due to 
seizure

L Lactic acidosis See Table 18.3a
E Ethylene glycol Oxalic acid, glycolic acid
S Salicylate Acetylsalicylic acid, lactic 

acid

 
CorrectedAG Na Cl HCO Albumin= ( ) + ×[ ]( )+ − −– – . . –3 2 5 4 0

Table 18.3b Causes of narrowed or negative anion gap

Toxins Lithium
Iodine
Bromide

Paraproteinemia Multiple myeloma
Amyloidosis

Table 18.3c Causes of non-AG (hyperchloremic) meta-
bolic acidosis

Mnemonic: 
“HARD-UPs” Scenario

H Hyperalimentation High chloride load in feeding 
formula or parenteral nutrition

A Adrenal crisis Hyponatremia, hyperkalemia, 
hypoglycemia

Acetazolamide
R Renal tubular 

acidosis
Type I (distal): decreased H+ 
secretion
Type II (proximal): decreased 
HCO3− reabsorption
Type IV (diabetes, renal 
failure, NSAID use, 
aldosterone deficiency or 
resistance): decreased 
ammoniagenesis

D Diarrhea GI bicarbonate losses
U Ureteral diversion Ileal conduit absorbs urinary 

substrates
P Pancreatic/biliary 

loss
Pancreatic or biliary drains, 
fistulas

S Saline Resuscitation with chloride- 
rich fluids such as 0.9% saline
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 Compare the “AG Rise” to the “HCO3 
Drop” to Find Hidden Metabolic 
Disorders

If an AGMA is detected (AG >12), the next step 
is to evaluate for any additional NAGMA or met-
abolic alkalosis. These “hidden disorders” are 
uncovered by comparing the magnitude of eleva-
tion of the AG (the “AG Rise”) to the magnitude 
of fall of HCO3 (the “HCO3 Drop”), also termed 
the “delta-delta” (Fig. 18.6).

 AnionGapRise AG= –12  

 HCO Drop HCO3 324− = –  

In a pure AGMA with no hidden disorder, the 
AG Rise and HCO3 Drop should be within about 
2 points of each other. If the HCO3 Drop is 
greater than the AG Rise, an additional primary 

NAGMA is present; if the HCO3 Drop is less than 
the AG Rise, an additional primary metabolic 
alkalosis is present.

 Calculate the Osmolar Gap

A complete analysis involves ancillary studies to 
narrow the differential. At a minimum, one should 
measure the serum osmolality and lactate in any 
critically ill patient with an acid-base disorder. 
Calculation of the osmolar gap (OG) allows for the 
detection of osmotically active substances not 
accounted for on standard chemistries [40]. Further 
testing for ethanol, toxic alcohols, ingested sub-
stances such as acetaminophen, acetylsalicylic acid 
(ASA), illicit drugs, and co- oximetry for carboxy-
hemoglobin and methemoglobin is prudent in 
patients with unexplained acid-base abnormalities.

Na        Cl BUN
Gluc

K Creat

What is the anion 
gap?

AG = Na – Cl – HCO3 

“AG ≠”      versus “HCO3  

“Anion Gap ≠” = AG – 12 

“HCO3 = 24 – HCO3 

Hidden Disorder

76
3.6         11 1.6

11 
= 25

AG Acidosis

AG ≠ = 25 –12 = 13   

HCO3 = 24 – 11 = 13

AG   = HCO3 

None

622
2.8        16 1.4

AG = 134 – 88 –  16
= 30

AG Acidosis

AG ≠ = 30–12 = 18 

HCO3  = 24 – 16 = 8

AG    > HCO3  

Additional primary  
metabolic alkalosis

55
3.0         5 1.6

 AG = 142 – 115 – 5 
= 22

AG Acidosis

AG  

HCO3 = 24 – 5 = 19

AG   < HCO3  

Additional primary non-AG
metabolic acidosis

188
5.5         12 4.0

= 12

Non-AG acidosis 

N/A N/A

N
G

at
G

1 6113 6  
77

1
66

 
55

4 0125 5  
111

140 104 20

134 88 25

142 115 20

146 122 43

AG = 140 –104 –

AG = 146 – 122 – 12

HCO3

≠

≠

≠ = 22 – 12 = 10

≠

≠

≠

≠

≠

≠

≠

≠

”

≠

”

Fig. 18.6 Examples of acid-base disorders diagnosed by anion gap and “AG rise” versus “Bicarb Drop” (“delta-delta”) 
calculations

Calculated Serum Osmolality Na BUN/ Glucose/= ×( ) + ( ) + ( ) +2 2 8 18. EEtOH/3 7.( )

OG measured osmolality calculated osmolality= –
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An OG >10 suggests the presence of osmotic 
substances in the blood, such as toxic alcohols 
(methanol, ethylene glycol, propylene glycol, iso-
propyl alcohol), ketones bodies (acetone or beta-
hydroxybutyrate), or other metabolites (Table 18.4) 
[41]. In clinical practice, an OG <10 has high sen-
sitivity and negative predictive value to rule out 
toxic alcohol ingestions that would require emer-
gent therapy, but not 100%; nor is an elevated OG 
specific to toxic ingestion, as patients with alco-
holic ketoacidosis or lactic acidosis may also have 
elevated serum osmolality [41, 42]. It is also criti-
cal to realize that as toxic alcohols are metabolized 
in the hours after ingestion, the OG will normalize 
and obscure the diagnosis (Fig. 18.7).

 Differential Diagnosis of Acid-Base 
Disturbances

An organized acid-base analysis may trigger 
additional workup or initiation of life-saving 
therapies in clinical scenarios that may have 
otherwise gone unnoticed (i.e., early respira-
tory failure, salicylate toxicity, toxic alcohol 
ingestion). Tables 18.3a, 18.3b, 18.3c, 18.4, 
18.5a, 18.5b, 18.5c, and 18.5d describe the dif-

Table 18.4 Causes of an elevated osmolar gap

Toxins Methanol
Ethylene glycol
Isopropyl
Propylene glycol

Ketones Beta-hydroxybutyrate
Acetoacetate
Acetone

Approximate Time from Ingestion (hrs)

0 1 2 3 4

Osmolar GapR
el

at
iv

e 
Le

ve
l Anion Gap

Fig. 18.7 Temporal relationship between the osmolar 
gap and anion gap after toxic alcohol ingestion

Table 18.5a Causes of respiratory acidosis

CNS Primary brain injury
Opiate or depressant overdose
Central apnea
Hypothermia

Neuromuscular Myasthenia gravis
Guillain-Barre
Severe hypokalemia, 
hypophosphatemia

Chest wall 
mechanics

Morbid obesity
Chest wall trauma or burns
Massive ascites
Abdominal compartment syndrome
Severe kyphoscoliosis

Pulmonary Obstructive lung disease
Severe upper airway obstruction

Metabolic Hyperpyrexia
Rigors, shivering
Muscle rigidity (malignant 
hyperthermia, agitation, seizure)
Sodium bicarbonate infusion
Carbohydrate-rich nutrition

Table 18.5b Causes of respiratory alkalosis

CNS Primary brain injury
Meningoencephalitis
Status epilepticus
Hepatic encephalopathy
Agitation, anxiety, pain

Hypoxemia Pulmonary diseases
Shunt physiology
High altitude

Toxic/
metabolic

Salicylate toxicity
Sepsis
Thyrotoxicosis

Pseudo- 
respiratory 
alkalosis

Hyperventilation + poor cardiac 
output (i.e., severe cardiogenic shock 
or cardiac arrest)

Physiologic Pregnancy

Table 18.5c Causes of lactic acidosis

Type A lactic 
acidosis 
(related to 
poor oxygen 
delivery)

Shock
Mesenteric ischemia
Compartment syndrome
Microcirculatory dysfunction
Severe anemia
Carbon monoxide poisoning

Type B lactic 
acidosis 
(independent 
of oxygen 
delivery)

Liver dysfunction
Drugs/toxins (cyanide, metformin, 
salicylates, nitroprusside, propofol, 
antivirals, iron toxicity)
Catecholamines (shunting of pyruvate 
→ lactate)
Hematologic malignancy 
(hypermetabolic cells)
Metabolic deficiencies (thiamine, carnitine)
Bacterial overgrowth
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ferential diagnoses of various acid-base distur-
bances [5, 27, 35, 37, 43–48].

 Treatment of Acid-Base Disorders

The treatment of acid-base disorders centers on 
supportive care and management of the underly-
ing disease process(es) once uncovered. At times, 
emergent management may require control of the 
airway, mechanical ventilation, and use of intra-
venous buffers or other medications. While 
describing the detailed management of individual 
disease states is beyond the scope of this chapter, 
key management points for various acid-base 
 disorders are summarized in Table  18.6 [5, 27, 
45, 49], and broad principles are outlined below.

 Tight pH Control Versus Permissive 
Hypercapnia

Permissive hypercapnia (pH 7.20–7.30) in acute 
respiratory failure is commonplace. Within the 
pH ranges of 7.20–7.60, most patients will not 
suffer serious consequences, but there are notable 
exceptions. The following are the five distinct 
patient populations who will not tolerate marked 
deviation of pH and/or PCO2 (see Table 18.7) and 
will need careful attention to ensuring adequate 
ventilation and more liberal use of intravenous 
sodium bicarbonate: (1) brain-injured patients, 
especially those with mass effect at risk of ele-
vated intracranial pressure (with the exception of 
rescue from impending brain herniation, strict 
eucapnia (pH 7.35–7.40) is recommended [50]), 
(2) patients with severe left ventricular dysfunc-
tion and/or ischemic myocardium who will lose 

Table 18.5d Causes of metabolic alkalosis

Chloride depletion (Chloride responsive) Endocrine/renal (Chloride unresponsive)
Hypovolemia
Vomiting, nasogastric suction
Loop diuretics
Posthypercapnia/chronic respiratory acidosis
Sodium bicarbonate infusion
Sodium lactate load (i.e., lactated Ringer’s)
Citrate load (i.e., massive transfusion)
Acetate load (i.e., parenteral nutrition)

Conn syndrome (hypoaldosteronism)
Cushing syndrome (hypercortisolism)
Mineralocorticoids/glucocorticoids
Renal artery stenosis
Liddle’s syndrome
Bartter’s syndrome
Gitelman’s syndrome

Table 18.6 Summary of treatment for select acid-base 
disorders

Scenario Acute treatments
Respiratory 
acidosis

Provide adequate oxygenation
Naloxone or other reversal agent
Noninvasive ventilation in select 
cases
Intubation/mechanical ventilation
Avoid sodium bicarbonate

Respiratory 
alkalosis

Provide adequate oxygenation
Analgesia, anxiolysis, sedation
Decrease tidal volume and/or 
respiratory rate
Neuromuscular blockade if severe

Lactic acidosis 
with shock

Resuscitation of shock
Disease-specific treatment
Consider bicarbonate infusion, 
especially if AKI

DKA IV fluids, potassium replacement, 
insulin infusion
Avoid sodium bicarbonate

Alcoholic 
ketoacidosis

IV fluids, thiamine, folate, 
dextrose
Avoid sodium bicarbonate

Methanol, 
ethylene glycol

IV 4-methylpyrazole (fomepizole), 
thiamine, folate, dextrose, 
hemodialysis if severe

Salicylate 
overdose

Sodium bicarbonate for urinary 
alkalinization, potassium 
replacement, hemodialysis if severe

Renal failure, renal 
tubular acidosis

Sodium bicarbonate replacement, 
hemodialysis

Non-AG acidosis Balanced resuscitation fluids (i.e., 
lactated Ringer’s)
Sodium bicarbonate replacement

Metabolic 
alkalosis + 
Hypovolemia

0.9% saline resuscitation
Potassium replacement

Metabolic 
alkalosis + Volume 
overload

Potassium chloride, 
acetazolamide, hemodialysis, 
hydrochloric acid infusion if 
severe symptoms

Metabolic 
alkalosis + 
Hypokalemia

Potassium chloride, 
acetazolamide, amiloride
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contractility and response to catecholamines as 
pH drops below normal [8], (3) patients with 
 pulmonary hypertension and/or right ventricular 
failure who do not tolerate acidemia (low pH or 
acutely elevated PCO2 causes pulmonary vaso-
constriction, increased right ventricular afterload, 
decreased right ventricular function, and it may 
lead to right heart failure and cardiovascular col-
lapse [13, 14, 17]), (4) patients with certain over-
doses, such as tricyclic or salicylate toxicity, 
requiring alkalemia and urinary alkalinization to 
treat the toxidrome [51, 52], and (5) the pregnant 
patient requiring a respiratory alkalosis (target 
PCO2 32–35) to maintain a gradient for fetal CO2 
off-loading; if the mother’s PCO2 is elevated, 
fetal acidemia may rapidly develop [53, 54, 55].

 Choice of Resuscitation Fluid

A growing body of literature suggests that the 
chloride content and pH of resuscitation fluid 
may impact patient outcome. When compared to 
balanced intravenous fluids such as Hartmann’s 

solution or Plasma-Lyte, 0.9% normal saline 
(NS) appears to result in decreased renal blood 
flow and renal perfusion, decreased urine output, 
increased third spacing, and prolonged hyper-
chloremic acidosis [56, 57]. NS is also associated 
with increased duration of systemic inflammation 
in acute pancreatitis and increased blood transfu-
sion requirements and renal replacement therapy 
in patients with major abdominal surgery [58–
60]. A large cross-over trial and a recent random-
ized trial of critically ill adults show the use of 
NS is associated with an increased incidence of 
acute kidney injury and need for renal replace-
ment therapy [58, 61, 62]. Balanced solutions, 
however, are relatively hypotonic and should not 
be used in patients with cerebral edema or ele-
vated intracranial pressure [50]. NS may also be 
preferred in the treatment of patients with con-
traction alkalosis, hypochloremia, and certain 
endocrine or electrolyte disorders [63]. Table 18.8 
summarizes recommendations for the use of NS 
versus balanced fluids.

 Sodium Bicarbonate

Supplementing base in the form of sodium bicar-
bonate is the mainstay of treatment for NAGMA 
(also known as “hyperchloremic” acidosis), espe-
cially in the presence of acute kidney injury, as 
these processes are essentially “bicarbonate 
wasting” disorders [5, 64]. Sodium bicarbonate is 
also appropriate in the treatment of salicylate 
overdose and sodium channel blocker overdose. 
Bicarbonate replacement for critically ill patients 
in shock and/or respiratory failure with a pH 
<7.20, even with a component of lactic acidosis 
or AGMA, has been shown to significantly reduce 
the need for renal replacement therapy and may 

Table 18.7 Patients requiring tight pH control

Population

pH or 
PaCO2 
target Reasoning

Brain injury PaCO2 
35–40

Acidemia → increased 
intracranial pressure
Alkalemia → cerebral 
vasoconstriction and 
ischemia

Left ventricular 
failure

pH 7.3–
7.4

Acidemia → decreased 
contractility
Alkalemia → 
hypokalemia, 
arrhythmias, coronary 
vasospasm, ischemia

Pulmonary 
hypertension

pH ~7.4 Acidemia → increased 
pulmonary vascular 
resistance, increased RV 
afterload, RV failure

Tricyclic 
overdose, 
salicylate 
overdose

pH 7.5–
7.55

Serum alkalinization → 
reduced sodium channel 
blocker binding
Urine alkalinization → 
enhanced excretion of 
salicylate

Pregnancy PaCO2 
32–35

Acidemia → fetal CO2 
retention and acidosis

Table 18.8 Preferred uses of 0.9% saline

0.9% saline 
preferred

Balanced solution (e.g., LR) 
preferred

Brain injury
Cerebral edema
Metabolic alkalosis
Adrenal crisis
Hypercalcemia
Hyperphosphatemia

General ICU population
Septic shock
Hemorrhagic shock
Surgical abdomen
Severe pancreatitis
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even improve mortality in those patients with 
acute kidney injury [65]. Except in cardiovascu-
lar collapse where rapid pushes are needed, it 
should be given as an isotonic solution (150 mEq 
of sodium bicarbonate in 1 L of sterile water or 
5% dextrose) in the form of a bolus or mainte-
nance rate [5], or a slow infusion of concentrated 
(1 mEq/mL) straight bicarbonate at 20–30 mL/hr.

The use of sodium bicarbonate to treat other 
types of AGMA, lactic acidosis, or respiratory 
acidosis may have adverse effects (Table 18.9). 
When bicarbonate is given intravenously, it is 
converted rapidly into CO2 and water; CO2 freely 
diffuses across cell membranes causing a para-
doxical intracellular and central nervous system 
acidosis [64, 66]. If bicarbonate is given, it is 
critical to account for this increase in CO2 pro-
duction and ensure adequate alveolar ventilation, 
particularly in a sedated, ventilated patient. Other 
effects demonstrated include decreased O2 deliv-
ery and utilization by the heart and other tissues, 
hypocalcemia, decreased ketone clearance, 
increased lactate production, and it may not reli-
ably increase blood pressure, even in patients 
with a starting pH <7.20 or in patients with poor 
cardiac contractility [67–71]. In the absence of 
specific indications, bicarbonate infusion should 
not be used simply to target a “normal” pH [66].

 Sodium and Water Homeostasis

Overlapping neuroendocrine mechanisms tightly 
regulate sodium, water, and intravascular vol-
ume. Total body water (TBW), about 0.5 × ideal 
body weight (IBW) for adult women and about 
0.6 × IBW for adult men, is roughly 30–40  L 

[72]. Approximately 60% of TBW is contained 
intracellularly (ICF), and 40% remains extracel-
lular (ECF) [73]. About 25% of ECF is intravas-
cular—about 3.5–4.5 L.

Water diffuses freely across cell membranes, 
but osmotically active substances (sodium being 
the most important) cannot [72]; therefore, move-
ment of water between compartments is deter-
mined by the relative tonicity within each 
compartment (Fig. 18.8). When sodium is added 
to the intravascular compartment, water diffuses 
out of cells into the vasculature; conversely, if 
water is added to the vascular compartment and 
dilutes the sodium content, it will diffuse into the 
cells causing cellular edema. When isotonic fluid 
such as 0.9% saline (NS) is infused into the vas-
cular space, the water equilibrates throughout the 
ECF compartment, leaving only about ¼ of the 
infused volume in the vasculature with no net 
water movement in or out of cells.

Sodium and water are handled in response to 
two main variables: tonicity (largely dependent 
on sodium concentration) and intravascular vol-
ume status (referred to as effective arterial blood 
volume [EABV]) (Fig.  18.9) [72, 74, 75]. In 
response to free water losses or increased sodium 
concentration (dehydration), osmoreceptors 
within the hypothalamus stimulate thirst and 
secretion of antidiuretic hormone (ADH, also 
known as arginine vasopressin) from the poste-
rior pituitary. ADH acts primarily on the distal 
renal tubules via upregulation of aquaporins, 
resulting in free water reabsorption and the excre-
tion of small volumes of concentrated urine. As 
free water and/or intravascular volume are 
replaced, ADH activity subsides resulting in 
diuresis of large volumes of dilute urine.

When hypotension or low EABV is sensed by 
vascular baroreceptors, the renin-angiotensin cas-
cade is activated, as well as thirst and ADH release. 
Angiotensin is responsible for vasoconstriction and 
stimulation of aldosterone release, which leads to 
increased renal salt and water reabsorption. ADH 
leads to direct vasoconstriction and stimulation of 
glucocorticoid and mineralocorticoid production, 
in addition to increasing water reabsorption in the 
distal tubules [72]. When EABV and sodium con-
centration increase, these mechanisms are sup-
pressed, and natriuretic peptide is released from the 

Table 18.9 Pitfalls of sodium bicarbonate administration

May not improve blood pressure in shock
Increased PaCO2/respiratory acidosis
Intracellular and CNS acidosis
Oxy-Hgb curve shift to left, decreased tissue O2 
delivery
Decreased O2 utilization by tissues
Increased lactate production
Delayed ketone clearance
Hypernatremia
Volume overload
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Intravascular volume
= ¼ ECF (3.5-4.5L)

Extracellular fluid (ECF)
= 40% TBW

Intracellular fluid (ICF)
= 60% TBW

Intravascular volume
expands by 250mL

ECF  expands by 750mL

ICF is unchanged

Administration of 1000mL  0.9% saline (isotonic)–
distributes equally between intravascular space and ECF

Intravascular
volume
expands by
100mL

ECF expands
by 300mL

Water diffuses
into cells
(Edema)
ICF expands
By 600mL

Administration of 1000mL D5W (hypotonic)—

Distributes equally between all body water compartments

Water drawn into
vascular space by
osmosis

ECF decreases

Water diffuses out of
cells
(Cells shrink)

Administration of 1000mL 3% saline (hypertonic)—

Remains mostly intravascular

Normal distribution of Total Body Water (TBW)

Fig. 18.8 Body water compartments and effects of administration of isotonic, hypotonic, and hypertonic intravenous 
fluids

ADH

Renin

Angiotensin
Aldosterone

Thirst

Catecholamines

Hypovolemia/Low EABV

Vasoconstriction
Water
Retained

Sodium
Retained

Baroreceptor

Juxtaglomerular
apparatus

Adrenal

Pituitary

Hypothalamus

Medulla

Hypernatremia/Dehydration

Fig. 18.9 Summary of homeostatic mechanisms in hypovolemia and dehydration

18 Acid-Base and Electrolyte Disorders in Emergency Critical Care



314

brain to facilitate renal sodium excretion and 
increased urine output (natriuresis). Importantly, 
the response to low EABV is more potent than the 
response to decreased sodium concentration [74]; 
for example, high ADH activity will persist in a 
hypovolemic patient even as the sodium drops, 
leading to hypovolemic hyponatremia. Therefore, 
volume status must be addressed when treating 
hyponatremia.

 Hyponatremia

Hyponatremia is defined as a serum sodium con-
centration less than 136  mEq/L [72]. When the 
sodium concentration in the ECF is low relative to 
ICF, water diffuses into cells by osmosis [74]. In 
the CNS, this can cause cerebral edema and 
increased intracranial pressure, with symptoms 
including headache, confusion, vomiting, ataxia, 
seizures, and finally coma, cerebral herniation, and 
death. Over about 48 hours, neurons adapt to these 
conditions by transporting sodium, potassium, and 
other organic osmolytes out of the cell to restore 
osmotic equilibrium across the membrane [73, 
74]. Rapid normalization of sodium into the ECF 
compartment then pulls water out of the vulnera-
ble neurons, leading to a devastating neurologic 
syndrome known as osmotic demyelination syn-
drome (ODS), also called central pontine myelin-
olysis (CPM) [74]. Symptoms of ODS include the 
delayed onset of cognitive impairment, loss of 
motor strength and tone, or even coma days to 
weeks after rapid correction of hyponatremia. 
Patients with malnutrition, alcoholism, liver dis-
ease, and those with concomitant hypokalemia are 
at increased risk for this adverse event [73, 74].

Discerning the cause of hyponatremia requires 
several clinical and laboratory assessments of blood 
and urine [73]. Typically, clinicians are taught to 
differentiate hyponatremia in terms of volume sta-
tus, i.e., “hypovolemic” vs “euvolemic” vs “hyper-
volemic,” but this is difficult. Except for obvious 
cases like hypovolemic shock with massive enteral 
losses or the anasarcic cirrhotic or heart failure 
patient, laboratory data is more important. First, 
look for elevated serum glucose and triglycerides, 
which can cause pseudohyponatremia. Second, 
make sure urine osmolality is >100  mOsm/kg; 

below this threshold, look for water intoxication, 
polydipsia, or beer potomania. Third, make sure the 
kidney is responding appropriately to hyponatre-
mia: the normal renal response is to let very little 
sodium pass into the urine (urine Na <30 mEq). If 
this is the case, a low EABV state is likely present; 
look for true hypovolemia, cirrhosis, hepatorenal 
syndrome, nephrotic syndrome, heart failure, etc. If 
the urine Na is >30  mEq/L, the kidneys are not 
properly responding; look for intrinsic renal dis-
ease, diuretic use (especially thiazides), medica-
tions such as SSRIs, adrenal failure, hypothyroidism, 
syndrome of inappropriate ADH (SIADH), etc. A 
relatively low serum BUN and uric acid support a 
diagnosis of SIADH.  See Table  18.10 for a sug-
gested diagnostic algorithm [73].

Table 18.10 Causes of hyponatremia

Step 1. Rule out iso- or hyper-osmolar state (serum 
Osm)
If serum Osm >280 mOsm/hg, consider:
  Hyperglycemia (i.e., DKA, HHS)
  Pseudohyponatremia (i.e., hypertriglyceridemia, 

hyperlipidemia)
  Iatrogenic osmotic load (i.e., mannitol, contrast dye)
Step 2. Rule out water intoxication (urine Osm)
If urine Osm <100 mOsm/kg, consider:
  Psychogenic polydipsia
  Beer potomania
  Acute water intoxication
Step 3. Evaluate renal response to hyponatremia (urine 
Na)
If urine Na 
<30 mEq/L, consider:
Low EABV state
  Hypovolemia
  Cirrhosis
  Nephrotic 

syndrome
  Heart failure

If urine Na >30 mEq/L, 
consider:
Inappropriate renal Na handling
  Intrinsic renal disease, AKI, 

CKD
  Diuretics (thiazides)
  Medications (SSRI, 

antipsychotics, antiepileptics, 
etc.)

  Adrenal insufficiency (ACTH 
stim)

  Hypothyroidism (TSH)
  SIADH (low uric acid and 

BUN)
  Cerebral salt wasting

Osm osmolality (mOsm), DKA diabetic ketoacidosis, 
HHS hyperglycemic hyperosmolar syndrome, UNa uri-
nary sodium (mEq/L), EABV effective arterial blood vol-
ume, AKI acute kidney injury, CKD chronic kidney 
disease, SSRI serotonin reuptake inhibitor, ACTH stim 
adrenocorticotropic hormone stimulation test, TSH 
thyroid- stimulating hormone, SIADH syndrome of inap-
propriate antidiuretic hormone, BUN blood urea nitrogen
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The treatment of hyponatremia depends on 
three critical factors: (1) the presence of severe 
neurologic sequelae, (2) the presence of hemody-
namic instability, and (3) the acuity of onset (< 
or  >48  hours). Severe neurologic complications 
such as seizures, motor deficits, or coma typically 
appear with serum sodium less than 120 mEq/L 
and constitute a true emergency. An easy treat-
ment strategy is to administer 3% hypertonic 
saline in boluses of 2 mL/kg, repeating up to three 
times as needed, to cause an acute rise of 
3–5 mEq/L [72–74]. If the patient is already vol-
ume overloaded, a loop diuretic should be admin-
istered as well to enhance renal sodium clearance 
and prevent further hypervolemia [73].

Second, in the case of true hemodynamic insta-
bility (tachycardia, hypotension, signs of hypoper-
fusion), isotonic crystalloid such as LR or NS 
should be given as a bolus to restore perfusion [73, 
74]. Do not bolus large amounts of fluid to “fill up 
the tank” on the assumption of hypovolemic hypo-
natremia—this may lead to rapid overcorrection, 

which will be signaled by a sudden jump in the 
output of large quantities of dilute urine. Boluses 
are reserved for the unstable patient!

Third, unless hyponatremia can be proven to 
be acute (e.g., lab results from the day before, a 
healthy runner with seizures during a marathon), 
assume the patient has been hyponatremic for 
>48 hours and aim for slow, controlled correction 
of no more than 6–8 mEq/L per 24-hour period 
(~0.3  mEq/hr) [74]. This rate is fast enough to 
resolve symptoms but below the lowest correc-
tion rate reported to lead to ODS. The method of 
correction depends upon the underlying disorder 
(Table 18.11). The formula below estimates the 
change in serum sodium (∆Na) after 1 L of any 
given fluid depending on the sodium concentra-
tion of the fluid and the patient’s weight. Taking 
0.3 divided by the calculated ∆Na gives the 
desired fluid rate per hour (Fig. 18.10) [73]. Note 
that adding potassium replacement will further 
increase serum Na and significantly LOWER the 
safe rate of fluid administration:

∆Na = [ ]+ [ ] [ ]( )infusate Na infusate K serum Na–

Table 18.11 Summary of treatments for hyponatremia

Na <120 mEq/L + Neurologic 
emergency

3% hypertonic saline, 2 mL/kg over 10 minutes
Repeat if still symptomatic, increase Na by 3–4 mEq/L
Loop diuretic if hypervolemic

Hemodynamically unstable Isotonic crystalloid bolus (NS or LR) until stable
Suspected hypovolemia Slow fluid replacement with gentle hourly rate

Avoid fluid bolus, may lead to rapid overcorrection
Calculate fluid rate per Fig. 18.10

Suspected euvolemia Free water restriction
3% hypertonic saline infusion if severe or SIADH suspected
Thyroid or corticosteroid replacement as indicated

Suspected hypervolemia Free water restriction
Loop diuretics
Consider renal replacement therapy

Rapid overcorrection (∆Na 
trajectory >10 mEq/24 hr)

Stop all Na-containing fluids
Start D5W infusion at 100–200 mL/hr
Consult with nephrologist
Consider desmopressin 2 mcg IV

Follow urine output q1h
Check sodium q4h
Sodium correction goal for all cases is no more than 6–8 mEq per 24-hour period
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In hypovolemic patients, such as those with 
vomiting, diarrhea, diabetic ketoacidosis, or 
 heat- related illness, intravascular volume should 
be replaced with LR or NS at an hourly rate rather 
than large boluses. In stable euvolemic or hyper-
volemic patients (renal failure, congestive heart 
failure, SIADH, and others), free water restric-
tion is generally indicated. In patients with 
SIADH, treatment with 0.9% isotonic saline may 
perpetuate hyponatremia because water will be 
perpetually reabsorbed in excess of sodium, and 
hypertonic saline may be needed initially [74]. 
Vasopressin receptor antagonists such as tolvap-
tan may be used in patients with congestive heart 
failure or SIADH in later, stable phases of illness. 
Patients with hyponatremia related to hypothy-
roidism or adrenal insufficiency will require hor-
mone replacement. In patients with renal failure, 
intermittent hemodialysis may result in too rapid 
a correction rate of serum sodium, and continu-
ous renal replacement therapy may be advanta-

geous [72]. Patients with neurologic injury, 
especially subarachnoid hemorrhage, may suffer 
inappropriate natriuresis due to cerebral salt 
wasting, which leads to hypovolemia. Fluid 
restriction is contraindicated in these patients; 
instead, gentle hypertonic saline infusions should 
be used to correct hyponatremia in the brain- 
injured patient.

Despite careful calculation, it is common to 
see an abrupt overcorrection, especially in hypo-
volemia and with concomitant hypokalemia; 
therefore, it is critical to monitor hourly urine 
output and labs every 4  hours during the first 
24 hours. In the event that the patient begins to 
diurese, large amounts of dilute urine and serum 
sodium levels are on trajectory to exceed 
9–10 mEq/L over 24 hours, and it is necessary to 
take corrective action such as stopping isotonic 
fluids, starting a D5W infusion, and possibly 
administering desmopressin 2 mcg IV, in consul-
tation with a nephrologist [73].

115
66

2.4          22 0.9  

1.  Estimate Total Body Water

TBW = 0.6 x Wt (male) 
TBW = 0.5 x Wt (female) 

2. Estimate DNa for given fluid Divide hourly correction goal by DNa

DNa per liter= (Nainfused+ Kinfused–Naserum)

(TBW + 1)

3.

Neurologic Emergency: 3-4mEq acutely 

Non-emergent: 0.3mEq/hr

TBW  =  0.6 x 80

= 48 liters

DNa for 1 liter of 3% hypertonic saline  

DNa for 1 liter of 0.9% saline + 40mEq KCI 

DNa for 1 liter of 0.9% saline  

= (513 + 0 – 115) / (48 + 1)  

= (154 + 0 – 115) / (48 + 1)  

= (154 + 40 – 115) / (48 + 1)  

= 8.12mEq/L 

= 0.8mEq/L 

= 1.61mEq/L 

Neurologic Emergency: 
(3mEq) / (8.12mEq/L) = 0.369L, or 370mL bolus

Non-emergent correction:
(0.3mEq/hr) / (8.12mEq/L) = 0.037, or 37mL/hr

Non-emergent correction:
(0.3mEq/hr) / (0.8mEq/L) = 0.375, or 37mL/hr

Non-emergent correction:
(0.3mEq/hr) / (1.61 mEq/L) = 0.186, or 186mL/hr

Age: 52 
Sex: Male 
Weight: 80kg

Sodium composition of 

common fluids (mEq/L)

3% hypertonic saline: 513
0.9% saline: 154 
Ringer’s lactate: 130  
0.45% saline: 77 
D5W: 0

2678

Fig. 18.10 Examples of correcting hyponatremia with hypertonic saline, and 0.9% saline, including the effect of 
supplementing potassium chloride
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 Hypernatremia

Hypernatremia is defined as serum sodium in 
excess of 145 mEq/L [72] and is usually due to a 
loss of free water relative to sodium (dehydra-
tion) (Table  18.12). As ECF sodium concentra-
tion increases, water is initially drawn out of 
CNS cells via osmosis, causing a shrinking of the 
brain relative to the intracranial space [72, 75]. 
Other widespread effects of hypernatremia 
include insulin resistance and hyperglycemia, 
systemic inflammation, increased risk of venous 
thrombosis, rhabdomyolysis, and renal failure 
[75]. Symptoms are similar to those of hypona-
tremia, including lethargy, confusion, agitation, 
vomiting, and progression to coma, as well as 
cramps and muscle weakness. Over time, intra-
cellular machinery with the CNS will begin to 
produce idiogenic osmoles, and osmotically 
active molecules are retained within the cells that 
act to balance the elevated sodium externally, 
pulling water back into the cells and restoring 
water balance. If the ECF compartment is rapidly 
flooded with a hypotonic fluid, water would rush 
into the cells leading to cerebral edema with fur-
ther neurologic sequelae including cerebral her-
niation and death [76].

Patients with hypernatremia are categorized 
by underlying conditions, assessment of volume 
status, as well urine osmolality urine sodium, 
each category representing an important differen-
tial diagnosis.

The cornerstones of treatment of hypernatre-
mia are the restoration of intravascular volume 
followed by free water replacement (Table 18.13). 
Based on clinical assessment, if the patient is 

hypovolemic to the point of shock or poor perfu-
sion, gently administer isotonic crystalloids 
regardless of the serum sodium concentration 
before attempting to specifically correct the 
sodium [75]. Once the patient is deemed stable, 
correct the free water deficit with hypotonic flu-
ids in a slow and carefully monitored fashion to 
prevent the development of cerebral edema. 
Unless there is strong evidence that the patient 
developed acute hypernatremia within a 24–48- 
hour time span, the safe upper limit of sodium 
correction is no more than 0.5 mEq/hr acutely, or 
about 8–10  mEq/L over the first 24  hours 
(Fig. 18.11) [72, 75–77]. The ∆Na equation can 
again be used to predict the change in sodium 
after administering 1 L of a particular fluid [76].

Special cases of hypernatremia, such as diabe-
tes insipidus (DI) related to brain injury, conges-
tive heart failure, or oliguric/anuric renal failure, 
will not respond to hypotonic fluids alone. 
Desmopressin, a synthetic arginine vasopressin 
analogue, will increase free water reabsorption in 
the distal renal tubules and suppress free water 
diuresis in cases of central DI. Patients with con-
gestive heart failure will need loop diuretics to 
promote renal sodium excretion. In patients with 
oliguric/anuric renal failure, intermittent hemodi-
alysis may correct serum sodium too rapidly, and 
continuous renal replacement therapy may be 
more appropriate [72]. Check serum Na levels 

Table 18.12 Causes of hypernatremia

Hypovolemic Euvolemic/hypervolemic
Immobility and poor 
access to water
GI losses
Insensible losses—
sweat, respiratory
Osmotic diuresis (i.e., 
DKA)
Loop diuretics
DI

Conn syndrome 
(hyperaldosteronism)
Cushing syndrome 
(hypercortisolism)
Sodium bicarbonate infusion
Hypertonic saline infusion

DI diabetes insipidus, DKA diabetic ketoacidosis

Table 18.13 Summary of treatments for hypernatremia

Hypernatremia +
Hypovolemia

Isotonic crystalloid bolus if 
hemodynamically unstable
Hypotonic crystalloid infusion 
(0.45% saline) if hypovolemic but 
clinically stable
Desmopressin (DDAVP) for 
suspected central DI

Hypernatremia +
Euvolemia

Enteral free water replacement
Desmopressin (DDAVP) for 
suspected central DI
Thiazide diuretic or amiloride for 
nephrogenic DI

Hypernatremia +
Hypervolemia

Enteral free water replacement
Loop diuretics
Consider hemodialysis if severe

Check sodium q2-4h
Sodium correction goal for all cases is no more than 
8–10 mEq per 24-hour period
DI diabetes insipidus
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every 2 hours initially, then every 4 hours when a 
stable trajectory is reached, to ensure that the rate 
of correction is in line with the treatment goal.

 Hypokalemia

Hypokalemia is defined as serum potassium less 
than 3.5 mEq/L. Low serum potassium measure-
ments are usually reflective of a large whole body 
potassium deficit; for every 0.1  mEq/L drop in 
serum potassium, there may be an estimated total 
body deficit of 30 mEq or more [78]. Hypokalemia 
may occur via several mechanisms, including 
poor dietary intake, gastrointestinal losses, endo-
crinopathy, renal losses (usually iatrogenic), or 
intracellular shift due to alkalemia, beta-agonists, 
or insulin (Table 18.14).

The major effect of hypokalemia is on cardiac 
conduction, resulting in repolarization abnormal-
ities. Common ECG findings include prolonged 
QT, diffuse ST segment depression and T-wave 
flattening, as well as the appearance of U waves 
(Fig. 18.12) [79]. These repolarization abnormal-
ities, particularly a QT prolongation greater than 

500  msec, increase the risk of malignant dys-
rhythmias, including ventricular tachycardia or 
torsades de pointes [80]. Arrhythmias typically 
are not seen with potassium levels above 
3 mEq/L; however, in patients with myocardial 
infarction, the risk of ventricular ectopy rises 
substantially when serum potassium drops below 
4  mEq/L [78, 81]. Low serum potassium may 
also cause muscle cramps, rhabdomyolysis at 
levels below 2.5 mEq/L, and weakness including 

Goal: 0.5mEq/hr

Age: 70 
Sex: Female 
Weight: 60kg

168
210

5.5          28 3.2

22120 Sodium composition of 

common fluids (mEq/L)

3% hypertonic saline: 513
0.9% saline: 154 
Ringer’s lactate: 130  
0.45% saline: 77 
D5W: 0

1.  Estimate Total Body Water

TBW = 0.6 x Wt (male) 
TBW = 0.5 x Wt (female) 

TBW  =  0.5 x 60

= 30 liters

DNa for 1 liter of 0.45% saline  

= (77 + 168) / (30 + 1)  

= -2.9mEq/L 

DNa for 1 liter of D5W

= (0 – 168) / (30+ 1)  

= -5.4mEq/L 

2. Estimate DNa for given fluid 

DNa per liter= (Infusate Na – serum Na)

(TBW + 1)

Divide hourly correction goal by DNa3.

(0.5mEq/hr) / (2.9mEq/L) = 0.172, or 172mL/hr

(0.5mEq/hr) / (5.4mEq/L) = 0.92, or 92mL/hr

Fig. 18.11 Examples of correcting hypernatremia with 0.45% saline and 5% dextrose in water

Table 18.14 Causes of hypokalemia

Poor intake Malnutrition, alcoholism
GI losses Vomiting, diarrhea, pancreatic/biliary 

losses
Renal losses Osmotic diuresis (i.e., DKA), loop 

diuretics, sodium bicarbonate 
infusion, renal artery stenosis, distal 
RTA, Liddle’s syndrome, Bartter’s 
syndrome, Gitelman’s syndrome

Endocrinopathy Conn syndrome 
(hyperaldosteronism), Cushing 
syndrome, elevated renin/angiotensin/
aldosterone state

Intracellular 
shift

Insulin, alkalemia, catecholamines, 
re-feeding

RTA renal tubular acidosis
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acute flaccid paralysis and respiratory failure 
below levels of 2.0 mEq/L [78].

Treatment of mild-to-moderate cases of hypo-
kalemia without serious cardiac or musculoskel-
etal symptoms consists of oral supplementation 
of 40–60 mEq of potassium chloride every few 
hours [82, 83]. For more urgent cases or when 
enteral supplementation is not tolerated, intrave-
nous potassium chloride is necessary at a rate of 
10–20 mEq/hr; on average, 20 mEq of potassium 
replacement will increase serum potassium by 
0.25 mEq/L [84, 85]. For patients with myocar-
dial infarction, ischemic heart disease, or cardio-
myopathy, consider initiating potassium 
replacement at serum potassium levels less than 
4 mEq/L. In patients with diabetic ketoacidosis, 
potassium replacement should begin as soon as 
the patient’s serum potassium descends below 
5 mEq/L, provided the patient is making urine. 
For patients with refractory ventricular tachycar-
dia due to severe hypokalemia, consider a slow 
intravenous push of 5 mEq KCl along with 2 g of 
magnesium sulfate.

Of critical importance is to empirically treat 
hypomagnesemia when hypokalemia is diag-
nosed. Hypokalemia and hypomagnesemia occur 
in parallel, and serum magnesium levels are noto-
riously unreliable [86, 87]. Without magnesium 
repletion, renal wasting of potassium will persist 
and hypokalemia will be more difficult to treat 
[78]. Furthermore, magnesium sulfate may 
improve QT prolongation and stabilize the myo-
cardium in cases of ventricular ectopy. Table 18.15 
summarizes the treatment of hypokalemia.

 Hyperkalemia

Hyperkalemia is defined as a serum potassium 
level greater than 5 mEq/L. There are numerous 
causes of hyperkalemia, the most common of 
which is the spurious elevation of potassium in a 
blood sample that has hemolyzed during han-
dling. True hyperkalemia can be viewed in five 
mechanistic categories: renal failure, drug effects, 
cell lysis, endocrinopathies, and cellular shifts 
(Table 18.16).

The major effect of hyperkalemia is cardio-
toxicity. The electrocardiogram (ECG) is the pre-
ferred method for assessing for these effects. 
There are five key patterns to recognize, includ-
ing peaked T waves, loss of P waves, widening of 

Diffuse ST
depressions

Long QT

Fig. 18.12 ECG 
changes in hypokalemia

Table 18.15 Summary of treatments for hypokalemia

Potassium replacement
Mild
Moderate/severe
Arrhythmia/severe 
symptoms
Refractory Vtach/Vfib 
arrest

Oral KCl, 40–60 mEq every 
4–6 hours
IV KCl, 10 mEq/hr
IV KCl, 20 mEq/hr via central 
line
IV KCl, 5 mEq as a slow push

Magnesium replacement
Stable patient
Long QT
Stable arrhythmia
Cardiac arrest

IV Magnesium sulfate, 
500 mg/hr
IV Magnesium sulfate, 2 g 
over 1 hour
IV Magnesium sulfate, 2 g 
over 10 minutes
IV Magnesium sulfate, 2 g IV 
push

KCl potassium chloride
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the QRS, the “sine wave,” or an unexplained 
narrow-complex junctional bradycardia 
(Fig. 18.13). It is important to note that the emer-
gence of peaked T waves, widened QRS, and sine 
wave do not reliably correlate to any given potas-
sium level, and any ECG finding may herald 
rapid progression to cardiac arrest in a seemingly 
stable patient [79, 88–90].

The treatment strategy for hyperkalemia 
depends most importantly on the presence of 
ECG changes. If hyperkalemia is suspected, an 
ECG should be obtained immediately while a 
serum potassium level is checked. In the absence 
of ECG findings, the serum potassium level 
should be rechecked before treatment is instituted, 
so as not to induce hypokalemia in case of a false 
positive. There are three steps in the acute man-
agement of hyperkalemia: stabilize cardiac mem-
branes, promote intracellular potassium shifts, 
and enhance potassium elimination (Table 18.17).

In any patient with signs of QRS widening in 
the context of suspected hyperkalemia, the car-
diac membrane must be stabilized emergently 
with intravenous calcium, preferably 1 g of cal-
cium chloride as a slow push through a large 
proximal intravenous line or central line over 
several minutes. We advise not waiting for cen-
tral access to use this medication in an emer-

gency, as delays may be life threatening. The 
effects of intravenous calcium may be as brief as 
10–20 minutes, and it may need to be redosed. 
Calcium gluconate is commonly used to prevent 
venous sclerosis with small peripheral intrave-
nous lines [91], but consider that only 1/3 of the 
calcium ions are freely available in this solution. 
It has been taught that intravenous calcium is 
contraindicated in hyperkalemia due to acute 
digoxin overdose, but evidence for the dreaded 
“stone heart” is lacking. Calcium appears to nei-
ther help nor harm in this situation, and emergent 
administration of digoxin immune Fab fragments 
(DigiBind) is indicated for any patient on digoxin 
with evidence of hyperkalemia even prior to lab-
oratory results [92–94]. Because calcium chlo-
ride may cause sudden tachyarrhythmias and 
severe hypertension, it should not be pushed 
quickly unless for cardiac arrest, and it should 
not be used for isolated peaked T waves unless 
the patient has rapidly progressive hyperkalemia 
such as rhabdomyolysis, massive hemolysis, or 
sudden reperfusion of ischemic tissues (i.e., lapa-
rotomy for abdominal compartment syndrome or 
reperfusion of an ischemic or crushed limb).

Table 18.16 Causes of hyperkalemia

Renal failure Acute renal failure, chronic kidney 
disease, oliguria/anuria, missed 
hemodialysis

Iatrogenic Succinylcholine, ACE inhibitor/ARB, 
NSAIDs, trimethoprim-sulfa 
antibiotics, beta-blocker overdose, 
spironolactone, amiloride, acute 
digoxin toxicity, tacrolimus

Extracellular 
shift

Acidemia, ischemia-reperfusion (i.e., 
laparotomy for abdominal 
compartment syndrome, reperfusion 
of ischemic limb)

Cell lysis Rhabdomyolysis, tumor lysis 
syndrome, massive hemolysis, 
massive transfusion, crush injury

Endocrinopathy Addison disease 
(hypoaldosteronism), adrenal 
insufficiency, type IV RTA

ACE angiotensin-converting enzyme, ARB angiotensin 
receptor blocker, NSAID nonsteroidal anti-inflammatory 
drug, RTA renal tubular acidosis

1. Peaked T waves

2. Loss of P waves

3. QRS widening

4. Sine wave

5. Bradycardia

Fig. 18.13 ECG changes of hyperkalemia
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After stabilizing the cardiac membranes, 
attention should be turned to shifting potassium 
intracellularly. There are three methods to accom-
plish this: intravenous insulin with dextrose, 
inhaled albuterol, and the administration of 
sodium bicarbonate if severe metabolic acidosis 
is present. We advise using 10  units of insulin 
along with 50 g of dextrose to prevent hypoglyce-
mia. Continuous nebulized albuterol can be given 
at a rate up to 20 mg/h, which is effective in low-
ering serum potassium by nearly 1 mEq/L within 
30 minutes, and safe despite tachycardia [95, 96]. 
Combining insulin and albuterol will lower 
serum potassium by as much as 1.2  mEq/L 
acutely [97]. Caution must be exercised in the use 
of sodium bicarbonate: it is only effective in the 
presence of severe acidosis, and even then, the 
effect is negligible unless combined with other 
methods [89, 98, 99]. Furthermore, the large 

sodium load may be harmful in patients with vol-
ume overload. Keep in mind that these treatments 
also shift phosphorus intracellularly, which may 
result in muscle weakness, respiratory insuffi-
ciency, or rhabdomyolysis in severe cases.

Finally, efforts are focused on removing potas-
sium from the body. In patients who make urine, 
this may be accomplished by providing normal 
saline to increase urine output. Furosemide may 
be added if the patient is euvolemic or hypervol-
emic. Hemodialysis is the definitive treatment for 
hyperkalemia in patients with oliguric or anuric 
renal failure, and it should be instituted urgently. 
Hemodialysis will lower potassium by 2 mEq/L 
within 3 hours [95, 96, 98]. Intra-arrest hemodi-
alysis has been used successfully for severe 
hyperkalemia and resulted in neurologically 
intact survival despite prolonged down time 
[100]. Cation exchange resins given enterally, 
such as sodium polystyrene (Kayexalate), do not 
appear to decrease serum potassium levels 
acutely and should not be used in isolation [101].

 Hypocalcemia

Hypocalcemia is defined as a serum ionized cal-
cium level below 1.1 mmol/L [102]. Calcium is a 
unique divalent cation with widespread physio-
logic responsibilities, including the electrical con-
duction properties of nerves and cardiac myocytes, 
sarcomere shortening for contraction of cardiac 
and vascular smooth muscle, activation and link-
age of platelets and coagulation factors in clot for-
mation, and cell signaling cascades such as insulin 
release from pancreatic beta cells [102, 103]. 
Calcium is tightly regulated by endocrine and 
renal mechanisms [103]. In response to low serum 
calcium levels, parathyroid hormone (PTH) and 
calcitonin activity are increased, leading to 
increased active vitamin D, increased renal and 
gastrointestinal absorption of calcium, and release 
of calcium from bone. In the blood, nearly half of 
calcium is bound to proteins (predominantly albu-
min), while the remaining free ionized calcium 
exerts its effects [103]. Albumin binding is acutely 
affected by serum pH, phosphate, bicarbonate, 
lipids, propofol, free fatty acids, and other sub-

Table 18.17 Summary of treatments for hyperkalemia

Phase Treatment Details
Stabilize the 
cardiac 
membrane

1 g calcium 
chloride, or
2–3 g calcium 
gluconate; slow 
IV push

Indicated for 
widened QRS (or 
any EKG changes in 
a rapidly progressive 
condition, i.e., 
rhabdomyolysis, 
ischemia- 
reperfusion)

Shift 
potassium 
intracellularly

10 units regular 
insulin, plus
2 amps D50; IV 
push

Monitor serum 
phosphorus

Albuterol 
10–20 mg/hr 
inhaled

Monitor heart rate 
and rhythm

Sodium 
bicarbonate: 
150 mEq in 1 L 
D5W; bolus or 
infusion

Only indicated if 
acidemic

Remove 
potassium 
from the body

Normal saline 
infusion

In patients who 
make urine

Loop diuretics Hypervolemic 
patients who make 
urine

Hemodialysis Oliguric/anuric renal 
failure or refractory 
cardiac arrest

Special 
situations

Digoxin toxicity—administer digoxin 
Fab fragments (Digibind ®) as soon as 
the diagnosis is suspected
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stances; therefore, ionized calcium levels are 
required to diagnose calcium disorders in the crit-
ically ill [103–106]. Causes of hypocalcemia may 
be categorized as poor intake, free calcium 
sequestration, saponification, endocrinopathies, 
and renal losses (Table 18.18). Hypocalcemia for 
unclear reasons is common in patients with criti-
cal illness and is likely multifactorial [103].

Hypocalcemia results in myriad clinical abnor-
malities, the most important of which are cardio-
vascular and neuromuscular. In mild cases, 
hypocalcemia can cause perioral paresthesia, 
cramps, and irritability [104], but in more severe 
cases (ionized calcium much less than 
0.9 mmol/L), hypocalcemia may lead to reduced 
cardiac output, reversible cardiomyopathy, malig-
nant arrhythmias, vasoplegia, hypotension, and 
reduced platelet and clotting factor activity [102, 
107–110]. Muscle tetany may also occur, and in 
severe cases, altered mental status and seizures 
may follow. The primary ECG finding of hypocal-
cemia is a prolonged QT segment, which makes 
patients prone to ventricular ectopy [105, 111].

Calcium replacement is the mainstay of therapy 
for hypocalcemia. In mild cases with no or mild 
symptoms, oral calcium can be given. If marked 
hypocalcemia is verified by ionized calcium mea-
surement and the patient demonstrates hemody-
namic instability, arrhythmia, muscle weakness or 
tetany, or seizures, they must receive intravenous 
calcium gluconate or calcium chloride. With the 
exception of cardiac arrest, calcium should be 
pushed slowly or given by intravenous piggyback 

over several minutes, as it may cause severe hyper-
tension and tachydysrhythmias including ventric-
ular tachycardia. Calcium chloride is preferentially 
given via central line, but it can certainly be given 
in a large proximal peripheral IV in an emergency. 
It is important to recognize that in calcium gluco-
nate solution, only 1/3 of the calcium ions are 
freely available versus the same volume of cal-
cium chloride, and thus, multiple doses of calcium 
gluconate may be necessary. If respiratory alkalo-
sis is the cause of hypocalcemia, corrective action 
such as analgesia, anxiolysis, and sedation to 
decrease minute ventilation will improve ionized 
calcium levels. Use caution when administering 
calcium to dialysis patients with hyperphosphate-
mia, as peripheral tissue deposition of calcium 
phosphate crystals may occur; the goal is to main-
tain a calcium phosphate product ([Ca] mg/dL × 
[Phos] md/dL) less than 55 mg2/dL [2, 103, 104]. 
Hypocalcemia and hypomagnesemia are often 
seen in concert, and supplementation with intrave-
nous magnesium sulfate may increase calcium 
levels [105].

 Hypercalcemia

Hypercalcemia is defined as a rise in serum ion-
ized calcium above 1.3 mmol/L. There are mul-
tiple causes of hypercalcemia, such as severe 
hypovolemia, endocrinopathies, malignancy and 
paraneoplastic syndromes, granulomatous dis-
ease, and iatrogenic factors (Table  18.19). 
Hypovolemia may cause or worsen hypercalce-
mia, as calcium is reabsorbed along with sodium 
in renal efforts to maintain EABV [105]. Mild 
hypercalcemia may be asymptomatic, whereas 
severe hypercalcemia typically presents as a con-
stellation of nonspecific findings, including 
hypertension, confusion and mood changes, leth-
argy, polyuria with hypovolemia, abdominal pain 
with nausea and vomiting, constipation, myal-
gias, and bony pain [112]. ECG findings are 
uncommon but may include QT segment shorten-
ing, typically without arrhythmia [105].

The treatment of hypercalcemia starts with 
replacement of intravascular volume. Normal 
saline should be started at a rate between 100 and 

Table 18.18 Causes of hypocalcemia

Poor intake Malnutrition, alcoholism
Free calcium 
sequestration

Alkalemia, hyperventilation, 
rhabdomyolysis, tumor lysis 
syndrome, blood product 
transfusion, lipid infusion, 
hydrofluoric acid toxicity

Endocrinopathy Hypoparathyroidism, 
hypomagnesemia, 
hypermagnesemia, 
postparathyroidectomy (“hungry 
bone syndrome”), overtreatment of 
hyperparathyroidism

Saponification Severe pancreatitis
Renal losses Loop diuretics, ethylene glycol 

toxicity
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300  mL/hr, which will correct intravascular vol-
ume, increase urine output, and lower serum total 
calcium levels by as much as 1–2  mg/dL [105, 
112]. Problematic medications such as lithium, 
digoxin, and thiazides should be discontinued. 
Furosemide may be used to increase urinary cal-
cium excretion and block reabsorption; however, 
this should only be used if the patient is develop-
ing signs of volume overload [112]. Patients with 
oliguric or anuric renal failure will require hemo-
dialysis [105]. Exogenous calcitonin can be given 
as an injection or nasal spray and will decrease 
serum calcium within a few hours, and it may be 
useful when combined with normal saline for 
severe hypercalcemia [112]. Corticosteroids have 
been used to reduce the effects of vitamin D in 
states of hypervitaminosis or granulomatous dis-
eases [105]. Bisphosphonates such as pamidronate 
inhibit osteoclast activity, but take about 48 hours 
to work and should not be used in patients with 
renal insufficiency [112]. Table 18.20 summarizes 
the treatment of hypercalcemia.

 Disorders of Magnesium

Magnesium is primarily an intracellular cation 
with multiple enzymatic and cellular functions; it 
is a cofactor for the sodium-potassium-ATPase 

pump and other ATP-dependent processes, regu-
lates intracellular calcium, and augments cardiac 
and smooth muscle function [113]. Magnesium 
intake is dietary; storage is predominantly in the 
bone, soft tissue, and muscle; and the kidney 
plays a major homeostatic role in excreting or 
reabsorbing magnesium depending on a host of 
endocrine and local factors.

Total magnesium levels are specific but not sen-
sitive for true total body or intracellular magnesium 
depletion [113, 114]. Therefore, disease states 
associated with magnesium imbalance must be rec-
ognized in order to prompt treatment. 
Hypomagnesemia is defined as a serum magne-
sium level less than 1.7 mg/dL [115] and is associ-
ated with several broad categories of disease, such 
as malnutrition, alcoholism, gastrointestinal losses, 
renal magnesium wasting, endocrinopathies, and 
intracellular shifts [116]. Hypermagnesemia is 
defined as a serum  magnesium level above 2.4 mg/
dL and is almost always iatrogenic via intravenous 
administration of magnesium for severe asthma or 
preeclampsia, or enterally in the form of antacids 
or cathartics. Magnesium clearance is compro-
mised in renal failure [113]. See Table 18.21 for a 
summary of the causes of magnesium disorders.

Hypomagnesemia, because of the interplay 
between magnesium and calcium, has unique 
cardiovascular and neuromuscular implica-
tions—specifically, magnesium depletion causes 
increased excitability of neurons and muscles 

Table 18.19 Causes of hypercalcemia

Hypovolemia Increased renal reabsorption of 
sodium and calcium

Endocrinopathy Hyperparathyroidism, 
hyperthyroidism

Malignancy Lung cancer, breast cancer, 
multiple myeloma, bone metastasis

Granulomatous 
disease

Tuberculosis, sarcoidosis, 
histoplasmosis

Iatrogenic Thiazide diuretics, lithium, 
hypervitaminosis D

Table 18.20 Summary of treatments for hypercalcemia

All patients 0.9% saline infusion
Hypervolemic Add loop diuretic
Hyperparathyroidism or 
malignancy

Consider calcitonin 
nasal spray

Granulomatous disease Consider steroids
Oliguric/anuric renal failure Hemodialysis

Table 18.21 Causes of hypo- and hypermagnesemia

Causes of hypomagnesemia
Causes of 
hypermagnesemia

Poor intake—malnutrition, 
alcoholism
GI losses—vomiting, 
diarrhea, proton pump 
inhibitors
Renal losses—diabetes, loop 
diuretics
Endocrinopathy—
hyperparathyroidism, 
hyperthyroidism, 
hyperaldosteronism, diabetes
Intracellular shifts—
alkalemia, insulin, refeeding, 
catecholamines, 
postparathyroidectomy 
(“hungry bone syndrome”)

Oliguria/anuria—renal 
failure
Iatrogenic—magnesium 
infusion for 
preeclampsia, severe 
asthma, magnesium 
antacids or cathartics
Extracellular 
shifts—acidemia
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[113]. Symptoms and signs include headache, 
fatigue, weakness, seizures, tremors or fascicula-
tions, tetany, myalgias, ileus, prolonged QT seg-
ment and arrhythmias, and hypertension due to 
increased vascular tone. Hypomagnesemia can 
directly cause both hypokalemia and hypocalce-
mia via renal wasting and decreased PTH activ-
ity, respectively [113, 114]. Hypomagnesemia 
also frequently complicates digoxin toxicity.

Because of the difficulty in using serum mag-
nesium levels to predict true hypomagnesemia, 
we recommend liberal magnesium replacement 
in populations with risk factors or symptoms, 
such as patients with hypokalemia, alcoholism, 
diarrhea, malnutrition, prolonged QT, and/or 
ventricular ectopy. Dosing is typically 1–2 g of 
magnesium sulfate intravenously over 1–2 hours 
in the acute phase followed by up to 250–500 mg 
per hour for the first day or longer [114, 115]. For 
ventricular arrhythmias, the dose is 1–2  g over 
10  minutes [115]. Enteral magnesium causes 
diarrhea and should not be used.

Signs and symptoms of hypermagnesemia are 
the opposite of hypomagnesemia, with overall 
decreased neuromuscular tone. Patients present 
with decreased deep tendon reflexes, diffuse mus-
cle weakness, hypoventilation, vasodilation with 
flushed skin and hypotension, decreased inotropy, 
and cardiac dysrhythmias. Hypermagnesemia 
also inhibits PTH release and can lead to hypocal-
cemia [113]. In severe hypermagnesemia, intrave-
nous calcium is used to antagonize the effects of 
magnesium. Giving 100–1000  mg of calcium 
chloride as a slow push or piggyback infusion will 
quickly reverse the effects of magnesium, and 
insulin with glucose can be used to shift magne-
sium intracellularly; hemodialysis may be neces-
sary for patients in renal failure [113, 114].

 Disorders of Phosphorus

Phosphorus is a predominantly intracellular 
anion with critical functions, including proper 
cellular membrane composition and function, 
numerous enzymatic functions, and energy stor-
age as adenosine triphosphate (ATP) [117]. 
Dietary consumption is the main source of phos-

phorus, and the majority is stored in bone and 
soft tissues. Phosphorus is excreted or reabsorbed 
in the kidney, with vitamin D contributing to 
reabsorption and PTH activity contributing to 
excretion.

Hypophosphatemia is defined as a serum 
phosphorus level less than 2.7 mg/dL [118]. Like 
magnesium levels, serum phosphorus levels are 
not necessarily an accurate reflection of true 
hypophosphatemia or phosphorus depletion, and 
careful attention must be paid to high-risk 
patients with possible symptoms of hypophos-
phatemia [117, 118]. Causes of hypophosphate-
mia include malnutrition and poor intake, 
gastrointestinal losses such as vomiting, renal 
losses due to diuretics or overaggressive dialysis, 
endocrinopathy such as hyperparathyroidism, 
and intracellular shifts such as with insulin, 
refeeding, and alkalosis (Table  18.22). Patients 
with DKA, COPD, malignancy, malnutrition, 
alcoholism, and sepsis are particularly prone to 
hypophosphatemia [117]. Severe hypophospha-
temia can have serious consequences, from myal-
gias and malaise to weakness of skeletal and 
respiratory muscles, frank ventilatory failure, 
rhabdomyolysis, hemolysis, cardiac dysfunction 
including arrhythmias and decreased contractil-
ity, confusion, and seizures [117, 118].

Patients with symptomatic hypophosphate-
mia, critically ill patients with levels below nor-
mal, or any patient with levels below 1.5 mg/dL 
should be treated [117, 118]. Two main options 
exist for intravenous phosphate replacement: 

Table 18.22 Causes and treatment of hypophosphatemia

Causes of 
hypophosphatemia

Treatment of 
hypophosphatemia

Poor intake—
malnutrition, 
alcoholism
GI losses—vomiting
Renal losses—diuretics, 
over dialysis
Endocrinopathy—
hyperparathyroidism
Intracellular shifts—
alkalemia, insulin, 
refeeding

If potassium <4.0 mEq/L:
IV potassium phosphate, 
15–30 mmol over 2–4 hours 
(contains 1.47 mEq of 
potassium per mmol of 
phosphate)
If potassium >4.0 mEq/L:
IV sodium phosphate, 
15–30 mmol over 2–4 hours 
(contains 1.33 mEq of 
sodium per mmol of 
phosphate)
Monitor for hypocalcemia
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potassium phosphate, which contains approxi-
mately 1.47 mEq of potassium per mmol of phos-
phate, and sodium phosphate, which contains 
about 1.33  mEq of sodium per mmol of phos-
phate [118]. The typical dose for either is 
15–30  mmol of the phosphate component, at a 
rate of 7  mmol/hr [118]. Potassium phosphate 
infusion at a rate of 15 mmol/hr (about 22 mEq of 
potassium per hour) has been administered safely 
in critically ill patients with severe hypophospha-
temia, but may result in hyperkalemia and should 
be reserved for patients with concomitant hypo-
kalemia and normal renal function [119]; other-
wise, sodium phosphate should be used. Because 
phosphate and ionized calcium tend to bind 
together, be aware that the administration of 
intravenous phosphate may lead to rapid hypo-
calcemia with resultant hypotension, tetany, and 
arrhythmias [120]. Table  18.22 summarizes the 
causes and treatment of hypophosphatemia.

Hyperphosphatemia is defined as a serum 
phosphorus level greater than 4.5 mg/dL and is 
most commonly caused by renal failure; other 
causes include cell lysis, cellular shifts during 
acidemia, endocrinopathies such as hypervita-
minosis D, and iatrogenic overuse of phosphate 
replacement or certain laxatives [118]. Because 
of calcium-phosphate binding, the symptoms of 
hyperphosphatemia are really those of hypocal-
cemia. Treatment for severe hyperphosphatemia 
begins with using normal saline to ensure 
euvolemia and promote adequate urine output. 
Enteral calcium-containing phosphorus binders 
have delayed effects and are not appropriate for 
acute treatment. Hemodialysis is required for 
severe cases with concomitant hypocalcemia and 
renal failure [117]. Caution is advised when con-
fronted with hyperphosphatemia and hypocalce-
mia in patients with renal failure: administration 
of calcium may promote widespread deposition 
of calcium phosphate crystals in the tissues. This 
can be avoided so long as the calcium phosphate 
product ([Ca] mg/dL × [Phos] md/dL) is main-
tained at less than 55  mg2/dL [2] [104]. 
Table 18.23 summarizes the causes and treatment 
of hyperphosphatemia.
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 Introduction

The diagnosis, treatment, and management of 
infectious processes are a daily occurrence in 
emergency departments (ED) across the world. 
Sepsis and septic shock can arise from any seem-
ingly simple infection and lead to significant 
morbidity and mortality.

As stated by the Surviving Sepsis Campaign 
in 2018 [1], sepsis is defined as life-threatening 
organ dysfunction caused by a dysregulated host 
response to infection, and septic shock is defined 

as underlying circulatory, cellular and metabolic 
dysfunction associated with a higher risk of mor-
tality (Table 19.1).

Sepsis is associated with an in-hospital mor-
tality ranging from 15% to 49% [2] and while 
present in less than 1 out of every 12 US hospital-
izations, it contributes up to nearly 17–40% of 
hospital deaths [2–7]. Sepsis is not only a cause 
of great mortality, but has also been associated 
with substantial morbidity, as pulmonary, renal, 
neuromuscular, psychiatric, and cardiovascular 
dysfunction is of great socioeconomic burden in 
many survivors [8, 9]. Long-term follow-up stud-
ies show that even after surviving one episode of 
sepsis, the survivor’s mortality risk continues to 
be increased and quality of life is reduced [10]. 
Patients admitted for sepsis are one-half as likely G. Hurst (*) · J. Gardner-Gray · J. Pflaum-Carlson 
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Table 19.1 Definitions of SIRS, sepsis and septic shock

SIRS (systemic 
inflammatory 
response 
syndrome)

Two or more of the following:
 Temperature >38° C or <36° C
 Heart rate >90 bpm
 Respiratory rate >20 or PaCo2 
<32 mmHg
 White blood cell count >12,000 
cells/mm3 or <4000 cells/mm3 or 
bandemia >10%

Sepsis Infection with organ dysfunction 
and/or tissue hypoperfusion

Septic shock Sepsis with ongoing hypotension 
despite adequate fluid resuscitation 
or lactate >4 mmol/L

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28794-8_19&domain=pdf
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to be discharged home, twice as likely to be 
transferred to another short-term care facility, 
and three times as likely to be discharged to long-
term care institutions [4].

Unfortunately, the incidence of sepsis has 
increased by 83% and two-thirds of the patients 
affected are over the age of 65 years [4, 11–15]. 
In accordance with a rising incidence, the occur-
rence of hospital admissions for sepsis has 
increased by over 100% (11.6 per 10,000 to 24.0 
per 10,000) [16]. With our ever-aging population, 
it is likely that we will continue to observe a rise 
in the diagnosis of sepsis and its related 
complications.

As the prevalence of this disease continues to 
soar, it is imperative to identify and provide early 
treatment. It has been observed that early inter-
vention and protocol-driven therapy of patients 
with sepsis lead to a significant decrease in mor-
tality and sepsis-related morbidity [17–20]. 
Accordingly, it is paramount that ED providers 

are able to differentiate simple infection from 
those complicated by sepsis. Throughout this 
chapter, we will discuss how to identify, stabilize, 
and care for patients with this disease.

 Pathophysiology

Sepsis is associated with significant organ dys-
function in the presence of an identified infec-
tion. This end-organ dysfunction is the result 
of an inflammatory cascade which, when 
unregulated, results in altered microcirculation 
including a shift toward thrombosis, impaired 
oxygen delivery, and global tissue hypoxia. 
This tissue hypoxia may result in mild organ 
injury to overt shock and multi-organ  system 
failure (Fig. 19.1).

In models of early sepsis, tissue hypoxia 
results from hemodynamic disturbances that cre-
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ate an imbalance between systemic oxygen deliv-
ery and demands. These perturbations can include 
hypovolemia, decreased vasomotor tone, 
decreased arterial oxygen content, decreased car-
diac output (CO) from myocardial suppression, 
increased metabolic demands, and microcircula-
tory or mitochondrial derangements [21–24]. A 
critical decrease in oxygen delivery is followed 
by an increase in the systemic oxygen demands 
resulting in a decrease in central venous (ScvO2) 
or mixed venous oxygen saturation (SvO2) [25]. 
Anaerobic metabolism ensues when the limits of 
this compensatory mechanism cannot maintain 
systemic oxygen consumption (VO2) most often 
leading to lactate production [26]. As the inflam-
matory cascade continues, the latter stage is an 
impairment of systemic oxygen utilization sec-
ondary to microcirculatory defects or impaired 
cellular respiration, often followed by worsening 
hemodynamic instability, organ failure, and 
death.

 Patient Presentation

Sepsis is a disease process that resides on a con-
tinuum (Fig. 19.2). It can range from mild organ 
dysfunction to multiple organ system failure and 
severe hemodynamic instability. The presenta-
tion of a patient to the emergency department 
will vary based on where a patient lies on this 
continuum.

Often, patients will present with symptomatol-
ogy suggestive of an underlying infection such as 
fever, rigors, cough, etc. (Table 19.2). Sepsis may 
then be classified by first diagnosing an infection 
and subsequently identifying underlying organ 
dysfunction. This presentation occurs commonly, 
however is quite idyllic. Many patients with sep-
sis or septic shock are unable to provide an ade-
quate history and instead present to the emergency 
department with altered mental status, malaise, 
hemodynamic instability, or even cardiac arrest. 
Thus, the diagnosis of sepsis should also be enter-
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tained when a patient presents with significant 
hemodynamic instability or organ dysfunction 
that is without apparent cause.

The systemic inflammatory response syndrome 
(SIRS) was developed as a clinical aide to direct 
the clinician to entertain the diagnosis of infection. 
It comprises two of the following four items:

 1. Temperature >38 °C or <36.0 °C
 2. Heart rate >90 beats/min
 3. Respiration rate >20 breaths/min, or PaCO2 

< 32 mmHg 
 4. White blood cell (WBC) count >12,000 or 

<4000/mm3, or >10% increased bands or 
immature cells

Extremes of age and concomitant medical condi-
tions and medications can often mask these nor-
mal physiologic responses making the use of 

SIRS and diagnosis of sepsis more challenging. 
Because of these truths, as well as the significant 
burden of delay in diagnosis, it is important that 
we consider factors that increase the risk of 
developing sepsis (Table 19.3).

Despite their common use, SIRS can be pres-
ent with many disease processes as these abnor-
malities  are the manifestation of a 
pro-inflammatory cascade. It is important to 

Table 19.2 Indicators based on history and exam that can help suggest the idea of early sepsis or infection are depen-
dent on the system and include

Respiratory* History: productive cough, fevers, chills, shortness of breath, rhinorrhea, 
congestion, sinus, throat, and ear pain.
Exam findings: hypoxia, tachypnea, exudative tonsillitis, sinus tenderness, 
tympanic membrane injection, and crackles or dullness on lung auscultation.

Gastrointestinal** History: location of pain, last bowel movement, nausea/vomiting, diarrhea, 
hematemesis, melena, hematochezia, oral intake, prior surgeries.
Exam findings: signs of peritoneal irritation, abdominal tenderness, and 
hyperactive or hypoactive bowel sounds, Murphy’s sign indicating cholecystitis, 
pain at McBurney’s point indicating appendicitis, left lower quadrant pain 
suggesting diverticulitis, or rectal examination revealing a rectal abscess or 
prostatitis.

Neurologic History: lethargy, altered mentation, or headache, focal weakness.
Exam consistent with nuchal rigidity, fevers, neurologic deficits, and change in 
consciousness or low glasgow coma scale (GCS).
Keep in mind that lethargy or altered mentation may also be signs of 
hypoperfusion to the brain or metabolic dysfunction. Septic encephalopathy has 
been reported between 10% and 70%. The mortality rate in patients with septic 
encephalopathy is higher than that in septic patients without significant neurologic 
involvement.

Cardiovascular History: often indolent with fever, chills, malaise, suspect with intravenous drug 
use, dialysis, or indwelling catheters.
Exam consistent with splinter hemorrhages, Roth’s spots, Janeway lesions.

Genitourinary History: flank pain, dysuria, polyuria, discharge, Foley catheter placement, 
genitourinary instrumentation, and a sexual history.
Exam: costovertebral angle tenderness, external genitalia for ulcers, discharge, and 
penile or vulvar lesions, assessing for a tender, boggy prostate, a red and friable 
cervix, cervical discharge, or cervical motion or adnexal tenderness

Skin/soft tissue/ 
musculoskeletal

History of pain, swelling, and redness of a particular area.
Exam: redness, swelling, warmth, and tenderness of specific area. Important to 
expose all patients in order to fully assess.

* Most common source of infection
** Second most common source

Table 19.3 Sepsis risk factors

Factors that further increase the risk of sepsis
Advanced age >65
Immunosuppression
Diabetes and comorbid disease
Cancer
Community-acquired pneumonia
Previous hospitalizations, nursing home, or 
rehabilitation residents
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understand that this is one of the several responses 
that patients mount when reacting to infection. 
Described by Bone in 1997, SIRS is not the only 
consequence of the massive cytokine release that 
is present in the setting of sepsis. Following an 
initial pro-inflammatory cascade, an 
 anti-inflammatory cascade may occur. This can 
result in downregulation of inflammatory media-
tors and immune suppression referred to as a 
compensatory anti-inflammatory response syn-
drome or a mixed antagonist response syndrome. 
This loss of regulatory balance potentiates organ 
dysfunction and immune homeostasis [27].

Just as there are varied immune responses to 
sepsis, there are also differing hemodynamic pro-
files (Table 19.4). The development of these pro-
files is multifactorial and often related to time 
course of disease, severity of illness, and patient’s 
underlying comorbid conditions. The typical pre-
sentation of sepsis and related shock is a result of 
systemic vasodilation and volume depletion. In 
response to the pro-inflammatory state, the sys-
temic vascular resistance (SVR) decreases, result-
ing in low central venous pressure (CVP) and 
subsequent increased cardiac output. Mean arte-
rial pressure (MAP) is a product of cardiac output 
(CO) and systemic vascular resistance. In early 
sepsis, compensatory increases in systemic vas-
cular resistance secondary to catecholamine 
surges may maintain MAP, while CO or systemic 
oxygen delivery decreases to the tissues and the 
microcirculation. In this setting, the host may be 
warm, flushed, and with bounding pulses [28, 29]. 
When the limit of this compensatory mechanism 
(oxygen extraction ratio >50%) is reached, anaer-
obic metabolism ensues leading to lactate pro-
duction [26]. In this oxygen-dependent phase, 
lactate concentrations begin to increase as oxy-
gen delivery (DO2) and central venous oxygen 

saturation (ScvO2/SvO2) decrease [22]. Without 
intervention, oxygen supply and demand contin-
ues to be mismatched, hypovolemia persists, aci-
dosis worsens, and compensatory mechanisms 
will fail leading to systemic hypotension. As 
hypoperfusion persists, patient may transition 
from warm shock to cool and clammy due to 
redirection of blood flow to core organs. As shock 
state advances, the host will become lethargic, 
mottled, and cyanotic due to severe tissue hypoxia.

The heart is particularly vulnerable to these 
early compensatory mechanisms because it 
already has an increased rate of oxygen use under 
normal states [30]. A further increase in myocar-
dial oxygen extraction in early sepsis will induce 
anaerobic metabolism quickly. This is exacerbated 
in patients with preexisting limited coronary blood 
flow. There is also a direct impairment of myocar-
dial function from sepsis. As a result, markers of 
myocardial dysfunction or distress, such as 
increased troponin, B-type natriuretic peptide 
(BNP), heart rate variability, and atrial fibrillation, 
are associated with increased mortality [31–36].

Understanding the hemodynamic profile of  a 
patient upon evaluation in the ED is key to 
appropriate and individualized resuscitation 
efforts. Diagnostic efforts should aim to not 
only evaluate end-organ hypoperfusion, but also 
to assess hemodynamic parameters and their 
surrogates.

 Diagnosis

The diagnostic landscape of sepsis is continuously 
evolving. Sepsis was once considered a disease 
diagnosed only in the intensive care unit (ICU), 
however, we now realize that earlier detection and 
diagnosis of this disease process lead to signifi-
cantly lower morbidity and mortality [37]. Thus, 
efforts are needed to enhance clinician awareness 
of diagnostic sepsis tools to better identify and risk 
stratify patients who present to the ED with this 
potentially deadly condition [38].

A plethora of tests have been suggested to 
improve diagnostic decision-making in the clini-
cal setting of infection. As the differential diag-
nosis of SIRS is extremely broad, these tests can 

Table 19.4 Hemodynamic profile of sepsis

Hemodynamic 
picture CVP CO Lactate ScvO2

Hypovolemia ↓ ↑ ↑ ↓
Myocardial 
suppression

↑ ↓ ↑ ↓

Resuscitated or 
compensated

Normal ↑ Normal 
or ↑

↑

Impaired oxygen 
Utilization

Normal ↑ ↑ ↑
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aid in eliminating unlikely diagnoses. The lack of 
sensitivity and specificity of SIRS for sepsis is 
reflected in the fact that more than two-thirds of 
intensive care unit patients, and a substantial 
number of patients on general medical units, at 
some point during their hospitalization have at 
least two SIRS criteria [39, 40] as well as almost 
one in five patients admitted with infection from 
the ED will have an alternative diagnosis at hos-
pital discharge.

The gold standard of diagnosis in the setting 
of sepsis is identifying a causative microorgan-
ism. Paracentesis for ascitic fluid evaluation, 
lumbar punctures for cerebrospinal fluid (CSF) 
evaluation, and sinus and soft tissue aspirations 
are among the many invasive techniques that 
should be performed when clinically appropriate. 
Any purulent discharge or sputum and potentially 
infected bodily fluids, such as CSF, urine, or 
stool, should be sent for microbiologic culture. 
Tissue biopsies of an affected area should also be 
arranged when clinically indicated. Blood cul-
tures are an additional important part of the diag-
nostic evaluation. Because rapid sterilization of 
blood cultures can occur within a few hours after 
the first antimicrobial dose, obtaining blood cul-
tures before therapy (if possible without delaying 
administration by >60  min) is essential to con-
firm infection, identify the responsible patho-
gens, and to allow de-escalation of antimicrobial 
therapy. Two or more blood cultures are recom-
mended [41].

Various imaging studies are often needed for 
localizing potential sources of infection. Chest 
radiograph is the modality that is most frequently 
used for diagnosis of pulmonary infections. 
Interestingly, some studies show chest radio-
graph alone may miss up to 20% of community-
acquired pneumonias [42] and has been 
demonstrated to be an insensitive method with 
relatively low accuracy in this clinical scenario 
[43, 44]. Subsequently, computer-assisted 
tomography (CT) and magnetic resonance imag-
ing (MRI) are being increasingly utilized as pri-
mary imaging techniques for the diagnosis of 
various infections ranging from intra-abdominal 
processes to osteomyelitis. This is due to the 
high sensitivity and specificity of these imaging 

techniques for identifying infectious processes. 
Such imaging is vital for providing specific diag-
nostic clues such as locating foreign bodies or 
abscesses requiring respective removal or drain-
age. When using these imaging modalities, con-
sideration should be given to the risk of patient 
exposure to the toxicities of contrast agents as 
well as the risk of radiation exposure.

A diagnostic imaging modality not associated 
with the above-mentioned risks and rapidly grow-
ing in popularity is the use of ultrasonography. 
Focused ultrasonography is a diagnostic tech-
nique to consider as part of hemodynamic assess-
ment during the care of select patients with severe 
sepsis and septic shock. Ultrasonography is rec-
ommended for the prompt recognition of compli-
cating physiology such as hypovolemia or 
cardiogenic shock as well as a tool to assess vol-
ume responsiveness. A 2010 consensus docu-
mented by the American Society of 
Echocardiography and the American College of 
Emergency Physicians recommends that “focused 
ultrasonography may assist in early shock diagno-
sis and alert clinicians to underlying physiologic 
disturbance” [45]. However, there are no random-
ized controlled trials to date testing ultrasonogra-
phy in sepsis or its application in clinical practice 
(grade C evidence – expert opinion), so these rec-
ommendations should be used with caution.

  Sepsis

Patients with sepsis who develop organ dysfunc-
tion represent approximately 25% of those who 
initially present to the ED with sepsis [46]. The 
mortality of severe sepsis and septic shock 
increases with delay in each of these respective 
diagnoses [47]. One study describes a 20% higher 
absolute hospital mortality among septic patients 
who develop shock later in their hospital course 
compared to those who are diagnosed earlier in 
their clinical course [48]. Prompt recognition of 
sepsis and septic shock involves understanding 
the pathophysiology and subsequent clinical 
manifestations of affected patients as well as 
obtaining specific laboratory values that suggest 
organ dysfunction (See Table 19.5).

G. Hurst et al.
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Though many signs of end-organ damage mani-
fest themselves clinically, some require laboratory 
testing. Clinical findings, suggestive of sepsis, 
include neurologic sequelae leading to mental sta-
tus changes, hypotension with systolic blood pres-
sure (SBP) <90  mmHg, responsiveness to 
intravenous (IV) fluids, and decreased urine output 
<0.5  mL/kg/hr. Laboratory tests that should be 
obtained on a patient suspected of having sepsis or 
septic shock should include but not be limited to a 
complete blood count (CBC) with differential, 
coagulation studies including prothrombin time 
(PT) and the activated partial thromboplastin time 
(aPTT), complete metabolic profile, blood cultures, 
and an arterial or venous blood gas with lactic acid.

 Septic Shock

The transition from sepsis to septic shock is diag-
nosed when the host is persistently hypotensive, 
despite adequate volume resuscitation. There are 
no overt laboratory abnormalities to differentiate 
the two states, except perhaps for lactate elevation. 
A lactate level ≥4  mmol/L meets the diagnostic 
criteria for septic shock, as it suggests ongoing tis-
sue hypoperfusion. The disturbances of lactate 
metabolism in sepsis are probably more complex 
than an isolated defect of cellular oxygenation [49]. 
However, it remains established that a lactate value 
greater than or equal to 4 mM/L on hospital admis-
sion is associated with a mortality between 20% 
and 50% [50–54]. It is important not to overrely on 
lactate, as it is still considered a very complicated 

biomarker that is not fully understood and can be 
normal in up to 30% of patients with septic shock 
as well as elevated in many other conditions [55].

 Initial Stabilization

In patients with uncomplicated sepsis, IV fluid 
administration and antibiotic therapy along with 
control of the infectious source may be the only 
treatment required. However, once organ injury or 
hypotension has developed, early stabilization and 
aggressive intervention of the patient is key to 
reducing mortality and sepsis-related organ dys-
function. Due to the significant benefit of early 
intervention, the Centers for Medicare and Medicaid 
Services (CMS) have adopted quality measures for 
management of sepsis and septic shock (Table 19.6). 
Given the complexity of the pathophysiology of the 
septic patient, a standardized protocol-driven 
approach is recommended (Fig. 19.3).

Table 19.5 Clinical findings and laboratory markers in 
sepsis

Transient sepsis-induced hypotension
Lactate above upper limits laboratory normal 
(>2 mmol/L)
Urine output <0.5 mL/kg/hr for more than 2 hours, 
despite adequate fluid resuscitation
Acute lung injury with PaO2/FiO2 <250 in the absence 
of pneumonia as infection source
Acute lung injury with PaO2/FiO2 <200 in the presence 
of pneumonia as infection source
Creatinine >2.0 mg/dL (176.8 μmol/L)
Bilirubin >2 mg/dL (34.2 μmol/L)
Platelet count <100,000 μL
Coagulopathy (international normalized ratio >1.5)

Table 19.6 CMS criteria for sepsis resuscitation

Surviving sepsis campaign resuscitation bundle
To be completed within 3 hours of time of 
presentationa:
 Measure lactate level
 Obtain blood cultures prior to administration of 
antibiotics
 Administer broad-spectrum antibiotics
 Administer 30 ml/kg crystalloid for hypotension or 
lactate ≥4 mmol/L
To be completed within 6 hours of time of presentation:
 Apply vasopressors for hypotension refractory to 
volume resuscitation
 Reassess volume status and tissue perfusion and 
document findings (if persistent hypotension after 
fluids, or if initial lactate ≥4)

   Repeat focused exam: vital signs, cardiopulmonary, 
capillary refill, pulse, and skin findings

  OR
  Two of the following
  Measure central venous pressure
  Measure central venous oxygen saturation
  Bedside cardiovascular ultrasound
   Dynamic assessment of fluid responsiveness with 

passive leg raise or fluid challenge
 Remeasure lactate if initial lactate is elevated.

a“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 ascer-
tained through chart review
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 Intubation or Supplemental 
Oxygenation

Optimizing the central venous saturation and 
improving hemodynamics require improvements 
in oxygenation. The increased work of breathing 
in septic patients can increase oxygen consump-
tion up to 20% [56], and reducing this consump-

tion via intubation can preserve available oxygen 
supplies for other vital organs in critical demand. 
It is important to note, however, that intubation 
and mechanical ventilation are often associated 
with an increase in intrathoracic pressure and a 
consequential decrease in preload that can result 
in critical hypotension. Additionally, the agents 
used for rapid sequence intubation can blunt 

Severe Sepsis
or

Septic Shock

- Evaluate for need of
intubation, supplemental
oxygenation

- Consider central venous
catheter (CVC) placement

MAP<65 or
Lactate >4

30 cc/kg bolus
crystalliod

< 65

< 70%

Vasopressors
(Place CVC if not

already completed)

No

-  Hct <30%: consider pRBC
transfusion

- Evaluate cardiac function:
consider inotropic therapy

-  Intubate if not completed

- Consider corticosteroid use
- Reassess adequacy of source control

-  Ensure adequate sedation or
paralytics with secure airway

MAP

>65

>70%

Endpoints met

Yes

Evidence of
volume repletion

Initial labs, including
lactate and blood cultures

Antibiotics/source control

Volume Assessment*

ScvO2

-  Initiate ARDS NET lung protective strategies

-  Continue reassessment and titration of vasopressors

-  Transfer to definitive care unit

Fig. 19.3 Protocol-driven approach to severe sepsis/septic shock management
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sympathetic response and cause venodilation. 
Appropriate volume resuscitation can help com-
bat this effect, but providers should be prepared 
for postintubation hypotension.

Alternatively, if a patient has increased oxygen 
demands but does not meet overt clinical need for 
intubation or care facility lacks ability to intubate, 
supplemental oxygen in the form of nasal cannula, 
nonrebreather mask, or high flow nasal cannula 
may be considered an adjunct to improve oxygen 
delivery. The use of supplemental oxygen, 
although potentially increasing oxygen delivery, 
will not reliably reduce oxygen consumption.

 Volume Resuscitation

Early and aggressive fluid resuscitation with 
crystalloid solutions is associated with decreases 
in systemic inflammation and vasopressor use, as 
well as improved outcomes [57]. Surviving 
Sepsis Campaign recommends a 30 cc/kg initial 
bolus to combat hypotension or for lactate 
≥4  mmol/L.  Late aggressive fluid therapy is 
associated with increased mortality. Isotonic 
crystalloid solutions, such as normal saline or the 
“balanced” plasmalyte-A or lactated ringers, are 
favored [58]. Albumin has not consistently been 
proven effective; however, there is some evidence 
for diminished vasopressor requirements and 
mortality reduction in the subset of patients with 
septic shock [59].

 Antibiotic Administration

International consensus guidelines recommend 
administering broad-spectrum antibiotics within 
the first hour of recognizing severe sepsis and sep-
tic shock. Mortality can increase up to 7.6% for 
each hour delay in antibiotic administration after 
the onset of hypotension or shock [60]. Although a 
direct correlation between delayed antibiotic 
administration and mortality is well known, many 
septic patients do not receive antibiotics until after 
hospital admission and frequently with inadequate 
coverage [61]. Some recent trials have recently 
called into question the strength of the association 

between hourly delays in antibiotic administration 
and mortality in septic shock patients [62]. 
However, multiple prospective observation studies 
have shown that antibiotic administration is most 
beneficial in the first 6  hours and does reduce 
healthcare costs [17, 60, 63–66].

Broad-spectrum antibiotics, aimed at manag-
ing the suspected infectious source, should be 
initiated early as inappropriate antibiotic choice 
has shown to increase mortality [67, 68]. If source 
is unknown, empiric therapy to cover gram posi-
tives, gram negatives, and anaerobes should be 
initiated. Common regimens include vancomycin 
and piperacillin/tazobactam or vancomycin with 
cefepime and metronidazole. Despite initial ben-
efit of broad antibiotic therapy, reevaluation once 
bacterial source is confirmed is needed as de-
escalation of antibiotics is strongly associated 
with improved outcomes [69].

 Volume Assessment

Volume repletion in the management of sepsis 
and septic shock may seem somewhat trivial, as 
we assume the majority of patients will require 
large volume resuscitation. However, studies 
have shown that volume overload in the setting of 
renal injury has been associated with increased 
mortality [70, 71]. Accordingly, judicious vol-
ume replacement is highly relevant to improve-
ment of resuscitation strategies and reassessment 
of volume status after initial and subsequent 
boluses should occur.

The original early goal-directed therapy 
(EGDT) study by Rivers et  al. recommended 
early placement of central venous catheter (CVC) 
and measuring the central venous pressure (CVP) 
to achieve a goal pressure of 8–12 mmHg as an 
endpoint of adequate volume resuscitation. CVP 
is useful when at extremes of measurement; 
 however, its ability to assess volume responsive-
ness continues to be debated. CVP monitoring 
can be erroneously interpreted by inappropriate 
positioning and conditions that increase right 
atrial pressure, pulmonary artery pressure, or car-
diac compliance. While there is still use for CVC 
placement, advancements in diagnostics have 
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allowed for alternative adjuncts to assess for vol-
ume responsiveness.

Other tools include evaluation of stroke vol-
ume variation (SVV), in which a value of greater 
than 10% is highly sensitive (84%) for prediction 
of volume responsiveness. This, however, is 
dependent on the patient being mechanically 
ventilated and in sinus rhythm [72, 73]. 
Esophageal Doppler monitors can adjust for the 
presence of nonsinus tachyarrythmias and assess 
cardiac output in response to fluid resuscitation 
but requires training, familiarity with the equip-
ment, and is not often available in the emergency 
department [74].

Perhaps, the easiest and most available assess-
ment of volume responsiveness is with point-of-
care ultrasound for assessment of the inferior vena 
cava (IVC) diameter. The determination of an IVC 
size less than 1.2 cm in diameter correlates with 
hypovolemia [75]. This technique is valid both on 
the intubated and on nonintubated patients and can 
be completed prior to, or during the placement of, 
more invasive monitoring. Further evaluation of 
distensibility in the mechanically ventilated, and 
collapsibility in the patient spontaneously breath-
ing, can also be used [76, 77]. The caveat to this 
evaluation is that cardiac structure and function are 
presumed to be normal.

Based on this short review, it is clear that each 
of these modalities has its own unique limita-
tions. With this in mind, simultaneous use of 

multiple assessment tools as well as the patient’s 
clinical picture in response to volume is likely the 
most reliable form of evaluation.

 Vasopressors

Even with adequate fluid administration, vaso-
dilation and a loss of autoregulation often lead 
to the necessitation of starting vasopressor ther-
apy. Current guidelines recommend initiation of 
vasopressors if MAP is less than 65 and the 
patient has been appropriately volume resusci-
tated [78–81]. Norepinephrine is considered the 
vasopressor of choice [82]. Epinephrine can be 
used as a second line alternative to norepineph-
rine or as an additive agent in the event that 
additional vasopressors are needed (Table 19.7). 
Although this practice has not been adequately 
proven effective, studies show no increase in 
mortality when compared [83, 84]. Vasopressin, 
dopamine, and phenylephrine are not generally 
favorable choices, as they have no evidence of 
improved outcomes and the latter two are asso-
ciated with possible harm [85–87]. Dopamine 
can be considered when the heart rate is inap-
propriately low, as it will increase the heart rate, 
while phenylephrine may be useful when there 
is already tachycardia or a tachyarrhythmia 
since it has no beta-stimulating effects of the 
heart.

Table 19.7 Vasopressor agents

Agent Mechanism Effects Dose range Adverse effects
Norepinephrine α1, α2, β1, some β2 ↑BP, HR, 

SVR
Start: 8–12 mcg/
min
WBDa: 0.01–3 
mcg/kg/min

Can increase lactate, increase 
myocardial demand

Epinephrine α1, α2, β1, β2 ↑BP, HR, 
SVR

Start: 5–35 mcg/
min
WBD: 0.1–
0.5mcg/kg/min

No studied benefit in sepsis

Vasopressin Vascular smooth muscle 
contraction

↓/↔HR, 
↑SVR, BP

Fixed: 0.04 U/min Increased risk of arrhythmias and 
increased O2 demand

Phenylephrine Primarily α1,some α2 ↓/↔HR, 
↑SVR, BP
↔CO

Start: 25–180 
mcg/min
WBD: 0.5 mcg/
kg/min

Impaired splanchnic blood flow, 
decrease in O2 delivery

aWBD weight-based dosing
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 Inotropes

After volume repletion and treatment of hypoten-
sion (with or without vasopressor therapy), the 
combination of a low ScvO2, increased CVP, and 
increased lactate is indicative of hemodynamically 
significant myocardial dysfunction [88]. If this 
hemodynamic profile is present, evaluation of car-
diac function should take place. This can be 
achieved with point-of-care ultrasound, Fick equa-
tion, or use of other monitoring devices such as a 
pulmonary artery (PA) catheter or  arterial pulse-
contour wave analysis (eg. EV1000). Myocardial 
dysfunction can be present in up to 15% of patients 
in septic shock [89–91], and patients with cardio-
vascular comorbidities are more likely to have an 
impaired ability to increase oxygen delivery. If 
ongoing hypoperfusion is attributed to poor car-
diac output, dobutamine  or milrinone should be 
considered to improve inotropic function of the 
heart when the intravascular volume and MAP 
goals have already been reached.

 Blood Transfusion

As frequently alluded to throughout this chapter, 
resuscitation from severe sepsis and septic shock is 
directly related to oxygen delivery. It follows that 
the host’s ability to carry oxygen in the form of 
hemoglobin molecules will play a role in resuscita-
tion. Various targets have been proposed for opti-
mal hemoglobin and research has found that a 
higher threshold value of hemoglobin is not proven 
superior [92]. However, in the setting of low ScvO2 
after resuscitation and in the absence of significant 
myocardial dysfunction, blood transfusion may be 
useful to aid in improvement of oxygen delivery. 
While there are many publications that sug-
gest RBC transfusions are associated with increased 
morbidity and mortality [93], observational studies 
show no increase in mortality [94] and even a 
decrease in mortality in large observational cohorts 
[95, 96]. Others have observed that RBC transfu-
sion may increase ScvO2 but does not improve 
mortality [97]. Based on the transfusion require-
ments in septic shock (TRISS) trial by Holst, most 
clinicians would agree that transfusion for hemo-

globin less than 7 or ScvO2 less than 69.5% is 
advisable. However, it is clear that this topic is up 
for ongoing debate, and clinical judgment for indi-
vidual transfusion needs is necessary.

 Corticosteroids

There are two major populations where stress dose 
steroids should be considered in the management of 
severe sepsis and septic shock. The apparent cases 
are those involving patients who are steroid depen-
dent, either due to adrenal insufficiency or due to 
chronic steroid use. Another population who may 
benefit are patients with hypotension refractory to 
vasopressor therapy. Refractory to vasopressor ther-
apy has been defined as persistent hypotension, 
despite adequate volume resuscitation and vaso-
pressor support for more than 60  minutes [98]. 
Hydrocortisone when administered in “stress 
doses” (50  mg q6 hr) diminishes vasopressor 
requirements, duration, and total dose [99]. While 
the impact of steroids on mortality draws continued 
debate, recent evidence suggests that early treat-
ment (within 9  hours) decreases vasopressor 
requirement and positively impacts outcome, espe-
cially in patients of higher illness severity [100]. 
Despite significant individual clinician variation, 
the overall outcome benefits continue to support the 
use of steroids in refractory septic shock.

 Definitive Treatment

The goal in the management of septic patients is 
to treat early and aggressively in an attempt to 
limit morbidity and mortality. By using physio-
logic end points in conjunction with early identi-
fication of high-risk patients, appropriate 
cultures, source control, and appropriate antibi-
otic administration, this goal can be achieved.

 Source Control

It is paramount to identify the anatomical source 
of a patient’s infection. This key component of 
sepsis management may include drainage of 
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infected fluids, debridement of soft tissue infec-
tion, removal of infected devices or foreign bod-
ies, and/or management of intra-abdominal causes 
of infection.  Source control should occur as rap-
idly as possible, ideally, within the first 12 hours 
of diagnosis [1]. The process of source control 
involves appropriate radiographic imaging inter-
pretation, removal of the infectious focus, and 
early intervention with the least possible physio-
logic stress on the patient.

Every hour of delay from admission to sur-
gery is associated with an adjusted 2.4% 
decreased probability of survival or a 16% reduc-
tion in mortality if no source control is achieved 
within 6 hours [101].

 1. Drainage: The removal of fluid through the 
opening of an abscess is performed either by 
incision and drainage or by insertion of a drain. 
This converts a closed abscess into a controlled 
sinus or fistula. The drainage of an abscess can 
be performed surgically or percutaneously.

Examples:
Incision and drainage of a perirectal 

abscess
Percutaneous drainage of a diverticular 

abscess
Open surgical drainage of multiple intra-

abdominal abscesses
 2. Debridement: The removal of devitalized or 

infected solid tissue from the patient.
Examples:
Excision of gangrenous soft tissue or 

intestine
Surgical excision of infected pancreatic 

necrosis
Wet-to-dry dressings of an infected surgi-

cal wound
 3. Device Removal: The removal of a prosthetic 

device or foreign body that has become colo-
nized by microorganisms living in a biofilm.

Examples:
Removal of infected venous or urinary 

catheter
Excision of an infected vascular graft

 4. Restoration of Anatomy and Function: Other 
inventions performed to remove a focus of 
infection and to restore optimal function and 
quality of life.

Examples:
Phlegmonous appendix requiring removal
Perforated gastric ulcer in need of repair

 Lactate Clearance

The initial serum lactate is associated with mor-
tality, independent of clinically apparent organ 
dysfunction and shock in patients diagnosed with 
sepsis. Both intermediate and high serum lactate 
levels are associated with increased mortality 
[53]. Studies have shown that lactate clearance 
over the first 6 hours is associated with a signifi-
cant decrease in inflammation, improved organ 
function, and reduced mortality [102]. When 
using this endpoint, we must be aware of the sub-
set of patients in septic shock that may have a nor-
mal lactate level (alactemic septic shock), which 
is associated with increased mortality [55]. Also, 
lactate clearance can be confounded by certain 
medications such as metformin, packed red blood 
cells (RBCs), as well as certain disease processes 
such as cirrhosis which impair lactate clearance. 
Lactate clearance should be used in conjunction 
with ScvO2 as resuscitation endpoints.

 Central Venous Oxygen Saturation

The clinical utility of ScvO2 is based on its diag-
nostic ability to detect early imbalances of oxy-
gen delivery (DO2) to oxygen  consumption 
(VO2), particularly in the early phase of sepsis 
where vital signs and lactate can be normal [103]. 
During the early phase of sepsis, the patient is in 
an oxygen-dependent phase. This is evidenced by 
a low SVO2/Scvo2 saturation. When this deficit is 
recognized, therapeutic maneuvers to increase 
oxygen delivery (DO2) or decrease oxygen con-
sumption (VO2) should be undertaken to prevent 
tissue hypoxia, further inflammation, lactate gen-
eration, myocardial dysfunction, and ultimately 
increased mortality. Effective maneuvers work to 
increase DO2, decrease VO2, or both (Table 19.8). 
Normalization of ScvO2 has been shown to posi-
tively impact mortality [104, 105]. Thus, resusci-
tation using this parameter as an endpoint is 
encouraged.
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 Conclusion

Sepsis identification, classification, and manage-
ment are a necessary skill for emergency medi-
cine providers. Early recognition and intervention 
reduces organ dysfunction and saves lives. The 
treatment strategies delineated in this chapter are 
aimed at infectious source control and improve-
ment of oxygen delivery. While sepsis bundles 
and protocols are useful guidelines, considering 
the patient’s individual hemodynamic profile can 
help to deliver specialized critical care in the 
emergency department.
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Severe Skin and Soft  
Tissue Infections

Catherine Gogela Carlson and Alan C. Heffner

 Complicated Soft Tissue Infections

 Introduction

Complicated soft tissue infections encompass a 
wide spectrum of life-threatening bacterial infec-
tions including necrotizing cellulitis, necrotizing 
fasciitis, and myonecrosis. These differ from the 
milder, more superficial soft tissue infections by 
clinical presentation, risk for major tissue destruc-
tion, systemic manifestations, and therapeutic 
management. Several distinct soft tissue infec-
tions with unique pathogenesis share the hall-
marks of life-threatening rapid progression. 
Essential management focuses on early recogni-
tion, cardiovascular support, and source control. 
The importance of radical surgical debridement, 
complete resection of all necrotic tissues, and 
early limb amputation has been well described in 
the surgical literature. In contrast, one-time surgi-
cal debridement and limited incision and drainage 
as monotherapy have been shown to be ineffective 
and do not result in a decrease in morbidity or 

mortality [6]. General treatment principles and 
unique clinical syndromes of complicated soft tis-
sue infection are reviewed in this chapter [8, 9].

 Pathophysiology

The skin and associated soft tissues are divided 
into the epidermis and dermis, the subcutaneous 
tissues (containing the nerve and blood vessels), 
and the fascia and muscle. Although any of 
these layers may be involved in a skin/soft tis-
sue infection, more severe infections tend to be 
associated with deep tissue invasion [16]. The 
normal intact epidermis provides robust natural 
protection against infection. The development 
of bacterial infection is determined by a point of 
entry past the epidermis, host defense, and 
immune response to microbial invasion as well 
as the pathogenic properties of the microorgan-
ism. Rarely, hematogenous spread of bacteria 
from the circulation may seed acute soft tissue 
infection [12].

 Patient Presentation

Complicated soft tissue infections differ from 
more superficial infections by clinical presenta-
tion and coexisting systemic manifestations. 
Necrotizing soft tissue infections classically 
manifest with rapid onset, progressive local 
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symptoms with pain disproportionate to clinical 
exam findings. Palpation of the effected tissue 
might reveal extreme pain and/or crepitus, even 
in the absence of advanced skin changes. As the 
infection progresses, visual signs often become 
apparent as the affected area develops edema and 
erythema. Bullae progression with hemorrhagic 
transformation indicates dermal necrosis. 
Paradoxical improvement in pain can also occur 
due to anesthesia stemming from infarction of 
superficial nerves. Although unreliable as a 
marker of complicated infection, palpable crepi-
tus may stem from deep facial inflammation or 
microbial gas formation [10, 11].

Systemic manifestations including general 
toxicity, remote end-organ dysfunction, or shock 
are critical features of complicated soft tissue 
infection. These signs, representing severe sep-
sis, may occur early during clinical infection and 
coincide with deceptively benign local signs of 
infection. Bacteremia complicates approximately 
two-thirds of patients with necrotizing soft tissue 
infections [17].

Differential diagnostic considerations should 
include superficial cellulitis, drug eruption such 
as erythema multiforme, Stevens–Johnsons syn-
drome or toxic epidermal necrolysis (TEN), 
deep vein thrombosis, warfarin-induced skin 
necrosis, envenomations, cutaneous infiltration 
with underlying malignancy, chemotherapy or 
radiation- induced vasculitis, Sweet syndrome, 
and graft-vs-host disease in allogenic transplant 
recipients.

 Complicated Soft Tissue Infection 
Syndromes

Complicated soft tissue infections are catego-
rized into two distinct bacteriologic patterns:

Type I necrotizing fasciitis is a polymicrobial 
infection involving a combination of aerobic and 
anaerobic organisms most commonly associated 
with trauma, surgery, bowel perforation, and par-
enteral drug abuse including “skin popping.” 
Complicated head and neck and genitourinary 
tract infections are also frequently polymicrobial. 
Affected patients are commonly immunocom-

promised either by age or by comorbid illness 
such as diabetes, malignancy, or end-stage liver 
disease.

Fournier’s gangrene is a variant of necrotizing 
soft tissue infection which involves the scrotum 
and penis or vulva. The majority of effected 
patients have significant medical comorbidities 
or immunosuppression. They may present with 
acute or insidious symptoms and are frequently 
unaware of advanced skin changes. For this rea-
son, physical examination of this site is important 
in patients with occult sepsis.

Type II necrotizing fasciitis is a monomicrobial 
soft tissue infection which is typically community 
acquired. The most common monomicrobial 
causes of rapidly progressive skin and soft tissue 
infections include group A streptococcus (GAS), 
Clostridium perfringens, Pasteurella spp., 
Aeromonas hydrophila, and Vibrio spp. [16] Other 
micoorganisms have been reported such as meth-
icillin-resistant Staphylococcus aureus (MRSA), 
Enterobacteriaceae, and Pseudomonas. Group B 
streptococcus (GBS) has also been isolated in 
postpartum females and neonates.

 GAS Necrotizing Fasciitis

The absence of subcutaneous emphysema in type 
II infections can occur, particularly in group A 
streptococcal infections. Necrotizing fasciitis 
caused by M protein types 1 and 3 is most com-
mon and approximately 50% of cases are associ-
ated with streptococcal toxic shock syndrome 
[15]. Most of these community-acquired infec-
tions present in the extremities, with approxi-
mately two-thirds of cases in the lower extremities 
[13]. Patients typically have underlying diabetes, 
arteriosclerotic vascular disease, or venous insuf-
ficiency with edema.

 Necrotizing Myositis

Necrotizing myositis is a relatively rare but 
aggressive necrotizing infection of skeletal mus-
cle caused by GAS or other beta-hemolytic 
 streptococci. Victims are typically healthy and 
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initial misdiagnosis of benign musculoskeletal 
conditions is common.

Clostridial myonecrosis, or gas gangrene, is a 
rapidly progressive infection caused by the 
Gram-positive, anaerobic, spore-forming rod 
Clostridium species including C. perfringens and 
C. septicum. Deep skeletal muscle infection most 
commonly occurs after penetrating trauma with 
gross contamination. Postsurgical disease includ-
ing minor trauma is also recognized. Parenteral 
injections, including intracutaneous injection of 
black heroin, have resulted in  local outbreaks 
[13]. In contrast to traumatic gangrene, spontane-
ous gangrene can develop in normal tissue as a 
result of hematogenous seeding from the gastro-
intestinal tract, classically stemming from a 
colonic malignancy in patients with neutropenia.

Necrotizing cellulitis includes anaerobic 
infection (both clostridial and nonclostridial spe-
cies) and Meleney’s synergistic gangrene, which 
is a rare infection that occurs in postoperative 
patients resulting from a synergistic interaction 
between Staphylococcus aureus and microaero-
philic streptococci…….

 Non-Necrotizing/Purulent Soft 
Tissue Infections

Pyomyositis is the presence of pus within individual 
muscle groups rather than gangrenous necrosis as in 
necrotizing myositis. It is primarily caused by 
Staphylococcus aureus. Due to geographical distri-
bution, pyomyositis is often referred to as “tropical 
myositis,” although it also occurs in more temperate 
climates. Classic clinical signs include localized 
pain in a single muscle group, muscle tenderness, 
and fever. The infection typically occurs in an 
extremity, but any muscle group may be involved, 
including the psoas or trunk muscles. In advanced 
cases, the bulging abscess is palpable in the muscle. 
Abscess drainage is required for definitive treat-
ment. Fluid aspirated from abscess should be sent 
for Gram stain and culture. With the emergence of 
MRSA, knowing antimicrobial susceptibility is 
important to guide antimicrobial therapy.

Furnacle/carbuncle/abscess. Severe purulent 
infections are defined in patients who have failed 

incision and drainage plus oral antibiotics or 
those with systemic signs of infection such as 
temperature >38 °C, tachycardia (heart rate > 90 
beats per minute), tachypnea (respiratory rate 
>24 breaths per minute) or abnormal white blood 
cell count (<12,000 or <400 cells/μL), or immu-
nocompromised patients [13].

 Patient Management

 Early Recognition

Early recognition of complicated soft tissue infec-
tions is crucial to minimize morbidity and mortal-
ity. Unfortunately, distinguishing cellulitis from 
early necrotizing fasciitis or myonecrosis is diffi-
cult. Early local signs are rarely diagnostic. 
Physical features such as disproportionate pain or 
tenderness, bullous skin changes, accompanying 
wound, or crepitance suggest deep infection 
requiring surgical intervention. Remember that 
local skin changes are frequently attenuated in 
immunocompromised hosts and that early deep 
atraumatic infections may have a deceptively nor-
mal surface appearance. Although sepsis may 
stem from superficial cellulitis, the presence of 
early severe sepsis or shock, regardless of local 
findings, warrants strong consideration for com-
plicated deep infection.

 Clinical Pitfalls

Surface exam findings may be limited in patients 
with atraumatic deep soft tissue infection and 
symptoms such as pain disproportionate to local 
exam findings should be appreciated.

Acute encephalopathy and critically illness 
limit localization and sources may remain con-
cealed due to deep location or inadequate physi-
cal exam, especially for Fournier’s gangrene.

 Labs
Laboratory findings are rarely diagnostic. 
Abnormalities noted might include leukocytosis 
with left shift, elevated serum creatine phospho-
kinase (CPK), and elevation in serum creatinine 
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concentration. Hematologic values at the time of 
hospital admission have been used to predict 
mortality such as serum lactate and sodium lev-
els. However, the diagnosis of necrotizing soft 
tissue infection cannot be reliably made based 
exclusively on laboratory data but must be used 
in combination with clinical assessment and 
patient risk factors/comorbidities. Laboratory 
data have been used to guide ongoing therapy. 
One study suggests that use of a procalcitonin 
ratio on postoperative day 1 to day 2 can also be 
a valuable tool in determining whether the source 
of infection was eliminated with surgical inter-
vention or if the initial treatment was not radical 
enough to eradicate the infectious focus [7].

 LRINEC score
The LRINEC (Laboratory Risk Indicator for 
Necrotizing Fasciitis) score is used to detect even 
clinically early cases of necrotizing fasciitis and 
attempts to distinguish necrotizing fasciitis from 
severe cellulitis. The variables used include the 
following: C-reactive protein (CRP), whole- 
blood glycosylation (WBG), hemoglobin (Hgb), 
serum sodium, creatinine clearance, and glucose. 
Patients with a LRINEC score of ≥6 should be 
carefully evaluated for the presence of necrotiz-
ing fasciitis. This tool was developed retrospec-
tively, but has been validated prospectively. The 
scoring system has a positive predictive value of 
92.0% and a negative predictive value of 96.0% 
[17–19] (Table 20.1).

 Diagnostic Imaging
Although radiographic imaging studies might be 
useful for distinguishing cellulitis from a necro-
tizing soft tissue infection, these studies should 
not delay surgical intervention in patients with a 
high pretest probability for necrotizing infection. 
Imaging studies are most helpful if subcutaneous 
emphysema is identified. Computed tomography 
(CT) is an imaging study of choice as it can 
define the extent of disease and can potentially 
identify a source of infection while aiding in sur-
gical planning. In the case of Fournier’s gan-
grene, gas in the scrotal wall on ultrasonographic 
evaluation is considered the sonographic hall-
mark for the disease. Magnetic resonance imag-
ing (MRI) is the recommended diagnostic study 
for pyomyositis [20].

 Source Control

 Antibiotics

Early administration of parenteral antibiotics 
directed at the most likely pathogen(s) is a funda-
mental part of early resuscitation (Table  20.2). 
Attention to acute imaging and surgical consulta-
tion should not delay antimicrobial therapy as 
bacteremia complicates two-thirds of necrotizing 
soft tissue infections [17]. Empiric antibiotic 
therapy should be intentionally broad, even in 
community-acquired disease, in order to avoid 
missing the primary pathogen. In cases of MRSA, 
it should be assumed that the microorganism is 
resistant pending culture results and sensitivities. 
Fifty percent of methicillin-resistant S. aureus 
(MRSA) strains have inducible or constitutive 
clindamycin resistance [13, 21, 22].

 Surgical Intervention

If there is a high clinical suspicion for necrotizing 
soft tissue infection, early surgical evaluation is 
imperative, as surgery is the only definitive 
 diagnostic modality. Intraoperative findings con-
sistent with necrotizing fasciitis might include 
the following: the presence of grayish necrotic 

Table 20.1 LRINEC score for necrotizing soft tissue 
infection

CRP (mg/L) <150 0 points
≥150 + 4 points

WBC (per mm3) <15 0 points
15–25 + 1 point
>25 + 2 points

HgB (g/dL) >13.5 0 points
11–13.5 + 1 point
<11 + 2 points

Serum Na+ ≥135 0 points
<135 + 2 points

Creatinine ≤1.6 mg/dL 0 points
>1.6 mg/dL + 2 points

Glucose ≤180 mg/dL 0 points
>180 mg/dL + 1 point
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fascia, lack of resistance of normally adherent 
muscular fascia to blunt dissection, lack of bleed-
ing of the fascia during dissection, and the pres-
ence of foul-smelling pus. Histopathological 
features often include soft tissue necrosis, vascu-
litis, and thrombosis of perforating veins. Source 
control is prioritized and should be considered a 
component of early resuscitation. Delays in the 
initiation of appropriate antibiotics and surgical 
debridement are both associated with adverse 
outcomes [2, 6]. In patients with necrotizing soft 
tissue infections who do not exhibit hemody-
namic instability or end-organ failure, studies 
have concluded that early surgical intervention 
should be as prompt as possible [6]. While 
aggressive goal-oriented resuscitation is para-
mount for patients with shock, prolonged resusci-
tation with expectation for shock resolution 
should not delay early surgical intervention [2].

At the time of surgical evaluation, samples 
should be obtained for Gram stain and for histo-

pathological examination to confirm the diagnosis. 
Surgical debridement with subsequent reex-
plorations is typically necessary. Even with early 
aggressive surgical intervention, mortality rates 
are in the range of 30–40%.

 Adjunctive Therapies

Intravenous immunoglobulin (IVIG) contains 
neutralizing antibodies against some streptococ-
cal superantigens and clostridial toxins. Though 
data on the efficacy of IVIG as adjunctive therapy 
for necrotizing soft tissue infections are limited, 
for cases of necrotizing fasciitis due to GAS 
complicated by streptococcal toxic shock syn-
drome, the use of IVIG is suggested [1].

Hyperbaric oxygen therapy (100% at 3 atm) 
(HBOT) has been recommended for periopera-
tive use for clostridial myonecrosis based on 
in vitro evidence that it inhibits bacterial growth 

Table 20.2 Antimicrobial treatment of necrotizing soft tissue infections

Organism Drug of choice Alternatives
Polymicrobial 
infection

Vancomycin 15–20 mg/kg IV
PLUS
Piperacillin/Tazobactam 4.5 g IV
PLUS
Clindamycin 600–900 mg IV

Meropenem 1 g IV
OR
PCN G 4 million U IV AND  
Clindamycin 600–900 mg IV
OR
Imipenem/Cilastatin 500 mg IV

Streptococcus spp. Clindamycin 600–900 mg IV
AND
PCN 4 million U IV

MRSA Vancomycin 15–20 mg/kg IV Q8-12h Daptomycin 4 mg/kg IV QD
OR
Linezolid 600 mg IV BID
OR
Ceftaroline 600 mg IV BID
OR
Telavancin 10 mg/kg IV QD

MSSA Nafcillin 1–2 g IV Q4h Cefazolin 1 g IV Q8h
OR
Clindamycin 600–900 mg IV

Clostridium spp. Clindamycin 600–900 mg IV
AND
PCN 4 million U IV

Aeromonas hydrophila Ceftriaxone 1–2 g IV Q24h Doxycycline 100 mg Q12h
PLUS
Ciprofloxacin 500 mg IV Q12h

Vibrio vulnificus Cefotaxime 2 g IV TID Doxycycline 100 mg IV Q12h
PLUS
Ceftriaxone 1 g QID
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and toxin production. Animal models have sug-
gested a mortality benefit when used in addition 
to surgery and antibiotic therapy. One of the 
physiologic effects of HBOT is that it increases 
tissue oxygen tension in the wounds of patients 
with necrotizing fasciitis, thereby salvaging the 
critically ischemic penumbra of tissue. In addi-
tion, hyperoxia is thought to potentiate antibiotic 
efficiency, improve white blood cell killing effi-
cacy, and is anti-inflammatory.

 Toxic Shock Syndromes

 Introduction

Cutaneous infections with Gram-positive bacte-
ria are an important source of morbidity and mor-
tality as these bacteria can produce toxins which 
can lead to the development of syndromes such 
as the toxic shock and scalded skin syndromes. 
Toxic shock syndromes (TSS) are caused by 
superantigenic toxins whereas the scalded skin 
syndromes are the result of exfoliative toxins.

 Pathophysiology

 Staphylococcal Toxic Shock Syndrome
Toxic shock syndrome is an inflammatory 
response to staphylococcal toxin. The most com-
mon staphylococcal toxin associated with toxic 
shock syndrome (TSS) is TSS toxin-1 and is the 
primary toxin associated with the use of highly 
absorbent tampons in menstruating women. 
Other types of toxic shock syndrome can be asso-
ciated with sinusitis, postsurgical wounds, osteo-
myelitis, IV drug abuse, burn wounds, and 
influenza. These are typically caused by staphy-
lococcal enterotoxins A–C.

Diagnostic criteria (Fig. 20.1).

 Streptococcal Toxic Shock Syndrome
Invasive GAS and GBS infection may be asso-
ciated with rapidly progressive shock and 
multi- organ failure (Fig. 20.2). The clinical 
syndrome occurs as a result of capillary leak 
and tissue damage caused by the release of 
inflammatory cytokines induced by streptococ-
cal toxins. Streptococcal toxic shock syndrome 
is similar to staphylococcal TSS, but is caused 
by invasive group A streptococcus. The most 
common types of infections associated with 
streptococcal TSS are wounds, though in many 
cases, the route of infection cannot be deter-
mined. Streptococcal TSS is well described as a 
complication of varicella and influenza A infec-
tion. The primary toxins responsible for this 
clinical syndrome are the streptococcal pyro-
genic exotoxins A and C.

Critical Points
• Complicated soft tissue infections are 

characterized by fulminant tissue 
destruction, systemic signs of toxicity, 
and high mortality rates.

• Necrotizing soft tissue infections and 
myonecrosis can be associated with 
subcutaneous emphysema such as in 
polymicrobial necrotizing fasciitis and 
clostridial myonecrosis. However, the 
absence of subcutaneous emphysema 
does not necessarily exclude the diagno-
sis, as it is not typically seen in monomi-
crobial infections such as group A 
streptococcal infections.

• Physical exam findings suggestive of a 
potentially severe deep soft tissue infec-
tion include: [1] pain out of proportion 
to physical exam findings, [2] cutaneous 
hemorrhage, [3] violaceous bullae, [4] 
skin sloughing, [5] localized anesthesia, 
[6] gas in the tissue, and [7] rapid pro-
gression of symptoms.

• Early identification and surgical explo-
ration are imperative in diagnosis and 
management of necrotizing soft tissue 
infections.

• The use of IVIG as adjunctive therapy 
for cases of necrotizing fasciitis due to 
GAS complicated by streptococcal toxic 
shock syndrome can be considered.

• HBOT can be considered for periopera-
tive use in cases of clostridial myone-
crosis but should not delay more 
definitive surgical interventions.

C. G. Carlson and A. C. Heffner



355

 Patient Presentation

The signs and symptoms of toxic shock syn-
drome may develop rapidly in otherwise healthy 
individuals. Patients with toxic shock syndrome 
may have fever, hypotension and skin 
 manifestations, and eventually signs of multisys-
tem involvement (Figs. 20.1 and 20.2).

 Definitive Treatment

The treatment of toxic shock syndrome is sup-
portive and focused on eradicating the primary 
bacteria. Beta-lactamase-resistant, antistaphylo-
coccal antibiotics have historically been used to 
treat these infections. Concomitant clindamycin, 
which can inhibit bacterial toxin production, is 

often used as well. Due to increasing incidence of 
methicillin-resistant staphylococci, vancomycin 
is often recommended. In addition, IV immuno-
globulin (IVIG), which presumably acts partly by 
neutralizing antibodies against toxins, has been 
used with some promising results. Although there 
is evidence for the role of extracellular strepto-
coccal toxins in shock, organ failure, and soft tis-
sue destruction, different batches of IVIG contain 
variable amounts of neutralizing antibodies to 
some of these toxins and definitive evidence for 
use of IVIG is lacking [14]. Contraindications to 
IVIG include hypersensitivity to immunoglobu-
lin or immunoglobulin A (IgA) deficiency. 
Systemic stress dose corticosteroids are unlikely 
to provide any benefit since superantigen- 
mediated immune cell activation has been associ-
ated with corticosteroid resistance.

Fig. 20.1 2011 CDC (Center for Disease Control and Prevention) definition of staphylococcal toxic shock syndrome
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For Streptococcal toxic shock syndrome, cel-
lulitis associated with necrotizing fasciitis and 
myositis with streptococcal invasion into the 
bloodstream can develop. For cases associated 
with necrotizing fasciitis or myositis, rapid 
 identification and surgical debridement are 
imperative to improve morbidity and mortality.
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Stroke: Ischemic and Hemorrhagic

Kimberly Boswell

 Introduction

 Epidemiology

Every 40 seconds, someone in the United States 
has a stroke. Approximately 87% of all strokes 
are ischemic in nature while the remaining 13% 
are hemorrhagic, divided between intracerebral 
and subarachnoid hemorrhage. According to the 
American Heart Association 2015 statistics, 
there are nearly 800,000 strokes annually in the 
United States with three-quarters of those being 
a patient’s first stroke [1]. The rates of stroke are 
decreasing among high-income countries, but 
continue to increase in other parts of the world. 
Interestingly, stroke is common in younger men, 
but even more common in older women. Stroke 
occurs more frequently in blacks and Hispanics 
than whites and is one of the leading causes of 
disability and death in the world [2, 3]. It is esti-
mated that approximately 6.6 million Americans, 
over the age of 20, have had a stroke. This num-
ber is expected to increase by approximately 3.5 
million by the year 2030, which will reflect a 
20% increase from 2012. As a result, it should 
be treated aggressively in hopes to limit its neg-
ative effects and associated morbidity and 
mortality.

 Pathophysiology

 Ischemic Stroke

Reduction or occlusion of blood flow through 
arterial vasculature within the brain results in 
hypoperfusion or complete lack of perfusion to a 
specific vascular territory [4]. This change in per-
fusion leads to ischemia and ultimately, to the 
manifestation of clinical symptoms that a patient 
will develop.

The vast majority of ischemic strokes are due 
to thrombus, emboli, or small vessel ischemia. 
Thrombus is usually the result of atherosclerotic 
disease, but is a localized process that occurs 
directly within the lumen of the affected vessel. 
Acute platelet aggregation at the site of the plaque 
or gradual narrowing over time due to progres-
sion of the plaque growth (worsening of athero-
sclerosis) are two common etiologies for 
thrombosis that lead to strokes.

Embolic strokes are the result of extracranial 
material traveling to the brain and causing occlu-
sion and ischemia. The etiology of the emboli is 
numerous, but most commonly include cardiac 
sources (valvular calcifications, pieces of 
vegetation(s) from endocarditis, clot caused by 
atrial fibrillation or ventricular thrombus), air, 
amniotic, or fat emboli. Occasionally, in the pres-
ence of a patent foramen ovale (PFO) a patient 
can have an embolic stroke from venous clot. 
Consider adding vessel-to-vessel source of 
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emboli such as from aortic arch or internal carotid 
artery (ICA) disease/plaque.

Lacunar infarcts are due to chronic small ves-
sel disease. The smaller vasculature, penetrating 
vessels, are at greater risk when considering the 
effect of hypertension. Long-term hypertension 
eventually leads to thickening of the tunica 
media and therefore overall narrowing of the 
small vessel’s lumen. Over time, the narrowing 
progresses, and finally ischemia results. Like 
thrombotic strokes, lacunar infarcts can also be 
caused by atherosclerotic disease on a micro-
scopic level.

 Hemorrhagic Stroke

There are classically two types of hemorrhagic 
strokes: intracerebral hemorrhage (ICH) and 
subarachnoid hemorrhage (SAH). Intracerebral 
hemorrhage is most commonly a result of 
uncontrolled hypertension, but many etiologies 
exist. Tumors, coagulopathies, bleeding diathe-
sis, amyloid angiopathy, vascular malforma-
tions, hemorrhagic conversion at site of prior 
ischemic injury, mycotic aneurysms, vasculitis, 
and Moyamoya are alternative causes of 
ICH. Typically, the hemorrhage originates from 
smaller arteries and arterioles and bleeding 
occurs directly into the parenchyma creating a 
hematoma, which slowly enlarges over time as 
bleeding, continues [5]. There is some evidence 
to support the presence of “microbleeds” in 
patients, which are subclinical arterial leaks 
that can be precursors to larger hemorrhages 
and have been seen on susceptibility and 
T2-weighted magnetic resonance imaging 
(MRI) [6]. These microbleeds are believed to 
be the result of pseudoaneurysm formation, 
likely due to chronic hypertension, but are also 
seen in patients who are on antithrombotic or 
antiplatelet medications. Patients on warfarin 
have been noted to have increased areas of 
microbleeding on MRI, compared to those not 
on warfarin, but it is unclear if this predisposes 
them to clinically significant warfarin-associ-
ated hemorrhage [7].

 Patient Presentation

Presentations of stroke symptoms can vary 
widely, but there are often patterns of symptoms 
that can be recognized which allow a physician to 
quickly identify the geographical location of a 
stroke. The following is a limited compilation of 
some of the more common and recognizable 
ischemic stroke patterns (See Table 21.1)

• The middle cerebral artery supplies a signifi-
cant portion of the brain. When ischemia 
occurs in this distribution, symptoms are 
dependent on whether the ischemia is affect-
ing the dominant or nondominant hemisphere. 
In the dominant hemisphere, patients will 
present with aphasia, motor and/or sensory 
deficits typically in the face and both the upper 
and lower extremities. [Ischemia of the non-
dominant hemisphere will manifest as neglect, 
motor and/or sensory deficits consistent with 
the dominant hemisphere.] Unclear – you may 
mead of the dominant side of body?

Table 21.1 Cerebral artery distribution and stroke 
symptoms

Vessel involved Symptom patterns
Middle cerebral 
artery

Dominant hemisphere
Motor/sensory deficits (face/
arm > leg)
Hemiplegia possible
Aphasia
Nondominant hemisphere
Hemineglect
Motor/sensory deficits (face/
arm > leg)
Homonymous hemianopsia

Anterior cerebral 
artery

Motor/sensory deficits (leg > 
arm/face)
Apraxic gait
Loss of volition/“Frontal” 
behavior

Posterior circulation
(Vertebral and 
posterior cerebral 
artery)

Visual symptoms (diplopia, 
homonymous hemianopsia)
Cranial nerve deficits/palsy
Vertibrobasilar symptoms 
(dizziness, vomiting)
Ataxic gait
Coma

Lacunar and small 
arteries

“Pure” sensory or motor deficits
Hemiparesis possible
Dysarthric speech
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• Anterior cerebral artery strokes involve 
symptoms of motor and sensory deficits 
usually more pronounced in the affected 
lower extremity, but can also be noted in the 
face and upper extremity as well. An apraxic 
gait and a loss of volition can also be 
appreciated.

• Ischemia of the posterior circulation presents 
with symptoms involving vision and balance. 
Cranial nerve deficits are also common 
findings.

• Lacunar infarcts, or ischemia involving 
smaller arteries or vascular distributions, can 
be identified as “pure” strokes. These com-
monly exhibit a pure sensory or motor deficit. 
Dysarthria and ataxia can also be seen.

Presentations of hemorrhagic strokes are 
dependent on the type. They usually occur in 
the setting of routine activity, but can be pre-
cipitated with physical exertion or an emotion-
ally stressful circumstance. Subarachnoid 
hemorrhages typically fit the “thunderclap” 
headache picture reaching maximal intensity at 
its onset, or very shortly thereafter. A short loss 
of consciousness can occur, and is not uncom-
mon, with the onset of the headache. Ruptured 
arterial aneurysms remain the most common 
cause of nontraumatic SAH and it is important 
to recognize that no focal findings may be pres-
ent on neurologic examination as the majority 
of these bleeds do not occur into the brain tis-
sue, but rather, remain within the cerebral spi-
nal fluid (CSF).

ICH, on the other hand, evolves and gradu-
ally worsens as the bleed increases in size. 
Physical symptoms mimic this gradual nature 
and over the course of minutes to hours, the 
neurologic deficits increase. The presence of 
blood within the brain results in physical pain 
in the form of a headache and can cause nausea 
and vomiting, although this combination of 
headache and vomiting is far more common in 
SAH [8]. Meningismus can be, but is not 
always present. The initial neurologic symp-
toms exhibited are dependent upon the location 
of the bleeding.

 Initial Stabilization and Early 
Resuscitation

Initial emergent management of stroke is based 
on standard emergency medicine practice. A 
patient presenting with acute stroke symptoms 
should be assessed rapidly and with immediate 
attention directed toward the ABCs: airway, 
breathing, and circulation.

Establishing the patient’s level of conscious-
ness, ability to maintain and protect their own 
airway and determining the likelihood of rapid 
decompensation should be a physician’s initial 
steps. Patients with elevated intracranial pressure 
(ICP) due to bleeding or ischemia can present 
with a complete spectrum of mental statuses. A 
Glasgow coma scale (GCS) less than 8 should 
generally (patient may localize but be nonverbal 
and not open eyes, so that is a GCS of 7 and be 
fine with a natural airway) facilitate immediate 
intubation. If any concern exists about a patient’s 
ability to swallow, oxygenate, or protect their air-
way from aspiration, even with a GCS greater 
than 8, the patient should be intubated in safe and 
controlled fashion.

An important goal for the emergency physi-
cian should be to limit secondary injury. The 
primary injury is the stroke itself and its effects 
on the surrounding brain tissue. Secondary 
injury is an event that occurs following the 
stroke, which can contribute to, or worsen the 
brain injury and potentially worsen prognosis. 
Examples of secondary injury include hypoxia, 
hypercapnia, profound hypotension (in the set-
ting of ischemic stroke), and hypertension (in 
the setting of hemorrhagic stroke). It is impor-
tant to ensure adequate oxygenation and ventila-
tion in these patients, to ensure, if and when 
intubated, that peri-induction hemodynamic 
changes are minimized.

Ensuring hemodynamic stability in an acute 
stroke patient can be difficult as many present 
to the emergency department hypertensive. 
Correction of any acute abnormalities that could 
be contributing to the patient’s symptoms should 
be addressed immediately and corrected if pos-
sible. These factors may include, but are not 
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limited to: metabolic derangements, hypercap-
nia, hypoxia, electrolyte aberrations, hypogly-
cemia, or hyperglycemia.

A thorough and precise history and physical 
examination should be performed as time in the 
setting of hemorrhage or ischemia is of the 
essence. The history can offer clues as to the eti-
ology (hemorrhagic or thromboembolic) in addi-
tion to providing vital information as to alternative 
diagnoses including stroke mimics or alternative 
diagnosis like seizures, syncope, aortic dissec-
tion, drug overdose, or hypoglycemia.

While obtaining the history and performing 
the physical examination, the physician should 
also be gathering information about the time of 
the onset of symptoms, the patient’s comorbidi-
ties, and use of anticoagulants, in order to assist 
in determining if the patient is a thrombolytic 
candidate or if he/she is experiencing an ischemic 
event.

The physical examination should be head-to- 
toe in nature. An overall assessment to ensure 
there are no signs of traumatic injury, which 
could explain some or all of the presenting symp-
toms, should be done. If head trauma exists and 
the patient has an altered level of consciousness, 
a hard cervical collar should be placed and com-
puted tomography (CT) imaging of the cervical 
spine should be considered. A pupillary exam 
should be performed. Asymmetric pupils, slug-
gish or nonreactive pupils should be concerning 
to the physician and can be an indicator of ele-
vated intracranial pressure. A cardiac examina-
tion to document the presence or absence of 
murmurs or irregular rhythms should be per-
formed. Lungs should be auscultated for the evi-
dence of heart failure or fluid overload. Peripheral 
examination of the extremities for edema, asym-
metric or not, skin findings concerning endocar-
ditis, hemorrhage, or thrombocytopenia should 
be evaluated.

Neurologic evaluation should be extensive 
and rapid. Full assessment of motor, sensory, cra-
nial nerve function, and speech should be com-
pleted. Every emergency physician should be 
familiar with the National Institutes of Health 
Stroke Scale (NIHSS), which is composed of 11 
elements, each of which contributes to a total 

score of 0–42. The higher the score, the more sig-
nificant the stroke symptoms, with a score of 20 
or greater constituting a “severe stroke” and 
“minor stroke” (NIHSS less than or equal to 3)
[9]. This scale is a widely used and validated 
scale and should be used to determine severity, 
but the score has also been linked to outcomes. 
Use of the scale also provides a clear, concise, 
and well- understood way to communicate your 
findings in the emergency room when discussing 
the patient’s care with neurology and/or neuro-
surgical colleagues. In 2005, Goldstein and Simel 
found that there were three physical examination 
findings that, if present, could improve diagnostic 
reliability, which included facial paresis, prona-
tor drift, and speech impairment [10].

 Diagnostics

 Laboratory Evaluation

Samples should be drawn and sent to the labora-
tory as quickly as possible. Specific treatment 
options, specifically Alteplase (tPA), will be 
dependent upon some laboratory results, so that 
expedited processing should be requested. 
Finger-stick blood glucose should be done imme-
diately on presentation to ensure symptoms are 
not due to hypo- or hyperglycemia.

Basic laboratory tests including a complete 
blood count (CBC) to assess hemoglobin and 
platelet counts, complete metabolic panel (CMP) 
including liver function studies, coagulation 
studies (PT/INR/aPTT) to assess for underlying 
coagulopathy, urinalysis (UA), toxicology screen, 
cardiac enzymes, specifically, a troponin should 
be performed on all patients presenting with 
stroke-like symptoms. A urine or serum preg-
nancy test should be sent for every female of 
childbearing age. If concern for hypercapnia or 
hypoxia exists, consider an arterial blood gas 
(ABG) for further assessment (see Table 21.2).

An electrocardiogram (EKG) should be done 
to evaluate the patient’s cardiac rhythm. 
Abnormal rhythms like atrial fibrillation should 
be considered a potential etiology of embolic/
ischemic stroke. It is not uncommon to note acute 
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EKG changes in a person with increased ICP and 
commonly in patients with SAH.

Additional laboratory tests to consider include 
blood or urine cultures in the setting of a fever.

 Imaging

A chest radiograph should be performed and is 
obligatory in the setting of intubation or to rule 
out infectious causes of altered mental status.

The primary goal of imaging in the evaluation 
of acute stroke symptoms is primarily to exclude 
hemorrhage and to evaluate for evidence of 
stroke mimics. As quickly as the history and 
physical examination is completed, the patient 
should be evaluated with imaging to determine 
the nature of the stroke. A patient who has signs 
or symptoms, a history or physical examination 
findings consistent with increased intracranial 
pressure, or acute hemorrhagic stroke should be 
imaged with a noncontrast CT scan as quickly as 
possible. Acute hemorrhage on CT dictates 
vastly different management in almost every 
aspect, both in additional diagnostics and emer-
gent interventions than ischemic findings. A 
patient with a history and physical examination 
findings more suggestive of ischemia should 
receive an emergent CT scan or MRI to assess 
for evidence of early stroke. Positive imaging 
demonstrating ischemia in a territory consistent 
with physical examination findings should pre-
cipitate a rapid evaluation to determine if the 
patient is a candidate for thrombolytic therapy, 

consultation with neurology and, if available, 
interventional radiology. Diffusion-weighted 
MRI (DWI) is more sensitive in the hyperacute 
phase of stroke to detect evidence of ischemia. It 
is important to appreciate the difference in time 
needed to obtain CT versus MRI imaging. If 
concern for hemorrhage exists, it is likely more 
prudent to obtain a CT first, as the longer dura-
tion of study with MRI utilizes valuable minutes 
in which emergent interventions can take place.

 Definitive Treatment

 Acute Ischemic Stroke

After initially stabilizing a patient with signs and 
symptoms concerning for acute stroke, aiming 
treatment directed and improving outcomes and 
limiting secondary injury should be started. 
There are many issues that are directly related to 
the management of strokes that will be discussed. 
Patients diagnosed with acute stroke, hemor-
rhagic or ischemic, should be admitted to an 
intensive care unit (ICU) for close monitoring as 
neurologic decompensation can occur.

 Blood Pressure Management
Blood pressure management is an important 
issue in patients having acute strokes, but the 
goals are markedly different depending on 
whether the stroke is hemorrhagic or ischemic. In 
ischemic strokes, patients are dependent on 
increased perfusion pressures to maintain what-
ever minimal amount of blood supply may still 
be perfusing ischemic areas. Watershed areas, 
which may not be actively ischemic, may never-
theless be at risk if a patient were to become 
normo- or hypotensive. Therefore, in the event of 
ischemic strokes, blood pressure goals are rather 
liberal and patients are “allowed” to remain 
hypertensive, deemed, permissive hypertension 
[11]. As noted above, many patients who are hav-
ing acute strokes will present hypertensive. It is 
believed this is due to several possible factors 
such as acute pain, chronic, uncontrolled hyper-
tension, stroke-mediated events, or possibly even 
a stress response. Regardless of the etiology, the 

Table 21.2 Initial laboratory evaluation of the suspected 
stroke patient

Initial laboratory evaluation of the suspected stroke 
patient
  CBC
  CMP
  Coagulation Studies (PT/INR/aPTT)
  Troponin
  UA
  Toxicology screen
  Things to consider adding
  Blood or urine cultures
  Pregnancy test
  ABG
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blood pressure should not be aggressively con-
trolled in the first 24 hours. Several studies have 
shown a direct association with blood pressure 
reduction in the first 24 hours of stroke and poor 
outcomes [12, 13]. Blood pressure for patients 
with acute, ischemic stroke who are not going to 
receive thrombolytics should only be treated if, 
extreme, persistent hypertension is noted. This is 
commonly defined as a systolic blood pressure 
(SBP) greater than 220  mmHg or a diastolic 
blood pressure (DBP) greater than 120  mmHg. 
Several exceptions to these guidelines exist and 
include patients with active cardiac ischemia, 
decompensated heart failure, evidence of other 
end-organ hypoperfusion (acute renal insuffi-
ciency/injury/failure), pregnancy with evidence 
of preeclampsia or eclampsia, or in the setting of 
acute aortic dissection. If needed, intravenous 
(IV) medications should be used to control blood 
pressure, preferably short-acting ones. The cur-
rent American Heart Association (AHA) guide-
lines from 2013 suggest Labetalol and Nicardipine 
as first-line choices [14].

Blood pressure goals are going to differ if a 
patient is a thrombolytic candidate. In the acute set-
ting, immediately after presentation, and while 
determining if a patient meets criteria for thrombo-
lytics, blood pressure is important. One of the 
exclusion criteria to receiving tPA includes blood 
pressure parameters. A patient must maintain a 
SBP less than 185 and diastolic blood pressure less 
than 110. Bolused IV medications can be used, if 
needed, and included in the 2013 AHA is the allow-
ance for a nicardipine drip to be used to sustain 
blood pressures at goal. If tPA is given, it is impera-
tive that the patient’s blood pressure is maintained 
with SBP <185 and DBP <105 for 24 hours after 
administration to prevent complications. Again, the 
use of IV medications is the preferred means to 
control hypertension in this group of patients.

 Fluids
Intravenous fluids should be initiated at the time 
of IV placement. The majority of stroke patients 
will be in need of some volume resuscitation, will 
have their oral intake restricted as an aspiration 
precaution, some will require anesthesia for intu-
bation, and some will simply be dehydrated 

depending upon their presentation. Avoidance of 
hypotonic solutions is important, as it can con-
tribute to worsening cerebral edema and increase 
intracranial pressure. Normal saline or plasma- 
Lyte is an appropriate choice for initial volume 
resuscitation.

 Hyperglycemia
Most patients presenting with acute stroke have 
some degree of hyperglycemia, regardless of a 
history of diabetes. It appears that not only can 
this be simply a result of stress, but it is also 
believed to be a result of the stroke itself caus-
ing abnormal glucose metabolism [15]. 
Aggressive glucose control should be initiated 
to maintain euglycemia, as many studies have 
demonstrated that hyperglycemia after acute 
stroke, both hemorrhagic and ischemic, can por-
tend a poor prognosis [16, 17]. Current AHA 
guidelines suggest keeping the serum blood 
sugar between 140  mg/dL and 180  mg/
dL. Insulin drips are not necessary as long as the 
patient’s blood sugar can be controlled with 
sliding scale insulin. Consider including that 
hypoglycemia must be avoided.

 Fever
Fever is not uncommon in the setting of brain 
injury and therefore can be and is often seen in 
acute stroke. Many studies have clearly demon-
strated worse outcomes and increased mortality 
associated with fevers Temperature >38o C [18, 
19]. Not only did the height of the fever but also 
the duration of the fever (in days) play a role in the 
associated increase in mortality [20]. Although it 
is clear that fevers have a negative impact on 
stroke prognosis, it is unclear what they should be 
treated with to control them. Studies have been 
done which demonstrate no benefit in using medi-
cations or external cooling devices to control tem-
perature, but more studies are needed to determine 
if active control to achieve euthermia will ulti-
mately result in improved outcomes [21, 22].

 Fibrinolytic Therapy
The use of IV tPA in the setting of acute isch-
emic stroke is reserved for those with known 
time of symptom onset. Patients who present 
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within 4.5  hours of symptom onset should be 
rapidly assessed to determine if they are candi-
dates for tPA administration (See Table  21.2). 
Once the patient’s initial assessment, history, 
and physical examination have been performed, 
airway concerns and hemodynamics addressed, 
neurologic consultants should be involved. The 
patient should receive imaging (either CT or 
MRI, whichever can be obtained more expedi-
ently) and the decision to give fibrinolytics, or 
withhold, should be made. The current recom-
mendation is to give OFFER? tPA to any patient 
who meets criteria and agrees or consents to 
treatment. The AHA guidelines recommend that 
every attempt should be made by the treating 
emergency physician to give tPA within 60 min-
utes of the patient presenting to the emergency 
room (ER).

In response to many clinicians’ concerns 
about ambiguity of initial guidelines presented 
by the exclusion criteria for tPA, a taskforce was 
convened to clarify some of these issues. 
Specifically, The Re-examining Acute Eligibility 
for Thrombolysis (TREAT) group of investiga-
tors addressed the utility and safety of adminis-
tering IV tPA to acute stroke patients who 
demonstrate “rapidly improving stroke symp-
toms.” Overall, the consensus of the group was 
that in patients whose neurologic examination 
was improving at the time of assessment, but 
demonstrated persistent and “potentially dis-
abling” neurologic deficits, tPA is safe and should 
be administered in the absence of other clear 
exclusion criteria. The particular deficits identi-
fied include severe aphasia, motor weakness pre-
venting sustained effort against gravity, any 
deficit totaling an NIHSS score of greater than 5, 
visual deficits (complete hemianopia, visual 
extinction), or any residual deficit that the patient, 
patient’s family, or the physician would consider 
possibly disabling [23].

The possibility of treating a patient with evi-
dence of neurologic deficit with tPA without an 
actual ischemic stroke should be of utmost con-
cern for any emergency physician. There are 
many conditions in which stroke-like symptoms 
are the presenting complaint and these are 
referred to as “stroke mimics” and include con-

ditions like complicated migraines, seizures, 
and conversion disorders. Studies have shown 
that even when patients presenting with stroke 
mimics are treated with IV tPA, no significant 
complications, related to thrombolytic therapy, 
occur [24].

 Intracranial Hemorrhage after tPA
Intracerebral hemorrhage following tPA admin-
istration is the most concerning and life- 
threatening complication of thrombolysis. 
Other possible complications include bleeding 
(not intracranial) from other sites and angio-
edema, and although are complications, tend to 
be more manageable. Prospective observational 
studies have demonstrated that the risk of intra-
cerebral hemorrhage following tPA ranges from 
approximately 5 to 8% [25–27]. The data sup-
port the use of IV tPA for those that meet eligi-
bility criteria with a low symptomatic 
intracerebral hemorrhage rate of complication 
following administration.

If symptomatic intracerebral hemorrhage 
occurs following tPA, discontinuation and rever-
sal of anticoagulation should immediately take 
place. Options for reversal are discussed in detail 
below and include Prothrombin Complex 
Concentrate (PCC), blood products (FFP, plate-
lets and cryoprecipitate, and Tranexamic acid 
(TXA)) depending on coagulation profiles at the 
time of bleeding. Neurosurgical consultation 
should be obtained urgently for evaluation of 
possible evacuation if hemorrhage is amenable.

 Intra-arterial Thrombolysis
Although still considered an investigational 
therapy, intra-arterial tPA is gaining momentum 
and clinical studies are actively being done to 
clarify its efficacy. Intra-arterial therapies are an 
endovascular technique, which offers the benefit 
of direct visualization and removal of the throm-
boembolic burden while administering tPA 
directly to the occlusion. In addition, direct 
visualization allows for an appreciably smaller 
dose of thrombolytic to be required and conse-
quently allows this therapy to be an option for 
some patients who are not candidates for sys-
temic thrombolysis [28].
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 Acute Hemorrhagic Stroke

 Medical Management
Initial management of patients with hemorrhagic 
strokes is similar to ischemic strokes. Treatment 
of hyperglycemia, fever, and volume status is 
important and unchanged from the above recom-
mendations. There are several important differ-
ences in the management of acute ICH with 
respect to blood pressure, reversal of anticoagu-
lation, and involvement of surgical colleagues.

 Blood Pressure Management
Similar to ischemic stroke, many patients with acute 
ICH present with elevated blood pressure. However, 
unlike the treatment of ischemic stroke, allowing 
for liberal blood pressure management, elevated 
blood pressure in the setting of hemorrhage can pre-
cipitate bleeding and worsen outcomes. The com-
plicating issue of tight blood pressure control in 
these patients revolves around the fact that many 
patients with spontaneous ICH have chronic, 
uncontrolled hypertension and too rapid a decrease 
in the mean arterial pressure (MAP) can result in 
ischemic stroke or cerebral hypoperfusion.

The current guidelines for the management of 
hypertension in the setting of acute ICH are from 
the AHA 2010 [29]. They are as follows:

• Aggressive blood pressure management for 
any patient with a SBP >200 mmHg or MAP 
>150  mmHg using continuous IV infusions 
and frequent blood pressure monitoring.

• In patients with evidence of elevated ICP or 
concern for increased ICPs who have a SBP 
>180  mmHg or MAP >130  mmHg, blood 
pressure should be reduced to maintain cere-
bral perfusion pressures (CPP) between 61 and 
80  mmHg. This implies that ICP monitoring 
should be strongly considered. Intermittent or 
continuous IV medications are recommended.

• In patients without evidence of, or concern 
for, elevated ICPs, but with a SBP >180 mmHg 
or MAP >130  mmHg, a more conservative 
reduction in blood pressure is suggested with 
a goal MAP of 110 mmHg or total blood pres-
sure of 160/90  mmHg. Again, intermittent 
bolused or continuous infusions of antihyper-
tensives can be used.

Regardless of the therapy or aggressiveness of 
blood pressure management utilized, frequent, 
repeated neurologic examinations should be per-
formed. Taking these current guidelines into 
account, the Intensive Blood Pressure Reduction 
in Acute Cerebral Hemorrhage Trial 2 
(INTERACT2) found that aggressively lowering 
the SBP to 140 mmHg in patients presenting with 
SBP 150–200  mmHg is likely safe and did not 
increase the risk of death or severe disability in the 
population studied [30].

 Reversal of Anticoagulants
Individuals who present with spontaneous ICH 
while taking anticoagulants or antiplatelet medi-
cations present a more complicated and highly 
morbid situation. It is imperative that every 
attempt at reversal of the anticoagulant or anti-
platelet be undertaken and done so emergently. It 
is important to note that no therapy that reverses 
anticoagulation is without potential complication 
whether pro-thrombotic itself, known to cause 
anaphylaxis, or related to the product volume 
required to make the treatment effective. Each 
option has risks and benefits that need to be eval-
uated based on the patient’s history, clinical pic-
ture, and individual risks.

Warfarin-associated ICH carries a significant 
morbidity and mortality when compared to spon-
taneous hemorrhage. Patients with ICH while on 
warfarin have been found to have greater expan-
sion of the hemorrhage and, likely as a result, 
have a great mortality than those with spontane-
ous ICH and not taking anticoagulation [31].

Warfarin is a vitamin K antagonist and there-
fore affects clotting factors II, VII, IX, and X 
from functioning properly. Bleeding can be 
reversed using several options including fresh 
frozen plasma (FFP), PCC, vitamin K, and 
recombinant factor VIIa. Fresh frozen plasma is 
widely used and readily available to almost all 
emergency physicians. In comparison to the 
alternative reversal agents, like factor VIIa and 
PCC, FFP is inexpensive and can quickly, and 
fully, reverse the international normalized ratio 
(INR). Unfortunately, the total volume of FFP 
required to fully reverse the effects of warfarin 
can sometimes be prohibitory. This is especially 
true when taking care of patients with a history 
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of cardiac disease of heart failure. The blood 
bank needs time to crossmatch and thaw FFP 
before it can start infusing, this time is often 
critical and can allow for hemorrhage expan-
sion. Increasingly available is PCC, which is a 
complex of the vitamin- K-dependent factors in 
addition to some small amounts of proteins C 
and S.  Prothrombin complex concentrate is 
available in three- and four-factor formulations. 
The three-factor formulation contains very lit-
tle, if any, factor VII and is often given with 
two units of FFP because of this. Four-factor is 
thus preferred if available. Kcentra is the only 
four-factor PCC available in the United States at 
this time and was approved by the FDA in 2013. 
PCC can normalize the INR within minutes of 
infusion and does not require crossmatch or 
thawing time like its alternative, FFP. PCC dos-
ing is based on initial INR and the patient’s 
weight. For a standard, therapeutic INR (2 to 
<4), the dose of four-factor PCC is 25 units/kg 
with a maximum dose of 2500 units. Although, 
not well studied, literature suggests that admin-
istration of PCC is a generally well-tolerated 
event with few complications [32].

Recombinant factor VIIa is a better-studied 
reversal agent, but is not currently recommended 
for the reversal of warfarin-associated ICH due to 
significant concerns about the risk of thrombosis 
after treatment. In addition, a large multicenter 
randomized trial demonstrated no improved sur-
vival benefit of functional outcome following the 
administration of factor VIIa [33].

Vitamin K should be given to nearly every 
patient on warfarin, despite concurrent treatment 
with PCC or FFP as the normalization of the INR 
from these treatments is a transient event. 
Intravenous vitamin K (10 mg) should be given 
as soon as possible in the emergency department 
and infused slowly due to the possibility of ana-
phylaxis when infused at faster rates. Doses can 
be repeated as often as every 12 hours until INR 
remains normalized.

Protamine should be given as quickly as pos-
sible when a heparin-associated ICH is identi-
fied. If available at the time of initial laboratory 
investigation, and if it is known or suspected 
that a patient may be on heparin or heparin 
products, a heparin concentration should be sent 

to assist in determining the appropriate dose of 
protamine necessary to completely reverse the 
heparin effect.

The use of novel oral anticoagulants (direct 
oral anticoagulants), including dabigatran, rivar-
oxaban, and apixaban, has introduced a more 
complicated picture when discussing the reversal 
of anticoagulation. Currently, dabigatran is the 
only oral anticoagulant that has a reversal agent 
also available. Idarucizumab is the reversal agent 
for dabigatran and can completely reverse the 
effects within minutes [34]. Idarucizumab should 
not be given in combination with any other rever-
sal agent, like PCC, given an increased risk of 
thrombosis. Approximately, one-half of the cir-
culating volume of dabigatran can also be 
removed via hemodialysis if its reversal agent is 
unavailable.

Patients presenting with acute ICH while tak-
ing one of these medications should have the 
same laboratory evaluation as any other patients. 
A full coagulation profile should be sent and the 
emergency physician should consider a fibrino-
gen level as well. These oral anticoagulants can 
be treated, to a degree, with the PCC. If signifi-
cant or recent ingestion has occurred, oral acti-
vated charcoal can be considered if the patient 
has a protected airway or is awake, alert, and 
able to protect his own airway without any con-
cern for aspiration.

 Seizures and Seizure Prophylaxis
The occurrence of hemorrhage- related seizures 
is cited as anywhere between 4 and 29% of 
patients. It is important to note that nonconvul-
sive seizures can occur in up to half of patients 
with acute hemorrhagic stroke and most sei-
zures are in patients with cortical bleeds [35]. 
The current recommendation for treatment of 
seizures, should they occur, is fosphenytoin or 
phenytoin [36, 37]. It is important to consider 
each patient individually as well as possible 
contraindications and special circumstances 
when selecting an antiepileptic medication. The 
2010 AHA guidelines recommend against the 
routine prophylaxis of seizures in the acute 
hemorrhagic stroke patient. There are no current 
data to strongly support or refute the use of pro-
phylaxis at this time.

21 Stroke: Ischemic and Hemorrhagic



368

 Intracerebral Pressures
Patients with acute hemorrhage can present alert, 
oriented, and without significant focal deficits, or 
they can present profoundly obtunded and unre-
sponsive depending on the severity and location 
of the bleeding. Elevated ICPs are an important 
concern and should be monitored in specific 
patients. Patients with minimal symptoms or no 
evidence of elevated ICP can be monitored 
closely with frequent neurologic examinations. 
Those patients presenting with a depressed GCS 
of <8, those with transtentorial herniation on 
examination or hydrocephalus on imaging, or 
those who have significant ICH should have inva-
sive ICP monitoring placed [29]. Once the moni-
toring is placed, the goal CPP is between 50 and 
70 mmHg.

Alternatives to invasive monitoring and 
likely more useful to the emergency physician 
include positioning, ventilatory, and pharmaco-
logic interventions that can result in rapid 
decreases in ICP. There are several acute inter-
ventions, which can be beneficial in a patient 
who is declining due to elevated ICPs. Simply 
positioning the patient with the head of bed at 
30 degrees can improve cerebral venous out-
flow. Treating a patient’s pain, agitation, or 
anxiety can assist in both decreasing blood 
pressure and ICP.  Using osmotic diuretics or 
hypertonic solutions like mannitol and hyper-
tonic saline, respectively, is an option available 
in most emergency departments. Osmotic 
agents work by increasing the plasma’s oncotic 
pressure and therefore drawing fluid out of the 
parenchyma. An initial dose of 1g/kg of man-
nitol is standard and its effects are usually seen 
within minutes of administration. Hypertonic 
saline comes in various concentrations from 
3% to 23.4%. If multiple aliquots of hypertonic 
saline are given, central venous access should 
be considered. A 2011 meta-analysis evaluated 
the efficacy of mannitol versus hypertonic 
saline for elevated ICP management and it con-
cluded that hypertonic saline is likely a better 
choice to control ICP acutely. [38]. The use of 
osmotic diuretics or hypertonic fluids warrants 
frequent assessments of serum osmolality, 
sodium, chloride, and potassium levels. It is 

also imperative when using mannitol (or any 
diuretic) to monitor a patient’s volume status to 
prevent hypovolemia. Hyperventilation with a 
goal PaCO2 of 25–30 mmHg can produce pro-
found and brisk cerebral vasoconstriction, rap-
idly and effectively lowering the ICP.  This 
effect is temporary and should only be utilized 
in the setting of imminent herniation (Tables 
21.3 and 21.4).

Barbiturates and paralytics are typically 
reserved for use in the ICU, but can be consid-
ered if control of ICPs is proving to be difficult 
and other measures have failed. Consultation 
with neurologic and neurosurgical colleagues 

Table 21.3 Initial diagnostic evaluation of the suspected 
stroke patient

Initial diagnostic evaluation of the suspected stroke 
patient
  CT head (without contrast)
  EKG
  Chest X-ray
  MRI brain
  Things to consider adding
  EEG if concerned for seizures
  MRA head and neck
  CTA brain/neck

Table 21.4 Contraindications for tPA

Contraindications for tPA
Absolute:
  <18 years old
  >4.5 hours since symptom onset OR unknown 
symptoms onset with last known “normal” time being 
>4.5 hours

  Prior IC hemorrhage
  Current ICH
  Recent spinal or cranial surgery
  Known brain AVM, aneurysm, or mass
  Arterial puncture at noncompressible site in prior 
7 days

Relative:
  Current use of anticoagulation
  Improving stroke symptoms/neuro exam.
  Recent history of GI or GU bleeding (within 3 weeks)
  >80 years old
  Pregnancy
  Myocardial infarction within the past 3 months
  Major surgery in prior 14 days
  Significant trauma in prior 2 weeks
  Platelet <100,000; INR >1.7; PT >15 seconds
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should be sought prior to intitiating these thera-
pies (Table 21.5).

 Surgical Interventions
Indications for surgery in acute hemorrhagic 
stroke are dependent upon the location of the 
hemorrhage. Surgical evacuation of hemorrhage 
in the supratentorial region is, at best, controver-
sial and without clear indication. Patients should 
be evaluated on a case-by-case basis for inter-
vention. Patient characteristics that are associ-
ated with improved outcomes include fewer 
comorbid conditions, younger age, nondominant 
hemisphere involvement, hemorrhage near the 
surface of the brain, and recent bleed. Patients 
who are continuing to decline clinically, despite 
maximal medical treatment, should also be con-
sidered for surgical intervention. Cerebellar 
hemorrhage carries a notable risk and neurosur-
gical colleagues should be consulted emergently. 
The infratentorial/posterior region is a smaller, 
closed compartment that, with increased pres-
sure or space occupying lesion, will result in 
brainstem compression and possible herniation 
more rapidly than hemorrhage within the supra-
tentorial space. Hemorrhage of >3 cm in diame-
ter, continued decline on neurologic examination, 
evidence of brainstem compression, or hydro-
cephalus due to ventricular obstruction on CT 
should be emergently assessed for surgical evac-
uation of the hemorrhage [37].

 Subarachnoid Hemorrhage
There are several issues specific to the diagnosis 
and management of subarachnoid hemorrhage 
which should be addressed as it can be easily 
misdiagnosed even when clinically suspected, 
and results can be erroneously interpreted. Well 
known is the acute onset, “worst headache of my 
life” usually associated with nausea, vomiting, 
occasionally syncope, seizures, and/or meningis-
mus. However, approximately 10–15% of 
patients who suffer from ruptured aneurysm and 
SAH will die prior to reaching the hospital. 
Interestingly, approximately 10–40% of patients 
will experience a sudden, severe headache sev-
eral days prior to the subarachnoid hemorrhage 
by 1–3 weeks [39].

The vast majority of nontraumatic subarach-
noid hemorrhages are due to aneurysms. The 
remainder can be due to vascular malformations, 
arterial dissections, or perimesencephalic hemor-
rhage. For many of these patients, a definitive 
diagnosis is never obtained.

Subarachnoid hemorrhage is associated with a 
high mortality rate. It has been observed that the 
mortality rate can be as high as 51% [40].

 Diagnosis
The diagnosis of subarachnoid hemorrhage starts 
with the clinical suspicion of the physician. A 
patient with a presentation concerning for sub-
arachnoid hemorrhage should be evaluated until 
all aspects of the evaluation are negative. The ini-
tial imaging should be a noncontrast CT scan to 
assess for clear evidence of SAH. CT is most sen-
sitive in the first 6–12 hours of onset and if within 
the first 6 hours nears 100% sensitivity [41]. If 
the CT is negative and the clinical suspicion 
exists, a lumbar puncture should be considered 
obligatory. The lumbar puncture should be done, 
opening pressures should be measured (often 
elevated in SAH), and the CSF should be 
 collected. Cell counts should be performed on 
tubes 1 and 4, but declining red blood cell (RBC) 
counts should not be considered a way to rule out 
SAH. Xanthochromia is the classic finding asso-
ciated with SAH on lumbar puncture and is the 
result of hemoglobin breakdown and can last for 
up to 2 or more weeks [42].

Table 21.5 ICP management

ICP Management
 Position
  Head of bed 30 degrees
 Pain control/sedation
  Oversedation can cloud neuro exam
  Propofol
Osmotic diuretics
  Mannitol 1g/kg, initial dose
 Hypertonic saline
  3% to 23.4%
  Monitor serum Osm, Na, Cl, K
 Paralytics/barbiturates
 Hyperventilation
  Goal PaCO2 25–30 mmHg
  Reserved for imminent herniation
  Avoid rebound, slowly normalize PaCO2
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Once the diagnosis is made, additional studies 
should be obtained to determine the cause, treat-
ment, and prognosis needed.

 Imaging
CT angiography (CTA) is typically the initial 
radiographic modality after the diagnosis of SAH 
is made. CTA, in addition to magnetic resonance 
angiography (MRA), is highly sensitive for aneu-
rysms 3 mm and larger and CTA is highly sensi-
tive for the detection of ruptured aneurysms. The 
use of multidetector CT scanners increases the 
sensitivity and specificity to >97% [43]. If CTA 
is negative, then digital subtraction angiography 
should be used to aid in the diagnosis. The gold 
standard for diagnosis remains, traditional 
angiography.

 Complications
There are several potential complications of SAH 
that can occur in the acute to subacute period of 
SAH.  As emergency department overcrowding 
and length of stay are increasing, we often find 
ourselves caring for critically ill patients for lon-
ger than we are accustomed to. It is important to 
be aware of the complications that can occur dur-
ing the subacute period in which these patients 
may remain in our care.

Rebleeding of the aneurysm occurs in between 
8 and 23% of all aneurysmal SAHs and usually 
this occurs within the first 24–72 hours after the 
initial event [44]. It is usually diagnosed as the 
result of a sudden clinical or neurologic change 
in a patient. There are several factors that are con-
sidered to increase the likelihood of rebleed in a 
particular individual. These factors include delay 
in the presentation from the onset of symptoms, 
elevated blood pressure at the time of presenta-
tion, history of sentinel headache, and ventricu-
lostomy placement prior to intervention for 
aneurysm treatment [45–47].

Pulmonary edema and cardiac arrhythmias are 
relatively common in patients with SAH, occur-
ring in 25 and 35% of people, respectively [48]. 
Cardiac arrhythmias and EKG changes are com-
mon. Deep, symmetric T-wave inversions, ST 
depressions, and evident U-waves are all frequent 
findings. The frequency of cardiac arrhythmias 
and left ventricular dysfunction (or Frank heart 

failure) is associated with increased severity of 
SAH [49].

The development of increased ICP is most 
likely the result of hydrocephalus (due to obstruc-
tion of CSF flow) or increasing volume of hemor-
rhage. Hydrocephalus is seen in about 15% of all 
patients with SAH, nearly half of which were 
symptomatic [50]. If symptomatic or severe, a 
ventriculostomy drain may need to be placed for 
acute management.

Vasospasm and delayed cerebral ischemia 
(DCI) are common complications in 
SAH. Usually occurring no sooner than 3 days 
after symptom onset and achieving a peak risk at 
days 7–8, symptomatic vasospasm is associated 
with poorer prognosis. DCI is believed to likely 
be the result of vasospasm and can be clinically 
silent or manifest as a new or worsened neuro-
logic deficit or changes in a patient’s level of 
consciousness. It is estimated that 20–30% of all 
patients with aneurysmal SAH will have symp-
tomatic ischemia. Nimodipine is the medication 
of choice for the prevention of vasospasm and 
DCI. The goal is to begin this medication within 
4  days of SAH, sooner being preferred. The 
mechanism by which nimodipine has its effect 
on preventing cerebral vasospasm is unclear and 
no angiographic evidence exists to support its 
effectiveness, but studies have demonstrated 
improved outcomes, including a trend toward 
decreased mortality and lower rates of vaso-
spasm and evidence of infarction on imaging, 
with its use and therefore it is currently the stan-
dard of care [51, 52].
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Seizures and Status Epilepticus

Kabir Rezvankhoo and Munish Goyal

 Introduction

Seizures are defined as sudden abnormal elec-
trical activity involving cortical, subcortical, 
and thalamic neuronal networks, which may 
cause a change in mental status and possible 
convulsive motor activity. They are categorized 
as generalized or focal, convulsive (involving 
rhythmic muscle contraction and relaxation) or 
nonconvulsive, provoked or unprovoked and 
based on duration. They are common, with 
11% of the population having a seizure at some 
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Critical Points
• Seizures occur on a continuum. Most 

seizures stop within 1 minute. The lon-
ger a seizure lasts, the more difficult it is 
to terminate.

• Status epilepticus (SE) leads to death 
from a combination of hyperpyrexia, 
acidosis, hypoxemia, and ultimately 
cerebral ischemia. Halting seizure activ-
ity, protecting the airway, and adminis-
tering adequate supplemental oxygen 
are the cornerstones of therapy.

• The goal is to treat early with an aggres-
sive, multireceptor approach. Simultaneous 
first-line and second-line therapies are the 
best approaches.

• First-line antiepileptic drug (AED) for 
SE is midazolam (0.2  mg/kg up to 
10  mg) given intramuscularly (IM) or 
lorazepam (0.1 mg/kg up to 4 mg) given 
intravenously (IV).

• Second-line AEDs for SE include phe-
nytoin (20  mg/kg), fosphenytoin 

(20  mg PE/kg), and valproate sodium 
(20–40 mg/kg).

• Consider nonconvulsive SE (NCSE) in 
patients who remain persistently altered 
or comatose after overt motor activity 
stops.

• Refractory SE (RSE) is defined as 
patients who are in either convulsive or 
NCSE, despite adequate therapy with 
first -and second-line AEDs.

• Patients with RSE should be endotra-
cheally intubated and placed on contin-
uous midazolam (0.05–2  mg/kg/h) or 
propofol (30–200 μg/kg/min) infusions.

• All of these patients will need continu-
ous EEG (cEEG) monitoring in the 
intensive care unit (ICU).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28794-8_22&domain=pdf
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point in life and resulting in 1 million ED visits 
annually [30]. The terminology used to catego-
rize seizures is not standardized. In this chapter, 
status epilepticus (SE) refers to generalized con-
vulsions lasting greater than 5 minutes or 
repeated seizures without a return to baseline 
cognitive state. Refractory SE (RSE) refers to 
generalized convulsions that do not resolve after 
administration of two or more antiepileptic 
drugs (AEDs). Nonconvulsive SE (NCSE) 
refers to seizure activity in the absence of motor 
findings, usually confirmed by EEG.

Most seizures are brief and self-limited. 
Among patients who present to the ED with sei-
zures, most do not have SE and are discharged 
home. The objective of this chapter is to pro-
vide an evidence-based review of the patho-
physiology and current therapeutic approaches 
to manage SE.  In the past 35 years, results of 
critical trials have allowed us to establish our 
current standards of practice; however, the cur-
rent body of work pertaining to seizures and SE 
is inadequate to definitively answer many clini-
cal questions. Part of this chapter will provide 
an in-depth review of the pathophysiology of 
SE to help guide the clinician when first-line 
therapies are ineffective. We feel this is impor-
tant, as an early aggressive multireceptor 
approach should be taken when it comes to 
treating patients with SE [2, 3].

 Status Epilepticus – An Evolving 
Definition

Status epilepticus (SE) is either witnessed seizure 
activity lasting greater than 5 minutes or repeated 
seizures without a return to baseline cognitive 
state. The seizure duration that defines SE has 
evolved throughout the years and remains contro-
versial. Classically, the America’s Working 
Group on Status Epilepticus in 1993 defined SE 
as seizure activity lasting for 30  minutes [6]. 
Seizure duration was reduced to 10  minutes in 
the 1998 Veterans Affairs Status Epilepticus 

Cooperative Study. [7] The timeline changed 
again to 5 minutes in 2001 when Alldredge and 
colleagues published their landmark study com-
paring the efficacy of halting seizures with loraz-
epam vs. diazepam vs. placebo.

The past 35 years of basic science research 
has attempted to shed light on SE and its under-
lying neurophysiology. Although still incom-
plete, we now have more insight into what 
makes patients prone to have seizures, how 
AEDs function, and why certain patients 
develop refractory SE. The theory of pharma-
coresistance, first described by Wasterlain and 
colleagues [11, 12], is the most practical expla-
nation of the importance of early aggressive 
multireceptor approach to treating SE.  This 
theory will be discussed in detail below and 
helps us understand why delayed treatment of 
SE can lead to decreased efficacy of benzodiaz-
epines and ultimately lead to increased morbid-
ity and mortality [1, 8–10].

 Status Epilepticus – Etiology

Status epilepticus is a heterogeneous disease pro-
cess that encompasses not only people with 
underlying epilepsy, but also those with acute 
neurologic and systemic illnesses. The average 
duration of generalized tonic–clonic seizures is 
only 1 minute in humans based on video EEG 
studies; thus, convulsions lasting longer than 5 
minutes are a clear marker of abnormal seizure 
activity [5]. From a practical standpoint, the 
majority of SE cases are due to subtherapeutic 
AED levels or due to a known trigger. Other eti-
ologies of SE include alcohol use and withdrawal, 
metabolic encephalopathy, trauma, cerebrovas-
cular accident (CVA), hypoxemia, and anoxia. 
There have been a handful of both prospective 
and retrospective US-based population studies 
that describe the underlying cause and associated 
mortality in patients with SE. The results of four 
of these studies are summarized in Fig.  22.1 
[23–26].
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 Status Epilepticus – 
Pathophysiology and Current 
Concepts

Seizures involve abnormally synchronized elec-
trical activity involving cortical, subcortical, and 
thalamic neuronal networks. The start of a gener-
alized tonic–clonic seizure begins with excitation 
of susceptible epileptic cerebral neurons, which 
leads to synchronous discharges that can progres-
sively recruit larger cortical networks and ulti-
mately lead to the clinical manifestation of 
seizure activity. Why seizures don’t stop (known 
as self-sustaining SE), when the stimulus is with-
drawn, is central to the theory of why SE 
develops.

In a series of studies with a rodent model 
designed to mimic SE, Mazarati and colleagues 
used bipolar stimulating electrodes to directly 
induce SE [11, 31]. When brain stimulation was 
withdrawn in as little as 15 minutes, the rodents 
continued to seize. They demonstrated that ben-
zodiazepines lose efficacy in prolonged SE and 
are most effective when given prior to seizure 

onset. Similarly, Kapur and McDonald showed 
that the potency of diazepam decreases >20-fold 
within 30 minutes of self- sustaining SE in a rat 
model [13]. These data  suggest that seizure 
mechanisms evolve as seizures continue.

Naylor and colleagues used a similar rat model 
where self-sustaining SE (SSE) was induced 
chemically and immunocytochemical studies 
were performed on hippocampal slices. They 
demonstrated that after approximately 1 hour of 
SSE, there was a 50% decrease in the number of 
physiologically active gamma-aminobutyric acid 
type A (GABAA) receptors, with subsequent 
increase of gamma-aminobutyric acid (GABA) 
receptor subunit uptake from the synaptic mem-
brane to the cytoplasm by endocytosis [12]. 
Interestingly, glutamate receptors appear to be 
upregulated in SE. Mathern and colleagues found 
that patients with autopsy evidence of temporal 
lobe epilepsy (hippocampal sclerosis) have a sig-
nificantly higher level of glutamate receptor den-
sity per dentate granule cell [17]. Other studies 
have also shown a significant increase in gene 
transcription of N-methyl-d-aspartate (NMDA) 
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Fig. 22.1 Associated underlying etiology of SE and its 
corresponding mortality based on the studies of US popu-
lation [23–26]. (∗Remote symptomatic is a classification 
described in the Richmond Study by DeLorenzo et al., in 

which an acute cause of SE could not be found; however 
the patient has a history of prior stroke, meningitis, con-
genital malformation, hydrocephalus, arteriovenous mal-
formation (AVM), or genetic disease)
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glutamate receptor subunits in hippocampal tis-
sue from humans with chronic temporal lobe epi-
lepsy compared to nonepilepsy humans [18, 19]. 
These studies have shed light on the concept of 
the plasticity of GABA receptors and develop-
ment of pharmacoresistance, which is the under-

lying biochemical explanation for what causes 
refractory SE in humans (Fig. 22.2) [14–16].

Continuous SE leads to cell injury and neuro-
nal death secondary to excess release of gluta-
mate causing intracellular hypercalcemia and the 
development of an “excitotoxic” state [20]. This 
excess presynaptic activity activates glutamate 
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Fig. 22.2 After repeated seizures, the synaptic mem-
brane containing the gamma-aminobutyric acid type A 
(GABAA) receptors forms clathrin-coated pits, which 
internalize as clathrin-coated vesicles (C). These vesicles 
develop into endosomes (E), which can deliver the recep-
tors to lysosomes (L) to be destroyed, or to the Golgi 
apparatus (G) to be recycled back to the membrane. 
Bottom: during status epilepticus, N-methyl-d-aspartate 
(NMDA) receptor subunits are mobilized to the synaptic 

membrane and assembled into additional receptors. As a 
result, the number of functional NMDA receptors per syn-
apse increases whereas the number of functional GABAA 
receptors decreases [12]. (Reprinted from, Chen JW, 
Wasterlain CG. Status epilepticus: patho-physiology and 
management in adults. The Lancet Neurology. 
2006;5(3):246–256, Copyright 2006, with permission 
from Elsevier and Dr. Wasterlain.)

K. Rezvankhoo and M. Goyal



377

release, which binds to various NMDA and non- 
NMDA glutamate receptors within the postsyn-
aptic neuron causing intracellular hypercalcemia. 
On the cellular level, once SE is initiated, it can 
transition into what is called a maintenance phase 
of SE, which is believed to be secondary to mal-
adaptive changes by various mechanisms such as 
receptor trafficking, activation of neuropeptides, 
and apoptosis signaling pathways, which are 
beyond the scope of this chapter. Ultimately, pro-
longed SE causes an excitotoxic state from unop-
posed glutamate receptor activation in the 
postsynaptic membrane causing intracellular 
hypercalcemia, which then activates multiple 
pathways leading to cellular apoptosis, neuronal 
injury, release of cytokines, and neuronal death 
[4, 21].

 Status Epilepticus – Diagnostic 
Studies

The 2012 Neurocritical Care Society clinical 
guidelines for initial diagnostic workup for 
patients with SE include checking fingerstick 
glucose, basic blood work including the complete 
blood count (CBC) and chemistries, noncontrast 
computed tomography (CT), and AED levels if 
appropriate (Fig. 22.3). This diagnostic approach 
is practical, given the three most prevalent etiolo-
gies of SE which are acute stroke, subtherapeutic 
AED levels, and remote symptomatic causes 
(i.e., no acute precipitating event but with history 
of previous central nervous system (CNS) insult, 
injury, or malformation) [22].

 Status Epilepticus – Treatment

Benzodiazepines, specifically lorazepam (IV) 
and most recently midazolam (IM), have always 
been the cornerstones for treating SE because of 
their efficacy and safety profile (Table  22.1). 
Figure 22.4 is a graph showing the results of four 
landmark randomized controlled trials (RCTs) 
that were done in both prehospital and in-hospital 
settings.

It is important to recognize that although ben-
zodiazepines are first-line therapy, there is a 
30–40% failure rate for termination of SE.  The 
Veterans Affairs Epilepticus Cooperative Study by 
Treiman et al. showed that patients with subtle SE 
had a higher mortality compared to overt SE 
(64.7% versus 27%, respectively). They defined 
subtle SE as comatose patients with ictal dis-
charges on EEG with or without subtle convulsive 
movements in the arms, legs, trunk, facial muscles, 
tonic eye deviation, or eye jerking. This brings out 
the importance of maintaining high suspicion of 
ongoing seizures if a patient does not return to 
their baseline mental status and of an early aggres-
sive multireceptor approach to treating SE with the 
goal of emergently stopping both clinical and elec-
trographic seizure activities. Basic measures 
should be taken as always to manage airway, 
breathing, and circulation which should be done 
simultaneously while treating the patient and 
screening for the underlying etiology of SE.

 Refractory Status 
Epilepticus – Definition

Refractory status epilepticus is defined as the SE 
that fails to respond to first- and second-line ther-
apies. Some studies use a time criterion of up to 
60  minutes with the requirement of continuous 
EEG making it a phenomenon that is seen only in 
the ICU [27]. This is a clinical scenario that is 
usually seen in the ICU, however, it can also be 
seen in the ED. An example would be the clinical 
scenario where a patient is brought to the ED by 
Emergency Medical Services (EMS) with active 
seizures in the field that is continuing to have 
tonic–clonic seizures, despite multiple doses of 
benzodiazepines and a phosphenytoin load. Less 
commonly, a comatose patient who was treated 
adequately and no longer exhibits active convul-
sions however their mental status cannot be sim-
ply explained by a postictal period or somnolence 
secondary to AED use. Our usual clinical intu-
ition correctly guides us to proceed with orotra-
cheal intubation and deep sedation with either 
propofol or midazolam infusions.
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It is important to remember that patients can 
continue to have seizure activity without obvious 
movements of the extremities; thus, continuous 
EEG monitoring is crucial to determine the effi-
cacy of AEDs in patients who have an altered 
mental status or who are already intubated. 

Occasionally however, there are some subtle clin-
ical signs of continued seizure activity that one 
may pick up if clinically suspecting RSE.  The 
results of the Veterans Affairs Cooperative Study 
had an overall incidence of subtle SE that ranged 
between 7.7 and 24.2% in patients with verified 

1. IV, O2, Monitor
2. Blood Glucose, Neuro Exam
3. Order 1st Line AED to bedside
4. Draw Labs: CBC, BMP, Ca, Mg, and AED Levels (if appropriate)
5. Obtain CT Head when stabilized

Yes
Are there active convulsions?

SE v NCSE v possible postical state
No

1. Repeat dose Midazolam or Lorazepam

2. Load AED: Phenytoin, Fosphenytoin, or
Valproate sodium

3. Monitor Airway with low threshold for
orotracheal intubation

4. Monitor for Subtle SE or NCSE

5. Start RSE Tx if intubated

Deviated gaze?
Facial twitching?
Subtle convusions of arms or legs?
Prolonged comatose state?

suspect
NCSE

if answered YES to
ANY of the
questions

possibly postictal

if answered NO to ALL of
the questions

Load AED
CT Head
Avoid intubation if possible
Monitor closely

1st Line Tx:

1. Midazolam (IM or IN): 0.2mg/kg MAX dose 10mg
     ideal choice if IV access is not established by EMS or difficult

2. Lorazepam (IV): 0.1 mg/kg up to 4mg per dose, repeat q5-10 min

1. Phenytoin (IV): 20mg/kg; infusion rate of 50mg/min

2. Fosphenytoin (IV): 20 PE mg/kg; infusion rate up to 150 mg PE/min

3. Valproate sodium (IV): 20-40mg/kg; infusion rate of 3-6mg/kg/min

2. Midazolam (cIV):  Load 0.2mg/kg; start 0.05mg/kg/hr MAX 2mg/kg/hr

Pentobarbital (cIV):  Load 5-15mg/kg with infusion rate <50mg/min;
                                 continuous infusion 0.5-5mg/kg/hr

1. Propofol Infusion (cIV): Load 1-2mg/kg; start at 20mcg/kg/min
    MAX 200 mcg/kg/min avoid going above 80mcg/kg/min if possible

Can consider
Diazepam (IV): 0.15mg/kg up to 10mg per dose, repeat q5 min

2nd Line Tx:

RSE Tx:

Can consider

1. Repeat dose Midazolam or Lorazepam

2. Load AED: Phenytoin, Fosphenytoin,
or Valproic Acid

3. Monitor Airway with low threshold for
orotracheal intubation

4. Start RSE Tx if intubated

5. Will need cEEG

De�nitions:
1. Status Epilepticus (SE): continuous seizure activity >5minutes
or recurrent seizures without return to baseline

2. Nonconvulsive Status epilepticus (NCSE): seizure activity
seen on EEG without evidence of convulsions on exam sometimes
also called “subtle status”

3. Refractory Status Epilepticus (RSE): SE that fails adequate 1st
line and 2nd line therapies.

Fig. 22.3 Status epilepticus
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Table 22.1 Status epilepticus – treatment

Drug
Class/level of 
evidence Loading dose Side effects

Special
considerations

Midazolam
(IM)

Class I, Level A 0.2 mg/kg
Max 10 mg

Respiratory depression
Hypotension

Ideal agent if IV access is 
not available

Lorazepam
(IV)

Class I, Level A 0.1 mg/kg
up to 4 mg
Repeat in 5–10 min

Respiratory depression
Hypotension

Contains propylene glycol

Diazepam
(IV)

Class IIa, Level A 0.1 mg/kg
up to 10 mg
Repeat in 5 min

Respiratory depression
Hypotension

Contains propylene glycol

Phenytoin
(IV)

Class IIb, Level A 20 mg/kg
Max infusion rate of 
50 mg/min

Hypotension
Prolong QT/arrhythmia
Purple glove syndrome

Contains propylene glycol

Fosphenytoin
(IV)

Class IIb, Level A 20 mg PE/kg
Max infusion rate of 
150 mg PE/kg

Hypotension
Prolong QT/ arrhythmia

Phenobarbital
(IV)

Class IIb, Level A 20 mg/kg
Infusion rate of
50–100 mg/min

Respiratory depression
Hypotension

Contains propylene glycol
Avoid in hepatic disease

Valproate 
sodium
(IV)

Class IIb, Level A Hepatotoxicity
Hyperammonemia
Thrombocytopenia
Pancreatitis

Less sedating than 
phenytoin
Avoid in hepatic disease

Levetiracetam
(IV)

Class IIb, Level C 1000–3000 mg
Infusion rate of 
2–5 mg/kg/min

Minimal side effects
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al. 1998
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Fig. 22.4 Efficacy of benzodiazepines on the termination 
of status epilepticus in randomized controlled trials 
(RCTs). RCT by Alldredge et al. was the first RCT that 
studied the administration of lorazepam, diazepam, or pla-
cebo in the prehospital setting, which found that the num-

ber needed to treat (NNT) is 3 to avoid one mortality at 
discharge. Silbergleit et al. studied the application of mid-
azolam (IM) compared to lorazepam (IV) in the prehospi-
tal setting and found a higher efficacy of successful SE 
termination
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diagnosis of SE. [7] Subtle SE was considered 
present when patients had coma and ictal dis-
charges on EEG, with or without subtle convul-
sive motor movements such as rhythmic twitching 
of extremities and face or eye deviation. First- line 
AEDs were less effective in this subset of patients.

Mayer and colleagues found that 31% of 
patients admitted to the neuro-ICU who were ini-
tially presumed to have SE and were adequately 
treated with both a benzodiazepine and loaded with 
a second-line agent such as phenytoin did in fact 
have RSE which was defined as EEG evidence of 
seizure activity lasting greater than 60  minutes 
[27]. These patients were less likely to present with 
generalized convulsive SE and had a higher inci-
dence of nonconvulsive status epilepticus (NCSE) 
in the ICU. There are various subtypes of NCSE 
that are beyond the scope of this chapter, but for all 
practical purposes, NCSE refers to seizure activity 
in the absence of motor findings. This would likely 
manifest as a comatose patient who appears to have 
an abnormally prolonged postictal period. It is also 
important to note that nonconvulsive status (NCS) 
and NCSE are commonly seen in myriad of pathol-
ogy such as epilepsy-related seizures, subarach-
noid hemorrhage, intracerebral hemorrhage (ICH), 
hypoxic-ischemic encephalopathy, and CNS infec-
tions [32, 33].

The majority of emergency departments are 
unable to have spot EEG or continuous EEG 
monitoring immediately available for this sub-
group of patients and it would be prudent to 
assume that patients are in RSE if they continue 
to have an altered mental state and the decision 
point would be to either proceed with repeat 
doses of benzodiazepines or continue with more 
aggressive therapies. The 2012 Neurocritical 
Care Society Guidelines recommend continued 
treatment of these patients immediately [22].

 Refractory Status 
Epilepticus – Treatment

There is variable practice among emergency phy-
sicians, intensivists, and neurologists when it 
comes to choosing second- and third-line agents 
for SE. This is due to a lack of robust evidence 
evaluating the efficacy of second-line agent anti-
epileptics such as valproate sodium, levetirace-
tam, and phenytoin. The 2012 Neurocritical Care 
Society Guidelines also provided an evidence- 
based review of the literature along with expert 
opinion in the management of SE, which was 
partly incorporated into ACEP 2014 Clinical 
Policy. Still no enough data are available to sup-
port a standardized regimen, and treatment algo-
rithms must be decided based on individual 
practitioners and the available resources [28].

Basic care should include orotracheal intuba-
tion and initiation of a continuous infusion such 
as midazolam or propofol. In 2002, Claassen 
et al. showed that barbiturates may be more effi-
cacious compared to propofol and midazolam in 
a systematic review; however, the use of pento-
barbital infusion in the emergency department is 
not practical, as there is a higher incidence of 
hypotension leading to the use of vasopressors 
[29, 34]. An alternative approach would be to 
load the patient with a second AED, such as val-
proate sodium or levetiracetam, if there is a high 
clinical suspicion for RSE. Prior to the escalation 
of AED, however, it would be necessary to maxi-
mize all initial therapies including continuous 
infusion of either propofol or midazolam. It is 
important to note that you should anticipate the 
patient to become hypotensive in such a setting 
and bring the importance of optimizing preload 
with adequate crystalloids well in advance 
(Table 22.2).

Table 22.2 Refractory status epilepticus – treatment

Drug Initial dose Continuous infusion Serious adverse effects
Midazolam 0.2 mg/kg 0.05–2 mg/kg/h; can increase the rate 

by 0.05–0.1 mg/kg/h every 3–4 h
Hypotension; respiratory depression

Propofol 1–2 mg/kg 30–200 μg/kg/min Hypotension; respiratory depression; 
propofol infusion syndrome (PRIS)

Pentobarbital 5–15 mg/kg;
Infusion rate 
<50 mg/min

0.5–5 mg/kg/h Hypotension; respiratory depression; IV 
contains propylene glycol
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Spinal Cord Injuries

William A. Knight IV and Natalie P. Kreitzer

 Introduction

The annual incidence of spinal cord injuries (SCI) 
in the United States is 40 patients per million, 
which represents 12,000 new cases per year [1]. 
Though it was classically thought to be a disease of 
younger patients, recent studies depict a bimodal 
distribution, with the first peak in adolescents and 
young adults, and a second peak in the elderly pop-
ulation aged >65 years [2]. A recent observational 
study demonstrated that the incidence of cervical 
spinal cord injury in a general population is 
11.8/100,000 per year. This study also found that 
68% of patients with cervical spinal cord injuries 
were male [3]. Other demographics show an 
increased risk of cervical spine injuries in the 
elderly and Caucasian groups [4]. In the United 
States, the incidence is between 28 and 55 per mil-
lion people each year that sustain a traumatic spinal 
cord injury, with 10,000 new cases reported each 
year [5]. The male-to- female ratio is 4:1 [6, 7].

The most common causes of SCI include 
automobile crashes (31.5%) and falls (25.3%). 
Gunshot wounds, motorcycle crashes, diving 

accidents, and medical/surgical complications 
also cause a large number of SCIs [8]. Spinal 
cord injuries related to medical diagnostic proce-
dures and treatment specifically caused 4.3% of 
injuries in the United States based on data from 
the National SCI Database (NSCID) and National 
Shriners SCI Database (NSSCID).

The life expectancy for a patient who sustains 
a SCI is significantly lower than that of the gen-
eral population due to complications caused by 
the injury [8]. Health care costs are also tremen-
dously higher with the average lifetime cost for a 
patient with a SCI ranging from almost US 
$4,400,000 for a 25-year-old patient with high 
tetraplagia to US $1,000,000 for a 50-year-old 
patient with an incomplete injury at any level [9]. 
Very few patients experience a complete neuro-
logic recovery following a SCI [8], and these life-
time costs are not only staggering to patients with 
SCI, but also pose a significant burden to their 
families and society [8]. Rehospitalization in 
patients with spinal cord injuries is high. 
Approximately 55% of patients sustaining a SCI 
are hospitalized again within the same year and 
then 37% each subsequent year. The leading 
causes of rehospitalization are respiratory illness 
(including pneumonia) in patients with tetraple-
gia, diseases of the genitourinary tract, and pres-
sure ulcers [10]. There is a higher mortality risk 
in patients with a higher neurologic level of 
injury, complete spinal cord injury, and older age 
at injury [11].
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 Pathophysiology

Injuries to the spine tend to occur at areas of max-
imal mobility, thus, cervical spine injuries are the 
most common [2]. Most spine fractures involve 
the lower cervical (29%) or thoracolumbar junc-
tion (21%) [12]. Fifty percent of patients with a 
spine injury have an isolated injury, but nearly 
25% have concomitant brain, chest, or major 
extremity injuries [12]. Patients with thoracic and 
lumbar fractures have more associated nonspine 
injuries compared to those with lower cervical 
spine fractures [12]. An injury severity score > 15 
is associated with a cervical spinal injury [13].

 Patient Presentation

When patients present following a trauma, the 
airway, breathing, and circulation (ABC) must 
first be addressed. A brief neurologic exam 
should follow, accompanied by the decision of 
who may or may not require spinal imaging. 
After these issues have been addressed, if there is 
concern for spinal cord injury, a full neurologic 
examination should be performed. Sensory and 
motor levels should be determined (Tables 23.1 
and 23.2).

The physical exam findings of a patient with 
spinal cord injuries are typically categorized by 
the American Spinal Injury Association (ASIA) 
impairment scale. This scale was first described 
in 1969 by Frankel and is described in Table 23.3 
[14]. Patients are stratified into five groups, ASIA 
A through E, with ASIA A being the worst with 
no sensory or motor function, even in the sacral 
segments. ASIA B describes patients who have 
sensory function below the neurologic level 
including sacral segments, but no motor function 
greater than three levels below the motor level on 

either side. ASIA C describes patients who have 
motor function below the neurologic level, with 
more than half of the muscles having a grade less 
than 3/5 strength. ASIA D patients demonstrate 
motor function below the neurologic level, and at 
least half of the muscles below the level of injury 
have a muscle grade greater than 3/5 strength. 
ASIA E patients have normal sensory and motor 
function in all segments. ASIA E is reserved for 
patients who had prior deficits, such that a person 
who does not have a spinal cord injury does not 
receive an ASIA grade.

A rectal examination should be performed to 
determine sacral root involvement. The sacral roots 
are considered spared if there are any rectal motor 

Table 23.1 Motor strength scale

0: No contraction or movement
1: Minimal movement
2: Active movement, but not against gravity
3: Active movement against gravity
4: Active movement against resistance
5: Active movement against full resistance

Table 23.2 Important muscle groups to test to determine 
neurologic level

C4: Diaphragm
C5: Elbow flexors
C6: Wrist extensors
C7: Elbow extensors
C8: Long finger flexors
T1: Small finger abductors
L2: Hip flexors
L3: Knee extensors
L4: Ankle dorsiflexors
L5: Long toe extensors
S1: Ankle plantar flexors

Table 23.3 American Spinal Injury Association 
Impairment (ASIA) Scale (Modified from Frankel) [14, 
15]

A = Complete. No sensory or motor function is 
preserved in the sacral segments S4–S5
B = Sensory incomplete. Sensory but not motor 
function is preserved below the neurologic level and 
includes the sacral segments S4–S5, and no motor 
function is preserved more than three levels below the 
motor level on either side of the body
C = Motor incomplete. Motor function is preserved 
below the neurologic level, and more than half of key 
muscle functions below the single neurologic level of 
injury (NLI) have a muscle grade less than 3 (Grades 
0–2)
D = Motor incomplete. Motor function is preserved 
below the neurologic level, and at least half (half or 
more) of key muscle functions below the NLI have a 
muscle grade > 3
E = Normal. If sensation and motor function are graded 
as normal in all segments, and the patient had prior 
deficits, then the AIS grade is E. Someone without a 
SCI does not receive an AIS grade
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or sensory findings present on exam. The following 
elements should be documented: perineal sensa-
tion, bulbocavernosus reflex (S3 and S4), anal wink 
(S5), rectal tone, urinary retention or incontinence, 
and priapism in males. Spinal injuries are defined 
in terms of the ASIA classification, which has been 
modified from the Frankel classification 
(Table  23.3). A thorough rectal exam should be 
performed on patients with a suspected spinal cord 
injury, not necessarily on all trauma patients.

 Diagnostics

To avoid unnecessary radiation exposure, patients 
who have low or moderate pretest probability of 
cervical spine injury should undergo evaluation 
with a clinical decision rule prior to imaging [2]. 
Emergency departments in the United States and 
Canada annually treat more than 13 million 
patients at risk for cervical spine injury, but very 
few of these patients will actually have a cervical 
spine fracture, as the C-spine is injured in only 
3% of major trauma patients [16, 17]. The two 
most frequently utilized clinical decision rules 
include the National Emergency X-Radiography 
Utilization Study (NEXUS) and Canadian 
C-spine criteria. However, no decision instru-
ment is ever 100% sensitive [18]. Approximately, 
20%–30% of patients with a C-spine fracture will 
have normal plain films [19, 20].

As opposed to the cervical spine, there are no 
validated decision rules to help guide whether to 
obtain imaging of the thoracic or lumbar spines 
[2]. High-risk mechanism, tenderness, and neuro-
logic findings should be used to help guide imag-
ing of these patients as they have demonstrated an 
increased likelihood of a T- or L-spine fracture 
[21]. In a retrospective review of a level 1 trauma 
center with 1485 patients, routine imaging of the 
thoracic and lumbar spine is recommended for 
patients who have midline spinal tenderness, fall 
from height of 10  feet or more, ejection from a 
motorcycle or Motor Vehicle Collision (MVC) at 
50 mph or more, a Glasgow Coma Scale (GCS) of 
8 or less, or a neurologic deficit [21]. These find-
ings increased sensitivity to 100% for thoraco-
lumbar fractures. Interestingly, in this study, 40% 

of patients did not have pain associated with their 
thoracolumbar fracture. The Eastern Association 
for the Surgery of Trauma (EAST) guidelines rec-
ommend that all trauma patients do not need “rou-
tine screening” computed tomography (CT) scans 
of the thoracolumbar spines (TLS). They further 
delineate that patients who have altered mentation 
or a significant mechanism of trauma may require 
imaging of the thoracic and lumbar spines. If this 
is performed, EAST recommends that these 
patients have multidetector CT imaging as the 
modality of choice. Patients who have normal 
mentation or do not have a significant mechanism 
of injury should not ever require a “screening” CT 
scan of the thoracic and lumbar spines. Patients 
who have a gross neurologic deficit or who have 
concerning clinical exam findings ultimately 
require a magnetic resonance imaging (MRI) and 
a spinal surgery consult according to EAST level 
1 recommendation based on Class II data [22]. It 
is currently recommended that patients undergo 
CT imaging as opposed to plain imaging when 
evaluating the spinal column [23]. This is further 
recommended by the American College of 
Radiology (ACR) Appropriateness Criteria [24]. 
The drawback of CT scanning is that it has been 
historically poorly sensitive for purely ligamen-
tous injuries, but trauma registry data are some-
what conflicting on this point. Woodring et  al. 
evaluated 216 consecutive trauma patients with 
cervical spine injuries and demonstrated that only 
54% of the sublaxations and dislocations were 
picked up by CT [25]. Although patients who 
have neurologic abnormalities should definitely 
have an MRI, it is unclear which patients who 
have a normal neurologic exam need further 
imaging with MRI after a negative CT. Schuster 
et  al. prospectively collected registry data for 
2854 blunt trauma patients, 93 of whom had a 
normal neurologic exam, a negative CT, and per-
sistent C-spine pain. These 93 patients all got an 
MRI, and the MRI was negative in all patients for 
a clinically significant injury. However, the argu-
ment could also be made that since no clinically 
significant injuries were detected by MRI there 
was no need at all for further imaging studies 
[26]. In patients with one vertebral column frac-
ture, the presence of a second nonadjoining frac-
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ture is estimated to approach 15%. Thus, when 
one fracture is identified it is recommended that 
the entire spinal column undergo imaging to eval-
uate for a concomitant fracture [27]. Examples of 
CT confirmed spinal fractures are demonstrated 
below in Figs. 23.1 and 23.2.

Patients who present with an incomplete 
injury may regain some useful function and 
might be spared the progression to complete 
injury with rapid diagnosis of fracture fragments, 

hematomas, or other lesions that compress the 
spinal cord. Imaging is required in these patients 
to confirm the exact location and nature of the 
injury [28].

For patients whose spines cannot be clinically 
cleared or patients who have a possible C-spine 
injury may need to have an MRI to clear their 
cervical spine. A meta-analysis of patients with 
possible C-spine injuries or patients who were 
unable to be cleared clinically revealed no false 
negatives with MRI. This resulted in a negative 
predictive value of 100% [29]. This study con-
cluded that MRI should be the gold standard in 
patients whose C spines could not be cleared 
clinically. In patients who do not have high 
impact trauma and a normal mental status, CT of 
the C spine alone may be sufficient to clear the C 
spine [30].

Symptomatic patients with normal plain films 
and CTs are labeled as spinal cord injury without 
radiographic abnormality (SCIWORA). These 
patients usually show abnormalities with MRI, 
which correlates to their physical exam findings; 
however, in the age of MRI, SCIWORAs are 
defined as having a negative MRI [31, 32].

 Initial Stabilization

 Prehospital

Prehospital personnel must assume that a patient 
has a spinal column injury until proven other-
wise. Spinal immobilization should be obtained 
on scene. A fitted cervical collar should be placed 
on the patient if there is any suspicion for a spinal 
fracture and transferred on a backboard. Within 
the EMS literature, there is current controversy 
as to whether or not all blunt trauma patients 
require spine immobilization. Traditionally, EMS 
has assumed a potential cervical spine injury in 
trauma patients who have an appropriate mecha-
nism of injury. However, there has been a move-
ment recently to develop more sensitive and 
specific prehospital protocols for cervical spine 
immobilization, such that patients selected for 
cervical spine immobilization are treated appro-
priately [33].

Fig. 23.1 C7 burst fracture with retropulsion of fracture 
fragments and spinous process fracture of C6

Fig. 23.2 Burst fracture of T7
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 Emergency Department Initial 
Evaluation/Stabilization

Once a patient arrives to the emergency depart-
ment, the immediate evaluation of a patient with 
a potential spine injury is no different from any 
other blunt trauma patient. The ABCs in the pri-
mary survey are the first priority, and the diagno-
sis and treatment of most spine injuries are 
deferred if hemorrhage or airway compromise is 
suspected, but spine immobilization should be 
maintained [2]. The disability portion of the ini-
tial assessment will pick up gross neurologic 
deficits, and this can be obtained by doing a thor-
ough Glasgow Coma Scale (GCS), pupil size 
and reactivity, and ability to move all four 
extremities [2].

During the secondary survey, the entire spinal 
column must be examined for deformity and pal-
pated for areas of focal tenderness. Again, spinal 
precautions must be maintained at all times [2]. 
During the secondary survey, the rigid EMS col-
lar may be carefully exchanged for a soft collar, 
as rigid collars have demonstrated to be most 
effective for restricting spinal movement [34].

After the primary or secondary survey, patients 
should be moved off the backboard as quickly as 
possible. Skin breakdown may start to occur 
within 1 hour of being placed on a backboard, 
and those at highest risk are elderly patients, 
obese patients, and those with hypotension [35].

 Airway

Respiratory complications are the top cause of 
morbidity and mortality in the acute phase of 
SCI, and the incidence of respiratory complica-
tions is estimated between 36% and 83% [36]. 
Patients with high cervical and thoracic injuries 
are at highest risk [36]. One third of patients with 
cervical spinal cord injuries require intubation in 
the first 24  hours after injury [37]. The dia-
phragm, the major muscle of inspiration, receives 
innervation from the third, fourth, and fifth cervi-
cal spinal segments [36]. Thus, patients who 
exhibit injury at a level equal to or higher than C5 
will almost always require ventilator support 

[38], and elective intubation is recommended 
[36]. High cervical lesions of C3 and higher are 
incompatible with life, unless respiratory support 
is begun immediately following injury. Cervical 
lesions below C5 have preserved neural control 
of the diaphragm, but ventilation is significantly 
compromised and ventilatory failure is common 
within days following the acute injury [36].

Signs that may be present in patients who 
require intubation following spinal cord injury 
include an increased respiratory rate, decreased 
forced vital capacity, increasing pCo2 (or contin-
uous waveform capnography), and declining pO2 
[39, 40]. Factors associated with tracheostomy 
are increased age (69  years of age or older), 
severe neurologic impairment determined by 
using the ASIA impairment scale, low forced 
vital capacity (≤ 500 mL), and low percentage of 
vital capacity to the predicted value [41].

When there is doubt with whether or not to 
intubate a patient with a cervical SCI, it is best to 
perform the intubation early to prevent morbid-
ity [42]. Patients typically develop worsening 
from their primary injury shortly after presenta-
tion due to cord edema, so routine, nonemergent 
intubations may prevent complications associ-
ated with hypoxia [2]. These patients are at risk 
of prevertebral soft tissue swelling from their 
cervical spine injury, which may also contribute 
to their respiratory distress. Patients who have 
sustained a major trauma may also have associ-
ated chest wall injuries and may require intuba-
tion for these purposes as well. Three independent 
risk factors are associated with need for intuba-
tion: injury severity score >16 (calculated post 
hoc), cord injury C5 or higher, and complete 
quadriplegia. The combination of the two latter 
risk factors resulted in intubation in 95% of 
patients studied [42].

Endotracheal intubation may be difficult in 
the patient with SCI. Advanced airway manage-
ment frequently needs to occur before the pres-
ence or location of an injury is confirmed. Thus, 
all patients who require intubation following 
trauma must be approached as though they have a 
cervical spine injury. The ultimate goal of intuba-
tion is to secure the airway with little movement 
of the cervical spine [38].
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Various intubation techniques have been advo-
cated as the most appropriate for patients sus-
pected of having a spine injury. The sniffing 
position involves near-full extension of the atlanto-
occipital and atlantoaxial joints and flexion of the 
lower cervical spine as demonstrated in Fig. 23.3 
[43]. An awake fiberoptic intubation may be pre-
ferred in a cooperative patient without impending 
respiratory failure, as this can be accomplished 
with minimal to no movement of the cervical spine 
and the neurologic exam is preserved immediately 
after the procedure [36–38, 44, 45]. Although 
there are case reports that secondary injury may 
have been incurred during the intubation of 
patients with unstable cervical spines, it is unclear 
whether these patients would have worsened 
regardless, as data collected have suggested that 
secondary neurologic injury associated with air-
way management is actually exceedingly rare 
[45]. This has led to discordant opinion in the lit-
erature regarding the optimal means of securing 
the airway in patients with C-spine injuries [45]. 
Endotracheal intubation in suspected SCI is most 
commonly performed with removal and subse-
quent replacement of the anterior portion of the 
cervical collar, while inline manual stabilization is 
maintained [43]. Our recommendation is that pro-
viders should intubate patients in the manner in 
which they are most skilled with as little cervical 
spine manipulation as possible during the proce-
dure. The use of video laryngoscopy may also be 
beneficial in these patients, as the neck does not 
need to be manipulated to achieve an adequate 
view of the vocal cords.

It should be noted that in patients with SCI, 
the cardiovascular responses to laryngoscopy and 
intubation are different from those without a 
SCI.  In patients with an intact spinal cord, the 
pressor response to intubation leads to hyperten-
sion and tachycardia. This is blunted in patients 
with high SCIs, since the sympathetic pregangli-
onic neurons to the heart exit the spinal cord 
between T1 and T4, to the vascular beds from T1 
to L2, and to the adrenal medulla from T3 to L3. 
Thus, quadriplegics lose all sympathetic outflow, 
and may exhibit pronounced bradycardia and 
hypotension during intubation [46].

 Ventilation

Patients with SCI may exhibit paradoxical move-
ment of the abdomen, in that it retracts during 
inspiration and protrudes during expiration. This 
leads to an increase in the work of breathing and 
may contribute to respiratory muscle fatigue 
[36].. This can contribute to significant ventila-
tion problems, even without hypoxia, and it is 
recommended that spinal cord injured patients be 
placed on continuous end-tidal capnography in 
addition to pulse oximetry.

Patients who have a cervical SCI have a high 
likelihood of experiencing bronchospasm. This is 
thought to be secondary to the autonomic changes 
and a predominance of vagal nerve tone. 
Bronchodilators are recommended before bron-
chospasm is apparent [36], as it has been docu-
mented that even asymptomatic patients with SCI 
exhibit bronchospasm on spirometry during the 
acute injury phase [47]. The increased parasym-
pathetic tone during acute spinal cord injury also 
causes some patients to develop production of 
excessive and tenacious bronchial mucus. These 
factors predispose the patient to atelectasis, pneu-
monia, and potential respiratory failure [36].

 Blood Pressure

Patients with a SCI require early appropriate fluid 
resuscitation without becoming fluid overloaded. 
However, the appropriate resuscitation end point 
and optimal mean arterial blood pressure to 

Fig. 23.3 The angle that is most optimal for intubation is 
depicted. Note that the cervical spine is significantly 
extended in this picture
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maintain spinal cord perfusion are not known 
[38]. Despite the fact that there is little evidence 
to support it, current recommendations include 
the use of vasopressors to achieve a mean arterial 
pressure of 85–90  mmHg for a minimum of 7 
days in order to deter ischemia and secondary 
insults [48].

Neurogenic shock was first described over 
160  years ago [49]. Unfortunately, the etiology 
and pathophysiology of neurogenic shock are 
still poorly understood. It may be due to a loss of 
peripheral vascular resistance, decreased vascu-
lar capacitance, and cardiogenic shock or a com-
bination of these etiologies [50]. Neurogenic 
shock clinically consists of hypotension and bra-
dycardia [51]. It is likely caused by a lack of 
sympathetic control and unopposed parasympa-
thetic control [52]. Cardiac dysrhythmias, most 
commonly bradycardia rhythms, are present in 
the acute phase, and in the first few weeks, may 
be lethal [52]. Thirty-five of patients with ASIA 
A or B spinal cord injuries ultimately require 
vasopressors [53]. Emergency physicians should 
be cautious not to attribute hypotension to neuro-
genic shock in a patient who could potentially be 
suffering from hemorrhagic shock (Table 23.4).

 Definitive Treatment

Intensive care unit (ICU) monitoring is recom-
mended for all patients with deficits resulting 
from a spinal cord injury. In particular, patients 
with C-spine injuries, and especially those with 
severe deficits, ultimately require ICU monitor-

ing [54]. Patients should be transferred to an 
institution with spine surgery capabilities. All 
patients with confirmed spinal cord injury require 
a spine surgery consult. Patients with spinal cord 
injuries have many immediate and long-term 
complications (Table 23.5), and patients should 
be admitted to a center equipped at managing 
these complex patients.

Five prospective randomized controlled stud-
ies have been performed to evaluate the potential 
benefit of high dose steroids in patients with con-
firmed spinal cord injuries. In all five of these 
studies, there was no significant difference or 
improvement in ASIA classification. Within these 
studies, there was a trend toward harmful compli-
cations associated with high dose steroid admin-
istration including sepsis, pulmonary emboli, and 
pneumonia [55–60]. Our recommendation is that 
steroids should not be given to patients who have 
sustained a spinal cord injury.

A retrospective analysis of the trauma data 
bank demonstrated that the timing of decompres-
sion in isolated spinal cord injuries does not 
change outcome [61]. However, there are propo-
nents of early surgery for spinal fractures. Those 
who cite reasons to perform early surgery report 
that it can decrease the duration of hospital stay, 
reduce pulmonary complications, and decrease 
the number of ventilator days per patient [62]. 
Surgery should be immediate when a patient is 
having a progressive neurologic decline [63].
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Traumatic Brain Injury

William A. Knight IV and Natalie P. Kreitzer

 Introduction

Traumatic brain injury is one of the leading 
causes of death and long-term disability in the 
United States. TBI is a spectrum of disease, rang-
ing from mild to severe. Recent military conflicts, 
as well as concussions to high profile athletes in 
professional and collegiate sports have brought 
increased attention to the overall spectrum of dis-
ease. In the United States, over 1.3 million cases 
of TBI are treated in emergency departments 
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Critical Points

• Avoid hypoxia and hypotension
• Assume concomitant systemic trauma 

and cervical spine injuries. Maintain full 
spinal precautions until radiographic or 
clinical clearance is achieved. Treat 
other traumatic injuries simultaneously

• Attention to appropriate ventilator man-
agement to avoid prophylactic or inad-
vertent hyper- or hypo-ventilation.

• The patient with a severe traumatic 
brain injury should be transported to a 
Level I trauma center as soon as 
possible

• Aggressively resuscitate shock, while 
searching for likely etiologies (hemor-
rhagic, neurogenic etc). The use of 
Isotonic crystalloids or  balanced intra-
venous fluids and blood products should 
follow institutional guidelines.

• Steroids are contraindicated for the 
treatment of severe traumatic brain 
injury

• Basic treatment of suspected elevated 
intracranial pressure includes head of 
bed >30°, appropriate sedation and 
analgesia, targeted pCO2 35-45 mmHg, 
and hyperosmolar therapy

• A patient with a severe TBI who is sys-
temically anticoagulated should be 
aggressively reversed as soon as possi-
ble, if a reversal agent exists.

• Non-contrast head CT is the recom-
mended first-line imaging modality 
given its efficiency and sensitivity to 
detect traumatic brain injury

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28794-8_24&domain=pdf
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(ED), with 275,000 patients hospitalized, and 
52,000 deaths each year [1].

The long-term neurologic disabilities, as well as 
the significant financial and societal impacts are 
overwhelming. In the United States in 2000, direct 
medical costs and indirect costs of TBI, such as lost 
productivity, were an estimated $60 billion [2].

The incidence of TBI is highest in children 
aged  0–4  years, adolescents/young adults aged 
15–24 years, and adults aged 65 years and older 
[1]. Falls cause the majority of TBIs in young chil-
dren and older adults, and non-accidental trauma 
is the leading cause of death in children less than 
2 years of age [1, 3]. Motor vehicle accidents are 
the leading cause of TBI-related mortality, highest 
in adults aged 20–24 years of age [1] (Fig. 24.1).

Nearly half of the mortalities from TBI die in 
the first 2 hours after injury, highlighting the role 
of the EP in the early management [4]. The 
pathophysiology of severe TBI is complicated. 
The initial primary injury occurs at impact, and is 
irreversible and immediately present. Secondary 
injuries occur after the initial impact and evolve. 
Secondary injury is potentially preventable and 
represents targeted end-points for goal directed 
resuscitation and research.

The neurologic exam can rapidly fluctuate dur-
ing the initial management and resuscitation of a 
patient with a severe TBI. It is important to have an 
effective method to evaluate and define dynamic 
exams. The Glasgow Coma Scale (GCS) [5], 

AVPU (Alert, verbal stimulus, painful stimulus, 
unresponsive) and the FOUR score (Full Outline 
of UnResponsiveness) [6] are 3 such methods to 
facilitate communication. Regardless of the 
method chosen, it should be easily applied across 
EMS, nursing, and multiple physician specialties, 
and widely adopted in a particular setting.

In addition to the aggregate score, the GCS 
should be followed by each individual score; 
ex – GCS 8 (E2 V2 M4). This allows provid-
ers to better understand the complexity of the 
injury. In order to score a “4” for eye opening, 
the patient should regard the examiner in order 
to convey the higher level of cerebral function-
ing the score intends. In order to award a “6” for 
motor, the patient must follow commands. For a 
“5,” the patient should cross midline to address 
noxious stimuli. Older terms such as “decere-
brate” and “decorticate” posturing should be 
avoided, with focus on physiologic descriptions 
such as “flexion,” “extension,” or “withdrawal” 
[7] (Table 24.1).

Condensed scores have the potential to over- 
simplify and potentially replace a detailed neuro-
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Fig. 24.1 Etiology of 
TBI related 
presentations by age 
group to EDs in the 
United States, 2002–
2006 [1]. (Image 
courtesy of William 
A. Knight IV, MD)

Table 24.1 Traumatic brain injury [8]

GCS Incidence (%)
Mild 13–15 80
Moderate 9–12 10
Severe 3–8 10
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logic exam, which was not the initial intent. These 
scores are limited by physiologic and pharmaco-
logic parameters such as intoxication, confound-
ing injuries, hypotension, acidosis, paralysis, and 
sedation among others. A single score does not 
adequately explain the severity of injury after 
trauma, and although can be associated with out-
comes, has no prognostic value [9, 10].

 Pathophysiology

The disease that is “TBI” is made up of several 
different, distinct and unique diseases that 
together make up the parent definition. Each of 
these “subcategories” can have different treat-
ment options, and often several are present in a 
single patient. This makes the management of not 
only the primary injury difficult, but also the pre-
vention and treatment of secondary injuries. The 
most common primary injuries include subdural 
hematomas, epidural hematomas, traumatic sub-
arachnoid hemorrhages, cerebral contusions, 
intraventricular hemorrhage, diffuse axonal inju-
ries and penetrating injuries.

Despite the anatomic and cellular differences of 
the various primary injuries of severe TBI, there are 
similar sequelae shared by all. The initial clinical 
management in the ED is directed at minimizing 
the damage from the primary injury, recognizing 
immediate surgical candidates and preventing sec-
ondary injury [7] (Fig. 24.2) (Table 24.2).

Subdural hematomas (SDH) are the most 
common injury related to blunt trauma, and often 
the result of the tearing of bridging cortical veins 
(Fig. 24.3). The appearance of SDH) on CT is of a 
concave or crescent shape with irregular borders, 
which can cross bony suture lines, but does not 
cross the falx to the contralateral hemisphere as 
the blood collects below the dura and directly on 
brain parenchyma. Blood can be seen bilaterally, 
but this represents 2 separate injuries, rather than 
one that extends to both sides. This can lead to 
cerebral compression, mid-line shift, and 
increased intracranial pressure, as well as con-
tribute to an increased risk for seizures, delayed 
cerebral ischemia, and cerebral vasoconstriction. 
Surgical and medical options vary based on the 
patient’s neurologic exam, the acuity of the 
hematoma, and concomitant injuries, but in gen-

*
*

Fig. 24.2 Subdural hematoma. (Image courtesy of William A. Knight IV, MD)
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eral, it is recommended that acute SDHs greater 
than 1 cm or with an associated 5 mm of mid-line 
shift be evacuated regardless of the patient’s GCS 
[11]. Patients with chronic hematomas and favor-
able neurologic exams may have surgical inter-
vention delayed to allow for the breakdown of the 
clotted, septated blood [12].

Epidural hematomas (EDH) (Fig.  24.4) are 
caused by the often-rapid accumulation of blood 
between the dura and the skull (blood is not 
directly on brain parenchyma), giving a CT 
appearance of a smooth, lenticular or convex 
shape, which do not cross bony suture lines. They 
are more common in younger patients [13]. The 

most common cause of an EDH is a side head 
impact, with associated skull fracture. The mid-
dle meningeal artery is the classically described 
culprit, but veins can often be the source of bleed-
ing as well. These patients often undergo rapid 
surgical decompression and hematoma removal 
(depending on location and size), and if accom-
plished rapidly, these patients have lower rates of 
mortality than other categories of severe TBI 
[14].

Traumatic subarachnoid hemorrhage (tSAH)) 
(Fig. 24.5) is caused by damage to small arteries 
in the potential space under the arachnoid mater. 
The amount of blood measured on CT has clini-
cal and prognostic significance; likely related to 
both direct parenchymal injury and/or the tSAH 
blood itself [15]. Secondary injuries are common 
with tSAH, including hydrocephalus (via 
obstruction of arachnoid villi and increased cere-
bral venous pressure), and decreased cerebral 
perfusion. Delayed ischemia related to tSAH 
vasospasm is increasingly recognized as a cause 
of delayed cerebral infarction, but should not be a 
source of concern in the ED [16].

Intraparenchymal hemorrhages (ie. cerebral 
contusions) (Fig. 24.6) are caused by direct injury 
to the brain parenchyma. The equivalent of an 
ecchymosis to the brain, this injury is an accumu-
lation of blood within the brain tissue and appears 
hyperdense on CT.  The frontal and temporal 
lobes are the most common locations for contu-
sions due to the adjacent and irregular bony 
structures. As with all TBIs, practitioners should 
consider repeat imaging between 6 and 24 hours 
to assess for evolution and growth of hematomas, 
edema and midline shift. These complications are 
more common in patients who abuse alcohol, 
who have end-stage renal disease, or use antico-
agulant or antiplatelet therapy [17].

Diffuse axonal injury (DAI)) often has a benign 
CT appearance, with either small, randomly dis-
tributed punctate areas of hyper-acute blood, 
 cerebral edema, or most commonly, a normal CT 
(Fig. 24.7). DAI can occur anywhere in the brain, 
but especially in the brainstem, corpus collosum, 
deep grey matter, and cortical white matter. DAI 
is the result of severe acceleration- deceleration 
and rotational forces, which cause stretching and 

Table 24.2 Secondary injury [7]

Systemic Central nervous system
Hypoxia Hematoma
Hypotension Brain edema

  Cytotoxic
  Vasogenic

Anemia Brain herniation
Hyperthermia Seizures
Hyper/hypocarbia Hydrocephalus
Fluid imbalance Ischemia
Sepsis Infection

Fig. 24.3 Epidural hematoma. (Image courtesy of 
William A. Knight IV, MD)
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 disruption of axons. This leads to a biochemical 
cascade of events that ultimately ends in neuronal 
death [18]. This damage is widespread, irrevers-
ible and a significant contribution to the morbid-
ity and mortality of severe TBI.  Patients with 
DAI are especially susceptible to secondary inju-

ries from hypotension and hypoxia, given cell 
level injury of the neurons [18].

Penetrating TBI is not as common as blunt 
TBI, but accounts for a disproportionate rate of 
mortality. The morbidity and mortality from pen-
etrating TBI depends on the characteristics of the 

Fig. 24.4 Traumatic subarachnoid hemorrhage. (Image courtesy of William A. Knight IV, MD)

Fig. 24.5 Cerebral contusions. (Image courtesy of William A. Knight IV, MD)

24 Traumatic Brain Injury
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weapon or projectile, the trajectory and location 
of the injury, and the energy of the impact [19]. In 
addition to the physical damage from the pene-
trating TBI, a high velocity missile also has dam-
aging properties from the resultant pressure 
waves and rotational forces of the projectile. 
These cause stretching or tearing of cerebral tis-
sue and often create cavities larger than the mis-

sile itself. Penetrating injuries are also more 
susceptible to a systemic release of thromboplas-
tin by disrupting cerebral parenchyma, poten-
tially causing a profound coagulopathy, 
hemorrhage and resultant shock [20]. The most 
common secondary injury after penetrating TBI 
is infection [21]. Although the overall outcome of 
missile penetrating TBI (GSW) has historically 

Fig. 24.6 Diffuse axonal injury (DAI). (Image courtesy of William A. Knight IV, MD)

Fig. 24.7 Penetrating injury. (Image courtesy of William A. Knight IV, MD)
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been poor, patient outcomes from the Iraq and 
Afghanistan conflicts suggest a possible role for 
early, aggressive medical and surgical manage-
ment [22].

 Patient Presentation

Initial ED resuscitation of a patient with a sus-
pected severe TBI should focus on the tenets of 
airway, ventilation and circulation. Care should 
include maintenance of in-line cervical spine 
immobilization and evaluation for concomitant 
traumatic injuries [7]. Even isolated episodes of 
hypoxia and hypotension contribute to worse out-
comes in a patient with severe TBI [23]. When 
both hypotension and hypoxia occur in a single 
patient, there is significant morbidity and mortal-
ity. This occurs by increasing neuronal death and 
contributing to worsened motor deficits [24]. The 
practitioner should focus on physiologic 
 homeostasis, avoiding supra or sub-therapeutic 
values in both vital signs and labs.

 Diagnostics

 Imaging

Non-contrast computed tomography (CT) of the 
head is the preferred initial imaging for a patient 
with a suspected TBI. CT is highly sensitive to 
detect acute hemorrhage and bony pathology 
(fractures, mass, erosion). In addition, CT is sen-
sitive for detecting sequelae and secondary injury 
after trauma, such as cerebral edema, mass effect, 
mid-line shift, and hydrocephalus. It is important 
to note that some patients with severe TBI can 
have an initially normal or underwhelming CT 
due to diffuse axonal injury (DAI). This is one of 
the biggest limitations of CT with TBI 
diagnosis.

Additional imaging modalities do not have 
much of a role in the initial diagnosis and workup 
of TBI in the ED. Table 24.3 demonstrates appro-
priate indications and limitations [7]. All patients 
with severe TBI should have appropriate imaging 
of the cervical spine. These patients are unable to 

be clinically cleared, and there are a significant 
percentage of patients with concomitant trau-
matic brain injuries and cervical spine fractures.

 Lab Tests

Local trauma protocol may guide the selection of 
the initial laboratory evaluation. A point of care 
blood glucose should be performed on every 
patient who presents with altered mental status, 
as hypoglycemia is a common and easily revers-
ible condition [25]. A blood alcohol and/or toxi-
cology screen (blood or urine) may be of 
assistance in identifying contributing causes to 
altered mental status, but should not change the 
clinical management of a patient with a suspected 
severe TBI.  Patients with a severe TBI should 

Table 24.3 Imaging modalities in severe TBI

Indications Limitations
Computed 
tomography

1.  Initial 
modality 
choice for 
traumatic 
brain injury in 
the ED

2. Non-contrast

1.  Not sensitive 
for DAI

2.  Limited for 
early anoxic or 
ischemic 
changes

CT-angiography 1.  Penetrating 
trauma with 
concern for 
violation of 
cerebral sinus 
or carotid 
canal

2.  Skull or 
cervical spine 
fractures

a. Carotid canal

1.  Nephrotoxic 
contrast

2.  Often indicated 
after patient 
has received 
contrast for 
body imaging 
for other 
traumatic 
injuries

Magnetic 
resonance 
imaging

1.  Late 
management

a.  Occult injuries 
(DAI)

b.  Assist with 
prognosis

1.  No role in 
acute 
management

2.  Less sensitive 
than CT for 
bony fractures 
and acute 
hemorrhage

3.  Not universally 
available

4.  Longer time 
for acquisition

5.  Challenges for 
monitoring 
acute, critically 
ill patients

24 Traumatic Brain Injury
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have coagulation studies evaluated, especially 
international normalized ratio (INR). Pertinent 
history should guide the need for additional stud-
ies such as prothrombin time (PT), partial throm-
boplastin time (PTT), or factor Xa level. A 
thromboelastogram (TEG) can help with overall 
resuscitation by providing specific guidance as to 
the particular aspect of the coagulopathy defect, 
such as platelet dysfunction, plasma components, 
fibrinogen, or even the presence of novel oral 
anticoagulants (NOACs) [26]. If the patient is 
taking a medication that is monitored with a com-
mon laboratory therapeutic profile, those should 
be monitored as well (digoxin, lithium, phenyt-
oin, valproic acid, etc.).

 Initial Stabilization

 Pre-hospital Management

The association between prehospital hypoxia 
(SpO2 < 90%) and/or hypotension (SBP < 90 mmHg) 
and increased mortality in severe TBI has been 
well described [24, 27] EMS providers should 
focus on normoxia and normotension during pre-
hospital management and transport. There is 
likely a benefit to prehospital RSI for severe TBI 
patients under the following circumstances 
[28–30]:

 1. Patients with an inability to protect their air-
way or maintain oxygenation.

 2. When being transported by aeromedical 
providers.

 3. Patients with ground transport times of greater 
than 10 minutes and being performed by pro-
viders with regular intubation experience and 
advanced critical care and RSI training.

End-tidal CO2 should be used on all ventilated 
patients to target eucapnea (35–40 mmHg). There 
is an association between both prehospital hyper-
capnia or hypocapnia and poor outcomes in both 
intubated and non-intubated patients [27, 31, 32]. 
Hypercarbia causes cerebral arterial vasodilata-
tion, which initially produces an increase in CBF 

as well as an increase in ICP, a subsequent 
decrease in CPP, and the potential expansion of 
hemorrhagic lesions [33]. Hypercarbic systemic 
acidosis may comprise cardiac output as well as 
coagulation mechanisms, further reducing CPP 
and promoting the expansion of intracranial 
hematomas.

If the patient is well oxygenated, normoten-
sive and any of the below signs of herniation are 
present, hyperventilation (goal ETCO2 of 
30–35 mmHg) is recommended Table 24.4 [34]. 
Hyperventilation causes a reduction of PaCO2, 
which leads to cerebral vasoconstriction, a reduc-
tion in cerebral blood flow and ultimately ICP by 
25% [35]. This can be a valuable short-term 
maneuver during an acute deterioration or herni-
ation, but can cause further ischemia and 
increased morbidity if utilized prophylactically 
[8]. It is important to note that end-tidal CO2 can 
be falsely lower in patients who are in shock, and 
one should never decrease the respiratory rate to 
target 45-40 mmHg in this situation.

 Emergency Department Evaluation/
Stabilization

 Airway

A patient with a severe TBI should be intubated 
when there is a failure to oxygenate, a failure to 
ventilate, a failure to protect the airway, or for an 
anticipated clinical course (air medical transport, 
operation, need for cross-sectional imaging, etc). 
The decision regarding the need for endotracheal 
intubation should be considered on a case-by- 
case basis. Historically, practitioners have been 

Table 24.4 Indications for therapeutic hyperventilation 
in TBI

1. Dilated and unreactive pupils (<1 mm response)
2. Asymmetric pupils in the setting of coma (>1 mm 
difference)
3. Flexor or extensor posturing to painful stimulus
4. No motor response to pain (not caused by spinal cord 
injury)
5. Decrease in 2 points on the GCS when the best 
initial score was <9

W. A. Knight IV and N. P. Kreitzer
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taught that patients with a GCS GCS ≤ 8, regard-
less of disease pathology, require intubation and 
mechanical ventilation.

The GCS was never designed or validated for 
this indication, and has significant limitations 
when used as the sole indication for airway man-
agement. Many patients with a GCS ≤  8 have 
adequate oxygenation and ventilation in the ED, 
further confounding appropriate patient selection 
for intubation [36]. The GCS can be also be par-
ticularly misleading in patients who are in shock 
or intoxicated.

While providing the positive benefit of defini-
tive airway protection, endotracheal intubation 
also carries a significant risk of contributing to 
secondary injury through hypoxia, hypotension 
and increased ICP.  Patients should be pre- 
oxygenated and appropriate pharmacologic 
agents that avoid hypotension should be selected. 
The recently described apneic oxygenation tech-
nique is particularly beneficial for severe TBI 
patients. These patients have oxygen delivered via 
nasal cannula throughout the induction and intu-
bation period, contributing to a potentially longer 
apneic period with adequate oxygenation [37].

Laryngoscopy with subsequent laryngeal 
manipulation and tracheal intubation can lead to 
elevated ICP through a reflexive sympathetic 
response. This response leads to tachycardia and 
hypertension, which can contribute to pathologic 
increases in ICP in a patient who has lost cerebral 
autoregulation due to severe traumatic injury. 
Patients with severe TBI often have occult cervi-
cal spine injuries, and in-line cervical spine 
immobilization should be maintained throughout 
intubation. Fiberoptic or video-assisted intubation 
is recommended, if available, to minimize poten-
tial manipulation of the cervical spine. Once the 
endotracheal tube (ETT) is in place, manipulation 
of the tube with tracheal irritation can cause a 
direct cough reflex with resultant ICP spikes.

 Sedation and Induction

There are a number of different sedation/induc-
tion agents that can be used prior to paralysis for 

endotracheal intubation. Even with coma, it is 
important that patients receive a sedative prior to 
administration of a paralytic. Appropriate seda-
tion helps positively affect ICP, blood pressure, 
heart rate and amnesia of the intubation proce-
dure. The ideal pharmacologic agent is rapid in 
onset, provides deep sedation to facilitate amne-
sia, and maintains hemodynamic stability. The 
most important characteristic of any selected 
pharmacologic agent is the practitioner’s famil-
iarity with its desired effects, as well as any 
potential adverse side effects. Unfortunately, 
there is no perfect, single recommended agent for 
patients who have sustained a TBI, especially 
when considering different medical histories, 
presenting shock, concomitant injuries, etc. [38]. 
Choices and doses selected in the ED have down-
stream ramifications in the ICU, especially with 
medications selected for continuous infusion.

 Breathing

Once a patient is placed on mechanical ventila-
tion, the practitioner must focus on both oxygen-
ation as well as ventilation (PaCO2), as 
inappropriate ventilator settings can be lethal. 
Hypoxia (PaO2 < 60 mmHg or SpO2 < 90%) must 
be avoided at all costs in a patient with a severe 
TBI [23]. Although most patients will be intu-
bated and mechanically ventilated, supplemental 
oxygen should be administered for the patients 
who do not require mechanical ventilation, or 
who are about to be intubated. Continuous end-
tidal CO2 monitoring should be employed to 
allow for real-time ventilator adjustments [39].

Initial ventilator settings should focus on lung 
protective ventilation with goal tidal volumes of 
6–8 cc/kg based on ideal body weight. High tidal 
volume ventilation is associated with acute lung 
injury (ALI) and adult respiratory distress syn-
drome (ARDS) in patients with severe TBI, and 
should not be utilized [40]. Normal physiologic 
parameters should be the rule, and the ventilator 
should be adjusted for a normal PaO2 (80–
120  mmHg) and PaCO2 (35-45  mmHg). The 
fractionated inspired concentration of oxygen 
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(FiO2) should be reduced (<60%) once the air-
way is secured and adequate oxygenation is dem-
onstrated, to prevent both pulmonary and cerebral 
oxygen toxicity [41].

Prophylactic hyperventilation is associated 
with increased morbidity and mortality and is not 
indicated [42]. Cerebral blood flow can be sig-
nificantly lowered in the first hours after a TBI 
due to a loss of auto-regulation [43]. The benefi-
cial lowering of elevated ICP during a herniation 
event is short-lived, and deleterious rebound ICP 
elevation can be seen as the patient equilibrates. 
If hyperventilation is used for an acute hernia-
tion, it should be a temporizing, life-saving 
maneuver (goal PaCO2 = 30 mmHg) until more 
definitive interventions can be employed (seda-
tion, hyperosmolar therapy, decompressive hemi-
craniectomy, etc.) [35].

 Circulation

It has been well described that one episode of 
hypotension (systolic blood pressure < 90 mmHg) 
doubles mortality rates and worsens neurologic 
outcome [39, 44]. The optimal resuscitation fluid 
has not been defined in the literature, but isotonic 
solutions (normal saline, Plasmalyte-A normo-
sol, etc) are preferred if hemorrhagic shock is not 
present. Lactated Ringer’s is occasionally used, 
but the practitioner should be aware that LR is a 
somewhat hypotonic solution with an osmolarity 
of 273  mmol, and sodium content of 130  g/
dL. Dextrose containing fluids should be avoided, 
as there is a theoretical risk of osmotic fluid 
shifts, contributing to increased cerebral edema. 
Albumin is contraindicated for use in patients 
with severe TBI, as one study demonstrated 
increased mortality [45]. There is no literature to 
support the use of blood products as a resuscita-
tion fluid for TBI, and their use should be guided 
by local trauma protocol. The use of hyperosmo-
lar agents (mannitol, hypertonic saline, etc) 
should be reserved for patients with evidence of 
acute herniation or signs of elevated ICP in the 
ED.  Hypoosmolar (free water, half-normal 
saline) should not be used in the acute manage-
ment phase of any patient with a suspected TBI.

The optimal blood pressure in the ED is difficult 
to determine in the ED without ICP monitoring, as 
the target should support the ideal cerebral perfu-
sion pressure (CPP). ICP monitoring will rarely, if 
ever, be available in the ED. The optimal CPP is 
between 50-70  mmHg, with an ICP less than 
20 mmHg, but some patients will need their values 
targeted individually, based on cerebral parameters 
[35]. The focus in the ED must be on euvolemia 
and prevention of hypotension and hypoxia. 
Induced hypertension is not recommended due to 
an increased risk of acute lung injury (ALI) or 
acute respiratory distress syndrome (ARDS), but 
pressors are encouraged for correction of hypoten-
sion if the provider is confident that the patient is 
euvolemic [39, 40, 46]. If a patient is hypertensive, 
the provider should not attempt to lower the blood 
pressure unless the MAP > 120 mmHg. During a 
traumatic brain injury, there is often a loss of cere-
bral autoregulation, and pharmacologic manage-
ment of blood pressure can directly affect the 
cerebral perfusion pressure. If malignant hyperten-
sion is present, the provider should investigate an 
underlying medical condition and use short acting 
agents until an ICP monitor can be placed.

 ICP Management

The initial management of the patient with a severe 
TBI is complex and challenging. Traditionally, 
management of a patient has been a step-wise pro-
cess with pharmacologic and procedural interven-
tions. Focusing solely on individual parameters 
such as CPP or ICP is likely not effective, and may 
be harmful. ICP monitoring is often not immedi-
ately available in the ED, but providers must be 
aware of the indications to help facilitate transfer to 
appropriate centers and/or ICU’s. ICP should be 
monitored in all salvageable patients with a severe 
TBI and an abnormal CT scan. ICP monitoring is 
indicated in patients with a normal CT scan if 2 of 
the following are present: age > 40, motor postur-
ing, or hypotension (SBP  <  90) [35]. There are 
multiple options to monitor ICP, but the ideal mon-
itor is a ventriculostomy, as it can provide both 
diagnostic ICP values, as well as a therapeutic 
option (CSF drainage) [47]. If ICP monitoring is 
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available, treatment of ICP should be considered 
when the pressure exceeds 20 mmHg or with evi-
dence of herniation. Many of the therapies recom-
mended in the ED are directed towards prevention 
of elevated ICP and optimization of CPP.

The head of the bed should be elevated to 30° 
to help facilitate cerebral venous drainage and 
CSF drainage. Almost all patients will be in spi-
nal precautions until they can be clinically or 
radiographically cleared per local protocol. In 
these cases, reverse trendelenberg position can be 
used instead of head elevation. The cervical 
immobilization collar must be sized appropri-
ately to avoid unnecessary pressure on the neck, 
causing jugular venous congestion, decreased 
venous return and elevated ICP.

Sedation and analgesia have been shown to 
decrease ICP and optimize CPP [35]. The optimal 
sedative has a rapid onset and short duration, so that 
the patient’s neurologic status can be examined on a 
regular basis. It is imperative to avoid medication-
induced hypotension with adequate dosing and vol-
ume resuscitation. Most commonly used sedatives 
do not have analgesic properties, and an appropriate 
concomitant analgesic agent is warranted, even if 
the patient is comatose. Sedation and analgesia 
goals in the ED should focus on physiologic targets 
such as heart rate, blood pressure, respiratory rate, 
ventilator tolerance, facial grimace, diaphoresis and 
motor agitation. Paralytic use is not recommended 
in the ED other than the peri-intubation period. If 
necessary, one should strongly consider ICP moni-
toring prior to paralysis since the patient’s neuro-
logic exam will be masked. The initial ED 
resuscitation of the severe TBI patient is a dynamic 
process, and it is important to regularly assess the 
patient’s neurologic and physical exams.

Fever is an independent predictor of poor out-
come in most neurologic injuries, including TBI 
[48], and providers should be aggressive in the 
temperature management of patients with severe 
TBI. There is no evidence to suggest that any par-
ticular method, technology or device is superior 
to another in maintenance of euthermia or neuro-
logic outcome, and local practice should be 
guided by consensus protocols. Antipyretics 
should be administered in the event of fever, 
favoring acetaminophen [4]. NSAIDs should be 

avoided given the theoretical anti-platelet effect. 
Shivering should be controlled, as this can con-
tribute to increased cerebral metabolism and ele-
vated ICP.  Shivering can often be effectively 
managed medically with skin counter warming 
with a convection blanket, sedation, analgesia, 
and acetaminophen. In difficult cases, buspirone, 
magnesium sulfate, meperidine and dexmedeto-
midine have been recommended [49].

 Definitive Treatment

The initial management of a patient with a severe 
TBI should focus on normal physiologic values, 
particularly blood pressure and oxygenation, as 
well as searching for concomitant injuries. If the 
patient neurologically deteriorates, the focus 
should be on aggressively optimizing CPP and 
implementing ICP lowering therapies. The head of 
the bed should be raised to 30°, or placed in reverse 
trendelenberg if necessary. The patient should 
receive adequate sedation and analgesia. If a her-
niation event is suspected, the provider can hyper-
ventilate the patient to a goal end-tidal CO2 of 
30–35 mm Hg and administer hyperosmolar ther-
apy. If the patient is suspected to be on anti-coagu-
lants, reversal agents should be expeditiously 
provided. TEG should be considered if available, 
as it can provide valuable information regarding 
individualized management of coagulopathy.

If a patient herniates from a confirmed or sus-
pected expanding epidural or subdural hematoma 
and there is an expected delay or inability to 
transfer the patient to neurosurgical care, skull 
trephination [50] or burr hole decompression can 
be considered. This is best performed in commu-
nication with Neurosurgery. Limited reports sug-
gest this is a procedure that can be performed by 
an emergency physician and may improve patient 
outcomes [50].

 Reversal of Anticoagulation

The population is aging, and there is a growing 
use of anticoagulation agents for various medical 
conditions. Patients with a severe TBI who are 
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therapeutically anticoagulated have higher mor-
tality and worse neurologic outcomes when com-
pared to patients who are not anti-coagulated [51, 
52]. Studies have demonstrated benefit in revers-
ing anticoagulation in patients with spontaneous 
intracranial hemorrhage, and it is reasonable and 
logical to do the same in patients with severe 
TBI.

The development of novel oral anticoagulants 
introduced additional medications that do not 
require frequent monitoring, yet have similar (or 
possibly better) efficacy with less bleeding com-
plications and fewer food and medication interac-
tions. Unfortunately, they do not have readily 
available and approved reversal agents [53]. 
Apixaban and Rivaroxaban are oral, lipophilic, 
reversible competitive antagonists of activated 
factor X (Xa) and Dabigatran is an oral, lipo-
philic, direct reversible competitive antagonist of 
thrombin (factor IIa). There are currently no 
reversal agents or antidotes available for these 
agents, and their anticoagulant effects will not be 
reversed by administration of vitamin K or 
plasma. Dabigatran can theoretically be partially 
reversed with hemodialysis, but this is often not 
practical in an emergent setting for patients with 
a severe TBI. Similarly, rivaroxaban and apixa-
ban may be amenable to reversal with 4-factor 
prothrombin, but additional research is needed.

 Tranexamic Acid (TXA)

Primary fibrinolysis is integral in the develop-
ment of the acute coagulopathy of trauma. The 
use of antifibrinolytic agents for trauma patients 
with acute hemorrhage has been investigated as a 
treatment option. Tranexamic acid (TXA) is an 
antifibrinolytic agent that acts by binding to plas-
minogen and blocking the interaction of plasmin-
ogen to fibrin, preventing dissolution of a fibrin 
clot. It is currently FDA approved as an injection 
for hemophiliacs during tooth extraction and as 
an oral agent for cyclic heavy menstrual bleed-
ing. TXA has promise in the treatment algorithm 
for the management of severe TBI if given early 
in the disease course. Studies have suggested a 
reduction in hematoma growth, focal cerebral 

ischemia and mortality in those administered 
TXA, but the results have not been statistically 
significant in a small patient population [54, 55]. 
Use of TXA in patients with severe TBI would be 
an off-label indication and not recommended at 
this time. One exception would be the consider-
ation of TXA if evidence of fibrinolysis were 
present via the elevation of the Lysis30 on throm-
boelestrography. Additional research is necessary 
to determine the optimal indication, if any, for the 
use of TXA in TBI.

 Hyperosmolar Therapy

Hyperosmolar therapy is commonly used to man-
age elevated ICP in severe TBI, but the optimal 
agent remains unclear. Mannitol has the most 
evidence and clinical experience with its utiliza-
tion. Hypertonic saline has shown promise, but 
does not have strong evidence to support its rou-
tine use and/or recommendation. If advanced 
intracranial monitoring is available in the ED, 
hyperosmolar therapy is part of a more compli-
cated discussion and treatment algorithm.

Mannitol is a sugar alcohol that functions as a 
potent osmotic diuretic by not being resorbed by 
the renal tubule and causing excretion of free 
water and sodium [56]. Mannitol causes a shift of 
free water out of the cerebral tissue and therefore 
a reduction of edema and overall brain mass [57]. 
Due to similar fluid shifts from the interstitium to 
the vascular space throughout the body, there is a 
transient increase in cardiac output just prior to 
the free water excretion. Mannitol indirectly 
reduces the hematocrit and blood viscosity tem-
porarily, which leads to increased cerebral blood 
flow and oxygen delivery. Mannitol decreases 
cerebral spinal fluid (CSF) production, further 
reducing intracranial contents and decreasing 
ICP. In patients with a disrupted blood brain bar-
rier, mannitol can cross into the cerebral tissue 
and cause a delayed rebound increased ICP. This 
negative effect of the osmotic gradient draws free 
water back into the brain, causing increased 
edema [57]. Mannitol is dosed 0.5 g – 1.0 g/kg as 
a bolus, and there is no role for “high-dose” man-
nitol or a constant infusion. It can be given every 
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2–8 hours, but should not be used in a hypovole-
mic or under-resuscitated patient, as hypotension 
and decreased cerebral perfusion can occur. The 
provider should consider placing a urinary cath-
eter to record strict urine output and replace 
diuresed volume with an isotonic solution to help 
avoid hypovolemia.

Hypertonic saline (HTS) ranges from 2% to 
30% normal saline, and its use should be guided 
by clearly defined protocols, as dosing regimens 
and preferences for use vary widely amongst 
practitioners. HTS functions as a plasma 
expander, rather than a diuretic like mannitol. 
HTS functions by causing an osmolar gradient to 
draw free water from the tissues into the vascula-
ture. HTS is more likely to stay in the vasculature 
and maintain an elevated osmolality than manni-
tol, contributing to a robust intravascular resusci-
tation, while minimizing the possibility of a 
rebound elevation in ICP [58]. Several trials have 
suggested that HTS has improved ICP control 
and contributes to higher brain tissue oxygen-
ation than mannitol, but definitive reduction in 
mortality and/or neurologic improvement have 
not been demonstrated [58].

Osmotic agents should be reserved for clinical 
evidence of acute herniation or neurologic dete-
rioration unexplained by any other cause. 
Mannitol and 2% NS can be given through a 
peripheral intravenous line. Concentrations 3% 
and higher of hypertonic saline should be given 
through central venous access, except for during 
emergencies. Protocols for the use of hyperosmo-
lar agents should be developed in collaboration 
between Emergency Medicine, Neurosurgery 
and Trauma Surgery.

 Disposition

Neurosurgery should be promptly consulted and/
or the patient should be immediately transferred 
to a facility with neurosurgical and/or trauma sur-
gery capabilities. If consultation is not readily 
available, the EP should quickly stabilize the 
patient and arrange transfer to a facility capable 
of managing severe TBI. Advanced ICP lowering 
therapies, such as barbiturates or hypothermia, 

and invasive management, such as ICP monitors, 
ventriculostomy, craniotomy, or craniectomy are 
best carried out in consultation with Neurosurgery, 
Trauma Surgery, and/or Neurocritical Care 
specialists.

Patients who are operative candidates should 
not be delayed en route to the operating room. All 
severe TBI patients should be managed in an 
intensive care unit (ICU) by practitioners familiar 
with current management guidelines. Special 
consideration should be given to managing these 
patients in a Neurologic Intensive Care Unit by 
neurointensivists or intensivists with experience 
managing neurologic disorders [7].

 Summary

Severe traumatic brain injury remains a devas-
tating cause of death and disability, with 
adjusted mortality rates near 25%. Primary 
injury is permanent and irreversible, while the 
prevention and treatment of secondary injuries 
is critical to reducing long-term neurologic 
morbidity and mortality. The emergency practi-
tioner should focus on early aggressive resusci-
tation, targeting normal physiologic goals 
(blood pressure and oxygenation) and disposi-
tion to physicians and centers with neurologic, 
trauma and critical care expertise. All attempts 
at neurologic prognosis should be avoided for 
the first 24 hours to allow for maximal resuscita-
tion, even when confronted with an apparently 
devastating injury.
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Evaluation and Management 
of Polytrauma Patients

Jay Menaker and Kimberly Boswell

Unintentional injury remains the leading cause of 
death for those between the ages of 1 and 44 [1]. 
For those between the ages of 45 and 64, it is the 
third leading cause of death, only behind malig-
nancy and heart disease [1]. It results in 2.8 mil-
lion hospitalizations and 29 million emergency 
department visits annually in the United States 
[2]. The estimated annual cost in the United 
States for medical expenses and lost productivity 
resulting from injury is $355 billion [2]. As a 
result, many efforts of injury prevention includ-
ing juvenile delinquent therapy programs, auto-
mobile safety belts, child safety seats, bicycle 
helmets, and gun control have evolved. These 
efforts have been shown to reduce medical costs 
and save lives [3].

Despite all this, critically ill trauma patients 
continue to present to the emergency room 
requiring timely evaluation and intervention in 
order to improve outcome. All critically injured 
patients’ evaluation should begin with airway, 
breathing, and circulation. Advanced Trauma 
Life Support (ATLS) guidelines are well estab-
lished and provide a specific organization for the 

evaluation of a trauma patient. The concept of 
primary and secondary survey should be familiar 
to all emergency physicians and should be fol-
lowed for every trauma patient. When trauma 
patients present in shock, resuscitation should 
begin immediately and occur simultaneously 
with the evaluation. Patients with polytrauma 
may have more than one source of shock (hemor-
rhagic, cardiogenic, neurogenic, obstructive) 
leading to hemodynamic instability. This neces-
sitates the emergency physician to be able to 
quickly and effectively assess the situation and 
implement appropriate resuscitation and hemor-
rhage control as quickly as possible.

The concept of resuscitation is not as simple 
as one may think. Traditional teaching states that 
1–2 liters of a crystalloid solution should be 
given prior to administration of blood products 
for the acutely injured patient [4]. Infusions of 
crystalloid in a patient with ongoing hemorrhage 
cause a dilution effect and worsen bleeding by 
aggravating the lethal triad of acidosis, hypother-
mia, and coagulopathy [5, 6]. Recent data sug-
gest that high volume crystalloid infusion is 
associated with increased morbidity including 
the development of acuter respiratory distress 
syndrome (ARDS), increased ventilator days, 
increased intensive care unit (ICU) days as well 
as increased incidence of multisystem organ fail-
ure [6, 7]. As a result, many institutions have 
begun to give blood products, through a warmer 
if possible, earlier in the resuscitation of a patient 
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with ongoing hemorrhage. The appropriate 
administration ratio of blood products has not 
been elucidated. There has been considerable 
amount of research in both civilian and military 
situation trying to determine the ideal ratio. The 
PROPPR (Pragmatic Randomized Optimal 
Platelet and Plasma Ratios) trial, a multicenter 
randomized trial comparing blood product ratios, 
has recently been completed [8]. The authors 
demonstrated that for patients with severe trauma 
and major bleeding, there was no significant dif-
ference in mortality at 24 hours when comparing 
a 1:1:1 ratio versus a 1:1:2 ratio of plasma, plate-
lets, and red blood cells. However, those patients 
receiving the 1:1:1 ratio had a lower rate of death 
from hemorrhage in the first 24  hours. 
Additionally, the 1:1:1 group had significantly 
higher rate of hemostasis achieved. Finally, there 
was no difference in complications between the 
two groups.

The ideal resuscitation fluid for patients who 
are not actively bleeding remains unknown. 
Many prehospital providers have traditionally 
used lactated ringers. At our institution, we use 
Plasmalyte (Baxter International), which is 
slightly more physiologic than lactated ringers 
and significantly more than normal saline. The 
concern with large amounts of normal saline is 
that it can cause a hyperchloremic metabolic aci-
dosis (See Table 25.1).

Some institutions used colloids in their resus-
citation. Studies have suggested that crystalloid 
solution use after injury may have a mortality 
benefit; however, the numbers are too small to 
demonstrate a definitive advantage [9, 10]. Other 
centers use hypertonic saline (3% NaCl solution) 
as a resuscitative fluid. It is believed to increase 
and improve perfusion by acting as a volume 

expander [11]. Animal models have demon-
strated that hypertonic solutions minimize the 
inflammatory response after injury [11–13]; 
however, no trials have shown benefit for the 
resuscitation of the hypovolemic patient in shock 
after injury [14]. Empiric use of hypertonic saline 
as a resuscitative fluid for patients with traumatic 
brain injury theoretically should be beneficial, 
but to date no study has demonstrated a mortality 
benefit [15].

 Chest

Injuries to the chest are common after both pen-
etrating and blunt injuries. Up to 25% of deaths 
following trauma have been attributed to chest 
trauma [16]. As a result, rapid evaluation and 
intervention is required. Primary survey should 
help identify any life-threatening issues includ-
ing external hemorrhage, tension pneumothorax, 
and pericardial tamponade. For those that require 
imaging, either bedside ultrasound or portable 
chest X-ray should be the imaging modality of 
choice. Although chest X-ray has been the tradi-
tional screening imaging, recent data suggest 
that for the diagnosis of pneumothorax follow-
ing injury, thoracic ultrasound has a higher sen-
sitivity and negative predictive value than chest 
X-ray [17].

In most large volume trauma centers, includ-
ing ours, stable patients will proceed to CT scan 
following initial evaluation and imaging. Some 
centers suggest that if a chest CT is obtained fol-
lowing injury, then a plain chest X-ray in a stable 
asymptomatic patient is not required [18]. Others, 
however, argue the opposite and suggest if a sta-
ble asymptomatic patient has a normal chest 
X-ray, a chest CT is unwarranted because it does 
not alter treatment [19]. While other authors still 
recommend a chest CT even if the chest X-ray is 
normal as the CT has a higher diagnostic value 
and results in treatment differences in a substan-
tial number of patients [20]. A 2010 study by 
Brink and colleagues identified nine predictors of 
chest injury on CT scan [21] (Table  25.2). The 
one injury that many believe cannot be ruled out 
by a normal chest X-ray is a traumatic aortic 

Table 25.1 Fluids

Normal 
saline

Lactated 
ringers Plasmalyte

pH 5.0 6.5 7.4
Sodium 154 130 140
Potassium 0 4 5
Chloride 154 109 98
Acetate 0 0 27
Lactate 0 28 0
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injury (TAI). As many as 44% of patients with a 
normal chest X-ray may have a TAI and thus in 
the correct clinical setting, any patient who is at 
risk for a TAI must have a CT scan to rule out the 
injury [22–25].

Management of chest trauma is best divided 
into blunt and penetrating. Patients who present to 
the emergency department following blunt trauma 
and are hemodynamically unstable require rapid 
evaluation in the organized fashion described in 
ATLS.  Table  25.3 shows an effective algorithm 
for the initial evaluation and management of those 
hemodynamically unstable patients.

For those that are hemodynamically stable, 
patients at a minimum should have a focused 
abdominal sonography for trauma (FAST) exam 
and a chest X-ray done. Depending on the mech-
anism of injury and the index of suspicion for a 

TAI, the need for a CT scan can be determined. 
Table 25.4 represents a comparison from speed to 
equivalent height, which may help in determin-
ing a patient’s risk for TAI. There are a number of 
abnormalities on chest X-ray that are indicative 
of a TAI (Table 25.5). Any patient who has a high 
index of suspicion for TAI warrants immediate 
medical treatment, even prior to radiographic 
confirmation. Blood pressure and heart rate con-
trol are paramount to preventing worsening of the 
injury. Although no specific targets for blood 
pressure and heart rate are well studied, Fabian 
and colleagues suggested a systolic blood pres-
sure on <100 mmHg (<120 mmHg in the elderly) 
and heart rate <100 beats per minute to decrease 
in-hospital rupture [26]. This author typically 
titrates heart rate to the 70s if possible. One must 
be cautious in patients who have concomitant 
traumatic brain injury. Clinicians need to attempt 
to maintain cerebral perfusion pressure while try-
ing to minimize progression of a TAI until defini-
tive therapy is possible. Once confirmed by CT 
scan, TAIs are typically treated with an endovas-
cular stent as opposed to an open repair 
(Figs. 25.1, 25.2, and 25.3).

Other blunt chest injuries include rib fractures, 
pulmonary contusions, sternal fractures, and car-
diac contusions. Isolated rib fractures in a young 

Table 25.2 Risk factors for chest injury on CT following 
injury [21]

1. Age ≥55 years
2. Abnormal chest physical exam
3. Altered level of consciousness
4. Abnormal thoracic spine exam
5. Abnormal chest X-ray
6. Abnormal thoracic spine X-ray
7. Abnormal pelvic x-ray/FAST exam
8. Base deficit < -3 mmol/L
9. Hemoglobin <6 mmol/L

Table 25.3 Hemodynamically unstable blunt chest 
trauma

Inspection
  Open pneumothorax ->large (≥36 French) bore chest 

tube
Auscultation
  Absent breath sounds ->large (≥36 French) bore 

chest tube
FAST exam
  Positive for pericardial fluid (very rare in blunt 

trauma)
   Resuscitation
   Surgical/Cardiac surgical consult
   Emergency department thoracotomy if indicated
Portable chest X-ray/Ultrasound
  Pneumothorax/Hemothorax
   Large (≥36 french) bore chest tube
CT scan
  If hemodynamics improve and there is no indication 

for operative exploration

Table 25.4 Speed versus height comparison

Speed Equivalent height
10 mph 3.5 feet
15 mph 7.5 feet
20 mph 13 feet
25 mph 21 feet
30 mph 30 feet
35 mph 41 feet
40 mph 54 feet

Table 25.5 Chest X-ray findings concerning for trau-
matic aortic injury (TAI)

1. Widened mediastinum
2. Indistinct aortic knob
3. Left pleural effusion/hemothorax
4. Apical cap
5. 1st/2nd rib fractures
6. Tracheal deviation to the right
7. Depressed left main stem bronchus
8. Nasogastric tube deviation to the right
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person, who is hemodynamically stable and not 
hypoxic, can be managed with adequate pain con-
trol and be discharged home from the emergency 
department. The use of an incentive spirometer 

should be highly encouraged. If patients do not 
meet all these criteria, they should either be admit-
ted or transferred to a trauma center. The situation 
is not the same for the elderly. Rib fractures in the 
elderly can be lethal. Many studies have demon-
strated this increased mortality in the elderly fol-
lowing isolated rib fractures [27–29]. Additionally, 
as the number of rib fractures increases so does 
mortality [27, 28]. Isolated pulmonary contusions 
should be managed very similarly to that of rib 
fractures. The young otherwise healthy person 
who is hemodynamically stable, not hypoxic, and 
has adequate analgesia can be discharged home. 
Pulmonary contusions in the elderly should be 
admitted for observation.

Management of sternal fractures and blunt car-
diac injury (BCI) is a bit more unclear. The Eastern 
Association for the Surgery of Trauma (EAST) 
has developed guidelines for the management of 
both BCI and sternal fractures [30] (Table 25.6). 

Fig. 25.1 Widened mediastinum concerning traumatic 
aortic injury

a b

c

Fig. 25.2 (a) CT scan of traumatic aortic injury. (b) CT scan of traumatic aortic injury. (c) CT scan of traumatic aortic 
injury after stent placement
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Regarding isolated sternal fractures, despite 
the EAST guideline stating that no echocardio-
gram is required, it is the routine practice of our 
faculty to obtain an echocardiogram of all 
patients with a sternal fracture to evaluate for a 
retrosternal hematoma and any cardiac dysfunc-
tion. The presence of the hematoma typically 
warrants admission at our facility for 24 hours of 
cardiac monitoring.

Most patients with penetrating thoracic trauma 
do not require operative intervention. Those that 
present with hemodynamic instability should 
have a bedside clinical exam, FAST exam, and 
portable chest X-ray done immediately. Absent 
or decreased breath sounds warrant immediate 
chest tube placement. If the FAST exam is posi-
tive for pericardial fluid, the emergency physi-
cian should adequately resuscitate the patient 
while arranging for either transport to the operat-
ing room or transfer to a trauma center. If the 
patient decompensates, emergency department 
thoracotomy (EDT) is indicated. Over the years, 
there have been many suggested indications for 
EDT following penetrating chest trauma [4, 31–
35] (Table 25.7).

Patients who are hemodynamically stable fol-
lowing penetrating thoracic trauma should have a 
full evaluation. The management of patients with 
isolated thoracic stab wounds is variable. Patients 
at a minimum should have a chest X-ray and 
FAST exam performed. If both are negative, then 
practice varies among institutions. Traditionally, 
patients would have a repeat chest X-ray after 
6  hours of observation, and if negative and 
patients remained stable they would be dis-
charged [36, 37]. Newer studies have demon-
strated that 3-hour follow-up films demonstrated 
all delayed findings, thus shortening the time of 

Fig. 25.3 Reconstructed CT images of traumatic aortic 
injury

Table 25.6 Eastern Association for the Surgery of 
Trauma (EAST) guidelines for the management of BCI 
and sternal fractures

Suspicion of blunt cardiac injury
  Admission electrocardiogram (EKG) and troponin I 

should be obtained
    If admission EKG reveals new abnormality 

(arrhythmia, ST changes, ischemia, heart block), 
then patients should be admitted for continuous 
monitoring

    If admission EKG is normal and admission 
troponin I is normal, then BCI is ruled out

    Hemodynamic instability or persistent new 
arrhythmia warrants an echocardiogram and 
admission

    Cardiac CT scan or MRI can be used to help 
differentiate acute myocardial infarction and BCI 
in patients with abnormal EKG, cardiac enzymes, 
and/or echocardiogram

    Sternal fracture alone does not predict the 
presence of BCI

    CK or CK–MB should not be used in the 
evaluation for BCI

    Nuclear medicine tests add little when compared 
to echocardiography and should not be routinely 
performed

Isolated sternal fracture
  Not a marker for BCI with or without a retrosternal 

hematoma
  Can be discharged if hemodynamically stable with 

normal chest X-ray and EKG

Table 25.7 Indications for emergency department thora-
cotomy following penetrating chest trauma

1.  Penetrating thoracic injuries of patients who arrive 
pulseless with myocardial activity should undergo 
immediate EDT [4]

2.  Penetrating chest trauma and <15 minutes of 
prehospital cardiopulmonary resuscitation [32]

3.  Patients with signs of life who do not respond to 
fluids and losing vital signs in the ED [30]
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observation [38–40]. A 2013 study by Berg and 
colleagues has suggested that repeat chest X-ray 
as early as 1 hour may be sufficient to exclude 
any clinically significant injury [41]. Despite the 
existing literature, many centers, including our 
own, have a tendency to perform a chest CT scan 
on all hemodynamically patients following pen-
etrating chest trauma.

Patients who have a hemothorax after pene-
trating chest trauma require tube thoracostomy. 
For those who have a retained hemothorax (RH) 
due to inadequate drainage additional  procedures, 
including additional chest tube placement, may 
be required (Table  25.8). Adequate drainage is 
important because the RH is associated with high 
rates of empyema and pneumonia [42]. Some 
patients will have a large output after chest tube 
placement. Additionally, the blood can be and 
should be autotransfused from the pleurovac to 
the patient.

 Abdomen/Pelvis

 Blunt

Injuries to the abdominal cavity can occur from 
both blunt and penetrating mechanisms. 
Diagnostic peritoneal lavage (DPL) was the tra-
ditional test used to diagnose intraabdominal 
injury/hemorrhage. However, with the now 
 widespread use of both ultrasound and CT scan, 
DPL has become virtually obsolete. Ultrasound 
(FAST) is now the accepted initial imaging of 
choice for intraabdominal injury. It is a rapid, 
portable test that can be easily repeated if neces-
sary. It has high sensitivity and specificity in 
hypotensive patients following both penetrating 
precordial trauma and blunt trauma [43, 44].

Figure 25.4 is adapted from the algorithm 
used at our institution for patients who present 
the following blunt trauma. The use of oral con-

trast is no longer used when ordering a CT scan 
of the abdomen and pelvis. A 1999 study by 
Stafford and colleagues suggested that oral con-
trast did not add in the diagnosis of hollow vis-
cous injury following blunt trauma. In 2004, 
Stuhlfaut and colleagues demonstrated that oral 
contrast is not needed to accurately identify 
bowel and mesenteric injuries [45–47]. Stable 
patients with a negative CT scan and no other 
injuries or indications for hospitalization can be 
discharged from the emergency department. 
Patients, who were selected to have a repeat 
physical exam and FAST exam at 6  hours, can 
also be discharged if both exams were negative 
and the patient remains hemodynamically stable 
[48].

Patients with positive CT scans will need to be 
managed accordingly. The spleen is the most 
commonly injured organ after blunt trauma [49, 
50] (Fig. 25.5). The American Association for the 
Surgery of Trauma’s (AAST) Organ Injury 
Scaling Committee created a grading scale for 
splenic injuries. The scale is graded from 1 to 5 
and is based on radiographic and operative find-
ings [51]. Traditionally, splenic injuries were 
managed operatively with splenectomy. However, 
with the discovery of overwhelming postsplenec-
tomy sepsis (OPSS), practice patterns have 
changed. Despite the low incidence (0.05–2.0%) 
[52] of OPSS, the management of splenic injuries 
evolved from partial splenectomy, to splenorrha-
phy and now to nonoperative management 
(NOM). NOM has the advantages of shorter hos-
pital length of stay, decreased hospital costs, 
decreased blood transfusions, and decreased 
intraabdominal complications [53, 54]. NOM has 
evolved into using angio-embolization as adjunc-
tive therapy for higher-grade injuries. Many stud-
ies have demonstrated that NOM decreased the 
need for laparotomy. However, as the grade of 
injury increased, so did the failure rate of 
NOM. As the amount of literature on NOM of the 
spleen continues to grow, along with newer 
 technology and treatment technique, there is no 
standard for the NOM treatment of splenic inju-
ries. Figure 25.6 is adapted from our institution’s 
practice guideline for the management of blunt 
splenic injuries.

Table 25.8 Indications for operative exploration after 
chest tube placement for hemothorax

1. Initial output >1500 ml
2. Ongoing output >200 cc/hr for 2–4 hours
3. Persistent transfusion requirements
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The diagnostic workup for blunt liver injuries 
is similar to that of the spleen. An AAST grading 
system exists for liver injuries as well [51] 
(Fig. 25.7). Exploratory laparotomy was once the 
accepted treatment for blunt liver injuries, but 
since many injuries were found to be very minor 
with minimal bleeding, practice paradigms have 

changed [55, 56]. A large body of literature now 
supports the use of NOM for blunt liver injuries 
in patients who are hemodynamically stable [56–
58]. Unstable patients should be taken to the 
operating room for surgical exploration or 
arranged to be transported to a trauma center. 
Stable patients with low-grade injuries can be 
managed with observation and serial laboratory 
evaluation. Higher-grade injuries without active 
extravasation can also be managed with obser-
vation as long as patients remain hemodynami-
cally stable. Those patients who have active 
extravasation on the CT scan warrant angio-
graphic evaluation [58]. Angiographic emboli-
zation has been shown to be a successful adjunct 
in the management of these patients [57, 59–61]. 
However, as with any intervention, angio-embo-
lization has been associated with a number of 
complications including major hepatic necrosis, 
abscess formation, gall bladder necrosis, and 
bile leak [62–64].

Genitourinary injuries are somewhat less 
common. Patients with blood at the meatus 

Blunt abdominal trauma

FAST

Positive Negative

Stable Stable**Unstable Unstable

CT scan of abdomen 
and pelvis with 

intravenous 
contrast

Adapted from the R Adams Cowley 
Shock Trauma Center Practice 

Guideline

Exploratory 
laparotomy*

Resuscitate and 
transfer to a trauma 

center

or

CONSIDER:
SERIAL PHYSICAL EXAM 
AND SERIAL FAST 6 HOURS 
APART (48) or 
CT SCAN OF ABDOMEN 
AND PELVIS WITH IV 
CONTRAST

Repeat FAST

** If patient has any of the following CT Scan is 
Recommended: seatbelt sign, abdominal pain, 

pelvic fracture, lumbar fracture, inferior rib fractures [45] 
* Consider transfer to trauma center

Search for other causes 
of hypotension

A.

B.

Fig. 25.4 Algorithm for blunt abdominal trauma

Fig. 25.5 Splenic injury with active extravasation
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should be considered to have a urethral injury 
until proven otherwise. Although traditionally 
practiced to avoid placing a Foley in these 
patients, at the author’s institution, a single 
attempt by the most experienced care provider is 
the common practice. Any resistance warrants 
immediate cessation and requires a suprapubic 
catheter placement. Once a patient has completed 
his/her evaluation and is hemodynamically 

stable, a retrograde urethrogram can be formed. 
Bladder injuries are classified as intraperitoneal 
and extraperitoneal. Extraperitoneal bladder inju-
ries only require Foley decompression for initial 
treatment. Intraperitoneal bladder ruptures 
require operative fixation in addition to Foley 
decompression. As a result, patients with intra-
peritoneal bladder ruptures should be transferred 
to a trauma center.

Splenic injury management algorithm

Yes 

Is there evidence of vascular 
injury or pseudoaneurysm

Notify IR for emergent angiogram 
and embolization* 

Repeat CT scan in 48-72 hours
and immunizations

Yes 

Hemodynamically stable OR for splenectomy

No

No*

Admit 

Serial CBC 

Serial 
exam

Angiogram

Repeat CT

Management by grade of injury 

Adapted from the R Adans Cowley Shock 
Trauma Center Practice Guideline 

Splenic injury: 

b

a

Grade 1 2 3 4/5

Floor Telemetry
or IMC

Telemetry
or IMC

IMC/ICU

Yes Yes Yes Yes

No No

No Variable

Non
emergent*

Emergent*

48-72
hours after
IR

48-72
hours after
IR

Q8 hours 
for 24 
hours 

Q6 hours 
for 24 
hours then 
q12 for 24 
hours

Q6 hours 
for 24 
hours then 
q12 for 24 
hours 

Q6 hours 
for 24 
hours then 
q12 for 24 
hours 

Grade I 

Grade II 

Grade III 

Grade IV 

Grade V

Subcapsular hematoma <10% surface area; capsular tear <1 cm in depth 

Subcapsular hematoma, non-expanding 10-50% surface area; 
intraparenchymal hematoma, non-expanding <2 cm in diameter 

Subcapsular hematoma >50% surface area or 
expanding intraparenchymal hematoma >2 cm and/or laceration >3 cm in depth or involving trabecular vessels. 

Ruptured intraparenchymal hematoma with active bleeding; 
laceration involving segmental or hilar vessels producing major devascularization (>25% of spleen). 

Shattered spleen, hilar vascular injury that devascularizes spleen

* Consider transfer to trauma center

Fig. 25.6 Algorithm for blunt splenic injury
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Injuries to the kidney occur in up to 10% of 
patients [65]. An AAST grading system exists for 
the kidney as with the liver and spleen [51]. Most 
injuries to the kidney are minor and can be man-
aged conservatively without follow-up imaging 
[66]. Management of higher-grade injuries is an 
area of debate [67, 68]. Although angio- 
embolization for hemorrhage control has been 
used for renal salvage, success rates vary in the 
literature [67–70].

 Penetrating

The initial management of a patient with pene-
trating abdominal/flank trauma should be focused 
on airway breathing and circulation. Any unsta-
ble patient with penetrating injury requires 
immediate operative exploration. If the hospital 
does not have the appropriate surgical capabili-
ties, expedited transfer to a trauma center is war-
ranted. While awaiting transport the patient 
should be appropriately resuscitated. Although 
no ideal systolic blood pressure (SBP) goal is 
known, the author’s institution routinely resusci-
tates these patients to a SBP ~ 90 mmHg. A land-
mark study by Bickell and colleagues 
demonstrated that hypotensive patients with pen-
etrating torso trauma have improved outcome if 
fluid resuscitation is delayed until patients are in 
the operating room [71]. Once operative inter-
vention has begun aggressive resuscitation with 

blood products should be aimed at reversing the 
patient’s shock state. Stable patients can be man-
aged with serial abdominal exams, local wound 
exploration (LWE), ultrasound, diagnostic peri-
toneal lavage, or CT scan. Numerous studies of 
both anterior stab wounds and gunshot wounds 
have demonstrated that serial physical exam 
alone can identify injuries that require surgical 
intervention [72–76].

Local wound exploration is an option for ante-
rior abdominal stab wounds. The wound must be 
sufficiently extended allowing for clear visual-
ization of the wound tract and fascia [77]. Probing 
the wound does not exclude peritoneal violation 
and this practice should be discouraged [78]. 
After an appropriate LWE, if the fascia is not vio-
lated the patients can be discharged with local 
wound care [79]. Ultrasound (FAST) is probably 
the most widely used method for initial evalua-
tion of stable patient with penetrating anterior 
abdominal wounds. It has a high specificity and 
positive predictive value; however, it has a rela-
tively low sensitivity [44, 79–82]. Patients with a 
positive FAST should proceed to the operating 
room, unless a solid organ injury is believed to be 
the sole injury. Stable patients with a negative 
FAST should proceed to either CT scan or serial 
exams (See Fig. 25.8).

For those who elect to proceed with CT scan, 
triple contrast (oral, intravenous, and rectal) has 
become the standard practice. Many studies over 
the past 30 years have demonstrated its accuracy 
in diagnosing peritoneal violation and the need 
for laparotomy with high sensitivity and specific-
ity [83–85]. Patients who do not have peritoneal 
violation or other injuries can be safely dis-
charged from the emergency department [79]. 
Some authors believe that intravenous contrast 
alone is sufficient to determine which patients 
require a laparotomy following penetrating injury 
[86, 87]. However, the authors of this article 
 support the use of triple contrast in any penetrat-
ing torso trauma.

Penetrating injuries to the back and flank 
require a special consideration. As with any 
unstable patient with penetrating injury, immedi-
ate operative exploration or appropriate resusci-
tation and transfer to a trauma center is warranted. 

Fig. 25.7 Liver injury with active extravasation
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Unlike anterior abdominal wounds, both the 
FAST exam and DPL may not be helpful [79]. 
Additionally, LWE is not recommended for the 
back and flank wounds, as the facial planes are 
not well defined and often wounds have self- 
tamponaded [79]. LWE can dislodge clots and 
cause significant hemorrhage, which can be very 
difficult to control in the emergency department 
[79]. Thus for stable patients who require further 
evaluation, triple contrast CT scan is the imaging 
modality of choice [83–85].

 Boney Pelvic Trauma

Overall mortality of patients with pelvic fractures 
is 6% [88, 89]. As many as 50% of patients with 
pelvic fractures may have concomitant intraab-
dominal injury including major vascular injuries 
[88, 90, 91]. The Young and Burgess classifica-
tion is what our center uses in describing the frac-
ture pattern [92, 93]. It is based on the vector of 
force involved and classified as lateral compres-

sion (LC), anteroposterior compression (APC), 
vertical shear (VS), and combined [93]. Lateral 
compression fractures are characterized as 
oblique fractures through the rami as well as dis-
ruption of the posterior elements. They are sub-
typed I, II, and III with increasing severity of 
injury. APC fractures are characterized or often 
described as “open book” pelvis. These involve 
widening of the pubic symphysis and are often 
associated with hemorrhage. APC are also sub-
typed I, II, and II with increasing severity of 
injury. Vertical shear fractures, sometimes 
referred to as Malgaigne fractures, often occur as 
a result of fall from height onto lower limbs. It is 
associated with fractures through the rami as well 
as posterior fractures of the sacroiliac complex or 
the sacrum. Additionally, there is superior dis-
placement of lateral part of the pelvis. As a result, 
there may be shortening of the leg on the side of 
injury [88].

Initial management as usual should focus on 
airway breathing and circulation. Unstable 
patients should be resuscitated and set up to be 

Penetrating 
Abdominal/Flank/Back*

Hemodynamically Stable

Yes

Yes No

No*

Operating Room

Operating Room

Positive

Exploratory 
Laparotomy

Operating 
Room

Peritonitis

Exploratory 
Laparotomy

Resuscitate 
and transfer 
to trauma 

center 

Exploratory 
Laparotomy* *

Negative

FAST 

Consider:
Observe with serial exams 
Triple Contrast A/P CT scan 
Diagnostic peritoneal lavage 
Local Wound Exploration 
(Anterior stab wounds only)

Resuscitate and 
transfer to 

trauma center 

*Definitions: 

Abdomen: nipple Iine superiorly, 
inguinal ligaments and symphysis 
pubis inferiorly and anterior axial 
line laterally. 
Fl ank: Area between anterior and 
posterior axillary Iines from the 6th 
intercostal space to the iliac crest. 
Back: Posterior to the axillary Iines 
from the tip of the scapulae to the 
iliac crests.

** CT Scan if suspected isolated 
solid organ injury only.

A. 
B. 
C. 
D.

Adapted from the R Adams Cowley Shock 
Trauma Center Practice Guidelines

Fig. 25.8 Algorithm for hemodynamically stable patients with penetrating abdominal/flank/back trauma
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transferred to a trauma center. Initial imaging for 
patients with suspected pelvic fractures should 
begin with a pelvic X-ray (PXR). Unfortunately, 
PXR can miss up to 50% of fractures, as com-
pared to CT scan [94]. Many authors have dem-
onstrated the superiority of CT scan to PXR for 
diagnosing injury, and believe that it is the gold 
standard [94–96]. For the emergency medicine 
physician, the key points are to know which 
patients are at risk of bleeding from their pelvic 
fracture. Typically, patients with lateral compres-
sion fractures have a low likelihood of having 
clinically significant hemorrhage. This, however, 
is not true for patients over the age of 55 and cli-
nicians should have a heightened awareness in 
these patients [97]. Both APC and VS fractures 
have a much higher likelihood of bleeding. 
Patients with APC fractures should have a binder 
applied immediately. This can be as simple as a 
bedsheet or as elaborate as premanufactured 
binders. The key point is placement of the binder. 
Binders should be placed over the greater tro-
chanter of the femur and then tightened. A com-
mon mistake is to place the binder over the iliac 
wings which when tightened actually widens the 
pubic symphysis. When appropriately applied, 
the pressure will decrease the widened pubic 
symphysis and create a tamponade effect by 
decreasing the pelvic diameter. Once in place 
binders should only be removed by the orthope-
dic surgeons (Figs. 25.9a, b). Figures 25.10 and 
25.11 provide algorithms for unstable and stable 

patients with pelvic fractures, respectively. Most 
of these patients will require transfer to a trauma 
center for operative fixation and angiographic 
evaluation for hemorrhage control.

 Extremity Trauma

Vascular injury and compartment syndrome are 
two key concepts of extremity trauma that are 
critical for the emergency medicine physician to 
be able to recognize and treat in the emergency 
department. Vascular injuries can occur follow-
ing fractures, dislocations, or penetrating 
trauma. It is often difficult to palpate a pulse in 
a patient in shock or difficult to hear using a 
Doppler in a busy loud emergency department. 
If any hard signs of vascular injury are present, 
they mandate immediate surgical intervention 
or transfer to trauma center as quickly as possi-
ble [98] (Table 25.9). Additionally, any soft sign 
of vascular injury warrants admission and 
observation, but not mandatory exploration [98] 
(Table 25.10).

In 2012, the Eastern Association for the 
Surgery of Trauma (EAST) updated their prac-
tice guidelines for penetrating lower extremity 
trauma [99]. As stated above if any hard signs 
exist, immediate operative exploration is man-
dated. For centers that do not have this capability, 
timely transfer to a trauma center is required. 
Direct pressure or application of a tourniquet 

a b

Fig. 25.9 (a) Open book pelvis. (b) Open book pelvis after the binder is applied
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may be used as temporary hemorrhage control 
until definitive repair [99]. The committee’s key 
findings are shown in Table 25.11.

Blunt vascular injury without fracture or dis-
location is rare. Patients with lower extremity 
fractures who do not have a palpable pulse equal 
to the ipsilateral extremity warrant further evalu-
ation. Computed tomography angiogram (CTA) 
has been shown to be the diagnostic imaging of 
choice in these patients [100]. Additionally for 
patients with a dislocation and an absent pulse, 
relocation of the joint as quickly as possible is 
warranted. Following relocation if pulses are 
equal, no additional imaging is often required. 
For those that remain with a pulse deficit, CTA 
should be obtained.

Emergency medicine physicians need to have 
a high index of suspicion for knee (tibial- femoral) 
dislocations as some may spontaneously relocate 
prior to arrival in the emergency department. As a 

result, the incidence of knee dislocations may 
have been historically underreported [101]. The 
incidence of vascular injury associated with knee 
dislocations had been reported to be as high as 
64%; however, recent literature suggest only as 
high as 14% [101]. The traditional dictum of 
emergency medicine has always mandated evalu-
ation of the popliteal artery following a knee dis-
location. The diagnostic test of choice has been 
challenged. Although angiography is the gold 
standard, CTA is a less invasive alternative with a 
high sensitivity and specificity [101]. Other alter-
natives include serial physical exams, ankle–bra-
chial indexes (ABIs), and arterial duplex; 
however, the author’s institution’s standard is to 
obtain a CTA of the extremity to rule out a vascu-
lar injury in any patient suspected of having a 
knee dislocation. Of note, isolated patella dislo-
cations do not warrant a workup for vascular 
injury.
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Compartment syndrome (CS) can result fol-
lowing a vascular injury or as a result of fractures 
alone. Pain with passive motion and pain out of 
proportion to exam are often the earliest signs. 
Additionally, paresthesias occur early while pal-
lor, paralysis, and pulselessness are late findings. 
Compartment pressures are usually less than 
8  mmHg; however, when pressures become 

greater than 20  mmHg, fasciotomies are often 
required. If left untreated, CS can lead to tissue 
necrosis, rhabdomyolysis, renal failure, and loss 
of limb. Thigh compartment syndrome is rare; 
however, up to 20% of closed tibia fractures can 
develop compartment syndrome [102]. Fractures 
of the tibia diaphysis have higher rates of devel-
oping compartment syndrome than do those of 
the more proximal or distal portions [103]. 
Additionally, fractures of the tibia and fibula 
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Fig. 25.11 Algorithm for hemodynamically stable patients with major pelvic trauma

Table 25.9 Hard signs of vascular injury

1. Pulsatile bleeding
2. Expanding hematoma
3. Absent distal pulses
4. Cold pale limb
5. Palpable thrill
6. Audible bruit

Table 25.10 Soft signs of vascular injury

1. Peripheral nerve deficit
2. Large blood loss at scene
3. Reduced but palpable pulse
4. Injury proximity to major blood vessel

Table 25.11 Eastern Association for the Surgery of 
Trauma (EAST) guidelines for lower extremity penetrat-
ing injury [99]

1.  Patients without hard signs who have an abnormal 
exam or ankle–brachial index (ABI) <0.9 should 
have further evaluation

2.  Computed tomography angiogram (CTA) is the 
primary diagnostic study for those requiring imaging

3.  Patients without hard signs with normal physical 
exams and ABI >0.9 can be discharged

4.  Tourniquets can be applied for temporary 
hemorrhage control until definitive surgical repair
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associated with ballistic fragments have a higher 
incidence of developing CS than other ballistic 
associated fractures [104]

 Conclusion

Management of trauma to the chest abdomen and 
pelvis and extremities can often be very challeng-
ing. It is imperative to evaluate and treat life- 
threatening injuries rapidly. Although the 
concepts of trauma care have remained unchanged 
over time, technology and the resources available 
have significantly improved leading to better out-
comes. Goal-directed resuscitation and a para-
digm shift in using blood products rather than 
large volume crystalloid and colloid have signifi-
cantly altered the way in which we care for 
patient following injury. Although the ideal ratio 
of blood product transfusion remains unknown, it 
is clear that massive crystalloid infusion is detri-
mental to patient outcomes.

As the use of ultrasound expands, the quality 
of CT scan continues to improve and the use of 
catheter-based technique evolving immediate 
operative exploration is no longer mandatory for 
all trauma patients. It is imperative that the emer-
gency physician be skilled at managing life- 
threatening injuries, implementing appropriate 
resuscitation measures and if needed advising 
rapid transfer to a trauma center. Although the 
future remains unknown, techniques such as 
resuscitative endovascular balloon occlusion of 
the aorta (REBOA) for temporary hemorrhage 
control may soon be a realistic option for the 
emergency physician and can be life saving for 
the bleeding trauma patient [105–107].
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 Adrenal Emergencies

All emergency medicine physician must be 
familiar with the diagnosis and treatment of adre-
nal insufficiency (AI). Once believed to be a rare 
disorder, it is more common than anticipated. AI 
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Critical Points

• In the United States, autoimmune cell- 
mediated cytotoxicity is the most com-
mon cause of primary adrenal gland 
destruction and failure.

• Immune checkpoint inhibitors are asso-
ciated with adverse side effects of adre-
nalitis, thyroiditis causing hyper- and 
hypothyroidism, hypohysitis, diabetes 
mellitus, and diabetes insipidus.

• In thyrotoxicosis or thyroid storming, 
the patient should be given PTU over 
preference to methimazole because 
PTU prevents the peripheral conversion 
of T4 to T3.

• Myxedema coma is rare, but when pres-
ent the mortality is high up to 36% even 
with appropriate treatment. Altered 
mental status and not coma is the most 
important clinical findings.

• The most common cause of severe dia-
betic ketoacidosis in African American 
and Hispanics is a new disease entity 
called Flatbush diabetes, ketosis-prone 
Type 2 DM. This variant of DM was ini-

tially described in Flatbush Bronx, 
New York among ethnic groups that had 
presented with severe DKA but are type 
2 DM.

• Hypoglycemia is occurring with 
increased frequency in the emergency 
department as a side effect of weight 
reduction surgeries. The emergency 
physician should be familiar with the 
diagnostic work-up of patients present-
ing with hypoglycemia.

• Patients often present to the emergency 
department with polyuria, and it is 
important for the emergency physician 
to differentiate forms of diabetes 
insipidus.

• Euglycemic DKA is a recently recog-
nized disorder associated with the use of 
sodium-glucose cotransporter 2 inhibi-
tors, dapagliflozin, canagliflozin, and 
empagliflozin, for glycemic control in 
type 1 and type 2 diabetic patients.
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represents a true medical emergency that is fatal 
if it is not recognized or treated promptly with 
fluid resuscitation and stress dose hydrocortisone 
administration [1, 2]. The major pathophysiolog-
ical defect in AI is an absolute or relative defi-
ciency in the synthesis of glucocorticoids [1–8]. 
In primary adrenal insufficiency (PAI), there is 
destruction or failure of the adrenal gland in the 
production of glucocorticoid and mineralocorti-
coid hormones or secondary due to failure of the 
pituitary gland to release adrenocortical tropic 
hormone (ACTH) which stimulates the adrenal 
gland to produce glucocorticoid. Tertiary AI is 
due to the impaired release of corticotrophin- 
releasing hormone (CRH) from the hypothala-
mus [1, 5, 10].

The most common cause of primary adrenal 
failure in the United States is autoimmune adre-
nalitis. Antibodies are generated against 
21-hydroxylase and are detected in 90% of 
patients with Addison’s disease but not in other 
causes of adrenal insufficiency [1–4, 6]. The 
pathogenesis of auto-immune Addison’s disease 
is believed to be due to environmental and genetic 
predisposition [5]. Certain HLA genotypes 
DR3-DQ2/DRB1 are specific for the develop-
ment autoimmune adrenitis [5]. Mycobacterium 
tuberculosis is the most common causes of pri-
mary adrenal insufficiency in the world outside 
of the Western industrialized countries [6]. Other 
causes of primary adrenal gland insufficiency [1, 
7] are outlined in Table 26.1.

In patients with advanced HIV/AIDS, the 
prevalence of adrenal insufficiency is 33–88%. 
Opportunistic infectious etiologies infiltrating 
the adrenal gland are believed to be the mecha-
nism of the relative glucocorticoid deficiency 
seen in this disorder [7]. A number of medica-
tions such as etomidate carbamazepine, ketocon-
azole, and rifampin directly impair steroid 
synthesis or may the adrenal gland impervious to 
stimulation in the genesis and release of gluco-
corticoids [1, 8–14].

Secondary adrenal insufficiency is caused by 
disorders that affect the hypothalamo-pituitary 
axis causing an absolute or relative deficiency of 
adrenocorticotropic hormone (ACTH) [10]. 

Severe head injury, cerebral vascular accidents, 
anoxic encephalopathy, brain neoplasms, and 
surgery for pituitary macroadenoma are some 
causes of secondary adrenal insufficiency, but the 
most common cause is abrupt withdrawal of cor-
ticosteroids after prolonged therapy [1, 10, 12] 
(see Table 26.2). These neoplastic and infiltrate 
lesions also cause hormonal deficiencies involv-
ing other endocrine glands and multiple endo-
crine disorders [1, 2, 5, 14–17].

Patients with advance solid and hematological 
malignancies are increasingly being seen in the 
ED due to advanced and effective anticancer thera-
pies, specifically immunotherapies. Immune 
checkpoint inhibitors such as (ICPI) ipilimumab, 
nivolumab, and pembrolizumab are programmed 
cell-death receptors antibodies and used to treat a 
number of advanced cancers such as refractory 
non-small cell lung cancers, and metastatic mela-

Table 26.1 Common causes of primary adrenal insuffi-
ciency [11]

Primary adrenal 
insufficiency
  Autoimmune 

adrenalitis

Type II polyglandular 
autoimmune syndrome
Isolated autoimmune adrenalitis

  Acute adrenal 
hemorrhage

Anticoagulation,
Overwhelming sepsis: 
Staphylococcus, Pseudomonas, 
Meningococcal sepsis, 
Anti- phospholipids syndrome

  Infections Disseminated Mycobacteria 
tuberculosis
MAC, HIV infection, CMV, PJP
Fungal infections:
  Histoplasmosis
  Cryptococcus
  Toxoplasmosis
  Candidiasis

  Infiltrative 
disorders

Sarcoidosis,
Amyloidosis, hemochromatosis,
Metastatic cancer:
  Lung,
  Breast,
  Kidney

  Drugs HIV meds, ketoconazole, 
dilantin, rifampin, Etomidate

  Surgery and 
trauma

Adrenal trauma, adrenalectomy

  Associated 
endocrinopathies`

Hypoparathyroidism, Type I 
DM, hypothyroidism, 
hypogonadism, hepatitis
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noma that a few years ago were incurable [14, 15]. 
Recently, use of these new immunotherapy drugs 
has resulted in life-threatening side effects mainly 
endocrinopathies of primary and secondary AI, 
thyroiditis and diabetes mellitus and diabetes 
insipidus [14–17]. Initial presentation is general 
one of adrenal crisis and/or multi-organ system 
failure and shock. The signs and symptoms of 
adrenalitis due to these ICPI and PDL-1 are the 
same as other causes of adrenal crisis. One excep-
tion is visual field defects and headaches due to 
pituitary axis involvement with associated edema. 
The risk of developing these endocrinopathies is 
greatest with combination therapies CTLA-4 com-
bined with PD-1 at the start of treatment and for 
the first 6 months. The pituitary and thyroid glands 
are the most affected endocrine organs with thy-
roid gland in the form of transient hyperthyroidism 
that is followed by overt hypothyroidism that is 
permanent. To date, there has been no emergency 
medicine or critical care specialist society recom-
mendations on the management of these side 
effects. We will give our recommendations based 
on the current available data [14–18].

 Clinical Symptoms and Signs 
of Adrenal Insufficiency

Adrenal insufficiency presents with a number of 
nonspecific symptoms and signs (see Table 26.3). 
In primary AI, symptoms and signs are results of 
deficiency of all adrenocortical hormones synthe-
sized in the outer most layer of the adrenal gland 
with general preservation of catecholamine syn-
thesized in the adrenal medulla [1, 5–8] (see 
Fig.  26.1). Patients often present with weight 
loss, fatigue, weakness, dehydration, nausea, 
vomiting, diarrhea, muscle pain and cramps, 
abdominal pain, fever, obtundation, coma, ortho-
static hypotension [5, 6, 17].

The common signs and symptoms of second-
ary AI are vague and nonspecific and listlessness, 
fatigue, joint pain, myalgia, which often delay 
diagnosis and treatment [10]. Some patients may 
present with headache, fatigue, and rarely visual 
field defects that are suggestive of hypophysitis 
or pituitary axis deficiency [5, 16, 17].

In the emergency department and ICU environ-
ment, adrenal crisis may be the initial presentation 
with symptoms and signs of severe abdominal 
pain simulating an acute abdomen, nausea, vomit-
ing, musculoskeletal pain and weakness, syncope, 
fever, fatigue, obtundation, coma; Or the initial 
presentation maybe one of profound hypotension 
and shock that is refractory to iv fluid resuscitation 
and vasopressors [9, 11, 12].

 Common Laboratory Findings

Patients with primary adrenal insufficiency typi-
cally show hyponatremia, hyperkalemia, hypo-
glycemia, mild hypercalcemia, and prerenal 
failure. These abnormalities are due to infiltration 
and destruction of zones of the adrenal gland that 
produce both glucocorticoids and mineralocorti-
coid hormones [9].

In secondary adrenal insufficiency, the elec-
trolyte disturbance is mild due to the ability of 
the gland to continue to make mineralocorticoids, 
and there is no hyperpigmentation since ACTH 
levels are not elevated [1, 9].

Table 26.2 Causes of secondary adrenal insufficiency

HPA axis dysfunction Examples
Corticosteroid 
cessation after 
prolonged (most 
common)

Prolonged steroid use:
  COPD
  Asthma

Pituitary or 
metastatic tumor

Macroadenoma, meningioma, 
craniopharyngioma

Medications Opioids effects diurnal release 
of cortisol
Progestin binds to GCR, 
↓ACTH responsiveness

Pituitary surgery and/
or irradiation
Head trauma 
involving pituitary 
gland

↓ ACTH production

Pituitary necrosis or 
bleeding

Postpartum pituitary necrosis 
(Sheehan syndrome)

Infiltrative diseases Sarcoidosis, amyloidosis, 
hemochromatosis, Langerhans 
giant cell arteritis, lymphoma, 
mets

Empty sella 
syndrome
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Eosinophilia counts, defined as >3% of total 
leukocyte count in severe septic shock and refrac-
tory hypotension, may be useful as biomarkers in 
identifying patient with impaired adrenocortical 
function [12]. This relative eosinophilia has been 
demonstrated to be present 2  days prior to the 
onset of septic shock. Seventy-five percent of 
these patient with septic shock and eosinophilia 
who are nonresponder to fluid and vasopressors 
were found to have absolute or relative adrenal 
insufficiency [12]. Treatment of these septic 
shock patients with corticoid steroid results in the 
hemodynamic stability and the early withdrawal 
of vasopressor therapy within 24 h. The mecha-
nism behind the responsiveness of septic shock 

patients is due to an eosinophilic product, macro-
phage inhibitor factor (MIF), and its counter- 
regulator role in glucocorticoid biochemical 
action and as a mediator of septic shock perpetu-
ating the inflammatory response. For patient with 
sepsis and eosinophilia, a cosyntropin stimula-
tion test may be indicated [9, 11–13].

 Diagnosis

An ACTH stimulation test is used to detect almost 
all cases of acute or chronic insufficiency [41].

For adrenal crisis, following the establishment 
of intravenous assess, blood is drawn for electro-
lytes, glucose, creatinine and BUN, CBC cortisol, 
and ACTH chest X-ray. Pan cultures are per-
formed for the evaluation of sepsis and infection. 
Treatment is initiated immediately without wait-
ing for the return of results of diagnostic studies.

If AI is suspected in a patient who is hemody-
namically stable, a random cortisol is drawn for 
the determination of cortisol and ACTH, aldoste-
rone and renin, blood pressure and orthostatic or 
postural blood pressure, electrolytes, glucose cul-
tures of blood, and urine. The patient is treated 
with replacement glucocorticoids without wait-
ing for lab results [1–6, 8–17].

If secondary adrenal insufficiency is suspected 
and/or the patient is receiving immunotherapy 
with checkpoint inhibitors, then collect sufficient 
blood for pituitary hormonal studies: prolactin, 
ACTH, TSH, estradiol, testosterone, LH/FSH, 
IGF-1 in males; LH, FSH, estradiol in premeno-
pausal female [14–17].

For clinically and hemodynamically stable 
patients: [1, 3, 5, 9]

• If cortisol is <3 mcg/dL, the diagnosis is con-
firmed and no further testing is indicated.

• A rapid cosyntropin ACTH stimulation test is 
performed for cortisol levels <18 mcg/dL.

• The patient is given synthetic ACTH 250 ug 
IV, and cortisol and simultaneous ACTH lev-
els are measured at 30 and 60 min.

• A cortisol level <18 ug/dL or an increase of 
cortisol <9 mcg/dL confirm AI.

Cortex 80–90%

Glomerulosa
(aldosterone)

Fasiculata
(cortisol)

Reticularies
(androgens)

Medulla 10–20%
(epinephrine)

(norepinephrine)

Kidney

Fig. 26.1 Illustrative drawing of the adrenal gland. (Adapted 
from Nussey SS, Whitehead SA: The Adrenal Gland 
Endocrinology: an integrated approach. See text for details). 
When the outermost layer of the adrenal gland is destroyed 
by autoimmune process or infiltrative disorder, zona glomer-
ulosa and zona fasciculate, both glucocorticid and mineralo-
corticoid are decreased or absent and are fatal if untreated

Table 26.3 Common symptoms and signs of adrenal 
insufficiency

Symptoms Signs
Gastrointestinal symptoms 
(nausea, vomiting, abdominal 
pain)

Weight loss
Orthostatic 
hypotension

Weakness, fatigue Hyperpigmentation, 
Vitiligo

Orthostatic hypotension Confusion
Salt craving Cardiovascular 

collapse

B. Whisenant
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During severe illness, patients who are febrile, 
hypovolemic, hypotensive, and hypoxic with 
SIRS, sepsis, multi-trauma have cortisol level 
>23 mcg/dL. Thus, a random serum cortisol level 
of 18 ug/dL is inappropriately low for such major 
and intense stressors, and a diagnosis of relative 
AI is highly suggestive of AI [12].

To distinguish primary and secondary AI, low- 
dose cosyntropin (LD cosyntropin) and high- 
dose cosyntropin (HD cosyntropin) are used [1, 
9, 12].

• Patients with primary AI with ACTH levels 
<25 ug/dL will not increase their serum corti-
sol level with either LD or HD corticotrophin 
stimulation.

• Patients with secondary AI with baseline cor-
tisol <25  ug/dL will increase their cortisol 
level above 25 ug/dL.

These are not diagnostic studies that are 
required or necessary to be performed in the 
emergency department setting.

CT scan of the adrenal glands or head may 
help in determining the cause of acute or chronic 
AI [14]. If secondary AI diagnosis is established, 
then MRI of the pituitary should be obtained to 
rule out pituitary adenoma or lesions, hemor-
rhage, or infarction [10, 16, 17].

Another entity associated with adrenal insuf-
ficiency is critical illness-related corticosteroid 
insufficiency. This syndrome is defined as inade-
quate glucocorticoid levels relative to the degree 
of stress. It is most often seen in sepsis and septic 
shock and acute lung injury. A serum cortisol 
level <20 mcg/dL following a corticotropin stim-
ulation test or <9 mcg/dL level of increase over 
baseline represents an inadequate adrenal 
response [2, 12]. The most recent guidelines for 
the treatment of critical illnesses indicated a ran-
dom cortisol level <18 mcg/dL in a patient with 
sepsis shock and likely AI is an indication to ini-
tiate steroid therapy [3, 8–10, 17].

There is an opioid epidemic in the United 
States with more than 25 million Americans 
receiving opioids for management of chronic 
pain. Heroin use is also on the rise due to restric-
tion of access to prescription narcotics and is 

associated with AI.  Emergency physicians fre-
quently encounter patients using long-term opi-
oid treatment. It is important to be able to 
recognize the endocrinopathy associated with its 
use [9, 13]. Opioid-induced adrenal insufficiency 
(OIAI) is an undiagnosed side effect of pro-
longed opioid use [9, 13]. OIAI has a prevalence 
of up to 29% with chronic administration and is 
associated with increased mortality and mortal-
ity [13]. Opioids exert their effects on μ, δ, and κ 
receptors in the hypothalamus and pituitary 
glands causing inhibition of the HPA axis with 
resulting secondary adrenal insufficiency. 
Chronic opioid users who present to the ED with 
signs and symptoms of AI should be screened for 
AI with a baseline serum cortisol level and/or 
CTS [9, 13].

 Management

Adrenal insufficiency is a medical emergency 
that must be recognized and treated immediately 
with steroids, intravenous fluids, and vasopres-
sors if indicated. Outlined is one clinical guide-
line to the management of adrenal crisis and 
symptomatic adrenal insufficiency [8–10, 13] 
(see Table 26.4).

Empiric antibiotics should be given until an 
infectious process is ruled out.

 Thyroid Storm

 Introduction

Thyroid storm is an acute life-threatening exac-
erbation of thyrotoxicosis that is due to hyper-
metabolic response of all organ systems of the 
body to elevated production of thyroid hormone 
[19, 20].

It is commonly seen in patients with undiag-
nosed Graves’ disease or partially or untreated 
hyperthyroidism who undergoes some stressful 
event. The most common stressful event is infec-
tious etiologies with pneumonia with URI being 
the most common. Precipitating factors for thy-
roid storm are: [19, 20, 24]

26 Endocrine Emergencies in the ICU
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• DKA or hyperglycemic hyperosmolar 
syndrome

• Nonthyroidal surgeries
• Sepsis, gastroenteric infections, UTI
• CVA
• MI, anesthetic agents, acute iodide load

The most common cause of hyperthyroidism 
is Graves’ disease, multi-nodular goiter, toxic 
solitary adenoma, and subacute thyroiditis [19]. 
Graves’ disease typically occurs in the third and 
fourth decade and is 10 times more common in 
women [22]. Toxic multinodular goiter is more 
common among women and older age group in 
the fifth and seventh decade [22, 26].

The pathophysiologic mechanism for the 
development of thyroid storm from noncompli-

cated thyrotoxicosis is not known. It appears to 
be related to a hyperadrenergic hyperactive 
response of multiple organs to the altered interac-
tion of thyroid hormone and catecholamines 
resulting in the generation of high metabolic rate, 
fever, and dysregulation of hypothalamus in tem-
perature regulation [19, 20].

 Clinical Symptoms and Signs 
of Thyroid Storm

Thyroid storm is a clinical diagnosis and that can-
not be distinguished on biochemical basis from 
thyrotoxicosis. The initial signs of thyroid storm 
are elevated temperature out of proportion to 
infection and heart rate that does not correlate with 
disturbance with resting heart rates sustained at 
80s to 90s and up to >200 bpm. Profuse diaphore-
sis, agitation, hyperdefecation, and diarrhea are 
early symptoms and signs of impending thyroid 
storm. If this early stage of presentation is not rec-
ognized and treated, then multiple organ system 
will decompensate from the constant stimulus of 
thyroid hormone (TH) and tip over into congestive 
heart failure, refractory pulmonary edema, circula-
tory shock state, coma, and death [18, 20, 24]. The 
cardiovascular manifestations of thyroid storm are 
the most important and the leading cause of death; 
however, neurological complications are present 
in >90% of patients [19, 20]. In elderly patients, 
the manifestation of thyroid crisis may take a dif-
ferent form referred to as apathetic storm with 
weakness, emotional apathy, absence of fever, 
delirium, and coma [20]. See Table 26.5 for symp-
toms and signs of thyroid storm.

Table 26.4 A Suggestive management of adrenal crisis: 
profound hypotension/shock [1–5, 8–16]

  Establish airway and breathing
  Place on continuous ECG monitoring with oximetry
  Establish a central line and/or two large bore IV for 

blood draw and iv fluid hydration
  Give 20–30 ml/kg bolus of 0.9% NaCl as determined 

by state of dehydration; urine output may need 4 
liters over the next 24 h

  For significant hyponatremia, do not raise serum Na 
greater than 8–10 mEq/dL in 24 h to avoid osmotic 
demyelination.

  D10 may be needed for hypoglycemia and ongoing 
treatment of adrenal crisis

  If diagnosis is confirmed, give hydrocortisone 
100 mg iv stat and then 50 mg IV every 6 h.

  Check pH, electrolytes, and glucose every 2 h
For moderate dehydration and hypotension
  Place on continuous ECG monitoring and monitoring 

of vital signs, oximetry
Give 1000 ml fluid boluses until circulation volume is 
restored
  Give the remaining fluid deficit evenly over 24 h 

using D5 NS
  Give steroid hydrocortisone 100 mg iv bolus, then 

50 mg hydrocortisone every 6 h IV or continuous 
infusion of 200–300 mg hydrocortisone over 24 h

  Repeat point-of-care (POC) electrolytes, glucose, 
and venous pH every 2 h.

For mild hydration normotensive
  D5 NS at 125–150 ml/h over 24 h
  Check glucose, electrolytes every 4–6 h for 24 h
  Give hydrocortisone 100 mg IV bolus and 50 mg iv 

every 6–8 h.

Table 26.5 Clinical signs and symptoms of thyroid 
storm

Symptoms Signs
Diaphoresis, heat 
intolerance
Palpitation
Nervousness
Weight loss
Angina pectoris
Difficulty concentrating
Generalized weakness

Hyperthermia
Tachydysrhythmias: ST, 
AF
Systolic hypertension
Wide pulse pressure
Signs of CHF
Mental status change
Muscle wasting and 
atrophy

B. Whisenant
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 Common Laboratory Findings

Elevated T4 and T3 with low TSH are common 
findings, but the degree of elevation is not dif-
ferent from clinically stable thyrotoxicosis. A 
mild leukocytosis is usual with increase in red 
blood cell mass. Routine studies that need to be 
drawn on presentation to the ED are CBC, cre-
atinine, electrolytes, cortisol, liver function 
studies, serum calcium, thyroid function stud-
ies with total T4, T3, free T4, and T3 levels 
with TSH, chest X-ray, and EC.  There are no 
laboratory studies that will confirm or refute the 
diagnosis of thyroid storm. It is a clinical diag-
nosis [20, 22].

 Diagnosis

The clinical symptoms and signs of thyrotoxico-
sis and that of thyroid storm are nonspecific and 
the patient may present with the symptoms of 
severe sepsis, illicit substance ingestion, or coma, 
and thyroid storm may be masked and go undiag-
nosed, untreated, and succumb to multiorgan 
decompensation and death [19]. If there is a delay 
in the diagnosis and treatment of thyroid storm 
for more than 24 h, the multiorgan dysfunction, 
usually cardiovascular disorder, may be 
irreversible.

The diagnosis is clinical and is based on the 
presence of known precipitant, hypothalamic 
temperature dysregulation, and dysfunction of 
cardiovascular, CNS, and gastrointestinal sys-
tems with temperature out of proportion to an 
existing infection process being the most 
 important in making a diagnosis. The Burch and 
Wartofsky diagnostic point scoring scale uses 
precise clinical criteria to aid in the diagnosis of 
thyroid storm. A score of <25 is unlikely to be 
thyroid storm, while a score of >45 is highly 
likely [19, 24]. The Japanese Association diag-
nostic system is another recent developed diag-
nostic criteria based on the five BWPS diagnostic 
criteria plus thyrotoxicosis. Definite diagnosis of 
thyroid storm includes CND dysfunction plus 
one other manifestation or three manifestations 
other than CNS.  The two systems, BWPS and 

JTA, may be used together to facilitate an accu-
rate diagnosis of TS.

 Management [18–20, 24]

Thyroid storm is a life-threatening medical con-
dition that is 100% fatal if left untreated and 
management must be conducted in an ICU (see 
Box 26.1).

A multifacet approach is used for the treat-
ment of TS which involves:

Box 26.1 Proposed Management of Thyroid 
Storm [10, 14, 15]

Supportive care
• Sedative bed-rest IV hydration and elec-

trolyte replacement
• Antipyretics, cooling blankets
• Antibiotics for infectious etiology

Specific measures
• Propranolol 0.5–1 mg IV initially, and if 

no hypotension or bradycardia, 2–3 mg 
over 15 min. Oral propranolol 40–80 mg 
every 6 h.

• PTU 400  mg initial and then 200  mg 
every 4  h or 1200  mg daily in divided 
dose or methimazole 15–25 mg every 6 h.

• After 2  h, give 5 drops of potassium 
iodide every 6 h.

• Hydrocortisone 100  mg every 8  h or 
decadron 2 mg every 6 h.

Alternative measures
• Lithium 300 mg every 6 h
• Ipodate 500 mg daily or twice a day
• Esmolol if propranolol is not tolerated 

or cardiac decompensation

For resistant cases of thyroid storm
• Plasma exchange, plasmapheresis, or 

dialysis
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• Supportive measures: antipyretics, cooling 
blankets, and IV fluids for dehydration, and 
antibiotics for infectious etiology [14]

• Antithyroid drugs to reduce synthesis of thy-
roid hormones (T4 and T3) in 60–120 min
 – PTU 150–250 mg Q 6 h DOC
 – Methimazole 20 mg Q 6 h (safer than PTU)

• Blockage of action and peripheral conversion 
of T4 to T3

 – Propranolol 0.5–1  mg IV loading dose, 
then 1 mg over 10 min hourly for heart rate 
control

 – Propranolol 60–80 mg Q 4–6 h
 – Esmolol 50 mcg bolus, then 50–100 mcg/

kg/min for HR control for critically ill in 
shock states

 – Glucocorticoids-hydrocortisone 300 mg iv 
load, then 100 mg Q 8 h or dexamethasone 
2 mg Q 6 h

• Treatment of cardiac decompensation: CHF, 
hypovolemic shock

• Treatment of precipitants: DKA, sepsis, CVA

If patient remains hypermetabolic following 
the above intervention, the ion-exchange resin 
20–30 mg daily can be used to block recircula-
tion of T4 and T3. With continued failure of con-
vention therapy to control TS and then dialysis, 
plasma exchange or AV ECMO will be life sav-
ing [20, 24].

Treatment includes supportive measures 
with antipyretics, IV hydration, cooling blan-
kets, treatment of tachycardia (atrial fibrilla-
tion), congestive heart failure, sedation, and 
antibiotics for precipitating infectious etiology 
[19, 20].

Nonselective beta blocker (BB), propranolol, 
is the drug of choice in the management of TS, 
but if there is a contraindication to the use of non-
selective BB (Asthma, COPD, CHF), then either 
a selective BB, esmolol drip, atenolol, or calcium 
block may be used to treat the adrenergic hyper- 
responsiveness [20].

 Myxedema Coma [21–24]

 Introduction

Myxedema coma is defined as a severe manifes-
tation of hypothyroidism due to decreased secre-
tion of thyroid hormones that results from 
decompensation of adaptive mechanisms in 
maintaining body’s homeostasis. This condition 
is rare in occurrence and is seen during the winter 
months among women >60 years of age after a 
prolonged history of hypothyroidism [16–19]. 
This medical condition occurs in patients with 
severe untreated hypothyroidism due to autoim-
mune thyroiditis, Hashimoto thyroiditis, thyroid-
ectomy resulting in decrease secretion of thyroid 
hormones. Pituitary macroadenomas or hypotha-
lamic lesions through lack of stimulation of the 
thyroid gland may cause decreased TH in the cir-
culation. The syndrome is usually precipitated by 
an acute concurrent illness such as UTI, pulmo-
nary infection, CHF, myocardial infarction, 
exposure to cold weather, or drugs such as amio-
darone, opiates, and sedates. The mortality rate is 
high (40–60%) even with treatment [24].

 Clinical Symptoms and Signs 
of Myxedema Coma

The signs and symptoms of hypothyroidism and 
myxedema coma are similar but more exagger-
ated in myxedema. The three cardinal features of 
myxedema coma are altered mental status, hypo-
thermia, and a precipitating event. In myxedema 
patients, altered mental status is the most promi-
nent presenting symptom with the patient mani-
festing depression, decline in intellectual 
function. Coma is a very rare occurrence. 
Hypothermia in myxedema is usually less than 
95.9  F, the low the temperature the worse the 
prognosis. Physical examination generally 
reveals bradycardia, hypotension, and hypoventi-
lation that may deteriorate to hypercapnic respi-
ratory failure, macroglossia, and deepening of 
voice.
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See Table  26.6 for clinical findings in myx-
edema coma [23, 24].

Common Laboratory Findings
Most patients have low T4 and T3 with ele-

vated TSH levels, but TSH may be normal or low 
due to secondary causes of hypothyroidism [3–
24]. Hyponatremia is usually present and will 
resolve with the replacement of thyroid 
hormones.

 Management

Patients presenting to the ED with myxedema 
coma usually have depressed sensorium, and pro-
tection of the airway is paramount in the initial 
management [20–22].

Table 26.7 outlines the treatment of myx-
edema coma.

The replacement doses of levothyroxine are 
discussed in Table 26.7. There has been no con-
trol trials of the appropriate replacement dose of 
levothyroxine, but T4 is initially given IV at a 
dose of 200–500 mcg IV in the first 24 h and then 
100 mcg followed by 100 mcg daily [20–24].

If the patient with myxedema coma has low 
serum albumin and/or cardiac disease, use 
200  mcg loading dose of levothyroxine, and 

50–100 mcg of levothyroxine can be added for 
several hours while monitoring patient for signs 
of myocardial ischemia. Give hydrocortisone 
100  mg iv to avoid clinical deterioration from 
occult adrenal insufficiency [22].

Despite early and aggressive management, the 
prognosis of patients with myxedema is poor and 
still has a high mortality rate [23, 24].

 Diabetic Ketoacidosis

Diabetic ketoacidosis (DKA) and hyperglyce-
mic hyperosmolar state, formerly called hyper-
osmolar nonketotic coma (HONK), are 
commonly seen and managed in the emergency 
departments on a regular basis. Our physiologic 
understanding is that DKA occurs most com-
monly in type I DM, which represents an abso-
lute deficiency of insulin. Hyperglycemic 
hyperosmolar state (HHS)] occurs in type 2 
DM, which is due to a relative deficiency of 
insulin [25–28, 30–33]. These traditional 
learned physiologic principles of complication 
of diabetes have come into question with the 
recognized clinical entity of atypical DKA 
referred to as Flatbush DM, ketosis-prone DM, 
or ketosis type 2 DM [29]. In African-American 

Table  26.6 Suggested clinical features in myxedema 
coma [16–20]

Symptoms Signs
Intolerance to cold
Confusion
Lethargy
Dry coarse skin
Myalgia, leg cramps, 
fatigue
Constipation

Hypothermia
Bradycardia, low cardiac 
output
Dry coarse skin
Central hypoventilation 
syndrome
Macroglossia
Alopecia
Hyporeflexia
Obtundation, stupor
Puffy facies
Diastolic hypertension
Narrow pulse pressure
Low cardiac output, 
cardiogenic shock
Pleural effusion, hypoxia, 
hypercarbia

Table 26.7 Treatment of myxedema coma [16–18]

Airway management with mechanical ventilation until 
altered mental state and respiratory depression resolves
Levothyroxine iv loading dose 300–500 uga

Levothyroxine maintenance dose 100 ug daily iv or 
1.6 ug/kg iva

Hydrocortisone 100 mg iv every 8 h
D5NS for euglycemia if necessary
Management of hyponatremia with fluid restriction 
and/or conivaptan for elevated SIADH associated with 
myxedema
Prophylactic antibiotics until infection as precipitating 
cause can be rule out
Passive rewarming with blankets to avoid vasodilation- 
induced hypotension

aCaution: For patients with risk factors for tachyarrhyth-
mia or coronary artery disease, CVA use 50–100  ug of 
levothyroxine as loading and maintenance dosing along 
with cardiac monitoring
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and Hispanic populations, there is a new and 
increasingly recognized entity, referred to as 
Flatbush diabetes mellitus, also called ketosis-
prone type 2 diabetes mellitus (K2DM). This 
form of diabetes accounts for 50–64% of 
African-American and Hispanic individuals 
diagnosed with new-onset DKA.  It has also 
been recently recognized in Indians, Asians, and 
sub-Saharan Africans. A distinguishing feature 
of Flatbush diabetes is that patients present with 
unprovoked precipitating cause of DKA com-
pared with type 1 and type 2 DM [29].

U.S. Food and Drug Administration (FDA) in 
2014 approved sodium-glucose cotransporter 2 
(SGLT2) inhibitors as a antihyperglycemic agent 
to treat T2D for glycemic control [35]. It is used 
off-labeled for the management of T1D due to its 
enhancement of glycemic control, weight loss, 
and avoidance of hypoglycemia. There are three 
SGLT-2 inhibitors in the US market. They lower 
serum glucose by noninsulin-dependent mecha-
nism preventing the reabsorption of glucose from 
the proximal renal tubules, promoting glycosuria 
making them useful adjuncts in diabetes manage-
ment [34]. The glucouria suppressed the release 
of insulin from pancreatic beta cells and leads to 
a cascade of ketogenesis with increased fatty acid 
metabolism and formation of ketone body pro-

duction with mild to normal serum glucose. 
eDKA is a rare disorder that every emergency 
medicine physician must be able to recognize and 
manage [34–37].

Hyperglycemia of DKA and HHS develops 
from gluconeogenesis, glycogenolysis, and 
decreased glucose utilization by predominately 
skeletal muscles due to lack of insulin or increase 
in insulin resistance. DKA is defined as a clinical 
triad of hyperglycemia with glucose >250  mg/
dL, anion gap >12, metabolic acidosis with 
pH < 7.3, and ketonemia and positive ketone in 
the urine. The oxidation and utilization of fatty 
acids as an energy source lead to the accumula-
tion of ketones that are converted to an  equilibrium 
of acetoacetate, and β- hydroxybutyrate in a ratio 
of 1:4 to 1:12. The marked elevated serum glu-
cose in HHS and to a lesser extent in DKA leads 
to osmotic diuresis with dehydration, a hyperos-
molarity state, and impaired consciousness. The 
large solute load that is presented to the kidneys 
leads to a further decline in renal function, 
decreased GFR, electrolyte loss, worsening 
hyperglycemic and hyperosmolarity state, and 
impaired consciousness [28–30]. See Fig.  26.2 
for pathophysiologic mechanism of DKA/HHS.

The pathophysiologic mechanism of ketosis 
prone DKA is not known. It is considered to be 

Ketoacidosis

Pure hyperosmolar state

Absolute and relative insulin deficiency
increased counter-regulatory hormones

Increased lipolysis

Ketoacidosis

Pure diabetic ketoacidosis

Hyperglycemia

Osmotic↓diuresis

GFR

Hyperosmolality

Intracellular dehydration

Fig. 26.2 Pathophysiology 
of DKA/HHS

B. Whisenant



437

an atypical presentation of classic DKA or an 
extreme form of T2DM [29].

 Precipitating Factors for DKA 
and HHS

The most common precipitating factors in the 
development of DKA or HHS are noncompliance 
and infections [28, 30–33]. Other factors that are 
associated with the precipitation of DKA and 
HHS are myocardial infarction, CVA, urosepsis, 
gastrointestinal bleed, pneumonia, pulmonary 
embolic, severe stress, sepsis, pancreatitis, and 
hyperthyroidism. A diligent search for site of 
infections should be initiated for any patient pre-
senting with DKA or HHS particularly if they 
have an elevated temperature and/or leukocytosis 
[28, 30–33]. Precipitating factors for the develop-
ment of EDKA in patients on SGLT-2 [34–36] 
are decreased insulin or secretagogue dose, 
decreased oral intake of carbohydrates, fasting 
state, acute illness, marathon participation, insu-
lin pump failure, alcohol and cocaine use, and 
pregnancy. The clinical presentation of African 
Americans, Afro- Caribbean, as well as other eth-
nic groups is DKA without an apparent cause 
[29]. Its initial presentation is new onset severe 

hyperglycemia and ketoacidosis in middle-aged, 
modestly obese individuals of color [29]. The 
metabolic derangement and insulin requirement 
resolves after several months of euglycemic con-
trol. These patients can be managed by diet alone 
or diet and an oral hypoglycemic agent [29].

 Common Laboratory Findings

Initial laboratory studies should include a basic 
metabolic profile with Mg++, Ca++, and phos-
phorus, CBC with differential, UA, venous pH, 
and/or ABG, β hydroxybutyrate, urinalysis, urine 
ketone, ECG, and chest X-ray. Additional studies 
that may be indicated are pregnancy test, HbA1C, 
and lipase and lipid profile to rule out pancreati-
tis. Blood, urine, and sputum cultures should also 
be obtained to look for infection [25–32]. For 
eDKA, detection of the presence of ketones in the 
blood and/or urine is helpful in leading to the 
diagnosis.

 Diagnosis of DKA and HHS

Diagnostic criteria for DKA and HHS are pre-
sented in Table 26.8.

Table 26.8 Diagnostic criteria and typical body deficits of water and electrolytes in DKA and HHS

DKA
Diagnostic criteria Mild Moderate Severe HHS
Plasma glucose mg/dL >250 mg/dL >250 mg/dL >250 mg/dL >600 mg/dL
pH 7.25–7.30 7.00 – <7.25 <7.00 >7.30
HCO3- 15–18 10–15 <10 >15
Urine ketone Positive Positive Positive Small
Serum ketone Positive Positive Positive small
Serum osmolality Variable Variable Variable >320 mOsm/kg
Anion gap >10 >12 >12 <12
Mental status Alert Alert/drowsy Stuporous/coma Coma
Typical deficits
Water
  Na
  K
  PO4
  Mg

6 liters
100
  7–10
  3–5
  5–7
  1–2

9 liters
100
  5–13
  3–5
  3–7
  1–2
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Patients with DKA usually presents to the ED 
with abdominal pain, polyuria, polydipsia, nau-
sea, vomiting, and weight loss. With worsening 
ketonemia and acidosis, the patient develops 
Kussmaul respirations, tachycardia, hypotension, 
and sometimes shock [25, 28–30].

HHS hallmark is a marked elevated serum 
glucose, glucose greater than 600 hyperosmolal-
ity usually 320  mOsm or greater, and may be 
associated with ketones formation though mild. 
The diagnosis of eDKA is the same as standard 
DKA except the serum glucose is not elevated. 
There may be a history of SGLT2 inhibitor use 
along with insulin or oral hypoglycemic agents, 
alone with the precipitating factors of reduced 
food intake, inadvertent discontinuation of insu-
lin or cocaine or alcohol intoxication [28]. KPD 
is diagnosed by the lack of finding precipitating 
factors and the absence of autoimmune antibod-
ies against pancreatic β-islet cells and glutamic 
acid decarboxylase [38–40].

 Management of DKA and HHS

When the diagnosis of DKA and HHS has been 
confirmed, aggressive fluid resuscitation with 
normal saline is instituted to reestablish 
 intravascular volume status and improve organ 
perfusion and lower serum glucose, hyperosmo-
lality state, and ketones levels.

Normal saline is the fluid of choice. The initial 
1–3 liters of 0.9% saline is given over 2–3 h, and 
then 0.9% NS alternating with 0.5% NS can be 
used based on state of dehydration and serum 
sodium [20, 21]. Due to concerns with hyper-
chloremic acidosis, a number of studies have 
advocated the use of plasmalyte infusion for vol-
ume resuscitation as opposed to normal saline. 
There is improved renal function, and metabolic 
acidosis resolves sooner. The average patient has 
a 7–9 liter free water deficit, and 50% of this is 
replaced in the first 12 h with the remaining defi-
cit replaced over the next 24  h. In HHS, fluid 
replacement is more important than insulin com-
pared to DKA where insulin is the primary treat-
ment and fluids are an adjunct [25–28, 30, 34] 
(see Box 26.2).

Box 26.2 Management of Adults with DKA 
and HONK and Adults with Ketosis-Prone 
Type 2 DM [23–26]

Biochemistry Studies
• Upon Emergency Department 

Presentation: CBC with differential 
complete metabolic profile, ABG or 
venous pH, and serum β-hydroxybutyrate.

• Perform POC glucose every hour, and 
every 2 h check basic metabolic profile, 
venous pH, and phosphorus until DKA 
resolves.

IV Fluids
• Hydration Status Assessment:

 – Mildly hypotensive and dehydration: 
evaluate corrected [Na] and give 
0.9% NaCl or 0.45% NaCl at 250–
500 ml/h based [Na].

 – For Orthostatic Hypotension and/or 
Shock: give 1 liter NaCl over 1–2 h; 
then 0.45% NaCl with 20–30 mEq/L 
of KCl at 500–250 ml/h.

 – Replace 50% of free H2O deficits in 
first 12  h and the second 50% over 
12–24  h (usual free deficit is 
6–9 liters for DKA).

 – When blood glucose is <250 mg/dL, 
change IV fluids to D50. 45% NaCl 
at 150–250 ml/h until plasma osmo-
larity is <320 mOsm/kg.

Insulin
 – Give regular insulin, IV bolus 0.1 units/

kg. The continuous infusion at 
0.1  units/kg/h may need second IV 
bolus of insulin if glucose fails to ↓ by 
10%. In the first hour of starting infu-
sion (50  mg/dL), give 0.14  units of 
insulin and continue infusion at same 
rate.

 – Keep serum glucose at 150–200 mg/dL 
and ↓ insulin rate to 0.05 units/kg/h until 
DKA (venous pH) is resolved.

 – Check venous pH every 3–4  h until 
normal, and give NPH 2 h prior to dis-
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For patients who present to the emergency 
department with mild to moderate DKA, an alter-
native to continuous insulin can be given with 
rapid-acting insulin lispro or aspart.

In two prospective randomized, open-label 
studies, subcutaneous insulin lispro administered 
subcutaneously was found to be feasible and 
cost-effective in the treatment of uncomplicated 
DKA, but larger studies need to be performed 
[25–28]. See Table 26.9 for subcutaneous insulin 
regimen for selected mild to moderate DKA.

The management of patient presenting with 
eDKA is the same as DKA with the exception of 

administrating D5NS with IV insulin therapy to 
avoid iatrogenic hypoglycemia [46]. Insulin 
should be infused at 0.1 u/kg/h without an insulin 
bolus until the Ag closes on two consecutive lab 
draw [25–30, 33, 42].

 Hypoglycemia [43–48]

Hypoglycemia is one of the most common endo-
crine emergencies seen in the ED. It is common 
in individuals being treated for diabetes and rare 
in those without diabetes who are apparently 
healthy appearing. ED visits and hospitalization 
due to insulin-related hypoglycemia is more 
common in older patients >45 and highest among 
patients >80  years. Based on CDC statistics, 
there are approximately 300,000 ED visits annu-
ally for hypoglycemic episodes. Nondiabetic 
hypoglycemia is rare and may be diagnostic chal-
lenge for the busy ED physician in determining 
the cause. The inadvertent administration of insu-
lin or oral hypoglycemic agent is the most com-
mon cause of hypoglycemia in patients who do 
not have diabetes [43]. The clinical diagnosis of 
hypoglycemia is based on Whipple triad: symp-
toms of hypoglycemia, documenting serum glu-
cose <55  mg/dL and resolution of symptoms 
after administration of glucose [46–48] (see 
Table 26.10).

Table 26.9 Subcutaneous insulin regimen for mild to moderate DKA

Lispro or aspart insulin Initial loading dose – 0.2 IU/kg SC or IM 
followed by 0.1 IU/kg every hour until 
blood glucose is 250 mg/dL
For insulin resistance individuals or obese, 
give an initial dose of 0.3 IU/kg SC and 
0.2 IU/kg every 2 h while BG remains 
>250 mg/dl
When blood glucose is <250 mg/dL, the SC 
insulin dose is ↓ to 0.05 IU/kg every 1–2 h 
until acidosis resolves.
Give intermediate or long- acting insulin 
when HCO3 is >18 mEq/L, AG normal, 
pH > 7.3
  30% basal insulin
  70% rapid acting insulin
    Or
  Usual home dose of insulin

Insulin Onset of action Time to peak Duration
Regular 30–60 min 2–3 h 8–10 h
Aspart 5–15 min 30–90 min 4–6 h
Lispro 5–15 min 30–90 min 4–6 h
Glulisine 5–15 min 30–90 min 5.3 h
NPH 2–4 h 4–10 h 12–18 h
Emergency department observation unit admission for DKA 
management
Hours Fluids
1st 
30 min – h
2nd hour
3rd hour
4th hour

1 liter
1 liter
500 ml–1 L
500 ml–1 L

Replace 50% free H2O in first 12 h
Second half over 12 h

continuing IV insulin infusion. Long-
acting insulin detemir or glargine can 
be given to provide basal insulin 
coverage.

Potassium
 – If K+ is between 3.3  mEq/l 

and ≤  5.0  mEq/L, add 20  mEq  K+ to 
each liter of IV fluid to keep serum K+ 
at 4–5 mEq/L.

 – If K+ is <3.3 mEq/L, give 40 mEq and 
consider holding insulin for HONK or 
mild DKA but not moderate-severe 
DKA until K+ >3.3 mEq/L.

26 Endocrine Emergencies in the ICU



440

 Pathophysiology of Hypoglycemia

Serum glucose levels are maintained in a narrow 
range for homeostasis. The brain requires a con-
stant fuel source of glucose and can only store 
glucose for a few minutes and has limited glyco-
gen stores. If serum glucose drops less than 
55 mg/dL, this signals the release of glucagon as 
the first sign of defense against hypoglycemia. If 
glucose levels are not raised and continue to 
decline, then epinephrine, norepinephrine growth 
hormone, and cortisol released are triggered to 
increase glucose production by inhibiting the 
peripheral utilization of glucose and increase glu-
coneogenesis and glycogenolysis in the liver and 
proteolysis from protein breakdown for the syn-
thesis of glucose. In T1DM and longstanding 
T2DM, these counter-regulatory mechanism are 
ineffective and result in hypoglycemia [30–32].

 Signs and Symptoms

Symptoms and signs are classified as neurogly-
copenic as a result of brain glucose deprivation 
and neurogenic symptoms derived from sympa-
thoadrenal autonomic nerve discharge mani-
fested as tremor, palpitations, anxiety/arousal, 
diaphoresis, and hunger. The neuroglycopenic 
symptoms are fatigue, weakness, confusion, sei-
zures, coma, and brain death [46–48].

 Diagnostic Approach 
to Hypoglycemia [46]

The most common cause of hypoglycemia is 
insulin-induced from failure to adjust the insulin 
dose based on the caloric intake particularly in 
patients <30  years of age, and the concomitant 

use of alcohol is the most common cause in all 
age groups. Hypoglycemia is particularly com-
mon in critically ill patients due to worsening 
renal function, with impaired insulin metabolism, 
and clearance of oral hypoglycemic agents [44–
48]. The oral hypoglycemic agent, glyburide, 
causes the most hypoglycemic episode of any 
other oral hypoglycemic agent, and it should be 
discontinued in critically ill patients [43]. It has a 
long duration of action and may lead to refractory 
hypoglycemia requiring cortisol, D10 infusion 
for correction [43]. Factors that predispose to 
hypoglycemia are listed in Table 26.11 [47, 48]. 
In diabetics, drugs are a common cause of hypo-
glycemia while in nondiabetics, renal, hepatic 
failure, and infection are common causes of 
hypoglycemic episodes.

 Diagnosis

The first step in the evaluation of a patient with a 
history suggestive of hypoglycemia is to perform 
a concise history and physical examination and 
determine if the patient has diabetes, appears 
well with no preexisting disease, or is ill appear-

Table 26.11 Conditions and drugs associated with 
hypoglycemia

Well-appearing patient Ill-appearing patients
DM type 1 and 2 inappropriate 
insulin or oral agent dose
ETOH

Sepsis, renal failure, 
liver failure
Congestive heart 
failure
Trauma, Burns

Insulinoma
Non-islet cell tumors

Endocrinopathies: 
hypoadrenalism, 
hypopituitarism

Drug use: salicylate, haldol, 
indomethacin, quinine, 
angiotensin receptor 
antagonist, ciprofloxacin, 
bactrim, heparin, lithium, 
pentamidine

Starvation, anorexia 
nervosa
Topical salicylates in 
renal failure

Factitious use of insulin or 
sulfonyl urea

Large non β cell 
tumors: fibroma, 
sarcoma

Insulin antibodies, insulin 
receptor antibodies
Post gastric bypass 
hypoglycemia

Table 26.10 Clinical manifestation of hypoglycemia [31]

Sympathoadrenal Neuroglycopenia
Diaphoresis Dizziness, blurred vision
Hunger Weakness, drowsiness
Palpitations, tremors Difficulty concentrating,
Nervousness, anxiety Seizure, coma, or death

Modified from Ref. [30]
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ing with comorbid conditions. The diagnostic 
work-up is entirely different if there is no history 
of diabetes [29, 31]. It is important to document 
a low plasma glucose level (<55 mg/dL) when 
the patient is symptomatic and it resolves when 
the glucose level is raised (Whipple’s triad). 
After hypoglycemia has been established, the 
next step is to determine the mechanism, if it is 
insulin mediated versus noninsulin mediated 
(Fig. 26.3).

Laboratory studies that should be sent simul-
taneously with the blood glucose are [48]:

• Plasma glucose
• Alcohol level
• Sulfonylurea

• Proinsulin
• C-peptide
• Insulin level
• Beta hydroxybutyrate

The diagnostic approach to a patient present-
ing to the ED with documented hypoglycemia is 
confirmation of Whipple’s triad and biochemical 
testing. Table  26.12 provides a guide to those 
patients that will require hospitalization for a for-
mal 72-h fasting protocol [45–48].

Hypoglycemic episodes due to inadvertent 
insulin overdose or oral hypoglycemia agents 
have insulin levels >100 μU/ or 600 μU/ml and 
low C-peptide levels. Insulin level in insulinoma 
rarely exceeds 100 μU/ml and is not suppressed 

Drug therapy
for diabetes

Clinical signs of

hypoglycemia

No diabetes & no
drug therapy

Clinically healthy

Fasting plasma glucose

Document
improvement

ID & Rx specific
hypoglycemic
disorder

Sx, gluc, insulin, C-peptide,
proinsulininsulin,sulphonyl
urea, ( antibody)

Adjust dose

Document fasting
hypoglycemia Whipple’s
triad with ↓ insulin

insulin C-peptide

<45 mg/dL

<45mg/dL

50 – 70 mg/dL >70 mg/dL

>50 mg/dL

Neg fasting
hypoglycemia

GI surgery,
strong history

No GI Hx, weak hx

Exclude insuline
receptor antibody

Whipple’s
triad

No
Whipple

Sulphonylurea neg
insulin Ab neg

Sulfphonylure
a positive
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positive

Insulin < 6mM
c-peptide > 0.2

Insulin > 6mM
c-peptide > 0.2

Insulin < 6
c-peptide < 0.2

Insulin < 6 c-
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1,000
peptide < 0.2

c-

Insulinoma Sulphonylurea
ingestion

Autoimmune
hypoglycemia

Exogenous insulin Reactive
hypoglycem

No
hypoglycemia

Fig. 26.3 Clinical pathway for the diagnostic evaluation of hypoglycemia [33]
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by low glucose. The C-peptide in insulinoma is 
also not suppressed.

A new designated hypoglycemic disorder in 
adults who have hypersecretion of insulin 2–4 h 
after ingestion of a meal is referred to as noninsu-
linoma pancreatogenous hypoglycemia syn-
drome (NIPHS). Unlike insulinoma, it occurs 
primarily in males. Further specialized testing is 
necessary to differentiate this disorder from 
insulinoma.

 Management of Hypoglycemia [45, 
46, 48]

For symptomatic patients with mild hypoglyce-
mia, the ingestion of 15 grams of simple carbo-
hydrate substances in the form of glucose tablets, 
lifesavers candy, fruit juices, or drinks can raise 
the serum glucose above 60 mg/dL. The patient 
is then given a well-balanced meal consisting of 
protein, complex carbohydrates, and fat to pre-
vent the return of the hypoglycemia [10, 14].

For hypoglycemic-induced coma from long- 
acting insulin or oral hypoglycemic agents, these 
patients should receive aggressive treatment of 
their hypoglycemia with glucagon 1 mg IV and 
25 g of glucose with ampule of D50 infusion or 
100 ml of D10 until the hypoglycemia resolves 
(Box 26.3) [10, 14]. Diabetic patients with end- 
stage liver disease on oral hypoglycemic agents 
may experience prolonged refractory hypoglyce-
mic episodes. This is due to depleted hepatic gly-
cogen stores and impaired glucose production by 
the liver. In this situation, the patient will require 
ICU management with infusion of D10 and/or 
D20 and octreotide subcutaneous or IV bolus or 
continuous infusion every 6  h until serum glu-

cose remains >60  mg/dL.  An alternative treat-
ment modality may be the constant infusion of 
D10W with hydrocortisone 100  mg IV and/or 
glucagon 1 mg IV in 1000 ml of D10W [45–48].

Table 26.12 Interpretation of biochemical tests for hypoglycemia

Insulin C-peptide Proinsulin Β-OH butyrate Sulfonylurea
Normal ↓ ↓ ↓ ↑ No
exogenous insulin ↑↑ ↓ ↓ ↓ No

Non-β cell-mediated hypoglycemia ↓ ↓ ↓ ↑ No
Insulinoma ↑↑ ↑↑↑ ↑↑ ↓ No
Sulfonylurea-induced hypoglycemia ↑↑ ↑↑ ↑↑ ↓ Yes

Box 26.3 Management of Life-Threatening 
Hypoglycemia [10, 14, 29, 31]

• Constant infusion of glucose D10 with 
repeat glucose testing every 20–30 min 
until persistently mild hyperglycemic.

• If blood glucose fails to remain 
>200 mg/dL, then an alternative method 
of treatment needs to be initiated for 
refractory hypoglycemia.

• For hypoglycemia refractory to D10 
infusion (blood glucose persistently 
<200 mg/dL give:
 – 100  mg hydrocortisone and 1  mg 

glucagon per 1 liter of D10.
 – Give diazoxide in D5W infuse over 

30 min and repeat every 4 h until glu-
cose is >20 mg/dL.

 – When glucose is >200  mg/dL, then 
can stop glucagon, hydrocortisone, 
and diazoxide and decrease infusion 
of D10.

 – Octreotide infusion 50  ug every 
6–8 h for refractory hypoglycemia.

For insulinoma that are non-resectable:
 – Diazoxide 3–8 mg/kg/d tid (drug of choice)
 – Thiazide diuretics
 – Propranolol
 – 5-Fluorouracil and streptozotocin com-

bination chemotherapy
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 Diabetes Insipidus [49–53]

Diabetes insipidus (DI) is defined and charac-
terized as the excretion of large volume of urine 
3 liters per day or > 50 ml/kg/24 h with a urine 
osmolarity <300 mOsm/kg [34]. It is a conse-
quence of inadequate synthesis or secretion of 
(ADH) from the hypothalamus or the posterior 
pituitary gland (central DI) or insensitivity of 
the nephron to the action of ADH (nephrogenic 
DI). The manifestations of these disorders are 
polyuria, nocturia, and polydipsia

In the emergency department, central DI 
(neurogenic DI) is commonly seen in patients 
who have sustained severe head injuries. It is 
more commonly seen in basilar skull fractures, 
penetrating brain trauma, and transphenoidal 
approach to pituitary surgeries. It can also be 
seen in patients with suprasellar or intrasellar 
tumors and lung and breast cancer metastatic 
lesions. Other causes of central DI are listed in 
Box 26.4.

Central DI may be categorized as complete or 
partial depending if the lesion is in the hypotha-
lamic neurohypophyseal tract. The etiologies of 
central DI are numerous and include CNS infec-
tions: meningitis, encephalitis, anoxic brain inju-
ries, granulomatous infiltration: Langerhans cell 
histiocytosis and congenital disorders. An MRI 
should be used to locate the anatomic structure 

that is damaged, either the pituitary stalk or infil-
trative lesions [34–36].

Nephrogenic DI is due to insensitivity of the 
renal collecting tubules to ADH. Common causes 
of nephrogenic DI are tubulointerstitial disease 
such as sarcoidosis, sickle cell anemia, medullary 
sponge kidney disease, drugs: lithium, ofloxacin, 
hypokalemia, and hypercalcemia. Other causes 
of nephrogenic DI are listed in Box 26.5 [49, 51].

Psychogenic polydipsia is a form of DI that 
must be differentiated from CDI and NDI. It is due 
to medullary interstitial solute wash-out and pres-
ents with voiding of large amount of dilute urine.

 Clinical Symptoms and Signs of DI

Patients with central DI present with sudden onset 
of urinary output greater than 3 liters/day, polydip-
sia, urinary frequency, and nocturia. Patients are 
found to have mildly elevated serum osmolality, 
295  mOsm, elevated sodium concentration 
145 mEq/dL, urine osmolality <200, and specific 
gravity <1.005 and present with severe dehydration 
if there is limitation of access to water [34–36].

Box 26.4 Causes of Central Diabetes 
Insipidus [34]

• Head Trauma
• Primary brain tumors: meningioma, 

pituitary adenoma, craniopharygioma
• Metastatic cancer: Breast, lung
• Intracerebral hemorrhage
• Postanoxic/ischemic injury
• Infectious etiology
• Idiopathic

Box 26.5 Causes of Nephrogenic Diabetes 
Insipidus [37]

Drugs: Lithium, cisplatin, amphotericin B, 
aminoglycosides

Postobstructive, uropathy, renal trans-
plant, chronic renal failure

Pyelonephritis, acute tubular necrosis 
(ATN)

Sickle cell disease
Metabolic derangements (hypercalce-

mia, hypokalemia)
Sarcoidosis, amyloidosis
Genetics: V2-receptor mutation, 

Aquaporin-2 mutation
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 Diagnostic Evaluation of Polyuria 
[49–51]

To distinguish DI from other forms of polyuria, 
urinalysis, urine osmolality, specific gravity, 
electrolytes, and plasma ADH should be sent. If 
the patient has hypernatremia and inappropri-
ately low urine osmolality or a low ADH level, 
the diagnosis of diabetes insipidus is made and 
additional testing is needed only to distinguish 
between central and nephrogenic DI [36].

The water deprivation test helps to determine 
the causes of polyuria. The differential diagnosis 
of polyuria includes psychogenic polydipsia, dia-
betes mellitus, and drug use: corticosteroids, 
lithium, or aminoglycosides (see Table 26.13).

For critically ill patients, a provocation water 
deprivation test is not necessary and can cause 
hemodynamic instability and hypovolemia. They 
were generally mild volume depleted and have 
hypernatremia. If the urine osmolality is low, an 
inappropriate response than the diagnosis of DI is 
likely. Measurement of serum AVP at the time of 
mild hypernatremia in these patients will confirm 
the diagnosis if serum AVP is low <2 pg/ml or 
nondetectable. For patients seen in the ED who 
are critically ill or at risk of hemodynamic 
 instability, a water deprivation test should be 
performed.

For water deprivation test, under direct super-
vision, all fluids are withheld and urine samples 
are collected hourly for measurement of specific 
gravity and osmolality. Serum electrolytes and 
osmolality are collected at the start of the test and 
every 2 h thereafter. When the serum sodium is 
>145 mEq/dL or urine osmolality is >800 mOsm/
kg, this represents a normal response and the test 
is terminated [35, 36].

In central DI with water deprivation, desmo-
pressin is given and the urine is collected 60 min 

afterward and the test is terminated. In normal 
patients, the urine will be maximally concentrated 
following the water deprivation test with specific 
gravity of >1.025 or urine osmolality of >700. In 
CDI, the patient’s urine osmolality does not exceed 
plasma osmolality but they able to increase their 
urine osmolality by >50% to 100% after the admin-
istration of DDAVP. In partial CDI, they are able to 
concentrate their urine above serum osmolality but 
only have a partial concentrating response to des-
mopressin of 50% increase or less. NDI urine 
osmolality is lesser than plasma osmolality and has 
no response to DDAVP [14–17, 49–53].

In patients with acute psychogenic polydipsia, 
they are able to concentrate their urine during the 
water deprivation test. If there is medullary wash 
from chronic excessive water ingest, then the 
response to deprivation and DDAVP are similar 
to NDI. Determination of serum basal vasopres-
sin concentration will be low in psychogenic 
polydipsia [50, 51, 53].

 Management [49–51]

The drug of choice for central DI is desmopressin 
or DDAVP (vasopressin analog desamino-D- 
arginine-8-vasopressin) . See Table  26.14 for 
treatment of central and nephrogenic DI [33, 
35–37].

The usual dose for the treatment of central DI 
is 1–2 mcg DDAVP q 12 h IV or subcutaneously 
with careful monitoring of electrolytes and serum 
osmolarity determinations [35].

Aqueous AVP can be used but has a vasocon-
strictive component on V1 receptors and may 
precipitate ischemic events or cardiac arrhyth-
mias. DDAVP is a V2 receptor analog and has no 
vasoconstrictive effect, has a T1/2 of 8–12 h, and 
is safer to use

Table 26.13 Diagnostic approach to polyuria [36]

Water restrict test
Urine osmolality

Desmopressin
Urine osmol

Desmopressin test
Plasma osmolality

Desmopressin test
Urine volume

Primary Polydipsia ↑↑ (−) (−) (−)
Central DI ↑ ↑↑ ↓ ↓
Partial DI ↑ ↑ ↓↓
Nephrogenic DI ↑ ↔ ↔ ↔
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For nephrogenic DI, the most effective treat-
ment is discontinuation of all medication that 
could be associated with the disorder. Thiazide 
and sodium restriction are used to treat nephro-
genic DI [33, 36].

Thiazide works in DI by producing volume 
contraction by decreasing GFR and increasing 
proximal tubule reabsorption of sodium and 
water. Thiazide also increases the aquaporin 
expression on the principle cells of the collecting 
tubules in lithium-induced nephrogenic DI [36].

In the treatment of patients with diabetes 
insipidus, if there is impaired enteric intake of 
fluids, then hypotonic iv fluid may be given 
avoiding rapid correction of hypernatremia and 
inducing hyponatremia and cerebral edema par-
ticularly in neurosurgical postoperative patients 
[49–51].
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Environmental Emergencies

Jason Cohen and Evie Marcolini

 Anaphylaxis

First described in dogs repeatedly injected with 
sea anemone toxin, anaphylaxis and anaphylac-
toid reactions are one of the few medical condi-
tions that can progress from onset to death in 
minutes. There is no universally agreed-upon 
clinical definition for anaphylaxis. Fortunately, 
the precise definition is not necessary for treat-
ment. The European Academy of Allergology 
and Clinical Immunology Nomenclature 
Committee has proposed a rather general defini-
tion: “Anaphylaxis is a severe, life-threatening, 
generalized or systemic hypersensitivity reac-
tion” [1].

Anaphylactic and anaphylactoid reactions 
represent life-threatening medical emergencies 
involving multiple organ systems. Activation of 
pathways leading to anaphylaxis and anaphylac-
toid reactions is from innumerable mediators. 
Regardless of the type of mediator, they cause 
basophil and mast cell activation leading to mul-
tiple physiologic alterations. These alterations 
can change vascular permeability and smooth 

muscle tone. Activation of inflammatory cells, 
via positive feedback cycles, leads to continued 
recruitment of inflammatory mediators and 
upregulation of the inflammatory cascade.

Anaphylaxis is a type I hypersensitivity, medi-
ated by IgE bound to mast cells or basophils lead-
ing to release of cytokines such as histamine, 
leukotrienes, TNF, and others. Anaphylactoid 
reactions, however, are caused by direct mast cell 
activation without IgE as a mediator. There is, 
however, the same degranulation and cytokine 
release as with anaphylaxis. Thus, the clinical 
effects and subsequent treatments can be consid-
ered the same. The main difference is the fact that 
direct activation of mast cells in anaphylactoid 
reactions does not require prior exposure (and 
thus sensitization) to the allergen [2].

Onset of symptoms of anaphylactic-type reac-
tions can be immediate to as much as an hour 
after exposure. Most commonly, dermatologic 
and gastrointestinal manifestations occur. These 
can include urticaria and angioedema, nausea, 
vomiting, and/or diarrhea. When manifestations 
are most severe, bronchospasm or upper airway 
angioedema may lead to respiratory failure. 
Shock may be present due to vasodilatation and 
capillary leak or direct myocardial suppression.

There is very little published on epidemiology 
of anaphylaxis, but expert consensus estimates 
the frequency to be approximately 50–2000 cases 
per 100,000 persons or a lifetime prevalence 
ranging from 0.05% to 2.0%, most frequently 
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affecting children and adolescents [3]. Rates of 
occurrence seem to be increasing, especially in 
this higher risk population. Accurate estimates of 
population incidence are very difficult due to 
underreporting, miscoding, and lack of a clear 
diagnostic standard. Approximately 1% of all 
emergency department visits in the United States 
are due to anaphylaxis and account for over 1500 
deaths per year [4].

Thankfully, overall prognosis is good – with 
greater than 99% survival – though there is likely 
underreporting of fatalities due to nonspecific 
autopsy findings and potential lack of detailed 
peri-event details. Those at greatest risk for 
death are patients with previous history of reac-
tive airway disease, particularly poorly con-
trolled asthmatics [5]. Additional risk factors for 
severe disease include infancy, old age, and 
comorbid illness such as cardiovascular disease, 
mastocytosis, or severe atopy [6]. Based on pub-
lished case series, it appears that when death 
occurs it develops early in the onset of illness, 
usually within 30 minutes, before reaching med-
ical care [7].

 Presentation

Patients presenting with anaphylaxis develop 
sudden (usually within minutes) symptom com-
plex with potential rapid development of life- 
threatening respiratory or cardiovascular distress. 
These symptoms are usually accompanied by 
skin and/or mucosal changes, though upward of 
20% of anaphylaxis occurs without “classic” 
allergic symptoms (i.e., urticaria). This is particu-
larly true when the reaction is caused by ingested 
allergens [8].

Anaphylaxis and anaphylactoid reactions 
affect almost every organ system (See 
Table 27.1). Ultimately, it is cardiovascular and 
respiratory involvement that leads to the demise 
of patients if not recognized and treated urgently. 
A “foreign body” sensation in the throat can 
quickly progress to complete airway occlusion 
and respiratory collapse. Shock due to dimin-
ished venous return (vasodilation and volume 
contraction) may be preceded by a transient 

increase in cardiac output due to initial compen-
sation. Subsequently, hemodynamic parameters 
will demonstrate decreased systemic vascular 
resistance, stroke volume, wedge pressure, and 
central venous pressure.

 Approach

As with treatment of all acute life-threatening 
diseases, a systematic approach addressing each 
of the affected organ groups is appropriate. The 
ABCD approach utilized during cardiac arrest 
resuscitation addresses these and is familiar to 
most, if not all, healthcare practitioners. 
Treatment for all age groups is identical when 

Table 27.1 Clinical effects of anaphylaxis and anaphy-
lactoid reactions

Organ group Presentation
Airway/breathing Airway swelling/angioedema 

of airway
Rhinorrhea/sneezing
Hoarseness
Stridor
Dyspnea
Wheezing
Hypoxia
Respiratory arrest
Severe bronchospasm/status 
asthmaticus

Circulatory (45%) Pale/clammy
Tachycardia
Hypotension
Diminished level of 
consciousness
Myocardial ischemia/ECG 
abnormality
Cardiac arrest

Skin/mucosal change 
(80–90%)

May be just skin, just 
mucosa, or both
Erythema
Urticaria/hives
Angioedema
Pruritis
Morbiliform rash

Gastrointestinal (45%) Nausea
Vomiting
Diarrhea
Cramping

Nervous system Headache
Dizziness
Confusion
Altered mental status
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suspicion for anaphylaxis is entertained. Basic 
cardiorespiratory monitoring should be in place 
including pulse-oximetry, noninvasive blood 
pressure monitoring, and 3-lead electrocardio-
graphic tracings. If possible, remove the offend-
ing agent and decontaminate as appropriate (e.g., 
remove hymenoptera stinger, stop infusion, etc.). 
Further treatment will be dictated by clinical 
presentation.

 Airway

For very mild upper respiratory distress, a trial of 
nebulized racemic epinephrine can be considered 
with close monitoring. It is important to recog-
nize the potential for very rapid development of 
airway obstruction and possible need for 
advanced airway interventions. If airway swell-
ing progresses beyond minimal complaints, 
endotracheal intubation should be seriously con-
sidered prior to complete obstruction. This should 
be performed by the most experienced provider 
utilizing adjuncts that improve first pass success 
in challenging airways (i.e., video laryngoscope, 
gum-elastic bougie, etc...) as minor irritation of 
an already inflamed glottis can rapidly progress 
to complete obstruction. Patients often attempt 
to compensate for airway narrowing via posture 
and accessory muscle usage. This compensation 
is abolished with typical rapid sequence intuba-
tion, potentially causing progression from air-
way narrowing to obstruction. Awake intubation 
utilizing sedation that maintains airway reflexes 
should be strongly considered (i.e., ketamine). 
Maintaining surgical airway equipment at bed-
side is also recommended with a low threshold 
for cricothyroidotomy.

 Epinephrine

Epinephrine is considered the primary first-line, 
and most-important, treatment for anaphylaxis. 
Despite absence of randomized controlled trials 
(RCTs) proving benefit, its utility has physiologic 
plausibility with multiple reports of reversal of 
respiratory distress and anaphylactic shock.

Epinephrine affects both alpha and beta adren-
ergic receptors – addressing both respiratory and 
cardiovascular manifestations of anaphylaxis. 
Mediated via peripheral alpha adrenergic recep-
tor agonism, reversal of vascular dilation occurs 
with apparent decrease in formation of perivascu-
lar edema. Direct beta-receptor agonism leads to 
bronchial relaxation, increased myocardial inot-
ropy, and suppressed release of histamine and 
leukotrienes. Epinephrine seems to have its great-
est effect on anaphylaxis the earlier it is given. 
This may be due to additional Beta-2 inhibitory 
receptors on MAST cells, allowing epinephrine 
to limit the severity of IgE-mediated reactions as 
well [9]. Adverse effects from epinephrine are 
extremely rare when given intra-muscularly; 
however, incidence of these effects increases 
when dosed intravenously.

Increased adverse effects from intravenous 
epinephrine, and varying unpredictable absorp-
tion from subcutaneous and inhaled delivery, 
makes intramuscular injection the preferred 
route; at least during the initial resuscitation. The 
recommended dosing of epinephrine is without 
the guidance of evidence. Recommendations are 
based on consensus standard as to what is safe 
and practical to draw up in an emergency 
(Table 27.2). This dosing should be repeated up 
to every 5 minutes as clinically indicated.

Continuous intravenous epinephrine following 
intramuscular dosing is a reasonable approach to 
manage ongoing anaphylactic reaction in patients 
who require repeated doses of IM epinephrine. 
Dosing ranges between 5 mcg/min and 15 mcg/
min should be initiated and titrated to effect. Due 
to risks of harmful side effects, intravenous bolus 
dosing cannot be recommended for the routine 
management of patients who have a spontaneous 
perfusing cardiac rhythm. These side effects 

Table 27.2 Volume dose of intramuscular epinephrine 
for anaphylaxis

Patient age
Volume of IM epinephrine at 
1:1000 concentration

>12 years 0.5 ml
6–12 years 0.3 ml
>6 months–6 years 0.15 ml
<6 months 0.15 ml
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include life-threatening hypertension, tachycar-
dia, and myocardial ischemia. If the decision to 
use bolus dosing of intravenous epinephrine is 
made, repeated 50 mcg bolus (0.5 ml of 1:10,000) 
dosing should be utilized. The more dilute 
1:10,000 concentration allows a little more of a 
safety margin as compared to the 1:1000 in intra-
venous dosing. While myocardial ischemia has 
been reported after using  epinephrine, it should 
not be withheld for fear of increasing myocardial 
demand [6]. Intravenous bolus dosing in children 
is highly discouraged except when used by very 
experienced providers.

 Bronchodilators

As acute asthma exacerbations can present very 
similarly to anaphylaxis, bronchodilators such as 
albuterol have a role in the management of both 
conditions. If clinically significant bronchospasm 
persists despite epinephrine and inhaled broncho-
dilators, an infusion of aminophyline can be con-
sidered. Intravenous magnesium sulfate may 
cause vasodilation and potentially exacerbate the 
shock state.

 Intravenous Fluids

When coupled with vasodilation, capillary leak 
with intravascular fluid loss may lead to profound 
shock requiring large volume fluid resuscitation. 
There is no evidence supporting choice of one 
type of fluid over another – with the caveat that it 
is possible that some colloidal fluids may precipi-
tate anaphylactic reactions. Intravenous or intra- 
osseous access is appropriate to gain access to the 
intravascular space, but establishment of vascular 
access should not delay administration of intra-
muscular epinephrine.

 Antihistamine

Evidence supporting use of antihistamines is 
weak, but also makes physiologic sense. A 
Cochrane review from 2007 was unable to rec-

ommend for or against the utility of antihista-
mines [10]. Antihistamines that antagonize H1 
receptors theoretically can reduce histamine- 
mediated bronchospasm and vasodilation. Both 
H1 and H2 receptor antagonists may decrease 
skin manifestations of anaphylaxis; however they 
have NOT been clinically demonstrated to have 
any impact on life-threatening manifestations. 
Thus, they are of much lower priority when car-
ing for these patients. It is recommended to 
administer 1 mg/kg (up to 50 mg) of diphenhydr-
amine intravenously for patients with cutaneous 
manifestations. Ranitidine is an optional adjunct 
to the diphenhydramine [11].

 Steroids

There is weak evidence supporting corticoste-
roids in preventing progression of, or shortening, 
anaphylactic reactions following initial resuscita-
tion. Similar to antihistamines, a 2010 Cochrane 
review found no convincing benefit for glucocor-
ticoids [12].The efficacy of early corticosteroids 
in treatment of asthmatic bronchoconstriction has 
been proven with some similar pathophysiology 
and many similar mediators to anaphylaxis. 
However, corticosteroids are not effective in the 
initial manifestations of anaphylactic reactions. 
Appropriate dosing ranges from 100 mg to250 mg 
of hydrocortisone equivalent every 6  hours. 
Intravenous dosing is recommended as enteral 
absorption cannot be guaranteed in shock or with 
potential mucosal edema [12].

 Cardiac Drugs

Epinephrine is the first-line treatment for the 
treatment of anaphylaxis. Additionally, animal 
studies and case reports have demonstrated pos-
sible utility of other vasopressors and inotropes 
as rescue agents should epinephrine fail to have 
its desired effect. Glucagon is an option in 
patients refractory to epinephrine that are sus-
pected of taking beta-blockers. Glucagon is 
thought to have receptors separate from the 
known/defined adrenergic receptors. Activation 
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of this receptor appears to stimulate increased 
intracellular cAMP, promoting chronotropy and 
inotropy [13]. Glucagon is administered as a 
1–5 mg bolus followed by a continuous infusion 
of 1–5 mg/hour.

Additional vasopressor infusions (including 
norepinephrine and dopamine) should be consid-
ered when vasodilation is refractory to epineph-
rine and glucagon therapy. Recently, vasopressin 
has also been added to the armamentarium to 
combat catecholamine-resistant vasodilation in 
anaphylaxis [14].

 Diagnosis

While laboratory diagnosis of anaphylaxis is the-
oretically possible with serial-timed tryptase 
measurements, this is impractical and unavail-
able in the majority of emergency departments. 
This makes the diagnosis of anaphylaxis or ana-
phylactoid reactions a clinical one based on his-
tory and clinical findings. Tryptase is rapidly 
released from degranulating mast cells and 
quickly cleared. The peak of tryptase is approxi-
mately 1–2 hours after onset with a half-life of 
less than 2  hours. Sampling should occur after 
resuscitation has started and should not interfere 
with lifesaving therapy. Serum tryptase levels are 
not uniformly elevated in food-related anaphy-
laxis and thus should be interpreted with caution. 
Standard laboratory testing (i.e., blood count, 
metabolic panel) is not useful in the diagnosis of 
anaphylaxis [11].

Due to the need to make a clinical diagnosis at 
the bedside, and multisystem involvement of ana-
phylaxis and anaphylactoid reactions, it is neces-
sary to keep a broad differential when evaluating 
these patients. While not always clear, an expo-
sure history to an allergen of high risk may help 
make the diagnosis as well. The most commonly 
responsible agent is food, followed by medica-
tions, and insect bites [2, 8]. Disturbingly, there 
are increasing reports of reactions to medical 
treatments – including β-lactam antibiotics (40% 
medication-related reactions), latex, propofol, 
iodinated radiocontrast, nonsteroidal anti- 
inflammatory medication, and protamine 

(Moneret-Vautrin [15]). There is also a signifi-
cant minority of cases without any identifiable 
trigger. So-called idiopathic reactions account for 
6–27% of reported anaphylaxis/anaphylactoid 
reactions and may lead to diagnostic uncertainty 
on presentation [16, 17].

 Follow-Up

Following resolution of anaphylaxis and its 
sequelae, consideration should be given to con-
tinued corticosteroid and antihistamine treatment 
for at least 3 days. Early recurrence of symptoms 
after complete resolution has been described 
(biphasic response) in 1–20% of patients with 
anaphylaxis. There is no reliable method to deter-
mine which patients are at risk for a biphasic 
response [18]. After all symptoms of anaphylaxis 
have resolved, it is reasonable to maintain the 
patient in a monitored setting for at least 24 hours.

On discharge from the hospital, all patients 
with anaphylaxis should be discharged with an 
epinephrine auto-injector along with education 
on when and how to use the device.

 Heat-Related Injuries

The healthy human body varies its temperature 
daily by only +/−0.6 °C, this despite an average 
metabolic generation of over 1 °C/hour at rest or 
ten times that during strenuous activity [19]. The 
human thermoregulatory system attempts to con-
trol the transfer of this heat energy to the environ-
ment in order to maintain temperature within a 
homeostatic range. When this system fails or is 
overwhelmed, life-threatening injury can result.

Thermal energy (heat) is transferred to the 
environment in several ways—radiation, evapo-
ration, conduction, and convection. Radiation is 
the primary method (60%) for heat transfer in the 
normal human while in conditions cooler than 
body temperature. This is due to the emission of 
infrared radiation from the skin [20]. Conduction 
accounts for another 15% of thermal energy loss. 
Conduction requires the presence of an object of 
lower temperature to be in contact with the body. 

27 Environmental Emergencies



452

The energy transfer involves kinetic energy from 
molecules from a higher energy state (warmer) 
moving to a lower state (cooler). Finally, convec-
tion occurs when cool air replaces the warm layer 
of air that surrounds our skin  – such as from 
wind. This process also occurs with blood flow 
just below the surface of the skin at the microvas-
cular level. Evaporation, whereby water or sweat 
transforms from liquid phase to gaseous phase, 
accounts for another 20% of heat loss in temper-
ate environments – primarily through insensible 
losses of breathing. As environmental tempera-
tures increase above body temperature, evapora-
tion becomes the primary method to dissipate 
heat energy. When these processes are unable to 
offload the thermal energy created by metabo-
lism, hyperthermia results. As body temperature 
increases, symptoms as mild as “prickly heat” 
can progress to potentially fatal heat-related 
illness.

The hypothalamus is the body’s thermostat – 
collecting input from sensors in the skin, mus-
cles, and spinal cord. Integration of these signals 
triggers behavioral and physiologic changes to 
affect the amount and method of heat transfer to 
the environment. Blood flow to the skin can be 
increased (to over 8  liters/min), dilation of the 
peripheral venous system, and activation of sweat 
glands all influence this transfer. The success of 
these modalities in decreasing temperature 
depends on the condition of the person’s skin and 
lungs along with ambient climate. Additionally, 
acclimatization can affect this transfer – as some-
one who has acclimated to hot environments for 
7–10 days can produce 2–3 liters of sweat/hour 
releasing over 1700  kcals of heat per hour. In 
contrast, someone who has not acclimated may 
only produce 1 liter/hour. Acclimatization occurs 
as the hypothalamus develops a new, lower, 
threshold to start sweating along with increased 
amounts of sweat produced [21].

The most common heat-related injury present-
ing to the emergency department is heat exhaus-
tion. Heat exhaustion presents as dehydration/
volume depletion without significant aberration 
of hemodynamic or neurologic indices. Often, 
patients present with myalgias and flu-like com-
plaints with mild hyperthermia (<39 °C). There is 

usually an aberrant sodium level – either hypona-
tremia (from volume replacement with plain 
water) or hypernatremia (from volume depletion 
from sweating). This condition only requires vol-
ume replacement and supportive care. When 
hemodynamic or neurologic impairment devel-
ops, the condition is defined as heatstroke.

Heatstroke is the most severe of heat-related 
illnesses and is defined as documented tempera-
ture greater than 41.1 °C or greater than 40.6 °C 
with neurologic impairment or anhidrosis [20]. 
The exact temperature at which an individual suf-
fers neuro- or cardiovascular collapse varies 
based on comorbid conditions, medications, and 
other factors. Full recovery has been reported in 
temperatures as high as 46 °C, and death has been 
experienced at much lower temperatures. 
Heatstroke can be further classified into exer-
tional and non-exertional (or classic) heatstroke. 
Exertional heatstroke (EHS) is typically found in 
young patients engaged in strenuous activity in a 
hot environment, while non-exertional heatstroke 
(NEHS) is typically in the extremes of age or 
with comorbid conditions that impair normal 
thermoregulatory response in environments of 
prolonged elevated temperatures – characteristic 
of heat waves. Cocaine-associated NEHS has 
also become an increasingly important contribu-
tor to heat wave lethality. Both EHS and NEHS 
are associated with high morbidity and are lead-
ing causes of mortality when there is a sustained, 
and uncharacteristic, elevation in climate tem-
peratures. In the 2003 heat wave that affected 
Europe, there were over 14,800 victims of heat-
stroke in France alone [22, 23]. As climate change 
progresses, it can be assumed that visits to the 
emergency department for this condition will 
continue to increase.

 Presentation

Heatstroke, on a subcellular level, appears very 
similar to other uncontrolled inflammatory states 
within the body. There is activation of inflamma-
tory cytokines, interleukins, and heat shock pro-
tein. Translocation of lipopolysaccharides from 
the intestines occurs along with activation of 
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coagulation cascades, potentially leading to 
regional, and later systemic microvascular malp-
erfusion may cause or worsen shock and the 
inflammatory state. There appears to be a direct 
relationship between degree and duration of tem-
perature elevation and the amount of injury that is 
produced [24].

The clinical history of exertional heatstroke is 
usually self-apparent; however the presentation 
of non-exertional heatstroke may be more chal-
lenging with nonspecific findings before onset of 
severe illness as the thermoregulatory system 
fails. Typically, there is irritability or alteration in 
mental status prior to onset of coma. Early recog-
nition of those at increased risk for heatstroke is 
of important in order to change the trajectory of 
the illness. In addition to the extremes of age and 
comorbid conditions previously mentioned, those 
living without access to air conditioning (i.e., 
lower socioeconomic standing) or who are unable 
to compensate for increased heat due to occupa-
tion (fire-fighters, soldiers, industrial workers in 
protective gear) are also at increased risk.

Unchecked, heatstroke impacts a myriad of 
body systems. As previously noted, the neuro-
logic system seems to be the first system affected 
in a clinically apparent manner. Hyperpyrexia 
can lead to direct cell death of neurons, primarily 
affecting the Purkinje cells within the cerebel-
lum. Additionally, cerebral edema is common 
with small vessel hemorrhage. In addition to the 
acute decrease in mental status one would expect 
long-term effects on survivors due to these 
changes.

Hypotension is common, reflecting both vol-
ume depletion and peripheral vasodilation. 
Additionally, cardiac myocytes can be directly 
injured by elevated core temperatures leading to 
myocardial depression – a condition exacerbated 
by hypoperfusion. Most commonly, sinus tachy-
cardia is present on electrocardiogram with QTc 
prolongation also noted (up to 60%) [25].

Acute Kidney Injury (AKI) is found in nearly 
all heatstroke patients, though acute renal failure 
requiring renal replacement therapy (RRT) is 
much less common. The need for RRT is 5–6 
times more common with exertional heatstroke – 
likely due to increased muscle breakdown and 

rhabdomyolysis associated with strenuous exer-
tion. This rhabdomyolysis may be severe, with 
associated profound hyperkalemia requiring 
emergent measures to prevent life-threatening 
arrhythmias [26]. Additionally, compartment 
syndromes may develop as muscles swell with 
exertion in conjunction with decreased arterial 
perfusion pressure.

On laboratory evaluation, dehydration is com-
mon (especially with exertional heatstroke) with 
laboratory values reflecting this; such as an ele-
vated blood urea nitrogen and creatinine or 
hemo-concentration. In addition to the large vol-
umes of fluid that are lost with sweating; sodium, 
potassium, and magnesium can also be depleted 
early on in the clinical course [26]. Significant 
muscle damage can ensue due to direct heat 
injury and lack of adequate perfusion. 
Rhabdomyolysis may occur and if significant can 
cause hyperkalemia as cells are lysed. 
Hypophosphatemia and hypocalcemia may also 
occur with the muscle injury [27]. Liver injury 
(as defined by elevation in liver enzymes) has 
been consistently described in heatstroke. 
Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) often peak in the tens of 
thousands most commonly within the first 
2–3 days but may be seen 2–3 weeks following 
insult. Jaundice may also occur. Creatinine kinase 
will be elevated with the presence of rhabdomy-
olysis with levels often in the 100,000’s due to 
muscle necrosis. Urine myoglobin will be present 
as muscle cells lyse  – this is detected with the 
presence of blood on urine dipstick with subse-
quent lack of red blood cells on microscopic eval-
uation. On arterial blood gas evaluation (ABG), a 
mixed metabolic acidosis and respiratory alkalo-
sis is most commonly encountered. The acidosis 
would be expected from volume depletion and 
malperfusion while hyperthermia may lead to 
primary hyperventilation and alkalosis. It is 
important to correct the laboratory ABG values 
with correct temperature coefficients; as temper-
ature impacts gas solubility. Both dissolved oxy-
gen and carbon dioxide (PaO2 and PaCO2) will be 
higher than reflected on uncorrected samples. 
Evidence of Disseminated Intravascular 
Coagulation is occasionally found  – ranging 
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from asymptomatic to fulminant bleeding. The 
finding of DIC portends a very poor outcome 
with one study showing a 90% association with 
developing Acute Respiratory Distress Syndrome 
and subsequent mortality of 75% [28].

 Approach

The primary goal in the treatment of heatstroke is 
to decrease the body temperature as quickly as 
possible while supporting the patient’s cardiovas-
cular system. Retrospective reviews of heat wave 
epidemics show that the majority of deaths occur 
shortly after the onset of hyperthermia – after the 
overwhelming of the body’s compensatory 
mechanisms. Those that do not succumb to the 
cardiovascular collapse associated with the 
hyperthermia are at risk for developing multior-
gan system failure and progressing to profound 
neurologic impairment and/or death [22, 29]. 
Survival has an inverse relationship with both 
duration and level of temperature elevation; the 
duration of hyperpyrexia has the greatest impact 
on outcome [30].

Removal of heat from the body should begin 
immediately once heatstroke is suspected, prior 
to initiation of transport if possible. There are 
multiple methods to attempt to cool the victim of 
heatstroke. The various modalities described take 
advantage of the thermal transfer principles pre-
viously described – radiation, evaporation, con-
duction, and convection. Throughout treatment, it 
is recommended to monitor continuous core tem-
perature with a target 38.5–39  °C.  We recom-
mend a temperature decrement target of 0.2 °C/
min. Once the measured temperature is at target, 
cooling measures should cease as the body will 
usually continue to cool another 1°–2  °C. Core 
temperature should be monitored via rectal, blad-
der, or esophageal probe as less invasive means 
are not reliable during active cooling.

The most rapid type of cooling is via conduc-
tion through immersion in ice water bath coupled 
with continuous massage of the skin and soft tis-
sues of the extremities to promote local blood flow 
by inhibiting local vascoconstriction. This method 
has been shown to be the most efficient in terms of 

time to target temperature – and is recommended 
primarily for exertional heatstroke, when the 
patient is otherwise healthy, cooperative, and con-
cerns for close hemodynamic monitoring are not 
necessary. Immersion of patients suffering from 
classic NEHS obtained rapid cooling, but the pro-
cess was poorly tolerated and was associated with 
increased complications and death [24]. There 
have also been case reports of commercial exter-
nal-cooling devices developed for post-cardiac 
arrest temperature management being used for 
treatment of heatstroke successfully [31].

Much more practical and familiar, utilization 
of evaporation and convection via wetting the 
patient and application of fans is very common. 
This method produces temperature control almost 
as fast as the immersion method, with the benefit 
of ability for standard hemodynamic monitoring. 
It is necessary to remove all of the patients cloth-
ing and intermittently spray the body with warm 
water while a fan continuously blows air across 
the person to encourage evaporation. It is not 
unreasonable to place ice-packs in the axilla and 
groin during this procedure to augment heat 
removal. Even helicopter rotor-wash has been 
used to facilitate this form of evaporative cooling 
in large groups suffering with this condition [32].

Other described cooling techniques include 
lavage of various body cavities with cooled fluids 
(gastric, peritoneal, thoracic, and rectal), though 
none have proven equal to the previously 
described evaporative or immersion techniques. 
Finally, ECMO and or cardiopulmonary bypass 
have been suggested as possible salvage therapy 
for the most severe cases.

 Medication Management

Typical anti-pyretics (acetaminophen, ibuprofen, 
etc...) act via blockade of pyrogen activity on the 
hypothalamic set-point. As patients with heat-
stroke are hyperthermic due to inability to rid the 
body of excess heat, rather than alteration in the 
hypothalamic response, these medications have 
no role. They may, however, cause harm to 
already stressed or injured kidneys, livers, or 
coagulation systems.
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Dantrolene has been found efficacious to treat 
anesthesia-induced malignant hyperthermia; 
however, it has been shown to be not helpful in 
animal models of heatstroke [33]. Neuroleptic 
medications  – specifically chlorpromazine (10–
50 mg IV every 6 hours) – historically had been 
used to treat shivering and resultant thermogene-
sis. As these medications carry multiple potential 
deleterious side effects including lowering of the 
seizure threshold and anticholinergic effects, we 
do not recommend their use. Benzodiazepines 
are a preferred agent to control shivering and 
treatment of any associated seizures. If shivering 
is refractory to benzodiazepines, neuromuscular 
blockade (with mechanical ventilation if not 
already started) should strongly be considered.

Rehydration and intravascular volume reple-
tion should be individualized. Dehydration might 
not be as profound in non-exertional heatstroke 
but is usually profound in exertional heatstroke. 
Concomitant hypotension may be due to volume 
depletion, vasodilation, or primary cardiac dys-
function. While all patients with heatstroke 
should receive some intravenous fluid therapy, it 
is important to customize based on physiologic 
conditions. Patients who do not have hemody-
namic improvement from initial cooling may 
benefit from more invasive monitoring. While 
there are multiple methods to assess hemody-
namic status, measurement and trending of these 
hemodynamic values can serve to individualize 
therapy based on the underlying etiology. In gen-
eral strictly alpha-adrenergic medications should 
be avoided due to their peripheral vasoconstric-
tion that may interfere with heat energy transfer.

As previously described, rhabdomyolysis is a 
common complication of heatstroke – especially 
exertional heatstroke. When rhabomyolysis 
causes kidney injury, it becomes a major cause of 
patient morbidity. Prevention includes replace-
ment of appropriate intravascular volume and 
reestablishment of adequate perfusion. 
Monitoring and correction of concomitant meta-
bolic disturbances is crucial along with mainte-
nance of adequate urinary output (1–3 ml/kg/hr). 
A small dose of mannitol (200–500 mg/kg) may 
be helpful to patients developing rhabdomyolysis 
with early oliguria after ensuring adequate intra-

vascular volume. Mannitol may increase urinary 
blood flow and thus glomerular filtration rate. It 
is also hypothesized to be a free-radical scaven-
ger thus decreasing damage to the renal tubules. 
If renal failure does occur, renal replacement 
therapy (e.g., hemodialysis) is usually necessary 
to control metabolic derangements, particularly 
the acidemia and hyperkalemia that go along 
with rhabdomyolysis. Utilization of sodium 
bicarbonate infusions with targeted alkaliniza-
tion of the urine to a pH of 7.5–8.0 is also anec-
dotally reported to prevent the onset of acute 
kidney injury. However, this has been shown to 
be not helpful, and has not been shown to 
decrease need for renal replacement [34]. Thus 
we recommend reserving sodium bicarbonate 
infusions for correction of metabolic derange-
ments, rather than for rhabdomyolysis without 
metabolic complication.

Following cooling and normalization of meta-
bolic and hemodynamic indexes, these patients 
should be monitored for several days. As previ-
ously mentioned, cooling efforts should be dis-
continued when core temperature reaches 
38.5–39.0  °C to avoid overshooting. Invasive 
temperature monitoring should continue for sev-
eral days, as rebound hyperthermia may occur 
hours later and patients may be thermally unsta-
ble for days.

 Accidental Hypothermia

Cold injury runs the gamut from nonfreezing 
injury to accidental hypothermia. The cases that 
present in the critical care setting will most likely 
be those of accidental hypothermia. These 
patients, even in the most severe circumstances, 
can survive with meticulous attention to clinical 
details. Hypothermia has been recognized as far 
back as 492  BC when the Persian general, 
Mardonios, describes men who died “by reason 
of cold” [35]. The diagnosis would not be 
described until the clinical mercury thermometer 
was developed in 1714 by Dr. Farenheit [36]. 
Even so, it took until 1866 to develop a 
 thermometer that could take a clinical tempera-
ture in less than 5 minutes [37].
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Accidental hypothermia can be acute or sub-
acute, and can be associated with multiple other 
complicating factors, including trauma, toxins, 
and extremes of age. In the modern world, most 
accidental hypothermia occurs in urban settings, 
averaging 600 deaths annually in the United 
States. Half of these fatalities occur in patients 
over 65 years old. Mortality estimates can reach 
over 50 percent, depending on associated comor-
bidities and situational events [38]. The most 
common etiology of accidental hypothermia in a 
young healthy person is alcohol intoxication. 
Accidental hypothermia, by definition, includes 
those with core body temperatures less than 
35 °C and can be further differentiated by sever-
ity into mild (32–35 °C), moderate (28–32 °C), 
and severe (less than 28 °C) [39].

The effects of hypothermia manifest in mul-
tiple organ systems, including cardiovascular, 
nervous, respiratory, hematologic, and renal. 
While an understanding of the cardiovascular 
effects is the most likely factor that can affect 
outcome; a focus on the optimization of the ner-
vous system, helps determine quality of life 
upon recovery.

In the initial stage of hypothermia, cold stress, 
myocardial oxygen consumption is increased due 
to increased heart rate and afterload due to 
peripheral vasoconstriction. As core temperature 
continues to drop, pacemaker cells develop much 
slower depolarization; and the PR, QRS and QTc 
intervals become prolonged. This leads to a rela-
tive bradycardia and subsequent decreased car-
diac output. Since it is the temperature affecting 
the pacer cells, atropine has no therapeutic effect. 
Cardiac slowing results in conduction time poten-
tially outliving absolute refractory time, causing 
a reentrant rhythm and ultimately ventricular 
fibrillation. The classic ECG finding of J wave or 
Osborn wave, described in 1938, is found in 
roughly 80% of hypothermic patients, and best 
seen in leads II and V6; but eventually develops in 
the precordial leads with further temperature 
drop [40].

Cardiac arrhythmia typically starts occurring 
at 29 °C, with degeneration into ventricular fibril-
lation and asystole at 20  °C [41]. The life- 
threatening arrhythmias can result from the 

decreased temperature itself, although other 
complicating factors can increase the propensity 
toward arrhythmia, including electrolyte abnor-
malities, hypovolemia, acid-base problems, 
mechanical manipulation (movement), sudden 
vertical positioning, and/or flooding of the myo-
cardium with cold blood upon rewarming.

Afterdrop describes the situation where the 
patient’s core temperature drops despite aggres-
sive rewarming. This is primarily attributed to 
return of cold blood from the periphery to the 
core as vasodilation occurs with rewarming. 
Hypovolemia can worsen afterdrop, as evi-
denced by profound decreases in mean arterial 
pressure and peripheral vascular resistance dur-
ing rewarming [42]. Contributing to the hypovo-
lemic state of the hypothermic patient is a 
peripheral vasoconstriction resulting in compen-
satory diuresis.

Cerebral metabolism decreases by 6–10% per 
degree Celsius below 35 °C, and the brain takes a 
proportionately larger percentage of blood flow 
as the body’s systems slow down. Cerebrovascular 
autoregulation remains intact, until core tempera-
ture drops below 25 °C, although it may be dis-
rupted by other complicating factors such as 
trauma. Electroencephalogram (EEG) may not 
be diagnostic of cerebral dysfunction, as it 
becomes abnormal below 33 °C, and the abnor-
malities noted may also be due to other system 
issues, such as toxins or metabolic [43].

Multiple factors affect the respiratory system 
in accidental hypothermia. As the core tempera-
ture drops, the respiratory rate as well as carbon 
dioxide production drop, and ultimately the 
brainstem fails to control ventilation adequately. 
With lower temperature, the oxyhemoglobin dis-
sociation curve shifts left with associated 
impaired oxygen release. Balancing this is a 
reduced oxygen consumption which causes a 
rightward shift.

Even in therapeutic hypothermia, the most 
significant infectious risk is pulmonary. This can 
be seen in accidental hypothermia, as well, as 
ciliary motility from cold is depressed, secretions 
can become significant, thoracic compliance is 
decreased, and respiratory muscles lose strength. 
These factors can contribute to the development 
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of ARDS in the resuscitation phase and deserve 
meticulous attention.

Hypothermia results in significant coagulopa-
thy that contributes to morbidity and mortality, as 
well. Cold temperatures depress clotting factor 
enzyme function and can cause thrombocytope-
nia by sequestration and reversible platelet dys-
function. Lab determination of clotting function 
can be difficult because enzymes deactivated by 
cold can be reactivated when samples are 
rewarmed in the lab. Fibrinolysis is also acceler-
ated in hypothermia contributing further to coag-
ulopathy. These mechanisms become significant 
at core temperatures below 34 °C. The aforemen-
tioned cold diuresis can also lead to increased 
viscosity and decreased rheology of red blood 
cells [44].

 Presentation

Patients who succumb to accidental hypothermia 
may have comorbid factors that decrease inher-
ent protective mechanisms, such as extremes of 
age, ethanol or other central nervous system 
depressants, preexisting infection, or trauma. 
Even though therapeutic hypothermia has been 
shown to improve outcome in post-cardiac arrest 
patients and possibly protective in significant 
intracranial injury, it is not found to be helpful in 
patients in shock [45, 46]. Induced hypothermia, 
by decreasing metabolism, reduces utilization of 
ATP protecting against its depletion. 
Uncontrolled accidental hypothermia, however, 
has been shown to increase mortality in trauma 
patients and others in hypovolemic shock 
because of the multiple system effects described 
above.

While the patient’s history and predisposing 
factors lead to diagnosing hypothermia, certain 
physical exam findings will substantiate the diag-
nosis. Altered mental status is common, owing to 
central nervous system depression, and must be 
differentiated from other factors such as toxins. 
Heart sounds may be difficult to auscultate and 
pulses may be subtle, owing to bradycardia and 
hypotension. Hyperreflexia may dominate below 
35  °C, but hyporeflexia ensues when core tem-

perature drops below 32 °C [47]. Care must be 
taken to appreciate mechanism and the possibil-
ity of other injury, masked by hypothermia. 
Alcohol is a frequent complicating factor. The 
hypothermic patient may feel a warming sensa-
tion with ingestion of alcohol, but in reality, the 
alcohol causes cutaneous vasodilation resulting 
in heat loss through radiation and diminished 
shivering response. Severely hypothermic 
patients may exhibit paradoxical undressing due 
to altered decision-making, which may confound 
the picture.

Acid-base presentation will be a combination 
of respiratory acidosis from respiratory depres-
sion and metabolic acidosis from a drop in tissue 
perfusion, increased lactate production, and 
decreased hepatic metabolism. Cold blood also 
loses its ability to buffer; and the relative pH drop 
with increased carbon dioxide levels will double 
below core temperature of 28 °C [43].

The body’s intrinsic protective mechanisms 
tend to maintain relative stability during the 
hypothermic phase of accidental hypothermia; 
during rewarming, however, the risk of instability 
greatly increases. Electrolytes must be fastidi-
ously monitored and attended to, as they can fluc-
tuate unpredictably during rewarming. 
Contributing factors include duration of hypo-
thermia, speed of rewarming, and extent of hypo-
thermic diuresis.

Hypokalemia is common, reflecting intra-
cellular shift rather than frank loss. This is 
more common in chronically hypothermic 
patients, or those who have had a long duration 
of hypothermia. Hyperkalemia is not typical, 
and if observed, should raise index of suspi-
cion for alternate etiologies such as rhabdomy-
olysis, renal failure, or other causes. Classic 
electrocardiographic (ECG) indications of 
hyperkalemia may be masked by hypothermia. 
As the myocardium is more sensitive to hyper-
kalemic changes, ventricular fibrillation occurs 
at levels lower than typical. Sodium, magne-
sium, and phosphate levels are unpredictably 
affected by hypothermia. Glucose levels ini-
tially may be elevated, due to insulin resis-
tance, but eventually fall as glycogen is 
depleted. Aggressive surveillance for and 
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treatment of hypoglycemia is critical due to 
the clear negative effect of hypoglycemia on 
neuronal cells. Blood urea nitrogen and cre-
atinine are poor markers of volume during 
severe hypothermia, due to significant fluid 
shifts during the process of cooling and 
rewarming [48]. Hematocrit tends to rise with 
hypothermia because of intravascular fluid 
shifts and diuresis. Leukocytes may be artifi-
cially low due to bone marrow suppression and 
sequestration in the liver, spleen, and gut.

 Approach

Resuscitation and rewarming of severely hypo-
thermic patient ideally starts in the field. The 
decision to resuscitate should take into consider-
ation evidence of lethal injuries such as severe 
trauma or asphyxia. Recognizing that pulses may 
be difficult to palpate due to bradycardia, hypo-
tension, and cold environment, it is best to deter-
mine viability with more dependable markers of 
mortality, such as temperature below 12  °C or 
potassium above 12. The lowest temperature that 
a patient has successfully been resuscitated from 
is 20  °C [49]. ECG may be helpful, but if not 
available, chest compressions need careful con-
sideration as rough handling can precipitate ven-
tricular fibrillation and subsequent asystole. 
Defibrillation is rarely useful below 30 °C [49]. If 
a hypothermic patient is rescued from submer-
sion, care must be taken to keep the patient supine 
until adequate resuscitation and rewarming has 
occurred, to reduce the risk of hypotension from 
relative vasodilation as the hydrostatic pressure 
from submersion is lost. Rewarming in the field 
is not typically a feasible option; best practice is 
to facilitate proper packaging with heated venti-
lation or external heat packs within a vapor bar-
rier layer in order to insulate the patient from 
further heat loss.

In the emergency department, close attention 
to vital signs, including accurate core tempera-
ture monitoring is paramount. Esophageal tem-
perature probes are the most accurate, although 
may not be practical, if the patient is not intu-
bated. Rectal probes are the next best option, 

although with limitations of a time lag behind the 
rewarming trend in the brain and core, as well as 
the possibility of inaccuracy due to the presence 
of cold feces. Bladder temperatures will be unre-
liable and influenced by temperature of possible 
lavage fluids.

If central venous access is required, best 
location is femoral, to prevent myocardial irrita-
tion. Near-infrared spectroscopy may be helpful 
to increase the accuracy of pulse oximetry, 
which may be limited by vasoconstriction. 
Blood work is obtained, with consideration for 
the limitations described above and basic imag-
ing to assess for significant traumatic injuries is 
completed.

Fluid administration is most likely necessary 
during resuscitation of the hypothermic patient. 
Ringer’s lactate should be avoided since hepatic 
function is compromised and will not be able to 
metabolize lactate. As volume resuscitation pro-
gresses, biologic markers should include clinical 
signs such as pulmonary rales and S3 cardiac gal-
lop, as laboratory values will be skewed for many 
of the reasons described above. Compartment 
syndrome is possible especially when frostbite is 
part of the clinical picture.

 Rewarming

Depending on the core temperature, there are 
three options for rewarming: passive external, 
active external, and active core. Healthy patients 
with mild hypothermia can be passively 
rewarmed. This consists of drying the patient, 
blocking the body from further heat loss, and 
allowing the body to effect rewarming.

Active external rewarming can be considered 
for mild to moderate hypothermia and can be 
performed in various ways (Table  27.3). 
Decisions on method are based primarily on 
physiologic stability and resources available. 
Internal rewarming is recommended for moder-
ate to severe hypothermia or when the patient 
demonstrates any hemodynamic instability. We 
typically will institute several internal rewarm-
ing mechanisms concurrently with external 
methods in severe hypothermia.
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 Airway Rewarming

Airway rewarming is safe and relatively noninva-
sive. It is more effective when used with endotra-
cheal intubation and coupled with humidification. 
The heat exchange works by gradient, so is more 
efficient when core temperatures are lower.

 Warmed Infusion

Fluid resuscitation can be a significant source of 
heat and rewarming. A single liter of fluid at 
42 °C can provide 14 kcal to a 70-kg patient at 
28 °C and bring the core temperature up by nearly 
0.33 °C. There are many commercial fluid warm-
ers available. High-volume rapid infusers (e.g., 
Level-1, Belmont) can have flow rates of up to 
500 ml/min. If these are not available, polyvinyl 
chloride bags packaging IV fluid is stable to be 
microwaved for about 2 minutes on high.

 Warmed Internal Lavage

When using lavage for rewarming, it should not 
be the sole technique nor should fluids be heated 

beyond 45 °C. Fluid input and output should be 
carefully monitored and small aliquots utilized to 
avoid significant electrolyte disturbances and 
fluid shifts. The disadvantage of lavage is the 
relatively small surface area afforded for the 
rewarming process and for gastric lavage fluid 
escaping into the duodenum. In order to perform 
gastric lavage safely, the patient should be intu-
bated for the concern for aspiration.

Peritoneal lavage has the advantage of a large 
surface area, the ability to detoxify drug over-
doses and rhabdomyolysis, and the ability to 
directly rewarm the liver in the setting of possible 
toxicity or coagulopathy. Vigilance should be 
maintained for electrolyte shifts, especially for 
hypokalemia.

Closed thoracic lavage can be accomplished 
via two thoracentesis tubes placed in one or both 
thoracic cavities: antero-superior placement for 
infusion and postero-axillary for drainage. This 
method allows for the possibility of chest com-
pressions. Alternatively, mediastinal irrigation 
can be accomplished through a lateral or median 
sternotomy, and allows for direct rewarming with 
1–2 liters of warm fluid at a time. These methods 
should be considered a bridge to cardiopulmo-
nary bypass.

Table 27.3 Passive rewarming methods for accidental 
hypothermia

External warming method Advantages Disadvantages
Forced-air surface
(e.g., Bair Hugger™)

Practical in emergency department
Available in most hospitals
Shivering and afterdrop minimized
Low overall cost

Slow method especially with 
vasoconstriction

Forced-water energy transfer
(e.g., Arctic Sun™)

Practical in emergency department
Easy temperature titration
Shivering and afterdrop minimized
Available in many hospitals for targeted 
temperature management protocols

Expensive expendable components
Restricts access to some parts of the 
body

Immersion
(e.g., 40 °C water bath)

Low cost
Widely available equipment (outside 
healthcare setting)

Not usually available in emergency 
department
Difficult to monitor
Difficult to control airway
Susceptible to afterdrop
Requires cooperative patient

Arteriovenous anastomosis 
rewarming [50]
(e.g., distal extremities 
submerged in 44 °C water)

Low cost
Readily available
Minimize afterdrop
Can also be used with localized negative 
pressure to induce vasodilation

Slow
Labor-intensive
Requires cooperative patient
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 Extracorporeal

Standard hemodialysis gives the advantage of 
rewarming while adjusting electrolyte and man-
aging some toxic ingestions concurrently. Single 
vessel cannulation affords flow volumes of up to 
250 ml/min, while two separate vessel catheters 
can achieve twice that flow rate. If an adequate 
blood pressure of 60  mm Hg is not attainable, 
then continuous venovenous or arteriovenous 
rewarming is an option. These methods can 
achieve flow rates of 375 ml/min (arteriovenous) 
and 400 ml/min (venovenous).

Cardiopulmonary bypass is an option for 
severe hypothermia in the unstable patient. 
Consideration is limited by criteria including 
potassium  <10  mmol/L, combined with core 
temperature below 30  °C [51]. One significant 
advantage of cardiopulmonary bypass is that flow 
can be continuously maintained, even if sponta-
neous cardiac activity fails during the rewarming 
process. It is the fastest rewarming technique and 
has the ability to correct electrolyte abnormali-
ties. Mean temperature increase can be up to 
9.5 °C per hour [52]. Some advocate for the use 
of nitroglycerin to facilitate perfusion [53].

It is assumed that rapid rewarming is clini-
cally beneficial; however, there is no published 
outcome data demonstrating this effect. The 
complications possible with rapid rewarming 
include DIC, pulmonary edema, hemolysis, and 
acute tubular necrosis.

 Other Considerations

During rewarming from moderate or severe 
hypothermia, careful consideration should be 
given to the treatment of lethal rhythms such as 
pulseless electrical activity, ventricular fibrilla-
tion, and asystole. Contributors to these rhythms 
must include acid-base abnormalities, fluid shifts, 
and increased blood viscosity in addition to and 
in the setting of hypothermia. Strong data is lack-
ing as to specific guidance for chest compres-
sions in such a setting. Endotracheal intubation is 
advantageous, if not required during the process 
of rewarming. Oxygen consumption increases 

threefold for every rise of 1 °C. The risk of aspi-
ration and the increased production of sputum 
along with ciliary blunting warrant intubation for 
airway protection alone. Rapid sequence intuba-
tion medications should be carefully chosen and 
judiciously used. Paralytics may not offer advan-
tages in a patient with cold-induced trismus, and 
can have unpredictable efficacy in hypothermia. 
Decreased temperature contributes to increased 
protein binding, altered hepatic circulation and 
renal excretion, and prolonged metabolism.

Effects of vasoactive medications may vary. 
Dopamine is unique in that it can reverse cardio-
vascular depression in the setting of hypothermia 
[54]. It can be used in combination with labetalol 
and nitroglycerin to optimize both flow and pres-
sure [55]. It is important to recognize the 
increased risk of limb ischemia from vasopres-
sors in the presence of frostbite [53].

 Summary

Environmental emergencies are a broad subject 
with somewhat indistinct diagnostic criteria due 
to the variety of presentations. Often encountered 
in conjunction with other diagnoses, they con-
tribute greatly to the severity of other presenta-
tions. A common theme is that rapid identification 
and treatment greatly impacts outcome  – even 
when the diagnosis may be uncertain. Keeping a 
high index of suspicion and maintaining attention 
to detail during the initial resuscitation is essen-
tial for a positive outcome.
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Toxicology and OD

Mark Hincapie, Emily Fontane, 
and Joseph R. Shiber

 Introduction

After an exposure to any potential poison, the 
basic principles of assessment and stabilization 
of ABCD (Airway, Breathing, Circulation, 
Disability) still apply with the addition of an 
extra D for Decontamination. This includes 
removing any ongoing exposure or absorption 
by removing clothes that may be saturated with 
a toxin, irrigating the skin or manually brushing 
off cutaneous substances, and preventing fur-
ther enteral absorption by using activated char-
coal to bind the substance or to flush it out of 
the body using whole bowel irrigation. For 
some substances, certain patterns of toxicity 
known as toxidromes exist (See Fig. 28.1), and 
for some toxins, specific antidotes may be indi-
cated in addition to supportive care (see Box 
28.1) [1, 2].

Over 50,000 children younger than 5 years 
present to the emergency department each year 
for ingestion. Forty-eight percent of poison 
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Critical Points
• Avoid pure beta blockers in cocaine or 

amphetamine toxicity, but labetalol or 
carvedilol is safe.

• Nalaxone can be given IV (start 0.2 mg), 
IM (0.4 mg), SQ (0.8 mg), or Intranasally 
(2 mg).

• Methadone, propoxyphene, and trama-
dol have a longer half-life and, there-
fore, will likely require repeated doses 
or a continuous infusion of naloxone.

• TCA overdose should be treated with IV 
fluids and IV sodium bicarbonate.

• Examine altered patients closely for trans-
dermal drug patches (fentanyl, nicotine, 
nitroglycerin, lidocaine, scopolamine).

• Alcohol ingestion can cause hypoglyce-
mia in young children.

• Consider giving NAC early for acet-
aminophen OD, but it can still be help-
ful even late with fulminant hepatic 
failure.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28794-8_28&domain=pdf
https://doi.org/10.1007/978-3-030-28794-8_28#ESM
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 center calls involve children less than 6 years of 
age (see Box 28.2). Poison control centers refer 
patients to the nearest emergency department and 
instruct parents to bring any prescription contain-
ers or fragments involved in any ingestion (see 
Box 28.3) [3–5].

Bradycardia & hypotension

Anticholinergic toxidrome

Cholinergic toxidrome

Seizure
Anticholiergics

Bupropoion
Hypoglycemic agents

Isoniazid
Sympathomimetics

Toxidrome
associated medications

Sympathomimetic toxidrome

Sedation

Opioid toxidrome
Natural opioids (ie. Morphine)
Synthetic opioids (ie. Fentanyl)

Semisynthetic opioids (ie.
Hydrocodone)

Methadone
Buprenorphine

Antihistamines
Carbamazepine
Cyclobenzaprine

Jimson weed
Tricyclic antidepressants

Alpha agonists
Beta agonists

Calcium channel blockers
Colchicine

Methyxanthines

Hypoglycemia
Ethanol
Insulin

Sulfonylureas

Anticonvulsants
Antipsychotics
Barbiturates

Benzodiazepines
Ethanol
Opioids

Amphetamines
Cocaine

Ephedrine
Phenethylamines

Synthetic carthinones

Organophosphates
Carbamates

Anticholinesterase Inhibitors

Fig. 28.1 Toxidromes and Common Poisoning Presentations. (Erickson [1], p. 5)

Box 28.1 Antidotes for common toxidromes 
(Erickson [1], p. 11)
Treatment-specific ingestions

Acetaminophen overdose: N-acetylcysteine 
(NAC)

Methanol or ethylene glycol overdose: 
Fomepizole

Anticholinergic overdose: Supportive 
and physostigmine

Beta blocker overdose: IVF, vasopres-
sors, supportive, glucagon

Calcium channel blockers overdose: 
IVF, vasopressors, calcium, glucagon, 
insulin-euglycemia, intralipids

Cholinergic overdose: Decontamination, 
atropine, pralidoxirne, benzodiazepines

Digoxin overdose: Digoxin immune 
Fab, atropine, cardiac pacing

Iron overdose: Supportive, whole bowel 
irrigation, deferoxamine, exchange 
transfusion

Opioid overdose: Naloxone
Salicylate overdose: Activated charcoal, 

whole body irrigation, urinary alkalization
Sedative and hypnotics overdose: 

Flurnazenil
Sulfonylurea overdose: Observation, 

dextrose
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A retrospective study found that contacting 
the poison control center decreased time to arrival 
by 12  min. A large study from 2007 to 2011 
implicated 12 prescription medication ingestions 
in nearly half of all pediatric hospitalizations. 
Opioids (17.6%) and benzodiazepines (10.1%) 
were the most commonly implicated medication 
classes, and buprenorphine (7.7%) and clonidine 
(7.4%) were the most commonly implicated 

active ingredients. The top 12 ingestions included 
opioid-analgesics, benzodiazepines, sulfonyl-
ureas, beta blockers, centrally acting anti- 
adrenergics, calcium channel blocker, atypical 
antipsychotics, selective serotonin reuptake 
inhibitors, anticonvulsants, ACE inhibitors, skel-
etal muscle relaxants, and amphetamine simu-
lants [5, 6].

Adult data shows that adverse drug events 
account for 5–20% of hospital admissions and 
12% of ED visions, of which 50–70% are pre-
ventable. However, there is a significant gap in 
our understanding of the magnitude and impact 
of medication-related ED visits in pediatrics. In 
2015, a large prospective observational study of 
pediatric patients presenting to the ED over 12 
month period was conducted. This concluded 
that 65% of medication-related visits in pediat-
rics were deemed preventable; the probability of 
hospitalization was 6.5 times higher among 
patients with a medication-related visit com-
pared to those without; the median hospital stay 
was twice as long; and medication-related 
causes account for 8% of pediatric ED visits 
accounting for 1  in 12 ED visits by pediatric 
patients [7–9].

In one study that spanned from 2001 to 2008, 
there was a 22% increase in poison control center 
calls, including those not referred to emergency 
departments, due to pharmaceutical-related med-
icines, such as opioid analgesics, sedatives, and 
hypnotics, and cardiovascular medications. 
Certain medications and household products 
have higher risks of death, and fatal ingestion in 
pediatrics is a rare event that typically occurs 
from opioid, sedatives, and cardiovascular 
 prescription medications (see Box 28.4). 
Maintenance of airway, oxygenation, ventilation, 
and perfusion of organs is central to stabilizing 
any patient, child, or adult [4, 6, 10].

Box 28.2 Mowry et al. [3]
2015 American Association of 
Poison Control Centers

% of pediatric 
exposures

Cosmetics and personal care 
products

13.6%

Household cleaning products 11.1%
Analgesics 9.1%
Foreign bodies 6.5%
Topical preparations 5.3%
Vitamins 4.6%
Antihistamines 4.4%
Pesticides 3.3%
Dietary supplements and 
homeopathic agents

3%

Plants 2.7%
GI preparations 2.6%
Antimicrobials 2.4%
Cold and cough preparations 2.1%
Cardiovascular drugs 2%

Box 28.3 Tarango and Liu [4]
Resources

American Association of Poison Control 
Centers

http://www.aapcc.org
1800 222 1222
Battery Ingestion Hotline
http://www.poison.org/battery
202 625 3333
Pill Identification
http://pillbox.nlm.nih.gov/pillimage/

search.php
WHO Directory of Poison Centers
http://www.who.int/gho/phe/chemical_

safety/poisons_centres/en/

Box 28.4 Tarango and Liu [4]
High risk fatality-related medications

Antiarrythmics
Antimalarials
Antipsychotics
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 Beta Blockers

 Pathophysiology

Beta receptor blockade leads to reduced amounts 
of cyclic adenosine monophosphate, which 
causes bradycardia, hypotension, conduction 
blocks, heart failure, and hypoglycemia. 
Propranolol is meant to stabilize the membrane 
by inhibiting sodium channels. Toxic levels of 
propranolol cause QRS complex prolongation, 
negative inotropy, seizures, and coma. Sotalol 
inhibits potassium efflux causing QTc interval 
prolongation [11].

 Patient Presentation

Beta blockers typically cause hypotension, bra-
dycardia, and central nervous system depression.

 Initial Stabilization

Early repletion of glycemic status and at least a 
6  h observation is necessary as several beta 
blockers have delayed onset. Early use of gluca-
gon activates the adenylate cyclase and is useful 
in the management of toxicity but may cause 
emesis, hyperglycemia, and tachyphylaxis. 
Transcutaneous or transvenous pacing may be 
needed for heart block or bradycardia not 
responding to glucagon [4, 11].

 Calcium Channel Blockers

 Pathophysiology

Calcium channel blockers (CCBs) act on the 
L-type calcium channels that mediate vasodila-
tion, decrease inotropy, decrease dromotropy 
(AV node conduction), and decrease chronotropy. 
The blockade of calcium channels in the pan-
creas prevents insulin release and may cause 
hyperglycemia [4, 11].

 Patient Presentation

Amlodipine, verapamil, nifedipine, and diltia-
zem toxicity cause bradycardia, hypotension, 
heart block diagnosed by ECG, and 
hyperglycemia.

 Initial Stabilization

Measures that support blood pressure, stabilize 
calcium, and maintain euglycemia are central to 
calcium channel blocker toxicity treatment. 
These include vasopressors, intravenous fluids, 
calcium supplementation, and glucagon. 
Intralipid infusion should be considered as a 
potential treatment as it may act as a “lipid sink” 
and as a substrate for the myocardium. Cardiac 
pacing should also be considered to bradycardia 
or heart block [1, 4].

 Camphor (Vicks, Tiger Balm)

 Pathophysiology

Camphor was originally distilled from the cam-
phor tree but is synthetically produced from tur-
pentine oil. Upon absorption, camphor is rapidly 
oxidized to camphorol, which is metabolized by 
the liver to the glucuronide. Active metabolites 
get stored in fats and cleared over a prolonged 
period of time.

Beta blockers
Calcium channel blockers
Camphor
Clonidine
Opioids
Methyl salicylate
Sulfonylureas
Tricyclic antidepressants
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Its use in medicine spans as an anesthetic, 
antipruritic, antiseptic, and expectorant and is 
present as a topical or vaporized formulation. 
Most vaporized cold medications, topical anes-
thetics, and topical cold sore applications com-
prises camphor as the most common ingredient. 
Although the Federal Drug Administration 
banned products that contained more than 11% 
of camphor, there remain risks from oral toxicity. 
Tiger Balm contains 11% camphor, Vick’s 
VapoRub contains 4.8% camphor, BenGay 
Ultrastrength contains 4% camphor, and Orajel 
contains 3% camphor [11].

 Patient Presentation

Toddlers typically ingest or inhale camphor prod-
ucts causing nausea, vomiting, and burning of the 
mouth. Severe toxicity manifests with general-
ized pallor, dusky lips, irritability, hyperreflexia, 
myoclonic jerks, confusion, apnea, and coma. 
Seizures may be the initial presentation and may 
persist for up to 24 h. Respiratory failure or status 
epilepticus may lead to mortality.

Toxicity develops within 5–90  min from 
ingestion and can be identified from its odor, 
which is often a combination of camphor, euca-
lyptus, and menthol. Clinical toxicity resolves in 
1 day and when symptoms subside, there are no 
documented long-term consequences [2, 11].

 Diagnostics

Toxic toddler exposure to camphor occurs with 
approximately 500–1000 mg; however, levels are 
an impractical way to evaluate for toxicity.

 Opioids

There are rapid increasing rates of pediatric 
opioid- related hospitalizations. Mortality has 
decreased from 2.8% to 1.3%; however, the rates 
of admission to the pediatric intensive care have 
doubled since 2004. Natural opioids (morphine, 
codeine), semisynthetic opioids (oxycodone, 
hydrocodone), and synthetic opioids (methadone, 

meperidine) are commonly used medications that 
are efficacious for analgesia and cough suppres-
sion but has been found to be problematic as they 
continue to be a health risk due to dependency, 
addiction, and toxicity [12].

From 1983 to 2000, the poison control centers 
documented 75,000 exposures to opioids and 
opioid-analgesic combinations in children less 
than the age of 6. Of note, nearly 54,000 of these 
events were due to opioid-analgesic combina-
tions and half of these were due to acetaminophen- 
opioid combination [13].

 Pathophysiology

Opioids target the mu, kappa, and delta receptors 
of the central nervous system while tramadol acts 
as a central acting analgesic that has both opioid 
and non-opioid properties. It has mu-specific 
receptor binding properties. Equi-analgesic doses 
of different opioids elicit the same respiratory 
depression [4, 13].

 Patient Presentation

Mu receptor-targeted opioids cause analgesia, 
respiratory depression, gastrointestinal dysmotility, 
cough reflex inhibition, lethargy, nausea, tachycar-
dia, agitation, seizures, confusion, and coma. Half-
life depends on the specific opioid formulation 
with certain extended release preparations for mor-
phine and oxycodone causing respiratory depres-
sion and symptoms for longer periods of time.

Tramadol overdose may sometimes lead to 
seizure activity, but there are no documented 
symptoms in children under 6 who ingested less 
than 10 mg/kg tramadol. Noncardiogenic pulmo-
nary edema has long been associated with heroin 
use. Altered mental status effects include mild 
sedation, lethargy, and coma. High doses of opi-
oids can lead to seizures but are most typical with 
meperidine and propoxyphene. There are mini-
mal direct cardiovascular effects with most opi-
ates; however, propoxyphene can widen the QRS 
complex and cause atrioventricular blockade. 
These medication-specific events require sodium 
bicarbonate, atropine, or isoproterenol [2, 13].

28 Toxicology and OD



468

Documented cases of symptomatic children 
after codeine overdose showed that more than 
5  mg/kg is typical and those who developed 
respiratory failure did so within 6 h of ingestion. 
Methadone, however, is the most toxic of opioid 
ingestion as case fatalities are documented with 
doses as little as 0.5 mg/kg. There is initial respi-
ratory depression within 4–6  h. Therefore, it is 
imperative for close observation in the hospital. 
Fentanyl is found in parenteral, dermal, and oral 
formulations [13].

Methadone and buprenorphine  – agents that 
counter addiction to heroine – and Loperamide – 
an antidiarrheal agent – are commonly the source 
for opioid toxicity. Victims often present with 
respiratory and central nervous system depression. 
Of the admissions from the emergency department 
to the intensive care unit, 37% required mechanical 
ventilation and 20% required vasopressors [4, 12].

 Initial Stabilization

All patients with respiratory depression must 
have their airway properly managed according to 
ACLS & PALS guidelines. An extensive full 
body exam must be conducted as dermal opioid 
patches can be identified and have been culprits 
in pediatric case fatalities. Death from opioid 
overdose occurs from respiratory failure as there 
is markedly reduced responsiveness to hypercar-
bia, hypoxia, and eventually apnea [1].

Naloxone is an opioid receptor antagonist 
used to counter toxicity, and this must be admin-
istered in a timely fashion. Naloxone is given 
intravenously at 0.1 mg/kg with a maximum dose 
of 2 mg. Doses may be repeated every 2–3 min to 
a maximum combined dose of 10 mg. Naloxone’s 
half-life is 30–100  min, so continuous infusion 
that is often titrated may be required for reversal 
of long-acting opioids. It can be given IM if no 
venous access but a higher dose should be given. 
Methadone, propoxyphene, and tramadol have a 
longer half-life and, therefore, will likely require 
continuous infusion of naloxone [4, 13].

Children must be admitted to the intensive 
care unit in the event of respiratory depression 
given the high risk for respiratory failure, coma, 
and seizures.

 Salicylates

Salicylates are utilized as analgesics, anti- 
inflammatories, antipyretics, and inhibitors of 
platelet aggregation. Security measures over the 
last four decades included reducing dose strength 
per pill to 81 mg, minimizing packages to 36 tab-
lets, and stronger tablets are not sweetened or 
flavored.

Non-aspirin salicylates include methyl salicy-
late, which is found in many over the counter 
creams, ointments, lotions, and medicated oils 
for use as an anti-inflammatory directly to 
muscles.

 Pathophysiology

Methyl salicylates are readily metabolized to 
salicylic acid, but its severity is dependent on 
dosage, age, formulation, and the acuity to inges-
tion. The majority of non-aspirin salicylates 
occur from oral ingestion of oil of wintergreen or 
Asian herbal oils. Toxic levels of aspirin occur 
with 150 mg/kg with serious toxicity with 300–
500 mg/kg [4, 10].

Salicylates uncouple oxidative phosphoryla-
tion, decrease adenosine triphosphate (ATP), and 
increase body temperature. The respiratory cen-
ter of the CNS is the brain stem is directly stimu-
lated causing hyperventilation and respiratory 
alkalosis, and eventually also an increased anion 
gap metabolic acidosis from mitochondrial 
poisoning.

It is important to determine the aspirin equiva-
lent ingested dose with any salicylate ingestion. 
For instance, in the event of 5 mL BenGay (18.3% 
methyl salicylate) ingestion, this equates to 
183  mg/mL; therefore, 5  mL is approximately 
914 mg of methyl salicylate. The conversion fac-
tor is 1.4; therefore, this amount is equivalent to 
1281 mg aspirin, which is an 85 mg/kg. Oil of 
wintergreen contains 98% methyl salicylate. As a 
potent liquid, 1 mL is equivalent to 1400 mg aspi-
rin and 1 teaspoon (5  mL) is equivalent to 
1400  mg of aspirin or approximately 22 adult 
aspirin tablets. Icy Hot Extra Strength, Bayer 
Muscle Joint Relief, Ben-Gay, and Tiger Balm 
ointments contain 30% methyl salicylate. 
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Additionally, certain Asian herbal remedies are 
composed of methyl salicylate, such as Red 
Flower Oil (67%), White Flower Oil (40%), and 
Tiger Oil (38%).

Volume of distribution amplifies the toxicity 
given the lipophilic nature of the drug, ultimately 
allowing for penetration to the brain, lung, and 
heart. Brain death, dysrhythmias from hypokale-
mia, and hypoxemia from pulmonary edema are 
the common causes of death. Patients who pro-
gressed to life-threatening toxicity nearly all had 
emesis within minutes to hours and then altered 
mental status, lethargy, or seizures. For this rea-
son, a 6 h observation period is required for all 
potential serious salicylate ingestions [10, 14].

 Patient Presentation

Direct stimulation of the CNS chemoreceptors 
triggers nausea and vomiting. Uncoupling of oxi-
dative phosphorylation causes increased anaero-
bic metabolism and leads to fever. Fluid losses 
from emesis, dyspnea, and increased urinary out-
put lead to dehydration and metabolic abnormali-
ties. Vasoconstriction of the auditory vasculature 
leads to tinnitus. Effects on platelet aggregation 
and liver function occur as well.

Early onset symptoms are tinnitus, fever, 
tachypnea, diaphoresis, and abdominal distress. 
As the toxicity progresses, hyperpyrexia, lactic 
acidosis, respiratory alkalosis, and hypoglycemia 
are commonly seen and lead to multisystem 
organ dysfunction. Seizures, coma, hemody-
namic instability, and noncardiogenic pulmonary 
edema are often severe cases. Severe toxicity 
mimics sepsis in that it causes tachypnea, hyper-
thermia, and altered mental status [4, 10, 11].

 Diagnostics

Serum salicylate levels are a controversial topic 
as patients are typically symptomatic; however, 
some recommend salicylate levels if an anion gap 
or altered mental status is seen. Quantitative 
serum salicylate concentrations are attained at 
baseline and at 2 h intervals until there is a down-
trend. Serum salicylate concentrations may 

downtrend, but the longer-lasting cellular events 
continue to target organs despite reassuring labo-
ratory results. Unlike acetaminophen, where 
serum concentration is the only initial factor to 
evaluate, one must evaluate the patient as a 
whole.

The rapid ferric chloride test, if available, may 
be completed bedside and is a positive result 
when urine turns purple-brown when ferric chlo-
ride solution is added, but false positive can 
occur. The previous Done nomogram is out-dated 
and no longer used as it fails to predict toxicity 
based upon the serum concentration alone.

Serum concentration may peak after 24 h of 
the overdose, particularly with enteric-coated 
formulations. Bezoars may form which can affect 
absorption and serum levels. The tachypnea typi-
cally seen can be masked by opioids [4, 10, 11].

 Initial Stabilization

Diminishing brain distribution is key to manage-
ment. Acidemia increases the salicylate volume 
of distribution, which may lead to a falsely reas-
suring decrease in serum concentrations, despite 
an increasing toxicity. Therefore, respiratory 
alkalemia must be maintained.

Intubation may be required due to severe aci-
dosis. Management is largely based on the vic-
tim’s clinical status as serum salicylate levels are 
not always accurate, largely because of variable 
gastrointestinal absorption due to bezoar forma-
tion, long-acting formulations, and pylorospasm. 
Early gastrointestinal decontamination with sev-
eral rounds of activated charcoal and aggressive 
fluid resuscitation can help to prevent central ner-
vous system involvement, maintain tissue perfu-
sion, and stabilize renal function [1, 2].

Urinary alkalization with sodium bicarbonate 
also has shown to increase elimination of salicy-
lates by correcting acidemia, decreasing tissue 
distribution, and increasing urinary elimination. 
150 mEq sodium bicarbonate is mixed in 1 L 5% 
dextrose and water, and 40 mEq potassium chlo-
ride to be given at a rate of 2–3 mL/kg/h and a 
goal urine pH greater than 7.5. To maintain nor-
mokalemia with urine alkalinization, potassium 
supplementation is very important.
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Urine alkalinization is the first-line treatment 
for moderate-severe salicylate toxicity in patients 
not eligible for extracorporeal elimination. 
Severe toxicity involving hypotension, end-organ 
failure, severe acidosis, refractory medical man-
agement, and neurologic dysfunction are indica-
tions for hemodialysis, hemoperfusion, and 
peritoneal dialysis.

Hemodialysis preparation, if implemented, 
should be initiated in refractory cases in the 
emergency department, where coma, seizures, 
pulmonary edema, and severe metabolic distur-
bances develop. Hemodialysis has the benefit of 
correcting electrolyte abnormalities and improv-
ing serum salicylates. Additionally, exchange 
transfusion has been reported as an alternative in 
severe cases [4, 10, 14].

 Tricyclic Antidepressants (TCA)

The tricyclic antidepressant (TCA) class 
includes imipramine, desipramine, amitripty-
line, nortriptyline, doxepin, trimipramine, pro-
triptyline, clomipramine, maprotiline, and 
amoxapine. The last 5 years has yielded a 200% 
growth in its usage in children less than 6. 
Children constitute 13% of TCA use and 
although they are second- or third-line therapies 
for depression, they are alternative therapies for 
obsessive-compulsive disorder, attention- defi-
cit hyperactivity disorder, school phobias, and 
separation anxiety.

 Pathophysiology

With the exception of maprotiline and amoxap-
ine, all TCAs have the same side effect profile. 
Maproline has severe cardiac toxicity and amoxa-
pine toxicity causes seizure activity. TCAs are 
the second most commonly prescribed psycho-
tropic in children. Peak gastrointestinal absorp-
tion occurs between hour 2 and 8.

TCAs affect autonomic, central nervous, and 
cardiovascular systems. There are both central 
and peripheral anticholinergic effects. Inhibition 
of norepinephrine, serotonin, and dopamine into 
the presynaptic nerve terminals causes central 
sympathetic inhibition. Additionally, fast sodium 

channels are inhibited in the myocardium, which 
leads to conduction delays and dysrhythmias. 
Phase 0 of the action potential leads to slowed 
ventricular depolarization, thus prolonging QRS 
complexes, and phase 4  has slowed repolariza-
tion leading to prolonged QT intervals. The com-
petitive inhibition of muscarinic acetylcholine 
receptors and histamine H1 receptors exert anti-
cholinergic effects [15].

 Patient Presentation

The history is integral to treatment as well. If the 
child is asymptomatic and the ingested dose is 
less than 5  mg/kg, home observation has been 
recommended. However, in cases of unknown 
ingestion or toxicity, the child must immediately 
be evaluated by a physician. Doses less than 
6.67 mg/kg typically have not shown side effects 
beyond sedation. The large majority of case fatal-
ities occur with doses greater than 30  mg/kg; 
therefore, a 10  kg toddler only would require 
150 mg of a TCA to reach toxicity.

It is important to understand the name of the 
medication, its dose, and approximating how 
much of the bottle was ingested. TCAs typically 
come in 10 mg, 25 mg, 50 mg, 75 mg, 100 mg, 
and 150 mg tablets.

Clinical toxicity occurs by hour 6–8 of over-
dose and typically peaks within 24 h. For this rea-
son, any symptomatic patient with abnormal vital 
signs, clinical exam findings, and/or EKG find-
ings warrants admission.

Anticholinergic effects include dry mouth, 
dilated pupils, ileus, urinary retention, and 
tachycardia. Central nervous system effects typi-
cally cause delirium, agitation, hallucinations, 
convulsions, and coma. Seizure activity typi-
cally occurs within 2 h. The most dangerous life-
threatening toxicity, however, remains cardiac 
dysrhythmias.

The most common dysrhythmia is sinus tachy-
cardia from peripheral anticholinergic effects. 
Nevertheless, wide complex tachycardia, second-
ary to supraventricular tachycardia with aber-
rancy or ventricular tachycardia, is characteristic 
of TCA overdose. Additionally, there is a drug- 
induced Brugada syndrome that causes ST 
changes in leads V1, V2, and V3 [11, 14, 15].
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 Diagnostics

The amount of TCA determines toxicity. TCA 
serum levels are not helpful in the acute manage-
ment of TCA toxicities as there is no correlation 
between serum level and clinical toxicity largely 
due to volume of distribution, drug half-life, 
genetic differences, pH-dependent protein bind-
ing, and tolerance.

Electrocardiogram changes occur in both chil-
dren and adults. QRS prolongation and QTc pro-
longation are associated with seizure activity. 
Studies of acute TCA overdose-related seizures 
and dysrhythmias showed specific EKG findings 
including a QRS interval greater than 100 ms and 
an R wave amplitude greater than 3 mm in aVR.

 Initial Stabilization

In the event of TCA-induced fast sodium channel 
blockade, sodium bicarbonate provides addi-
tional sodium, thus decreasing the QRS widening 
and suppressing dysrhythmias and alkalinization 
is a proven intervention in children.

Gastrointestinal decontamination is important 
for acute ingestions because there is rapid absorp-
tion initially and the anticholinergic aspect to 
TCAs leads to delayed emptying [2, 14, 15].

 Stimulants

Cocaine and amphetamines represent the typical 
stimulant (also known as adrenergic) toxidrome. 
Cocaine use had been in decline in the previous 
decade in North America but has experienced a 
sudden resurgence with use by 1% of the popula-
tion. The common presentation for stimulant tox-
icity is tachydysrhythmias, hypertension, acute 
coronary syndromes (ACS), stroke (ischemic and 
hemorrhagic), seizure, hyperthermia, acute renal 
failure, and behavioral agitation including hallu-
cinations and psychosis. Usual physical exam 
findings include pupillary dilation, warm, flushed 
skin, diaphoresis, tachycardia, and psychomotor 
agitation. The potential differential diagnosis of 
someone with the constellation of symptoms and 
findings in addition to stimulant use would be 
withdrawal syndromes, pheochromocytoma, thy-

rotoxicosis, anticholinergic syndrome, and sero-
tonin or neuroleptic malignant syndrome 
[16–18].

Cocaine and amphetamines are mono-amine 
(epinephrine, norepinephrine, dopamine, sero-
tonin) agonists in the CNS and peripheral tissues. 
One particular issue with stimulant use is severe 
hyperthermia via multiple mechanisms that both 
increase heat generation (increased metabolic rate, 
increased motor activity) and heat retention while 
reducing heat dissipation  (vasoconstriction, inhib-
iting appropriate behavioral adaptation) [18, 19].

The treatment strategy is to safely reduce the 
adrenergic overactivity (hypertension, tachycar-
dia) safely while addressing any other potential 
adverse effects such as ACS, heart failure, stroke, 
or seizure. Calcium channel blockers and alpha-1 
blockers may address hypertension and coronary 
vasospasm but not tachycardia. Beta blockers 
with alpha-blocking activity such as labetalol and 
carvedilol are safe and effective in treating hyper-
tension and tachycardia; central alpha-2 agonists, 
such as clonidine or dexmedetomidine, also 
appear to work well. Agitation, anxiety, or sei-
zures are best treated by benzodiazepines 
[20–22].

Hyperthermia may need to be treated by both 
external cooling (cooling blanket, ice packs, box 
fan) as well as internal cooling (chilled IV crys-
talloid infusion, esophageal cooling device, intra-
vascular cooling catheter) if severe and the 
benefits are more than risks. The author’s sug-
gested manner for treating severe hyperthermia is 
as follows: cooling blanket under the patient to 
utilize conductive heat loss on the posterior body 
surface, infusion of 2  L of cold balanced salt 
solution (if not already chilled, place the IV solu-
tion bags in a emesis basin filled with ice water 
for 5–10 min prior to bolus), clothes removed to 
facilitate heat radiation, box fan at end of bed to 
promote convective heat loss, and wipe the 
patient down with tepid wet rags to increase 
evaporative heat exchange. Note, we do not typi-
cally use ice packs, unless no other options avail-
able, since it often induces shivering which 
increase heat generation and the chances of rhab-
domyolysis. If shivering does occur, attempt to 
halt it with additional benzodiazepines, low-dose 
meperidine, or intravenous magnesium. In our 
experience, we can lower the core temperature by 
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at least 2°C in 20–30 min and 4°C in 1 h which 
takes the patient out of dangerous zone for CNS 
damage and multi-organ failure [23–25].

 Anticholinergics

Anticholinergic drugs should more accurately be 
called antimuscarinic agents as they do not block 
the nicotinic receptors but only the muscarinic. 
There are five muscarinic receptor subtypes, with 
the M1 receptors primarily in the CNS; delirium 
occurs when these M1 receptors, which function 
for cognition and attention, are blocked. The 
antagonism of peripheral muscarinic receptors 
(M2-5) cause the other features of the typical anti-
cholinergic toxidrome: dry mouth, dilated pupils, 
blurry vision, tachycardia, dry, flushed skin, hyper-
thermia, and reduced bowel and bladder function 
(see Table 28.1). The delirium is commonly hyper-
active with perceptual abnormalities including 
auditory and visual hallucinations [26–28].

The substances potentially causing this syn-
drome include multiple classes of medication 
(antihistamines, muscle relaxants, tricyclic anti-
depressants, antipsychotics) such as: scopol-
amine, atropine (including systemic effects from 
eye drops), diphenhydramine, chlorpheniramine, 
benztropine, dicyclomine, hydroxyzine, cyclo-
benzaprine, amitriptyline, olanzapine, and que-
tiapine, as well as the plants jimson weed, angels 
trumpet, and belladonna [28, 29].

Anticholinesterase (AChE) inhibitors, such a 
neostigmine or physostigmine, block the break-
down of acetylcholine increasing its level in the 
neuronal synapse to reverse the effects of anticho-

linergic drugs. The overload of acetylcholine can 
cause the cholinergic toxidrome consisting of bra-
dycardia, salivation, bronchorrhea, vomiting, diar-
rhea, diaphoresis, and seizures, which is due to 
stimulation of nicotinic receptors in the hippocam-
pus. The judicious use of physostigmine at an initial 
intravenous dose of 0.5–1 mg in adults, and 0.01–
0.02 mg/kg in children has been found to be safe 
and effective. A second dose should not be given for 
at least 10–15 min with the maximum of 2 mg total 
in the first hour. The clear reversal of a delirious 
patient with suspected anticholinergic toxicity pro-
vides not only therapeutic effect, but confirms the 
diagnosis thereby avoiding unnecessary and possi-
bly harmful procedures such as lumbar puncture or 
prolonged physical restraints. AChE inhibitors 
should potentially be avoided for patients at high 
risk of seizures or with potential cardiac toxicity 
from sodium channel blockers demonstrated by 
QRS prolongation on EKG [30–34].

 Toxic Alcohols

Although ethanol obviously causes a well-known 
syndrome of intoxication, toxic alcohols refer to 
methanol, ethylene glycol, and isopropyl alcohol. 
The first two toxins will be discussed together 
since their mechanism of poisoning, metabolic 
derangements, and treatments are very similar. 
These substances may be found in cleaning 
agents or automotive fluids such as anti-freeze/
coolants, wiper fluid, or brake fluid, while isopro-
pyl alcohol is commonly found as rubbing alco-
hol or in hand sanitizers. All three toxins can 
cause exposure via ingestion, inhalation, or cuta-
neous absorption [35, 36].

Neither methanol nor ethylene glycol is 
directly toxic but is metabolized by alcohol dehy-
drogenase (ADH) to the toxins formaldehyde 
(and then formic acid) and glycolic acid (and 
then oxalic acid), respectively. All three toxins 
cause an increased osmolar gap, as also does eth-
anol, but methanol and ethylene glycol also cause 
a significant increased anion gap metabolic aci-
dosis while isopropyl alcohol causes ketosis 
without acidosis. All three toxic alcohols can 
induce an intoxication syndrome as does ethanol 
inebriation but with potentially smaller volumes 
ingested [35–37].

Table 28.1 Signs of the anticholinergic toxidrome

Peripheral Central
Dry warm skin Altered mental status
Dry mucous 
membranes

Incoherent speech

Flushing Carphologiaa

Hyperthermia Agitation
Mydriasis Delirium
Decreased visual 
acuity

Hallucinations (auditory, visual, 
or tactile)

Photophobia Seizures
Tachycardia Coma

Adapted from Boroughf [26]
aInvoluntary picking at imaginary objects, bedding, and 
clothing
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Common complaints after methanol exposure 
are abdominal pain, nausea and vomiting, head-
ache, dyspnea, blurry vision, and gait distur-
bance; these last two symptoms being due to the 
accentuated damage that occurs to the retina and 
brain. Ethylene glycol exposures may also pres-
ent with abdominal pain, nausea and vomiting, 
and headache and also renal failure, seizures and 
cardiac dysrhythmias due to the accumulation of 
calcium oxalate crystals in the renal tubules and 
the resultant hypocalcemia. Isopropyl alcohol 
intoxication also has GI complaints and may 
cause hemorrhagic gastritis; in malnourished 
patients, hypoglycemia may occur [37–39].

The diagnosis can be challenging as no abso-
lute laboratory test is rapidly available so that the 
clinician must use the surrogate assays of osmolar 
and anion gaps when they have suspicion based 
on a history of possible accidental exposure or 
intentional suicidality (See Fig.  28.2). The time 
period from exposure to symptoms is approxi-
mately 6–12 h for ethylene glycol and 12–24 h for 

methanol. At this time, a wide anion gap meta-
bolic acidosis (WAGMA) should be present. Prior 
to that, the patient may have an increased osmolar 
gap, but as the metabolism of the primary sub-
stance is occurring, the osmolar gap decreases 
while the toxicity from the metabolites causes the 
acidosis and subsequent end organ toxicity. Using 
a Wood’s lamp to identify fluorescence of the 
urine is not a reliable diagnostic test for ethylene 
glycol poisoning (even when fluorescein is pres-
ent in the antifreeze added to assist mechanics in 
finding a leaking coolant system) [37, 40].

The primary therapeutic strategy for both 
methanol and ethylene glycol poisoning is to 
inhibit ADH thereby preventing the production of 
their toxic metabolites. Both ethanol and fomepi-
zole have a much higher affinity for ADH than 
does the toxic alcohols. If ethanol is used (either 
intravenous or enteral) the target blood level is 
100 mg/dL. This therapy requires ongoing admin-
istration of ethanol to maintain the therapeutic 
level and may induce hypoglycemia in children or 

Suspicion for toxic alcohol ingestions?

Yes* No

No

No

No

Yes

Yes

Yes

Sign of end organ damage?
(Vision changes, AKI, [HCO3-]

<12mEq/L
Continue to monitor, assess for

alternative diagnosis

Provide ADH blockade with
fomepizole. Consult

toxicology**/nephrology,
consider hemodialysis

[EtOH]>20mg/dL?

Trend [EtOH] until
<20mg/dl, then proceed

to Box A

Trend [HCO3-] Q2-4H
for 12 hours

Box A

[HCO3-] decreasing?

Provide ADH blockade with
fomepizole, consult

toxicology/nephrology service,
and consider hemodialysis

Less likely toxic alcohol,
consider alternative

disgnosis

*Send [ethanol], [methano], BMP, and
[ethylene glycol]

-AMS: Altered mental status

-ADH: Alcohol dehydrogenase

-AKI: Acute kidney injury

**Poison Control Center: 800-222-1222

Fig. 28.2 An approach to the management of a possible toxic alcohol exposure. (Ng et al. [35])
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malnourished adults. Fomepizole is effective and 
safe with the initial dose of 15 mg/kg over 30 min 
followed by 10 mg/kg every 12 h until the levels 
fall at least below 30 mg/dL. Hemodialysis can be 
used as a primary therapy or in addition to ethanol 
or fomepizole to hasten the clearance of the pri-
mary substance, which is actually increased with 
ADH inhibition [41, 42].

 Acetaminophen

The leading over-the-counter analgesic in the 
world, acetaminophen (APAP), is unfortunately 
also responsible for most cases of acute liver fail-
ure (ALF) in the United States and Europe. 
Unintentional and chronic APAP overdose 
accounts for >50% of ALF. The maximum recom-
mended daily dose of APAP in healthy adults is 
650 mg orally every 4–6 h for a total of 4 g/day; 
this maximum is reduced to 2 g/day in adults with 
increased risk of hepatotoxicity. For children, the 
recommended dose is 10–15 mg/kg orally every 
4–6 h for a total of 50–75 mg/kg in 24 h [43, 44].

It is not the APAP itself that is toxic but one of 
the active metabolites from the cytochrome p450 
system N-acetyl-p-benzo-quinone imine (NAPQI). 
Normally the small amount of NAPQI produced 
(since ~90% of APAP is metabolized by glucuron-
idation or sulfation and excreted in the urine) is 
rapidly metabolized to a non-toxic product by glu-
thathione (GSH). But in certain situations when 
GSH is depleted such as overdose, alcoholism, or 
malnutrition, then the NAPQI remains causing 
hepatocyte damage [45–49].

Activated charcoal decreases absorption of 
APAP if given with 4 h of ingestion. It should not 
be given if any concern over GI tract injury or air-
way maintenance as aspiration can be cata-
strophic. N-acetylcysteine (NAC) prevents hepatic 
damage by restoring GSH levels; it has also been 
found to improve cerebral edema, hemodynamic 
parameters, and hepatic function when ALF has 
already occurred from APAP toxicity. Using the 
Rumack-Mathew nomogram, an APAP level 
>100–200 ug/ml at 4 h should be considered for 
treatment with NAC (See Fig.  28.3). It can be 
given enterally (140  mg/kg load then 70  mg/kg 
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every 4 h for 18 doses) or intravenously (150 mg/
kg over 1 h then 50 mg/kg over the next 4 h and 
then 150 mg/kg over the next 16 h) depending of 
the mental status and GI tract function of the 
patient (see Table 28.2). For indications for ICU 
admission, see Table 28.3. Liver transplant is the 
definitive therapy for ALF when continuing to 
decline, so urgent referral to a transplant center is 
indicated; but there has been some evidence that 
these patients may be supported by artificial or 
bioartificial extracorporeal liver support systems 
improving mortality [50–53].

 Conclusion

Be vigilant for the possibility of poisoning and be 
aware of the potential toxidrome presentations. 
After initial evaluation and stabilization of the 
ABCDs, consider if decontamination is indicated 
and if a specific antidote may be available. Utilize 
the resources of the local Poison Control Center 
and consult specialists (Pharmacy, Toxicology, 
Nephrology, Hepatology) early for their assis-
tance in tailoring treatment strategies such as 
hemodialysis.
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Oncologic Emergencies

David A. Wacker and Michael T. McCurdy

 Introduction

With the overall incidence of cancer rising world-
wide, management of a diverse set of emergen-
cies stemming from underlying malignancy is 
increasingly common in emergency departments 
and intensive care units. Diagnosis of these con-
ditions is complicated by their often nonspecific 
presenting symptoms, particularly in the setting 
of a known malignancy that may also cause a 
similar clinical picture. Nonetheless, vigilance 
must be maintained as these emergencies can 
threaten life and limb, and may respond to spe-
cific therapies. Malignant pericardial disease, 
hypercalcemia of malignancy, tumor lysis syn-
drome, metastatic spinal cord compression, supe-
rior vena cava syndrome, and leukostasis are 
reviewed in this chapter. For each section, a cor-
responding box briefly summarizes presentation 
and management.

 Malignant Pericardial Disease

 Epidemiology and Pathophysiology

Though relatively rare in the general population, 
pericardial disease has been noted on autopsy in 
upward of 10% of cancer patients [1, 2]. Pericardial 
manifestations of disease include inflammation 
(pericarditis), pericardial neoplasm (often meta-
static), effusion, and effusion-causing hemody-
namic impairment (cardiac tamponade). 
Fortunately, approximately 70% of malignant 
pericardial disease is discovered incidentally and 
has no immediate clinical significance [2]. 
Clinically significant malignant effusion, however, 
tends to recur after drainage [3], and historically 
has a high likelihood of contributing to death [1].

The proportion of pericardial disease caused 
by malignancy largely corresponds to the geo-
graphic incidence of other diseases [2]. In most 
parts of the developed world, neoplasm is the 
underlying cause of approximately 7% of peri-
cardial disease [4] and about a quarter of effusive 
pericardial disease [5]. In the developing world, 
however, malignancy is a less common cause of 
pericardial disease compared to tuberculosis and 
other diseases involving the pericardium [2].

Primary cardiac or pericardial neoplasms are 
rarely implicated in malignant pericardial disease, 
likely because of the extremely low incidence of 
these primary malignancies [1, 4]. The most com-
mon metastatic offenders are supradiaphragmatic 
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solid tumors, particularly lung and breast, hema-
tologic malignancies, and melanoma [1, 4, 5].

Malignant pericardial effusion may occur 
through several mechanisms. Classically, peri-
cardial metastasis is believed to occur by retro-
grade lymphatic flow from malignant lymph 
nodes into the pericardium [1]. The resulting 
pericardial metastatic lesions then interfere with 
the normal lymphatic and venous drainage of 
pericardial fluid, stimulating further fluid produc-
tion from serosal surfaces [1]. Cancer patients 
may also develop “non-malignant” effusions due 
to impairment of pericardial lymphatic drainage 
by non-pericardial malignant disease, as a result 
of hypoalbuminemia, or as an adverse effect of 
treatment with radiation or chemotherapy [1, 2].

Cardiac tamponade is a life-threatening medi-
cal emergency that occurs when a pericardial 
effusion grows to a volume exceeding pericardial 
capacity. When this occurs, the increased intra-
pericardial pressure sequentially causes atrial and 
ventricular compression, severely limiting pre-
load [6]. The manifestation of tamponade 
depends on the overall size of pericardial effu-
sion, its rate of accumulation, and the patient’s 
underlying hemodynamic state. The poorly dis-
tensible pericardium can adaptively stretch with 
gradual fluid accumulation on the order of even a 
few liters without significant cardiovascular 
effects, however, rapidly developing effusions of 
even a few hundred milliliters can cause hemody-
namic collapse [6].

 Clinical Presentation and Workup

The clinical manifestations of pericardial disease 
are varied and nonspecific. Classically, patients 
present with exertional dyspnea and chest pain 
[7, 8]. For patients with large, slowly accumulat-
ing effusions, as is often the case with malignant 
effusions, initial symptoms may result from mass 
effect on nearby structures, and may include nau-
sea, early satiety, dysphagia, hoarseness, cough, 
and hiccups [3, 7]. Other systemic symptoms of 
pericardial disease, such as fatigue, malaise, or 
weakness, are often attributed to the known 
underlying malignancy [7].

Cardiac tamponade presents with shock, but 
concomitant signs may not be present. Pulsus par-
adoxus, a variation of systolic blood pressure of 
greater than 10  mmHg between inspiration and 
expiration, is the most sensitive sign but is only 
seen in approximately 80% of cases [9, 10]. 
Kussmaul’s sign, increased jugular venous pres-
sure with inspiration, is seen in only a quarter of 
cases [10, 11]. Beck’s triad, which includes hypo-
tension, elevated jugular venous pressure, and 
muffled heart sounds, is similarly rare [12]. 
Hypotension may not be present with tamponade, 
particularly if the patient is hypertensive at base-
line [10, 13]. In some cases of gradual-onset tam-
ponade, the presenting symptoms may be related 
to end-organ dysfunction, such as renal failure [6].

In addition to history and physical, workup for 
suspected pericardial disease should include a 
12-lead electrocardiogram (EKG), chest X-ray, 
and transthoracic echocardiogram (TTE) [7, 14]. 
EKG will often demonstrate nonspecific ST-T 
changes or diminished QRS voltage; the classic 
finding of electrical alternans (alternating high 
and low QRS amplitude peaks, each representing 
beat-to-beat swinging of the heart within the 
pericardial sac) is present in less than 10% of 
cases of tamponade [1, 3]. Echocardiography 
secures the diagnosis by directly visualizing the 
pericardial effusion [7]. Adjunctive TTE find-
ings, such as cardiac chamber collapse, can also 
assist in establishing a diagnosis of tamponade 
(see Fig. 29.1) [6].

Diagnostic pericardial drainage permits bio-
chemical and cytological evaluation of suspected 
malignant effusions [7, 14]. In addition to cyto-
logical analysis, such fluid specimens should be 
tested for tumor markers, which include carcino-
embryonic antigen (CEA), alpha-fetoprotein 
(AFP), and carbohydrate antigens (e.g., CA 125, 
CA 19-9), though no single tumor marker is highly 
sensitive for diagnosing malignancy [7, 15].

 Clinical Management

Malignant pericardial effusion is a manifestation 
of advanced, and oftentimes end-stage, cancer 
[4]. Therefore, therapies and interventions should 
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be tailored to each individual patient’s condition 
and goals of care [7, 16], which may range from 
aggressive drainage with curative intent to com-
fort measures only.

Tamponade-induced organ malperfusion is a 
life-threatening medical emergency requiring 
immediate therapeutic pericardiocentesis for 
definitive treatment, if compatible with goals of 
care. Pericardiocentesis performed under real- 
time echocardiogram guidance yields higher suc-
cess and fewer complications compared to 
drainage using landmarks [17, 18]. Ultrasound 
may allow for identification of large, superficial 
fluid pockets accessible via an intercostal 
approach. In the absence of ultrasound, a subxy-
phoid approach is recommended. The needle 
should be inserted between the xyphoid process 
and left costal margin at a 15° vertical angle until 
the tip is deep to the rib cage, at which point the 
needle should be leveled and advanced toward 
the left shoulder until fluid is aspirated [6]. 
Reverse Trendelenberg patient positioning can 
facilitate drainage by promoting collection of 
fluid in the dependent portions of the 
pericardium.

Medical management of tamponade is contro-
versial. Studies suggest that intravenous (IV) 
fluid administration and inotropes improve perfu-
sion in anesthetized lab animals [19, 20], but 

these beneficial results were not reproducible 
and, in some cases, harmful in unanesthetized, 
euvolemic animals [6]. Patients believed to be 
hypovolemic should receive intravenous fluids 
and potentially empiric inotropes once euvolemic 
to temporize the clinical instability in preparation 
for a definitive pericardiocentesis. Positive pres-
sure ventilation should be avoided whenever pos-
sible because intrathoracic pressure increases can 
worsen tamponade [6].

Treatment of malignant pericardial effusion 
without tamponade is nonemergent. Asymptomatic 
patients may be observed, as long as a diagnostic 
pericardiocentesis is unnecessary. When drainage 
is required, a modality should be chosen which is 
compatible with the patient’s goals of care. 
Pericardiocentesis is minimally invasive and allows 
for short-term placement of a drainage catheter that 
can reduce the speed and frequency of fluid recur-
rence [1]. Additionally, pericardial infusion of scle-
rosing agents with or without chemotherapeutic 
effects (e.g., bleomycin, thiotepa) can decrease 
effusion recurrence [2, 3, 7]. Balloon pericardiot-
omy can be performed by guidewire insertion of a 
balloon catheter into the pericardial space via sub-
xyphoid approach. The balloon is then inflated and 
withdrawn to dilate the pericardial opening, thus 
facilitating drainage [3]. Surgical intervention, 
which may include either a pericardial window to 
drain to the peritoneal or pleural spaces or a peri-
cardiectomy [3, 14], effectively drains the effusion 
and facilitates access to diagnostic pericardial tis-
sue specimens but at the expense of invasiveness. If 
procedural intervention is undesired or inappropri-
ate, systemic chemotherapy or targeted radiation 
may provide some benefit, particularly for leuke-
mias and lymphomas [3, 7].

Most studies comparing outcomes among the 
various therapies are observational in nature and 
inherently complicated by the study population 
[21–23], making it difficult to draw conclusive 
guidance. Therefore, management decisions, tai-
lored to each particular patient’s circumstances, 
remain at the practitioner’s discretion. These 
decisions, however, should ideally include the 
patient, family, and potentially specialists in 
oncology, cardiology, and cardiac surgery 
(Table 29.3).

Fig. 29.1 Four-chamber apical echocardiogram demon-
strating large pericardial effusion (Eff) with end-diastolic 
collapse of the right atrium (RA) and right ventricle (RV) 
consistent with tamponade physiology. Left atrium (LA) 
and left ventricle (LV) as marked. (Image courtesy of Dr. 
Matthew Peters, University of Maryland Medical Center)
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 Hypercalcemia

 Epidemiology and Pathophysiology

Malignancy has been shown to cause >40% of 
cases of hypercalcemia in the emergency 
department [24], and up to 30% of cancer 
patients may develop hypercalcemia during 
their course [25, 26]. Furthermore, malignancy-
associated hypercalcemia is often a marker of 
advanced disease. Median survival of those 
afflicted is less than 2 months, and, even in the 
subgroup of patients with malignancies respon-
sive to disease-specific therapy, survival only 
increases to 5 months [27, 28].

Under normal physiologic conditions, para-
thyroid hormone (PTH) and calcitriol primarily 
mediate calcium metabolism, with calcitonin 
playing a modest role [29]. PTH increases the 
serum calcium by promoting bone resorption, 
increasing renal calcium reuptake and phosphate 
elimination, and upregulating enzymatic conver-
sion of vitamin D to calcitriol [29, 30]. Upon acti-
vation, calcitriol increases gastrointestinal uptake 
of calcium and phosphate and works in parallel 
with PTH to further promote bone resorption 
[31] (see Fig. 29.2).

Malignancy-associated hypercalcemia (MAH) 
occurs by four major mechanisms: (1) PTH- 
related protein (PTHrP) synthesis; (2) excess 
PTH secretion; (3) activated vitamin D overpro-

duction; and (4) and direct bone osteolysis [26, 
32]. In addition to PTHrP, human T-cell leuke-
mia/lymphoma virus type 1 (HTLV-I)-related 
adult T-cell leukemia (ATL) cells have recently 
been demonstrated to express RANK ligand 
(RANKL) and Wnt-5a, both signaling molecules 
involved in activation of osteolysis [33].

Parathyroid hormone-related protein synthe-
sis, or “humoral hypercalcemia,” accounts for 
about 80% of cases of MAH [26]. Due to its 
structural homology to PTH [34], PTHrP acti-
vates pathways of calcium metabolism normally 
restricted to PTH.  PTHrP secretion most com-
monly occurs in primary squamous cell cancers, 
particularly lung, esophagus, head and neck, cer-
vical, ovarian, and endometrial cancer [25]. Less 
commonly, adenocarcinomas such as renal cell 
cancer may also generate PTHrP [25]. Very 
rarely, non-malignancy-associated PTHrP 
expression occurs [35].

Calcitriol, or activated vitamin D, overpro-
duction, and local osteolysis from diffuse metas-
tasis make up the vast majority of the remaining 
20% of cases [25, 26]. Calcitriol overproduction 
is mostly seen in lymphomas (both Hodgkin and 
non-Hodgkin) [25, 31]. Macrophages expressing 
1α-hydroxylase in malignant lymphatic tissue 
are thought to convert inactive vitamin D (25-
OHD) to calcitriol (1,25-(OH)2D) in an unregu-
lated fashion [31, 36, 37]. This deregulation 
results from the ability of cytokines secreted 
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Fig. 29.2 Physiologic effects of parathyroid hormone (PTH) and activated vitamin D (calcitriol) on normal calcium 
metabolism
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from malignant tissue to bypass feedback mech-
anisms normally regulated by PTH and other 
signals related to calcium metabolism [31]. 
Hypercalcemia from bony metastasis occurs 
only with diffuse disease and is believed to be 
caused by cytokine- mediated local osteolysis 
[16]. Despite its avidity for bone, prostate cancer 
interestingly does not manifest such findings as 
frequently as breast cancer, multiple myeloma, 
and lymphoma do, which further suggests a 
cytokine-mediated mechanism beyond simply 
bony destruction [16, 25].

Ectopic parathyroid hormone production is 
extremely rare in tumors external to the parathy-
roid and mainly limited to case reports [38–40]. 
Primary hyperparathyroidism occurring coinci-
dentally with malignancy is thought to cause 
more than 10% of cases of MAH [41].

Excess PTH or PTHrP induces inappropriate 
renal tubular calcium reuptake, phosphaturia, and 
bone resorption [42]; however, only PTH stimu-
lates production of calcitriol [43]. Even with 
PTH overproduction, most of the rise in serum 
calcium results from hormonal effects on the kid-
ney and bone, while intestinal calcium uptake 
plays a lesser role [32]. Conversely, upregulated 
intestinal calcium absorption significantly, 
though not entirely, contributes to calcitriol- 
mediated hypercalcemia. Despite increased 
intestinal absorption, patients with elevated cal-
citriol levels can still develop hypercalcemia 
despite taking nothing by mouth [31].

Regardless of the underlying mechanism, 
hypercalcemia can precipitate significant hypo-
volemia by impairing renal water and sodium 
reabsorption [32]. The ensuing hypovolemia- 
induced renal injury can further impair calcium 
excretion [25, 32], creating a positive feedback 
loop in which hypercalcemia is maintained and 
augmented.

 Clinical Presentation and Workup

Symptoms of hypercalcemia tend to be vague 
and nonspecific. Common findings include con-
stipation, abdominal pain, nausea and vomiting, 
anorexia, polyuria, polydipsia, and neurological 

manifestations such as weakness, lethargy, and 
confusion [29] (Table 29.4). Further confounding 
the clinical picture, the rate of increase of serum 
calcium concentration may more profoundly 
affect symptom severity than its absolute value 
[25, 26]. The patient’s age and comorbidities and 
the duration of hypercalcemia may also influence 
the presenting symptoms [32].

Renal and neurological abnormalities are the 
prevailing manifestations of MAH-induced organ 
injury. Acute kidney injury (AKI) is the most com-
mon renal manifestation of MAH. Nephrolithiasis 
and nephrocalcinosis, which are associated with 
chronic hypercalcemia, are seldom seen in 
MAH [29]. Severe  hypercalcemia is associated 
with altered mental status leading to coma [27, 
29], and development of associated posterior 
reversible encephalopathy syndrome (PRES) 
has been described [44]. If left untreated, severe 
hypercalcemia will ultimately lead to death [24, 
25, 32].

Physical exam findings are usually nonspe-
cific and are rarely helpful in reaching the diag-
nosis. On EKG, initial signs of hypercalcemia 
include QT interval shortening, while more 
severe hypercalcemia can cause bradydysrhyth-
mias and heart block [25].

The most important step in the workup of 
hypercalcemia is an accurate measurement of the 
serum calcium concentration. Although the 
majority of serum calcium is rendered physiolog-
ically inert by binding to albumin and other pro-
teins, this bound fraction of calcium is still 
included in total serum calcium measurements, 
obscuring the amount of physiologically active 
ionized (or “free”) calcium [45]. Measurements 
of total serum calcium and serum albumin can 
approximate the ionized calcium fraction, but 
these are often inaccurate and do not account for 
the presence of other serum proteins or factors 
that influence protein avidity for calcium (e.g., 
medications, serum pH) [46]. Therefore, a serum 
ionized calcium level should be obtained when 
initially assessing for and managing hypercalce-
mia [45, 46].

Because initial therapy is the same regardless 
of the underlying cause of the hypercalcemia, ini-
tial measurement of PTH and PTHrP levels will 
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not change the acute management. However, a 
serum PTH level is useful to rule out a concomi-
tant primary hyperparathyroidism, especially in 
patients without widespread metastatic cancer or 
with cancers not usually associated with hyper-
calcemia [25, 47]. In one observational study, one 
in seven hypercalcemic cancer patients had coin-
cidental primary hyperparathyroidism [41]. 
Because PTHrP suppresses PTH release, an ele-
vated PTH level may suggest that PTHrP expres-
sion is not a significant factor in a particular 
patient’s hypercalcemia [29]. In fact, a PTH level 
greater than 26 ng/L in the setting of hypercalce-
mia is 100% specific for predicting a negative 
PTHrP level [47]. A pretreatment PTHrP level 
may help predict response to bisphosphonate 
therapy. In one study, responders to bisphospho-
nate therapy had a median pretreatment PTHrP 
level of ~30  pg/mL, whereas the nonresponder 
median pretreatment PTHrP level was ~70  pg/
mL [48].

An activated vitamin D (1,25-(OH)2D) level 
should be obtained in patients with confirmed or 
suspected lymphoma (Hodgkin or non-Hodg-
kin), sarcoidosis, or other granulomatous dis-
ease. Imaging to assess skeletal tumor burden 
may similarly be helpful in cases suspicious for 
massive osteolysis due to direct bony metasta-
sis. Assessing renal function (e.g., creatinine, 
blood urea nitrogen) and electrolyte levels (e.g., 
potassium, chloride, phosphorus, magnesium) 
helps to identify accompanying derangements 
frequently associated with hypercalcemia [24, 
49]. Other factors may also contribute to the 
development of hypercalcemia, such as thiazide 
diuretics, exogenous calcium supplementation, 
hyperthyroidism, or granulomatous disease [26, 
50]. All hypercalcemic patients benefit from 
medication management to minimize the phar-
macologic impact on calcium intake and reten-
tion. Further testing for other contributing 
pathologies such as thyroid testing may be 
undertaken in patients whose malignancy does 
not seem concordant with degree of hypercalce-
mia, such as those who have malignancies not 
usually associated with hypercalcemia, or those 
without disseminated disease or elevation of 
PTH, PTHrP, or calcitriol.

 Clinical Management

Severe (>14.0 mg/dL) or symptomatic hypercal-
cemia warrants immediate treatment [29], but 
any degree of hypercalcemia should be addressed 
[32]. To break the cycle of hypercalcemia- 
induced volume depletion, aggressive (e.g., 200–
500  mL/hr or more) intravenous crystalloid 
should be promptly initiated [25, 26]. Patients 
with oliguria, either because of renal or heart fail-
ure, should also initially receive aggressive vol-
ume resuscitation, but management plans for 
hypervolemia, including diuresis, dialysis, or 
positive pressure ventilation, should be in place 
should this become necessary.

Historically, loop diuretics, which inhibit cal-
cium reabsorption in the ascending limb of the 
loop of Henle, have been employed alongside 
fluid administration [32]. However, this calci-
uretic effect is insufficient to restore normocalce-
mia, and this therapy is associated with high 
complication rates [29, 51]. Loop diuretics 
should, therefore, be used to manage volume 
overload rather than force calciuresis. Thiazide 
diuretics should be avoided not only because of 
their potential to exacerbate volume depletion but 
also because they enhance distal tubule calcium 
reabsorption [25, 32].

Bisphosphonates, which are analogs of the 
bone catabolism by-product pyrophosphate, are 
the mainstay of hypercalcemia management [32, 
52]. They reduce osteoclast function and viabil-
ity and stabilize hydroxyapatite crystals, thus 
inhibiting bone catabolism [32]. Though 
bisphosphonates inhibit bone breakdown, they 
only minimally affect the accelerated renal cal-
cium reabsorption generated by PTHrP and PTH 
[29, 42].

Though zoledronate has a faster onset and lon-
ger duration of effect than the less costly pami-
dronate, both MAH treatments are widely used 
because neither has demonstrated a superior 
longer- term outcome over the other [53, 54]. 
Response to pamidronate is dose-dependent, 
with nearly all patients showing response at the 
recommended dose of 90 mg given intravenously 
over 2–4 hours [29, 55]. The recommended dose 
of zoledronate is 4 mg intravenously over 5 min-
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utes for initial treatment, and 8 mg for refractory 
hypercalcemia [53, 54]. Both agents reduce aver-
age peak serum calcium by 3–4 mg/dL usually 
within 7–10 days [53]. Bisphosphonates should 
be administered intravenously because oral bio-
availability is unreliable [29].

Though generally safe, bisphosphonates can 
be associated with renal dysfunction or, in 
10–30% of cases, with an acute phase reaction 
within 36  hours of administration [56]. The 
symptoms of fever, myalgia, arthralgia, and 
headache can be preempted by antihistamines 
and antipyretics administration [29]. Additionally, 
hypocalcemia, hypomagnesemia, and hypophos-
phatemia may occur in up to half of patients 
receiving bisphosphonate therapy [29].

Bisphosphonates are effective but require days 
to take effect [53], whereas calcitonin has a 
quicker onset (i.e., 12–24 hours) [25, 32]. Due to 
tachyphylaxis, calcitonin is most effectively used 
for situations requiring immediate reductions in 
serum calcium, such as seizures or dysrhythmia 
[32], and should be given concomitantly with 
longer-acting bisphosphonate therapy [25]. The 
recommended dose of calcitonin is 4–8 units/kg 
subcutaneously or intramuscularly every 6 hours 
[57]. This dose on average reduced serum cal-
cium level by 1–3  mg/dL [57]. Side effects of 
calcitonin include abdominal cramping, nausea, 
and vomiting [57].

Denosumab is a human monoclonal antibody 
that inhibits the signaling protein RANK ligand 
(RANKL), which promotes bone resorption. 
Though not as well studied as bisphosphonates 
and with only case series to support its use, deno-
sumab has successfully lowered calcium levels in 
patients recalcitrant to bisphosphonate therapy 
[58–60]. Similar to bisphosphonate therapy, it 
has been reported to induce hypocalcemia in 
some patients [61].

Gallium nitrate and plicamycin (mithramycin) 
have historically been used for treatment of 
MAH. Gallium nitrate is an osteoclast inhibitor 
rivaling pamidronate in terms of effectiveness 
[62]. Its use is limited, however, by both a pro-
longed 5-day intravenous administration time 
and renal toxicity. Typical dosing is 200 mg/m2 
per day administered as a continuous infusion 

over 5  days [63]. Another antihypercalcemic 
agent, plicamycin, inhibits nuclear transcription 
in osteoclasts, but its relatively robust side effect 
profile that includes hepatotoxicity, bone marrow 
suppression, platelet dysfunction, and clotting 
irregularities, limits its widespread use [29]. 
Although bisphosphonates have superseded these 
agents, they remain viable second-line therapies.

In cases where hypercalcemia is believed due 
to excessive vitamin D, administration of gluco-
corticoids can lower serum calcium levels by 
counteracting the effect of vitamin D [32]. The 
exact mechanism by which this occurs, however, 
remains debated [64]. Usual doses are 200–300 mg 
per day of intravenous hydrocortisone [29].

In severe hypercalcemia, hemodialysis can 
quickly and effectively reduce serum calcium con-
centration [65]. This treatment should be reserved 
for those patients who are recalcitrant to other 
means of calcium management, are dialysis- 
dependent, or have life-threatening manifestations 
of hypercalcemia, such as cardiac  dysrhythmias or 
central neurological manifestations.

Antihypercalcemic agents lower serum cal-
cium level in the short term but do not reduce 
tumor burden or PTH or PTHrP levels. Cancer 
therapy, if appropriate, should not be delayed in 
the hypercalcemic patient [26]. In general, che-
motherapy in hypercalcemic patients has been 
associated with no further elevation of serum cal-
cium concentration and, for some types of can-
cer, lowers it [66]. Chemotherapy should be 
chosen with careful attention to its effects on cal-
cium metabolism, as some agents may actually 
induce hypercalcemia [67].

 Tumor Lysis Syndrome

 Epidemiology and Pathophysiology

Tumor lysis syndrome (TLS) is a constellation of 
metabolic derangements resulting from large- 
scale destruction of tumor cells, often following 
initiation of chemotherapy. Usually this consists 
of hyperuricemia, hyperkalemia, and hyperphos-
phatemia with subsequent hypocalcemia. In 
acute TLS, the breakdown of malignant cells 
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occurs with sufficient speed that the body’s usual 
mechanisms of homeostasis are overrun by the 
rapid release of these intracellular components. 
These homeostatic mechanisms are further 
impaired by the acute kidney injury (AKI) result-
ing from precipitation of calcium phosphate, uric 
acid, or both in the renal tubules [68]. Additionally, 
in patients with high tumor burden, serum levels 
of metabolites and minerals, especially phospho-
rus, are held in check due to rapid metabolic 
uptake by the tumor, but chemotherapy elimi-
nates this mechanism, further contributing to 
their toxic accumulation [69].

Acute kidney injury frequently also accompa-
nies TLS. This can be due to damage from uric 
acid or calcium phosphate crystal deposits in the 
tubules [70] or due to crystal-independent mech-
anisms of uric acid-mediated kidney damage [71, 
72]. Furthermore, a clear etiology is often diffi-
cult due to comorbidities such as sepsis, hypovo-
lemia, acute tubular necrosis, administration of 
nephrotoxic agents, and direct effect of the tumor 
(parenchymal infiltration or obstruction) [68, 73]. 
AKI accompanying TLS should be viewed as a 
sign of high morbidity; in one observational 
study, in-hospital mortality increased from 7% in 
patients with only TLS to 51% in patients with 
TLS and AKI [74].

Tumor lysis syndrome most commonly occurs 
with rapidly growing tumors such as Burkitt’s 
lymphoma or acute lymphoblastic leukemia 
(ALL) [68], which exhibit treatment-induced 
TLS in up to 17% of cases [75]. Though much 
less common, TLS can also occur with prolifera-
tive solid tumors such as breast, testicular, and 
small cell lung cancer [68]. The overall incidence 
and diversity of TLS is increasing [76, 77]. The 
patients most at risk are those with tumors that 
are high burden, rapidly growing, and highly che-
mosensitive. Preexisting renal failure, hypovole-
mia, or hyperuricemia at the initiation of 
chemotherapy are also risk factors [68].

 Clinical Presentation and Workup

Patients presenting with acute TLS may have a 
variety of symptoms, including nausea, vomit-

ing, lethargy, confusion, edema, cardiac dys-
rhythmia, seizure, muscle cramps or myalgias, 
tetany, or cardiac arrest (Table  29.5). Most of 
these are a direct result of metabolite imbalance 
or resulting renal failure [68, 78]. Due to the 
nonspecific symptomatology, a high clinical 
suspicion is necessary, particularly in those with 
recent cytotoxic therapy for known malignancy 
with high tumor burden, but spontaneous TLS 
can also occur [79]. Electrocardiographic find-
ings may include those related to hyperkalemia 
(P-wave flattening, PR and QRS interval prolon-
gation, T-wave peaking) or hypocalcemia (QT 
interval prolongation) [80]. Workup should 
include measurement of serum potassium, ion-
ized calcium, phosphate, urea nitrogen, creati-
nine, uric acid, and lactate dehydrogenase 
(LDH).

Because numerous pathologies can cause the 
signs and symptoms noted above, several formal 
definitions of tumor lysis syndrome have been 
proposed, of which the most widely employed is 
the Cairo–Bishop definition [68]. In this system, 
TLS is classified into laboratory TLS (LTLS) 
(see Table 29.1) and clinical TLS (CTLS), defined 
as AKI, dysrhythmia, or seizure in the presence 
of LTLS.

In addition to other metabolic components, 
tumor lysis can release large amounts of immu-
nologic signaling proteins, such as cytokines, 
resulting in systemic inflammatory response syn-
drome (SIRS) [81]. If the diagnosis of sepsis is 
being entertained, cultures should be drawn and 
antibiotics should be started immediately while 
evaluating for possible TLS.

Table 29.1 Cairo–Bishop criteria for laboratory tumor 
lysis syndrome (LTLS). Two or more of the criteria listed 
must be met to establish the diagnosis of LTLS 68

Laboratory 
value Criteria for LTLS
Uric acid >8 mg/dL, or 25% increase from 

baseline
Potassium >5 mEq/L, or 25% increase from 

baseline
Phosphorus >4.5 mg/dL, or 25% increase from 

baseline
Calcium <7 mg/dL, or 25% decrease from 

baseline
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If AKI is present, renal imaging (e.g., ultra-
sound) can assess for obstruction. Urinalysis 
should be performed, and in oliguric, diuretic- 
naive patients, calculation of fractional excretion 
of sodium (FeNa) can differentiate between intrin-
sic and extrinsic renal etiologies. Though a urine 
uric acid-to-creatinine ratio greater than 1.0 was 
thought to identify a uric acid nephropathy [82], 
this finding has since been determined to be non-
specific and is no longer recommended [83]. A 
symptom-specific workup such as brain imaging 
for neurological manifestations or abdominal 
imaging for gastrointestinal symptoms may also 
be necessary to rule out alternative causes.

 Clinical Management

Aggressive intravenous fluid administration is the 
mainstay of therapy for patients with TLS.  For 
patients with good urine output, initial volumes of 
3 L/m2/day are recommended [68]. Diuresis may 
be employed to manage hypervolemia, but this 
therapy may be deleterious in the hypovolemic or 
obstructed patient [78]. Once touted as enhancing 
uric acid clearance, guidelines no longer recom-
mend urine alkalinization because alkaline urine 
promotes metabolic derangements [84], phosphate 
nephropathy [70], and xanthine crystal formation 
and resultant nephropathy [78, 81]. Patients with 
oliguria or anuria can be managed with similarly 
aggressive crystalloid administration and trials of 
diuresis, however plans should be in place for 
renal replacement therapy if urine output fails to 
improve with these interventions. In one observa-
tional study, half of all patients with newly diag-
nosed high-grade malignancy and AKI required 
renal replacement therapy [73].

Intravascular volume repletion is the primary 
means of reversing hyperphosphatemia [68]. 
Although the main source of serum phosphorus 
remains tumor lysis rather than enteric uptake, a 
low phosphate diet and administration of oral phos-
phate binders can still help. Avoidance of inadver-
tent exogenous phosphorus by oral supplement or 
in intravenous fluids is recommended [78].

Hypocalcemia results from ionized calcium 
and phosphorus precipitating into calcium phos-

phate, a compound with low solubility in blood 
and a proclivity for causing nephropathy. 
Asymptomatic hypocalcemia should not be 
repleted, as serum calcium levels will recover 
upon cessation of tumor lysis and resolution of 
hyperphosphatemia [68]. Hypocalcemia causing 
cardiac (e.g., heart block, dysrhythmia) or neuro-
logical (e.g., seizure, coma) symptoms should be 
immediately repleted using either intravenous 
calcium chloride if central access is available or 
calcium gluconate if administered peripherally.

Hyperkalemia should be managed just as 
from any other etiology. For those with an exist-
ing or impending dysrhythmia (e.g., QRS widen-
ing), an intravenous calcium bolus will stabilize 
cardiac myocytes for a brief period (less than 
1  hour) [85], providing an opportunity to shift 
potassium intracellularly via intravenous insulin, 
bicarbonate, and inhaled beta-agonists. Total 
body potassium must then be removed, either by 
the patient’s own kidney (augmented by loop 
diuresis if volume status permits) or renal 
replacement therapy [68, 78]. The patient’s 
enteric tract may also be employed via potas-
sium binders such as polystyrene sulfonate, but 
this should be used with caution due to the risk 
of associated colonic necrosis with this therapy 
[86]. Avoid giving exogenous potassium orally 
or in intravenous fluids.

Hyperuricemia results in urate crystal forma-
tion, which then leads to AKI. Aggressive hydra-
tion mitigates this outcome by reducing overall 
uric acid concentration and promoting renal 
clearance. Allopurinol, a xanthine analog which 
inhibits the breakdown of nucleic acids to uric 
acid, can be used to prevent further uric acid 
buildup, and is frequently used as a prophylactic 
measure or as active therapy in patients being 
treated for tumor lysis syndrome [78]. 
Allopurinol, however, can lead to serum xanthine 
buildup, which has limited solubility in blood 
and may ultimately cause xanthine nephropathy. 
Furthermore, allopurinol interferes with metabo-
lism of nucleic acid analogs used as antimalig-
nancy agents, such as 6-mercaptopurine and 
azathioprine, often necessitating dose reductions 
of these agents [68, 78]. Allopurinol should also 
be renally dosed [78].
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Although allopurinol prevents uric acid pro-
duction, no further enzymatic breakdown of 
existing serum urate exists in humans. In con-
trast, many mammalian species express urate 
oxidase, which converts uric acid into the more 
urine-soluble allantoin [68]. A recombinant form 
of urate oxidase, rasburicase, can effectively 
reduce elevated uric acid levels in as little as 
4 hours [87, 88]. Those with glucose-6-phosphate 
dehydrogenase (G6PD) deficiency should not 
receive rasburicase because its by-product, 
hydrogen peroxide, may trigger a hemolytic cri-
sis [68]. Methemoglobinemia may also occur as a 
result of rasburicase administration [89].

Initial studies with rasburicase demonstrated 
effective dosing with 0.2  mg/kg given intrave-
nously every day for up to 7  days [87, 88]. 
However, weight-based dosing of 0.05 mg/kg as 
a single dose with repeat dosing only as needed is 
clinically effective [90, 91], as is single, fixed 
doses of 3–6 mg [92–94].

Whenever possible, appropriate pre- 
chemotherapy prophylaxis should be given to 
patients at elevated risk for TLS. A grading scale 
has been designed for this purpose which assigns 
patients to low (<1%), moderate (1–5%), or high 
(>5%) risk of TLS incidence based on (1) pre-
treatment renal function; (2) pretreatment serum 
phosphorus, uric acid, and potassium 
 concentrations; and (3) disease type and burden 
[75]. For patients with acute myeloid leukemia 
(AML), elevated pretreatment white blood cell 
count and LDH level were determined to be inde-
pendent risk factors for development of TLS 
[95]. Intermediate- and high-risk patients warrant 
aggressive hydration (>3 L/m2/day), allopurinol 
therapy, and frequent laboratory monitoring. 
High-risk patients should be considered for pro-
phylactic rasburicase [75].

 Metastatic Spinal Cord 
Compression

 Epidemiology and Pathophysiology

The vertebral column is the most common site of 
skeletal metastasis in the body [96]. Of patients 

with metastatic cancer, 40% develop spinal 
metastasis [96] and 5% experience spinal cord 
compression [97]. The majority of cases of cord 
compression occur following hematogenous 
metastasis to the marrow space of a vertebral 
body; only about 10–15% result from direct para-
vertebral malignancy extension through a neural 
foramen [98]. Animal data suggest that most spi-
nal metastases travel from the marrow via the 
vertebral vein foramina to the anterior area of the 
spinal canal, where they expand extradurally 
until cord compression occurs. Rarely, infiltrative 
tumors migrate posterior to the cord before 
expanding [99]. Due to the usual spinal canal 
extension prior to cortical bone invasion of spinal 
metastases, plain radiographs may remain nor-
mal (i.e., low sensitivity) despite local tumor 
growth or cord involvement [99].

Metastatic spinal cord compression (MSCC) 
can also result from an intradural lesion, due 
either to an intramedullary tumor (e.g., glial cell 
tumor, neuroma) or to an extramedullary tumor 
extending or metastasizing to the intradural space 
[100]. Intradural compression lesions occur 
infrequently (<5% of cases of malignancy-related 
spinal cord compression) [100].

The primary mechanism by which neuronal 
injury occurs is vascular compromise. Occlusion 
or stenosis of the epidural venous plexus ulti-
mately leads to breakdown of the blood–cord 
barrier and vasogenic edema [101]. At this stage, 
corticosteroids may temporarily stabilize against 
worsening compression and progression to per-
manent neural damage [101]. Without definitive 
management of the offending mass, however, 
arterial flow will eventually diminish, leading to 
cord ischemia and frank infarct [101]. The less 
common cause of neurologic injury is direct 
pressure of the tumor on the cord over time, lead-
ing to demyelination and axonal injury [101].

The majority of cases of MSCC result from 
prostate, breast, or lung cancer, each making up 
approximately 15–20% of total cases [97, 102]. 
Renal cell cancer, non-Hodgkin’s lymphoma, 
and multiple myeloma each make up an addi-
tional 5–10% of total cases [97, 102]. Bone mass 
and blood flow distribution dictate the frequency 
of compressive metastatic lesions in each section 
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of the spinal cord. Approximately 15% of cases 
involve the cervical spine, 60% the thoracic 
spine, and 25% the lumbosacral spine [102]. 
Importantly, 20–40% of patients with cord com-
pression in one location will have at least one 
other locus of spinal metastasis [103–105].

 Clinical Presentation and Workup

Back pain, usually caused by periosteal stretch-
ing and soft tissue invasion, is the most common 
and often the earliest symptom associated with 
MSCC.  It is the initial symptom in 83–95% of 
cases of symptomatic MSCC, and up to 95% 
have back pain at the time of diagnosis [106, 
107]. Because back pain is poorly specific for 
MSCC, the first onset of back pain usually pre-
cedes the ultimate diagnosis of MSCC by around 
2 months [108, 109].

Weakness, usually of the lower extremities, is 
the next most common presenting symptom, with 
an incidence of 35–75%. Sensory loss is noted at 
presentation in 50–70% of MSCC cases, though 
this finding is often described as occurring later 
in the disease process than weakness. Sensory 
changes often start distally and move proximally 
toward the trunk. Autonomic dysfunction occurs 
late in the course, and bowel or bladder 
 dysfunction rarely presents in isolation. Overall 
incidence of bowel or bladder dysfunction at pre-
sentation is 50–60% [106, 107].

Workup of MSCC begins with the history and 
physical. This diagnosis should at least be con-
sidered in any patient presenting with back pain, 
neurological deficit of the extremity, or bowel or 
bladder incontinence. A known history of cancer, 
especially with known spinal cord metastasis, 
provides a diagnosis with almost 100% specific-
ity [110], but back pain is the first presenting 
manifestation of cancer in 20% of cases of MSCC 
[111]. A thorough neurological exam should be 
performed, including strength and sensation test-
ing, deep tendon reflexes, and rectal tone. The 
full length of the spinal cord should be palpated 
for tenderness. The absence of any single symp-
tom, including back pain or tenderness, does not 
rule out MSCC.  By using magnetic resonance 

imaging (MRI), one observational study of 
asymptomatic patients with metastatic prostate 
cancer confirmed that 22 of 68 subjects (32%) 
had stenosis of the subarachnoid space or frank 
cord compression. Vertebral metastases were 
present in 65 of 68 subjects (96%) [112].

The gold standard test for MSCC is MRI (sen-
sitivity 93%, specificity 97%) (see Fig.  29.3) 
[113, 114]. MRI is usually indicated even if the 
diagnosis has already been established either 
clinically or with other imaging modalities 
because up to 25% of patients have a lesion three 

Fig. 29.3 T2-weighted MRI image demonstrating meta-
static disease to thoracic vertebra number 9 (T9) with 
fracture of the vertebral body and impingement on the the-
cal sac and cord. (Image courtesy of Dr. Georgia Thomas, 
University of Maryland Medical Center)
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or more vertebral levels away from the clinically 
determined level [104], 25–40% have multiple 
areas of compression [102–105], and up to 50% 
will have treatment changed based on MRI imag-
ing [104, 115]. Due to the high morbidity associ-
ated with multiple lesions, both the thoracic and 
lumbar spine should be imaged in all patients 
suspected of MSCC. Whenever possible, the cer-
vical spine should be included as well, but the 1% 
incidence of a secondary metastasis in the cervi-
cal spine lowers its priority for immediate imag-
ing [116].

Prior to the widespread availability of MRI, 
plain radiographs, radionuclide scanning, and CT 
myelography were used to diagnose MSCC. The 
delayed appearance of abnormal plain radio-
graphs in MSCC limits the utility of plain films 
[99], with observational studies demonstrating a 
11–75% false negative rate for spinal metastasis 
[117–119]. Plain films showing evidence of ver-
tebral destruction such as bony erosions or frank 
vertebral body collapse can only correctly predict 
the level of spinal cord involvement in 20% of 
cases [108].

Radionuclide scanning utilizes a radioactive 
tracer (usually 99mTc-labeled phosphates) to iden-
tify metastatic sites of increased bone turnover 
[120]. Though more sensitive than plain radio-
graphs, radionuclide scans may overlook some 
metastatic sites seen on MRI, particularly pros-
tate cancer and lumbar metastases [120]. Unlike 
MRI, radionuclide scanning provides no infor-
mation about the spinal cord itself.

In situations where MRI is unavailable or con-
traindicated, spinal CT is considered the most 
informative study. If noncontrast scans suggest 
spinal metastasis, CT myelography can assess 
cord impingement by contrast injection into the 
subarachnoid space [118]. Sensitivity of this 
technique for detecting cord compression rivals 
that of MRI [121, 122].

While cerebrospinal fluid (CSF) protein levels 
may be elevated with MSCC, CSF cell counts 
and other laboratory values are generally 
unchanged [96], and such a workup is typically 
not indicated for MSCC.  Despite historic con-
cerns for spinal coning, a phenomenon in which 
pressure gradients created by spinal fluid drain-

age on one side of a complete subarachnoid 
obstruction results in paralysis below the level of 
the obstruction, lumbar puncture for CT myelog-
raphy is now generally considered safe [96].

 Clinical Management

The overall prognosis of patients with MSCC is 
relatively poor as this is a manifestation of dis-
seminated cancer; however, proper and timely 
management can help to preserve ambulatory 
function and has been associated with increased 
median survival time [123]. Treatment includes 
immediate corticosteroid administration to con-
trol vasogenic edema, followed by correction of 
cord compression either by surgical decompres-
sion, radiation therapy, or by both (Table 29.6).

Corticosteroids provide the most immediate 
treatment for MSCC, as exact anatomic knowl-
edge of the offending lesion is unnecessary and, 
unlike surgery or radiation, no significant logisti-
cal planning is required for their administration. 
In cases of high clinical suspicion, corticoste-
roids can be given empirically to reduce ischemia- 
induced vasogenic cord edema while awaiting 
further imaging and specialist consultation [101]. 
Randomized [124] and observational [125] trials 
of corticosteroids for MSCC have shown that 
subjects given an immediate bolus of intravenous 
dexamethasone followed by daily oral dexameth-
asone in combination with radiation therapy had 
both improved ambulation rates at 3- and 6-month 
intervals and improved pain scores compared to 
subjects receiving only immediate radiotherapy. 
These trials employed high-dose dexamethasone, 
approaching 100  mg for the bolus and daily 
doses, and 11% of subjects experienced adverse 
effects of steroid treatment [124]. However, a 
comparison of this high-dose therapy with a 
lower-dose regimen of 10  mg of intravenous 
dexamethasone followed by 16 mg orally daily in 
divided doses showed similar benefit [126]. 
Current guidelines suggest corticosteroids for 
any patient with neurological deficits believed to 
be secondary to MSCC [127]. A 10 mg IV bolus 
dose of dexamethasone followed by 16 mg orally 
per day is recommended for most patients [127]. 
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Patients with significant neurological dysfunc-
tion, such as new paraplegia, may benefit from 
higher doses, usually 100 mg of dexamethasone 
as a bolus followed by 96  mg orally per day 
[127]. Patients with radiological spinal metasta-
sis but without neurological deficits may be man-
aged without steroids [127, 128].

Although corticosteroids may temporize vaso-
genic edema, spinal decompression must occur 
by surgery or radiation to prevent permanent neu-
rological damage. Historically, surgical decom-
pression was performed by posterior laminectomy. 
However, because cord compression usually 
results from an anterior mass effect, posterior 
laminectomy may not provide meaningful 
decompression [129]. Additionally, posterior 
laminectomy can destabilize the spinal column, 
leading to new neurological deficits in up to 25% 
[129]. Studies comparing radiotherapy alone 
with laminectomy or a combination of laminec-
tomy and radiotherapy suggest that the addition 
of laminectomy does not improve outcomes and 
increases complications [107, 130–132].

More recently, surgical techniques for anterior 
decompression have been developed to replace 
diseased vertebral bodies with either a metal or 
cement spacer [129]. Surgical outcomes have 
improved, and most studies now suggest that 
cord decompression is optimally achieved by sur-
gical intervention combined with radiation ther-
apy. In one randomized, multicenter trial, those 
receiving surgery followed by radiation had 
higher median rates of regaining and maintaining 
ambulation, remaining continent, and surviving, 
than those receiving radiotherapy alone [133]. 
Several observational studies have noted 
improved outcomes with surgical intervention 
preceding radiation therapy [102, 134, 135] but 
one meta-analysis [136] and one observational 
study showed equivalence between combined 
therapy and radiation alone [137].

Current guidelines recommend surgery for 
any patient with MSCC who can tolerate it [127, 
129]. Surgical decompression should particularly 
be considered in the following circumstances: 
Direct cord compression by bony fragments, spi-
nal column instability, sphincter dysfunction, 
known radiation-insensitive tumor histology, and 

compression in an area that has already received 
a maximum allowable radiation dose [129]. 
Careful consideration should be given prior to 
pursuing this course, however, because 30-day 
postoperative mortality rates are as high as 13% 
and complication rates are as high as 54% [138]. 
Whenever possible, immediate surgery should be 
followed by radiation. Immediate radiation fol-
lowed by delayed surgery has a significantly 
increased rate of wound complications and 
reduced 30-day continence and ambulation [139].

When surgery is not an option, radiation alone 
should be pursued. While radiation duration and 
dose will be determined by a radiation oncolo-
gist, a general knowledge of standard therapy is 
useful for the treating physician [140]. 
Randomized and observational trials comparing 
several-week courses of fractionated 30–100 Gy 
with a single 8 Gy fraction showed similar pain 
control, toxicity, survival, and ambulation 
between the two groups [141–145]. However, 
longer courses were associated with improved 
local tumor control and reduced rates of local 
recurrence [143, 146, 147]. Current guidelines 
therefore suggest a single fraction of 8  Gy for 
patients with poor overall prognosis, and a longer 
fractionated course for patients with good prog-
nosis [127].

The recurrence rate of MSCC is about 20%, 
with a median interval to recurrence of 7 months 
[148]. In about half of these cases, repeat com-
pression occurs at the same spinal level [148]. 
For these patients, current guidelines favor surgi-
cal intervention whenever possible [127, 140]. A 
second course of radiation is safe as long as doses 
are limited [149, 150], but posttreatment ambula-
tion highly depends on pretreatment functional 
status [149]. In patients nearing spinal-toxic radi-
ation doses, new radiotherapy techniques which 
deliver radiation with tighter focus, such as radio-
surgery and stereotactic body radiation therapy, 
may provide viable options with little collateral 
exposure [151, 152].

Overall prognosis is generally poor for 
patients with MSCC, and median survival even 
with treatment is generally less than 1 year [153]. 
Factors indicating a poorer prognosis, both in 
terms of survival and functional outcome, include 
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inability to walk before and after treatment [134, 
153–155], metastatic lung or colorectal cancer 
[102, 156], interval from cancer diagnosis to 
MSCC of <15 months [157], visceral metastasis 
[157], and rapid progression of motor deficits 
(i.e., developing over ≤14  days) [158, 159]. 
Primary myeloma and breast and prostate cancer 
tend to be more radiosensitive and may, there-
fore, portend a better prognosis [154]. Prognostic 
factors derived from tumor-type-specific studies 
are listed in Table 29.2.

 Superior Vena Cava Syndrome

 Epidemiology and Pathophysiology

The superior vena cava (SVC) constitutes the final 
segment of venous return from the upper body to 
the heart. Because of its innately thin walls, rela-
tively low venous pressure, and passage through a 
nondistensible area of the mediastinum, the SVC 
is susceptible to external compression [160]. 
External mass effect elevates central venous 

Table 29.4 Critical action points: Hypercalcemia of 
malignancy

Presentation:
Symptoms: Constipation, abdominal pain, nausea, 
vomiting, anorexia, polyuria, polydipsia, neurological 
abnormality
Diagnostics: Shortened QT interval on EKG, elevation 
of serum ionized calcium
Management:
  Immediate therapy: Aggressive IV hydration: up to 

500 mL/hr initially
  Definitive therapy:
   1. Pharmacotherapy
    Calcitonin 4–8 u/kg subcut or IM q6hr
    Zoledronate 4 mg IV once, OR
    Pamidronate 90 mg IV once
   2. Initiation of antineoplastic therapy

Table 29.3 Critical action points: malignant pericardial 
disease

Presentation:
  Pericardial effusion:
    Symptoms: Chest pain, dyspnea, nausea, 

dysphagia, cough
    Diagnostics: large cardiac silhouette on X-ray, 

effusion on echo
  Cardiac tamponade:
   Same as for effusion, but also shock
   Elevated lactate, evidence of organ malperfusion
   Cardiac chamber collapse on echo
Management:
  Should be determined based on patient prognosis and 

goals of care
  Immediate therapy: IV fluids and inotropes can be 

attempted
  Definitive therapy: Drainage of effusion as soon as 

possible for cardiac tamponade

Table 29.2 Review of factors prognosticating survival and positive functional outcome (retained or regained ambula-
tory, bowel, and bladder function) following therapy for MSCC by tumor type

Tumor type Study Factors associated with improved survival or functional status
Multiple myeloma Douglas 2012 [200] ECOG-PS score of 1–2

Ambulatory prior to therapy
Absence of other bony metastases

Breast Rades 2006 [201] Ambulatory prior to therapy
Absence of visceral metastases
Motor deficits developed over greater than 7 days

Non-small cell lung Rades 2012 [202] ECOG-PS score of 1–2
Ambulatory prior to therapy
Absence of visceral metastases
No more than 1–2 vertebrae involved
Motor deficits developed over greater than 7 days

Renal cell Rades 2006 [144] Motor deficits developed over greater than 14 days
Unknown primary Douglas 2012 [203]; 

Rades 2007 [145]
Ambulatory prior to therapy
Absence of visceral metastases
Motor deficits developed over greater than 7 days

ECOG-PS score Eastern Cooperative Oncology Group – Performance Status score
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 pressures as high as 20–40  mmHg (normal 
2–8 mmHg) [161]. Compression which compro-
mises venous flow to point of symptomatic con-
gestion or cardiac compromise constitutes superior 
vena cava syndrome (SVC syndrome).

Malignancy accounts for greater than 60% of 
SVC syndrome [160, 162], and over 90% of malig-
nant SVC syndrome is due to primary lung cancer 
or lymphoma [163]. Intrathoracic infection (e.g., 
tuberculosis, syphilis, or histoplasmosis), goiter, 
benign idiopathic mediastinal fibrosis, intracaval 
thrombus, and foreign material in the SVC (e.g., 
venous catheter, pacemaker wires) are responsible 
for most of the nonmalignant cases [160].

SVC syndrome can also develop from flow 
restriction due to a large intraluminal clot, rather 
than an extraluminal mass, and the incidence of 
this etiology is increasing. While this can occur 
spontaneously, it is more likely to occur in a 
patient with an underlying hypercoagulable state 
[164] or with a foreign body (e.g., pacer wires, 
venous catheter) in the SVC [165, 166].

 Clinical Presentation and Workup

Slowly developing SVC compression is often 
clinically silent, as development of collateral ves-
sels ameliorates flow obstruction [167]. Patients 
with rapidly developing obstruction commonly 
present with symptoms of dyspnea and swelling 
of the upper extremities, face, and chest [162, 
163]. Cough, chest pain, and dysphagia may also 
be present [162, 163]. Physical exam findings 

include facial, chest, and arm hyperemia, conges-
tion, plethora, and edema. Jugular venous disten-
tion, cyanosis, vocal cord paralysis, blurred 
vision, and Horner’s syndrome can also be pres-
ent [160]. Chylous or exudative pleural effusions 
often accompany SVC compression [168].

Appropriate thoracic imaging is central to 
proper diagnosis and management of SVC syn-
drome. Plain films of the chest often demonstrate 
a superior mediastinal or right hilar mass [163]; 
though this does not confirm the diagnosis, it 
often prompts further imaging. Contrast- 
enhanced computed tomography (CT) of the 
chest has become a mainstay for the diagnosis 
and assessment of intrathoracic masses, and this 
modality adequately diagnoses SVC syndrome 
(see Fig. 29.4) [161]. Magnetic resonance imag-
ing (MRI) of the chest may be useful when intra-
venous contrast is contraindicated or radiation 

Table 29.5 Critical action points: Tumor lysis syndrome

Presentation:
Symptoms: Nausea, vomiting, lethargy, confusion, 
edema, cardiac arrhythmia, seizure, myalgia
Diagnostics: Hyperuricemia, hyperkalemia, 
hyperphosphatemia, hypocalcemia, AKI. Peaked T 
waves and pan-interval prolongation on EKG
Management:
  Immediate therapy: Aggressive IV hydration: 

200 mL/kg/day. Diuresis or dialysis as needed
  Standard management of hyperkalemia
  Avoid repletion of calcium if the patient is 

asymptomatic
  Rasburicase 3–6 mg IV once for hyperuricemia

Table 29.6 Critical action points: Metastatic spinal cord 
compression

Presentation:
Symptoms: Back pain, lower extremity weakness or 
numbness, bowel or bladder dysfunction
Diagnostics: Evidence of cord compression on whole 
spine MRI. Plain films or noncontrast CT scan may not 
have sufficient sensitivity
Management:
  Immediate therapy: Dexamethasone: initial dose 

10 mg intravenous
  Definitive therapy: surgical decompression and/or 

radiation therapy

Fig. 29.4 CT scan of the thorax with intravenous con-
trast demonstrating a right mediastinal mass (M) com-
pressing the SVC.  Ascending aorta (AA), pulmonary 
artery trunk (PT), and descending aorta (DA) as marked
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needs to be minimized [160]. Other imaging 
modalities such as conventional venography and 
radionuclide scanning may be useful but are lim-
ited by invasiveness or availability [160].

Once diagnosed, an etiological workup is 
needed to ensure proper therapy. In cases of 
malignant etiology, a tissue diagnosis enables 
optimal selection of chemotherapeutics. 
Depending on the type of cancer, a suitable tis-
sue sample can frequently be obtained by spu-
tum cytology [163], but bronchoscopy, lymph 
node biopsy, mediastinoscopy, or even thora-
cotomy may be needed [163, 169, 170]. 
Although concern exists for delivering general 
anesthesia to those with SVC syndrome, little 
evidence exists to support this [162, 170–172]. 
In fact, the minimal or lack of increased risk 
from general anesthesia for patients with SVC 
syndrome should not obstruct the necessary tis-
sue diagnosis. However, tracheal compromise, 
which more commonly occurs in children due to 
their smaller thoracic space [173], is an airway 
emergency and mandates its own particular pre-
cautions, for example, consideration of awake 
intubation to avoid sedation-induced complica-
tions [173].

 Clinical Management

Symptom management of SVC syndrome should 
begin with simple measures, such as head eleva-
tion and supplemental oxygen [160, 161] 
(Table  29.7). Steroids have historically been 
administered, but studies of this practice have 
never demonstrated benefit outside of case 
reports [160, 161]. Similarly, diuretics have his-
torically been administered, but have no proven 
benefit in euvolemic patients and should be 
avoided since the patient has merely a regional 
increase in volume, and diuresis may induce 
hypotension by further reducing venous return to 
the heart [161, 174].

The need for a pretreatment tissue diagnosis 
and the rate and severity of progression of symp-
toms warrant urgent management of SVC 
patients. Despite its associated discomfort, SVC 

syndrome is only life-threatening when cerebral 
edema and airway or hemodynamic compromise 
exist [161, 175]. Though rare, severe SVC syn-
drome can also lead to right-to-left shunting of 
blood via systemic-to-pulmonary venous collat-
eralization [176, 177], which can cause persistent 
hypoxemia. In stable patients, briefly delaying 
treatment for an imaging and a tissue diagnosis is 
safe and allows for etiology-specific manage-
ment [160, 161, 174].

Definitive management depends on the etiol-
ogy. A massive obstructing SVC thrombus should 
be treated with anticoagulation with or without 
thrombolysis [160, 166]. Whenever possible, 
 foreign bodies (e.g., venous catheters) associated 
with thrombus should be removed [161].

Malignant SVC syndrome is managed with 
chemotherapeutics, radiotherapy, or both. In 
addition to reduction of tumor burden, the 
patient’s own ongoing process of collateraliza-
tion may also decrease SVC pressure, leading to 
symptomatic improvement [161]. Even with this 
management, though, the median survival of 
patients with malignant SVC syndrome is less 
than 1 year [160, 161, 178, 179].

SVC stenting may be beneficial when conven-
tional treatment fails or is predicted to fail, as 
with poorly radio- and chemosensitive tumors 
[180, 181]. This intervention also immediately 
relieves obstruction in patients with hemody-
namic or respiratory compromise [180]. Open 
bypass or surgical replacement of the SVC may 

Table 29.7 Critical action points: Superior vena cava 
syndrome

Presentation:
Symptoms: Dyspnea, edema of upper body, cough, 
chest pain, dysphagia
Diagnostics: Thoracic imaging – restriction of SVC 
flow due to either external compressive mass or  
internal clot
Management:
  Immediate therapy: Elevate head of bed, provide 

supplemental oxygen if needed
  Unless unstable, delay treatment to allow for 

diagnosis of mass, including tissue biopsy
  Definitive therapy: Etiology-specific. Chemo and/or 

radiation for malignant SVC obstruction.
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be necessary, though this aggressive therapy is 
reserved for the most recalcitrant cases [182].

 Leukostasis

 Epidemiology and Pathophysiology

Hyperleukocytosis is defined as a white blood 
cell (WBC) count >100,000 cells/μL [183]. 
Though higher presenting WBC counts portend 
worse outcomes, this cutoff is arbitrary; patients 
with chronic lymphocytic leukemia (CLL) may 
tolerate counts greater than 500,000 cells/μL 
without complication, while certain forms of 
acute myeloid leukemia (AML) may cause 
complications with counts <100,000 cells/μL 
[183].

Among the known complications of hyper-
leukocytosis, leukostasis occurs when high 
WBC counts directly or indirectly induce vascu-
lar congestion, frequently in the lungs or central 
nervous system (CNS) [183]. Because the inci-
dence of leukostasis does not correlate with cell 
count alone, leukostasis is believed to occur 
through two alternative mechanisms. First, the 
numerous large and nondeformable serum blast 
cells increase blood viscosity [183]. Second, 
certain leukemic subtypes and genetic translo-
cations may trigger excessive cytokine-induced 
endothelial adhesion and vessel wall damage 
[183–185].

Because the gold standard tissue diagnosis is 
rarely initially available, the exact incidence of 
leukostasis is difficult to judge. Incidence seems 
dependent on the type and subtype of leukemia, 
with myeloid leukemia generally more prone 
and lymphocytic leukemia relatively spared 
[184]. Interestingly, the opposite is true of 
hyperleukocytosis, with incidence of 5–13% in 
AML and 10–30% in ALL [184]. Hypergamma-
globulinemias due to multiple myeloma or 
Waldenström’s macroglobulinemia may simi-
larly cause hyperviscosity syndromes. The con-
centration of pathologic immunoglobin 
necessary to cause symptoms varies by type: 
approximately 3  g/dL for immunoglobulin M 

(IgM), 4 g/dL for immunoglobulin G (IgG), and 
6 g/dL for immunoglobulin A (IgA) [186].

 Clinical Presentation and Workup

Pulmonary leukostasis manifests as dyspnea, 
tachypnea, and hypoxemia [183]. Crackles may 
be heard on physical examination and bilateral 
opacities are frequently seen on chest imaging 
[183]. Symptoms of CNS leukostasis may include 
fever, confusion, dizziness, visual and auditory 
disturbances, headache, ataxia, delirium, and 
impaired level of consciousness [183] 
(Table 29.8). Head imaging may reveal intracra-
nial hemorrhage [187–189] or may be grossly 
normal [183]. Other reported leukostatic compli-
cations include retinal hemorrhages, myocardial 
infarction, acute limb ischemia, priapism, renal 
vein thrombosis, and renal infarction [184, 190, 
191].

The initial workup for leukostasis may be 
extensive. Blood work should include a cell 
count with peripheral smear, cytology, and 
immune staining. Imaging of afflicted systems 
may include an X-ray or chest CT for respira-
tory symptoms or a brain CT or MRI for CNS 
symptoms. Radiographic infiltrates and ground-
glass opacities suggest pulmonary leukostasis, 
but normal imaging does not exclude the diag-
nosis [190]. CNS leukostasis may have brain 
imaging findings ranging from normal to intra-

Table 29.8 Critical action points: Leukostasis

Presentation:
Symptoms:
Pulmonary: Dyspnea, tachypnea, hypoxemia
Neurological: Altered level of consciousness, dizziness, 
headache, ataxia, visual disturbance
Labs/Imaging: Leukocytosis. Infiltrates or ground-glass 
opacities on chest imaging. Intracranial hemorrhage 
possible on head imaging
Management:
  Immediate therapy: Initiate IV fluids. Avoid pRBC 

transfusions unless hemodynamically unstable
  Definitive therapy: Leukoreduction with 

leukapheresis, hydroxyurea, and induction 
chemotherapy
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cranial hemorrhage [183]. Blood gas studies in 
patients with hyperleukocytosis should be pro-
cessed immediately to avoid the confounding 
“leukocyte larceny” or “leukocyte steal,” which 
is the presence of falsely low measurements of 
oxygen saturation and partial pressure of oxy-
gen (PaO2) due to the highly abundant and meta-
bolically active leukocytes’ continued oxygen 
consumption in the phlebotomized sample 
[183].

 Clinical Management

Because of overlapping symptoms and signs 
found in acute leukemia, leukostasis is a chal-
lenging diagnosis [192]. Most clinicians empiri-
cally treat leukostasis in patients with respiratory 
or CNS symptoms [183, 190]. However, simulta-
neous treatment of alternative etiologies, such as 
antibiotics for possible acute pneumonia in a 
patient with respiratory symptoms and lung infil-
trates, may be warranted.

To reduce blood viscosity, patients with sus-
pected leukostasis should receive intravenous 
fluids and [190] packed red blood cell (pRBC) 
transfusion should ideally be avoided [190]. 
Because of their much smaller contribution to 
blood viscosity, platelets and plasma may be 
given if needed to control bleeding [193].

To further manage this oncologic emergency, 
leukocyte reduction can be instituted with induc-
tion chemotherapy, administration of hydroxy-
urea, or leukapheresis. Leukapheresis entails 
continuous extraction of the patient’s blood, 
selective removal of leukocytes, and return of the 
remaining fraction [183]. Leukapheresis rapidly 
reduces leukocyte counts by 20–50% in just a few 
hours but requires insertion of a large-bore central 
venous catheter or two large-bore peripheral IV 
lines in addition to special equipment and exper-
tise not always readily available [183, 190]. 
Furthermore, existing studies on the effects of 
leukapheresis are nonrandomized, and their 
results generally demonstrate improvements in 
symptoms or short-term mortality [194, 195] 
without benefit on long-term outcomes [183, 
196–198].

Hydroxyurea, a long-known antineoplastic 
agent which inhibits deoxyribonucleotide syn-
thesis [199], can similarly reduce the leukemic 
burden by 50–80%, however its effects can take 
24–48  hours to achieve maximal effect [184]. 
Regardless of the adjunctive therapy, induction 
chemotherapy, the definitive treatment, should 
be initiated as soon as possible [184].

 Conclusion

The recognition and treatment of oncological 
emergencies pose unique challenges due to their 
diverse manifestations, often nonspecific pre-
senting symptoms, and the often poor baseline 
functional status of such patients. Clinical vigi-
lance and suspicion must be exerted when evalu-
ating problems in cancer patients.
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 Introduction

Management of critical illness in pregnancy can 
be intellectually challenging, emotionally devas-
tating, and uniquely rewarding for the practitio-
ner of adult emergency and critical care. Serious 
illness in pregnancy is rare; so, reliance on well- 
oiled patterns of recognition and management is 
often not possible. Yet, many pregnant women 
are resilient and can recover from critical illness 
without sequelae. The care these women receive 
may make an enormous difference in outcome. In 
this chapter, we cover the important aspects of 
the initial diagnosis and management of the most 
common critical illnesses that affect pregnant and 
peripartum patients in the United States. These 
include disease processes unique to the obstetric 
population; illnesses that are not limited to preg-
nancy but may strike with greater severity; and 
non-obstetric diseases for which there may be 
uncertainty about management because of the 
pregnancy, including cardiac arrest. In addition, 
we have provided tips on relevant pharmacology 
and diagnostic imaging in the pregnant patient.

[Disclaimer: Information provided on phar-
macology and diagnostic imaging is not intended 

to be complete, replace good judgment or consul-
tation with an obstetrician, pharmacist, or 
radiologist.]

 General Principles of Management

An understanding of the altered physiology of 
pregnancy is essential (Tables 30.1, 30.2, 30.3, 
and 30.4). Many signs and symptoms of critical 
illness may at first be attributed to the normal 
experience of pregnancy, leading to delays in pre-
sentation and diagnosis.

Maternal positioning has broad clinical impli-
cations. The clinical effects of supine hypoten-
sive syndrome become more pronounced as the 
gravid uterus enlarges greater than 20 weeks ges-
tation and exerts increasing pressure on the 
IVC.  Effects may be particularly significant in 
pathologic states in which there is increased 
dependence on preload/cardiac output to main-
tain blood pressure. Positioning the pregnant 
woman on her left side can prevent this, although 
a lateral tilt of at least 20 degrees or manual uter-
ine displacement to the left is adequate to restore 
baseline hemodynamics.

Routine chest radiographs (CXR) should be 
avoided if not necessary to the evaluation, par-
ticularly in the first trimester; if done, the abdo-
men should be shielded. Thoracic ultrasonography 
may also be considered for the diagnosis of car-
diopulmonary pathology. In general, women of 
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Table 30.1 Cardiovascular adaptations in normal pregnancy

Physiologic 
parameter Change Time course Clinical implications
Heart rate ↑ 15–20 bpm Peaks 32–36 weeks Mild tachycardia
Blood pressure ↓ 10–20% Nadir 28 weeks Mild (relative) hypotension
Stroke volume ↑ Throughout –
Cardiac output ↑ 30–50%

↑ 60–80%
Peaks 25–32 weeks
Within 15–20 minutes 
post partum

Blood pressure is increasingly supported by cardiac 
output in late pregnancy
Third trimester and 4–6 hours after delivery are high 
risk times for patient with cardiac disease/risk factors

Ejection 
fraction (EF)

No change – Decreased EF on Echo signals pathology

ECG Left-axis 
deviation

Late –

CXR Mild 
cardiomegaly

Late –

Cardiac exam Flow murmur Throughout Other murmurs can be pathological
CVP No change – –

Refs. [115–117]

Table 30.2 Hematologic changes in normal pregnancy

Physiologic parameter Change
Blood volume ↑ 30–50%
Hemodilution Hgb ↓ about 1 gm
Platelets No change
Procoagulants, including fibrinogen ↑↑
Colloid oncotic pressure ↓ about 15%

Ref. [25]

Table 30.3 Changes in common lab values during normal pregnancy

Trend compared to nonpregnant adult 
female Normal range in pregnancy

Hemoglobin (gm/dL) ↓ 9.5–15 but generally >10
WBC (×103/mm3) ↑ 5.7–16.9 with left shift
Platelets (×109/L) Slight ↓ Usually >150,000
HCO3- (mEq/L) ↓ 18–22
BUN (mg/dL) ↓ 3–12
Creatinine (mg/dL) ↓ 0.4–0.8
Glomerular filtration rate ↑40–50% –
Alkaline phosphatase (U/L) ↑ 2nd and 3rd trimesters 17–229
Serum albumin (g/dL) ↓ 2.3–5.1
Bilirubin No change to slight ↓ –
AST and ALT Within normal reference range –
LDH (U/L) Usually within normal range, 

possible ↑
78–524

PT Within normal reference range –

Refs. [118, 119]
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reproductive age should be transfused with type- 
specific or O-negative blood. Central venous and 
arterial lines should be placed above the dia-
phragm due to increased pressure and poor 
venous return from the enlarged uterus.

In all cases, we recommend consulting an 
obstetrician (OB) or maternal–fetal medicine 
(MFM) specialist, checking fetal heart tones, and 
initiating continuous fetal monitoring at a gesta-
tional age sufficient for viability—this is often 
around 23–24 weeks but is institution-dependent. 
If preterm delivery is necessary prior to 34 weeks 
of gestation, there may be a role for administer-
ing steroids to aid in fetal lung maturation; this 
should be done in consultation with the 
obstetrician.

Many critically ill pregnant patients will 
require admission to an intensive care unit at a 
tertiary care hospital with MFM, transplant, or 
advanced cardiac services. Some catastrophic 
maternal pulmonary and cardiovascular illnesses 
can be very survivable. In these cases, our 
 institution has had good outcomes with aggres-
sive treatment including extra-corporeal mem-
brane oxygenation (ECMO). Finally, perimortem 
cesarean section within 4 minutes of arrest may 
improve outcomes for both mother and fetus.

 Epidemiology

Pregnancy-related deaths in the US have been 
increasing since 1987 and the current rate of 16 
deaths per 100,000 live births is the highest in the 
developed world [1, 2]. This trend may be due in 
part to an increasing number of pregnant women 
with chronic medical conditions. Medical cardio-

vascular disease is now the single most common 
cause of pregnancy-related death in the US, 
accounting for 14.6% of maternal deaths. 
Infection and sepsis are the second leading causes 
of pregnancy-related death in the US and the 
leading causes in the UK [1, 3, 4]. Many women 
who suffer a pregnancy-related death do not 
make it to an intensive care unit—in one study, 
almost 60% of in-hospital maternal deaths 
occurred without admission to an ICU [2].

 Fetal Physiology

Oxygen delivery to the fetus depends on uterine 
artery blood flow to the placenta and maternal 
oxygen content. The uterine artery is maximally 
dilated at baseline and unable to adapt to stress 
by local vascular adjustment. Conditions that 
lower maternal cardiac output or uterine artery 
blood flow (shock or vasoconstriction), as well as 
maternal hypoxia, will reduce oxygen delivery to 
the fetus. Maternal hypotension, exogenous or 
endogenous catecholamines, and alkalosis will 
cause uterine artery vasoconstriction. Factors that 
cause fetal acidosis may result in fetal hypoxia, 
as the fetal hemoglobin dissociation curve shifts 
to the right, limiting the ability of fetal hemoglo-
bin to bind oxygen.

The fetus lives in a relatively hypoxic environ-
ment at baseline with an arterial PO2 of 
20–25  mmHg. Several compensatory mecha-
nisms maintain oxygen delivery and protect the 
fetus from hypoxic insult. Fetal oxygenation is 
maintained until fetal oxygen content is reduced 
by more than 75%; irreversible brain damage 
begins only after 10 minutes without oxygen [5].

Table 30.4 Pulmonary adaptations in normal pregnancy

Physiologic parameter Change Time course Clinical implications
Oxygen consumption ↑ 20–35% Peaks at term Decreased respiratory reserve
Minute ventilation ↑ 20–40% Peaks at term ‘Innocent hyperpnea’
Tidal volume ↑ 30–40% Peaks at term ‘Innocent hyperpnea’
Functional residual 
capacity

↓ 20% – Decreased respiratory reserve

Respiratory rate No change – Significant or progressive dyspnea is not a 
normal finding in pregnancy

Refs. [117, 119]
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Hypoxia, hypercapnia, hypotension, shock, 
infection, acidosis, and alkalosis are harmful to 
both mother and fetus. However, the fetus may 
have a narrower window of tolerance than the 
mother for metabolic derangements. Continuous 
fetal heart rate monitoring after viable gestational 
age may provide early clues to maternal decom-
pensation as well as fetal distress.

 Cardiovascular Problems 
in Pregnancy

Cardiovascular disease is currently the leading 
cause of maternal mortality in the United States 
[1, 3]. The maternal cardiovascular system is sig-
nificantly remodeled, usually reversibly, during 
pregnancy (Table  30.1). The third trimester, 
labor, and immediate postpartum period are the 
highest risk times for patients with cardiovascu-
lar disease. There are also hematologic changes 
that have broad clinical implications (Table 30.2). 
Cardiovascular medications routinely used and 
contraindicated in pregnancy are reviewed in 
Table 30.5.

 Preexisting Heart Disease in Pregnancy
Maternal cardiac disease complicates 0.2–4% of 
pregnancies in industrialized Western countries, 

and in one study accounted for 14% of obstetric 
ICU admissions [6, 7].

Congenital Heart Disease and Pulmonary 
Arterial Hypertension
Residual disease almost always remains in 
women who have undergone catheter-based or 
surgical repair, and maternal response to physi-
ologic changes in pregnancy can be unpredict-
able. Patients with prosthetic valves can often 
undergo a relatively normal pregnancy, and are 
usually managed with aspirin, twice-daily low-
molecular weight heparin, or unfractionated 
heparin. Generally, regurgitant lesions are well 
tolerated, and obstructive lesions are poorly 
tolerated.

Eisenmenger syndrome and pulmonary arte-
rial hypertension (PAH) are associated with a 
high (17–50%) mortality during pregnancy with 
the highest risk during the third trimester or the 
first few months after delivery [6, 8, 9].

Signs and Symptoms A physiologic S3 heart 
sound can often be auscultated in pregnancy, 
reflecting increased circulating volume. Symptoms 
that are abnormal during pregnancy include sig-
nificant or progressive dyspnea, exertional chest 
pain, paroxysmal nocturnal dyspnea, orthopnea, 
sustained arrhythmias, pulmonary edema, dia-

Table 30.5 Cardiac drugs during pregnancy

Routinely used
Anti-hypertensives IV hydralazine, labetalol, nicardipine

PO labetalol, nifedipine, hydralazine
Nitroglycerin in myocardial ischemia

Heart failure Furosemide, digoxin, beta blockers, milrinone, dobutamine, prostacyclin analogs, 
phosphodiesterase inhibitors

Vasopressors All vasopressors have been used in pregnancy with the caveat that they may adversely affect 
uterine blood flow Norepinephrine, phenylephrine and vasopressin are routinely used in our 
institution

Anticoagulation and 
thrombolysis

Low molecular weight heparin is preferred over heparin for therapeutic and prophylactic 
anticoagulation in the stable patient. There are case reports of thrombolytics being safely 
given to pregnant women with life-threatening PE

ACLS There are no changes to ACLS pharmacology during pregnancy and limited evidence 
suggests that no changes need to be made during maternal defibrillation or cardioversion 
[Nanson 2001]

Generally avoided
ACE inhibitors, ARBs, amiodarone, warfarin, thiazide diuretics, spironolactone, statins, nitroprusside, 
calcium channel blockers

Refs. [38, 120]
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stolic murmurs, severe obstructive systolic mur-
murs, and an S4 gallop [8].

Differential diagnosis includes ischemic heart 
disease, peripartum cardiomyopathy, and pulmo-
nary disease.

Initial evaluation and management should 
include a personal and family history, ECG, 
BNP, and transthoracic echocardiogram (TTE); 
consultation with a cardiologist, pulmonologist, 
or MFM specialist; hemodynamic monitoring 
and support as indicated. Women with PAH and 
those with CHD determined to be high risk by 
World Health Organization score or New York 
Heart Association grade should be managed by 
multidisciplinary critical care teams in special-
ized centers [10].

Acquired Ischemic Heart Disease
Acute coronary syndrome (ACS) is rare during 
pregnancy. Most acute myocardial infarctions 
(AMI) occur in multiparous women over the age of 
30 during the third trimester, which is the period of 
greatest cardiovascular stress [11]. Pregnancy 
increases the risk of AMI two- to fourfold com-
pared with age-matched nonpregnant women, with 
a sixfold risk immediately postpartum [12]. ACS in 
pregnant women may be caused by coronary 
spasm, in situ thrombosis and spontaneous coro-
nary dissection, as well as acute plaque rupture or 
stenosis causing demand ischemia [12]. In addition 
to the usual ACS risk factors, pregnant women may 
face heightened risk from preeclampsia, gesta-
tional hypertension, thrombocytosis, and anemia.

Signs and symptoms include chest pain/pres-
sure, exertional dyspnea, and diaphoresis. Some 
symptoms may overlap with common symptoms 
of normal pregnancy, which may delay diagnosis 
and treatment [12]. Clinical exam may reveal 
pulmonary edema.

Differential diagnosis includes peripartum 
cardiomyopathy, pulmonary embolism (PE), 
CHD, preeclampsia with pulmonary edema, pul-
monary disease, and amniotic fluid embolism.

Initial evaluation includes ECG, basic labs, 
troponin, as well as CXR and BNP if indicated. 
CXR should be avoided if possible, especially 
during the first trimester.

Management Patients with STEMI should be 
taken for cardiac catheterization. The maternal 
abdomen should be shielded with lead, and fluo-
roscopy time should be limited. Because drug- 
eluting stents (DES) require a longer duration of 
antiplatelet therapy and their safety in pregnancy 
remains unstudied, PCI with a bare metal stent 
(BMS) is the current treatment of choice for 
pregnant women with STEMI [12]. Thrombolytic 
agents can be given if patients cannot undergo 
percutaneous coronary intervention (PCI) in the 
recommended time frame, although there is an 
approximately 8% risk of maternal hemorrhage 
[11–13].

Aspirin, nitrates, and beta-blockers are safe 
and effective for pregnant patients with ACS. 
Angiotensin-converting-enzyme (ACE) inhibi-
tors and statins are contraindicated during preg-
nancy. There is a paucity of safety data regarding 
the use of thienopyridine derivatives (clopido-
grel) and glycoprotein IIb/IIIa inhibitors in preg-
nant patients; most suggest using these for the 
shortest time possible. These agents may pre-
clude regional anesthesia for labor and breast-
feeding after delivery. It is recommended that 
patients taking GIIb/IIIa inhibitors undergo 
cesarean delivery to minimize the risk of fetal 
intracranial hemorrhage [11]. Patients without 
STEMI should undergo a workup similar to non-
pregnant patients with symptoms of ACS. Most 
patients should be admitted to an ICU with MFM 
and cardiology consultation.

 Hypertension in Pregnancy
Hypertension is one of the most common medi-
cal problems affecting the gravid patient, compli-
cating 12% of all pregnancies [14]. The first 
important task is to determine whether it is due to 
preeclampsia because management and clinical 
sequelae of preeclampsia are different than for 
other causes of hypertension in pregnancy. In this 
section, we review the approach to severe hyper-
tension in pregnancy.

Signs and Symptoms Hypertension in preg-
nancy is defined as a systolic blood pressure 
>140 mmHg or a diastolic pressure >90 mmHg 
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[15]. Evidence of end-organ damage and signifi-
cant morbidity should be sought as in the non-
pregnant population, as well as fetal distress. 
Note the signs and symptoms of preeclampsia 
(Table 30.6).

Differential Diagnosis Hypertension before 
20 weeks of gestation suggests chronic essential 
hypertension, whereas hypertension that devel-
ops after 20  weeks indicates either gestational 
hypertension or preeclampsia. Gestational hyper-
tension is an elevation in blood pressure during 
the second half of pregnancy or in the first 
24 hours postpartum, without symptoms, protein-
uria, or abnormal blood tests.

Initial evaluation is aimed at establishing the 
diagnosis and detecting morbidity, and should be 
broad including the following: complete blood 
count (CBC), comprehensive metabolic panel 
(CMP), serum uric acid, and lactic acid dehydro-
genase (LDH), liver function tests (LFTs), UA 
(proteinuria), toxicology panel, and an 
ECG. CXR and brain imaging should be consid-
ered based on the patient’s symptoms and presen-
tation. Fetal heart tones should be checked.

Initial Management Patients with multiple 
blood pressures >160/100 should be started on 

parenteral antihypertensives. Antihypertensive 
medications that can be used safely in pregnancy 
include intravenous hydralazine or labetalol, or a 
titratable drip of labetalol or nicardipine. A nitro-
glycerin drip is a good option in cases of myocar-
dial ischemia. Nitroprusside is not recommended 
if there are other options due to concern for fetal 
cyanide poisoning.

In the absence of significant morbidity, a rea-
sonable ultimate goal is systolic pressures around 
140  mmHg, and diastolic pressures around 
90 mmHg, with care not to lower the MAP more 
than 25% in the initial phase of treatment. 
Lowering the blood pressure too rapidly can 
reduce cerebral, renal, myocardial, and uteropla-
cental perfusion.

 Preeclampsia and Eclampsia
Preeclampsia is a disorder unique to pregnancy 
with serious adverse consequences for the mother 
and fetus. It is characterized by hypertension, 
proteinuria, and/or signs and symptoms listed in 
Table  30.6. In 2013, the American College of 
Obstetricians and Gynecologists removed pro-
teinuria as a requirement for the diagnosis. 
Although hypertension is a defining feature of 
preeclampsia, the clinical presentation may be 
nonspecific and the disorder may involve every 

Table 30.6 Preeclampsia—diagnostic criteria and severe features

Blood Pressure ≥140 systolic or ≥90 diastolic on 2 readings >4 hours apart after 20 weeks gestation in 
woman with previously normal BP
or
≥160 systolic or ≥110 diastolic on 2 readings only minutes apart
a≥160 systolic or ≥110 diastolic on 2 readings taken 4 hours apart while the patient is on 
bed rest unless antihypertensives initiated before this time

AND
1. Proteinuria >300 mg/24 hours (or extrapolated from a shorter collection)
OR
2. New onset HTN with any of the following (asevere) features:
Thrombocytopenia aPLT <100,000/μL
Renal insufficiency asCr >1.1 mg/dL or 2× patient baseline
Impaired Liver 
Function

AST/ALT 2× normal
a(and/or severe, persistent RUQ/epigastric pain)

Pulmonary Edema aclinical/radiographic
CNS or Visual 
symptoms

aPhotopsia, scotomata, cortical blindness, retinal vasospasm, severe or persistent and 
progressive headache, altered mental status

Adapted from: Ref. [121]
aDesignates severe features
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system. Studies have suggested abnormal devel-
opment of placental vasculature as a trigger. 
Preeclampsia affects approximately 3.4% of 
pregnancies in the United States, and the disease 
and its complications are among the most com-
mon reasons for obstetric ICU admission 
[16–19].

Eclampsia is the occurrence of new-onset sei-
zures/coma in a patient with preeclampsia. The 
incidence of eclampsia in the United States is 
0.04–0.1% [20, 21]. The maternal mortality rate 
is approximately 0.4–7.2% in developed nations, 
with a perinatal mortality rate of 11.8% in the US 
[21, 22]. The mechanism of eclamptic seizures is 
not clear. Most seizures are self-limited and last 
1–2  minutes, with care during the event being 
supportive.

Signs and symptoms may be nonspecific and 
mistaken for a viral syndrome. The degree of 
hypertension and the presence of proteinuria, 
signs/symptoms, and laboratory abnormalities 
are highly variable [23]. Preeclampsia is divided 
into mild preeclampsia and preeclampsia with 
severe features (Table 30.6). Eclampsia presents 
with new onset generalized tonic–clonic seizures 
or coma, particularly in the third trimester. 
Preeclampsia/eclampsia may present as early as 
20  weeks, but most cases are diagnosed after 
34 weeks gestation through 1 month postpartum.

Clinical concerns include eclamptic seizures, 
posterior reversible encephalopathy, maternal 
intracranial hemorrhage, stroke, retinal detach-
ment, pulmonary edema, ARDS, acute kidney 
injury, hepatic rupture or subcapsular hemorrage, 
hepatic infarction, HELLP syndrome, DIC, and 
placental abruption. Persistent thrombocytope-
nia, hemolysis, or organ dysfunction may indi-
cate an alternative diagnosis of thrombotic 
thrombocytopenic purpura (TTP) or hemolytic 
uremic syndrome (HUS). Risk to the fetus from 
preeclampsia relates primarily to the condition of 
the mother as well as the gestational age at 
delivery.

Initial evaluation is broad and includes labs as 
listed above and in Table  30.6 for the pregnant 
patient with hypertension. Brain imaging is indi-
cated after stabilization for patients with seizures 
or other neurologic symptoms.

Initial Management:

 1. Blood pressure control is essential, but does 
not prevent progression of the disease.

 2. In patients with preeclampsia, magnesium 
sulfate halves the risk of progression to 
eclampsia and likely reduces the risk of mater-
nal death [24–26]. See Table 30.7 for dosing 
as well as treatment of magnesium toxicity.

 3. In patients with eclampsia, magnesium sulfate 
is the anticonvulsive drug of choice 
(Table  30.7). Studies have shown that it is 
superior to benzodiazepines and antiepileptic 
drugs [27].

 4. Supportive treatment of seizures as discussed 
in neurologic problems in pregnancy.

 5. While it does not explain cases of postpartum 
eclampsia, most experts consider delivery of 
the placenta as the only curative treatment for 
antepartum preeclampsia and eclampsia. 
Women with mild preeclampsia at early gesta-
tional ages may be managed expectantly. 
Severe preeclampsia, eclampsia, HELLP syn-
drome, and fetal distress are indications for 
urgent delivery.

 Peripartum Cardiomyopathy
Peripartum cardiomyopathy (PPCM) is a rare 
cause of heart failure that affects women in late 
pregnancy or early in the postpartum period. 

Table 30.7 Magnesium for preeclampsia and eclampsiaa

Loading dose 4–6 g IV over 15–30 minutes
Maintenance dose 2 g/hr IV

Stop or reduce to 1 g/h for 
signs of toxicityb

Recurrent seizures 
(eclampsia)

2 g IV over 10–15 minutes

Treatment of 
magnesium toxicityb

10 mL of 10% calcium 
gluconate over 10 minutes

Ref. [20]
aAdministration should be done in consultation with 
OB. Dosing reflects normal renal function. A loading dose 
of 5 g IM in each buttock for total of 10 g may be given in 
the absence of IV access
bSigns of magnesium toxicity include loss of patellar 
reflexes, somnolence, respiratory difficulty, cardiac dys-
rhythmias. Treatment of magnesium toxicity is adminis-
tration of calcium, which competitively inhibits 
magnesium at the neuromuscular junction and decreases 
the toxic effects
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PPCM is increasingly a cause of pregnancy- 
related death, now responsible for 11% of 
maternal deaths in the US [3]. The etiology 
remains unknown but is likely multifactorial 
[28]. Risk factors for PPCM include African 
descent, pregnancy with multiple fetuses, severe 
hypertension during pregnancy, obesity, cocaine 
abuse, or long-term (>4  weeks) oral tocolytic 
therapy with beta-adrenergic agonists such as 
terbutaline.

In more than half of patients diagnosed with 
PPCM, the left ventricular ejection fraction 
(LVEF) normalizes, usually within 6  months. 
LVEF >30% at presentation is a good prognostic 
sign but cannot be used to guide treatment. Those 
who do not improve by 6 months face 85% mor-
tality at 5 years. These patients can be supported 
with mechanical assist devices and transplanted; 
however, they have higher rates of rejection and 
infection than other heart transplant recipients 
[29].

Signs and symptoms may be present at rest 
and include most commonly dyspnea, but also 
orthopnea, peripheral edema, fatigue, palpita-
tions, chest pain, and cough. Most patients pres-
ent in New  York Heart Association (NYHA) 
class III or IV heart failure with a marked limita-
tion of physical activity [29]. Nevertheless, the 
diagnosis can be challenging to make during late 
pregnancy when symptoms may overlap with the 
normal experience of pregnancy. PPCM is usu-
ally diagnosed within the first month after deliv-
ery, with 80% of cases diagnosed within the first 
3 months [30]. When diagnosed before delivery, 
the average gestational age is approximately 
37 weeks [31]. Patients with PPCM have a sig-
nificantly heightened risk of thromboembolic 
disease and may present with this as well as 
decompensated heart failure.

PPCM is a diagnosis of exclusion. The 2011 
European Society of Cardiology guidelines on 
the management of cardiovascular disease during 
pregnancy define PPCM as:

• An idiopathic cardiomyopathy
• Develops toward the end of pregnancy or 

within months of delivery

• With the absence of an identifiable cause
• With left ventricular (LV) systolic dysfunc-

tion, either dilated or nondilated, and an ejec-
tion fraction (EF) nearly always <45% [6]

The differential diagnosis includes CHD, dia-
stolic heart failure secondary to hypertension, 
AMI, and pulmonary embolism.

Initial evaluation should include an ECG, 
BNP, cardiac enzymes and basic labs, TTE, CXR 
if there is concern for pulmonary edema, 
 investigation for thromboembolism as indicated, 
and ultimately cardiac MRI and cardiac 
catheterization.

Initial management of acute presentations of 
PPCM with adequate perfusion begins with furo-
semide for preload reduction and relief of pulmo-
nary edema, and vasodilators for afterload 
reduction. Evidence of poor perfusion (cool 
extremities, pallor, end organ damage) calls for 
inotropic support with dobutamine (pregnancy 
category B) or milrinone (pregnancy category C), 
and a low ejection fraction or evidence of throm-
boembolic disease may require anticoagulation. 
Beta blockade should be initiated early if the 
patient is not in a decompensated state. ACE 
inhibitors and aldosterone antagonists are contra-
indicated prior to delivery, although they are rec-
ommended postpartum. Cardiology should be 
urgently consulted for assistance in medical man-
agement and workup for additional therapies 
such as mechanical assist devices and transplan-
tation. Most patients should initially be admitted 
to an ICU setting.

 Pulmonary Embolism
Pregnancy and delivery are associated with an 
alteration in coagulation factors, stasis, and endo-
thelial trauma—all three elements of Virchow’s 
triad. Risk of thrombosis increases five- to ten-
fold during pregnancy, and by a factor of 9–22 in 
the 6 weeks following delivery with some height-
ened risk lasting for 12  weeks [25, 32]. 
Thromboembolic disease is a leading cause of 
maternal death in the US and UK, responsible for 
9.6% of pregnancy-related deaths in the US 
between 2006 and 2010 [1, 2, 33].
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Signs and symptoms may overlap with normal 
physiologic changes of pregnancy such as tachy-
cardia, dyspnea, and leg swelling. DVT during 
pregnancy is more likely to be proximal, massive, 
and in the left lower extremity. Isolated iliac vein 
thrombosis may occur in pregnancy. Twenty per-
cent of venous thromboembolic events during 
pregnancy and the postpartum period present as 
pulmonary embolism (PE) [34].

Initial evaluation is based on the 2011 
American Thoracic Society (ATS) guideline, 
which was subsequently endorsed by the 
American College of Obstetricians and 
Gynecologists. The evidence supporting one 
imaging modality over the other is weak. In preg-
nant women with suspected PE and evidence of 
DVT, bilateral venous compression ultrasonogra-
phy is the first-line test; anticoagulation should 
be started if positive for DVT, and further testing 
is indicated for negative scans. If there is suspi-
cion for pelvic thrombosis, this should be fol-
lowed with pelvis MRI or CT. If there is concern 
for PE, but no evidence of DVT, a chest radio-
graph should be obtained: a V/Q scan is recom-
mended for patients with a normal CXR; a CT 
scan with pulmonary angiography is recom-
mended for patients with an abnormal CXR. In a 
patient with a nondiagnostic V/Q scan, further 
imaging with a CTA is recommended rather than 
empiric treatment. In a patient for whom there is 
a reasonable suspicion of acute PE, bedside TTE 
showing an acutely dilated and hypocontractile 
right ventricle is enough evidence to begin 
empiric treatment.

The use of d-dimer as a screening test in preg-
nant women has not been validated. D-dimer 
 levels are elevated in pregnancy, with particularly 
high levels in advanced gestational age, pre-
eclampsia, and twin pregnancies. Nevertheless, it 
is possible that in the future, a negative test in 
conjunction with ultrasound may be useful for 
ruling out DVT/PE [35–37].

Initial management is anticoagulation with 
unfractionated heparin (UFH) or low molecular 
weight heparin (LMWH), with increasing prefer-
ence to use LMWH in stable patients who are not 
at risk of bleeding from recent/imminent delivery 

or procedures [38]. For life-threatening PE, res-
cue therapies such as thrombolysis (systemic or 
catheter-directed), thrombectomy (surgical or 
catheter-assisted) and ECMO should be consid-
ered. While pregnancy is a relative contraindica-
tion, there are case reports of thrombolysis being 
used safely in pregnancy. Tissue plasminogen 
activator (tPA) is a large polypeptide that will not 
cross the placenta. Consultants may include a 
cardiothoracic surgeon, obstetrician, interven-
tional radiologist, and intensivist.

 Amniotic Fluid Embolism
Amniotic fluid embolism (AFE) is a cata-
strophic syndrome that classically occurs 
acutely during labor or in the immediate post-
partum period. About 70% of cases occur 
before delivery. When it occurs postpartum, the 
time from delivery to the onset of symptoms is 
generally less than 45 minutes, although it can 
be delayed up to 48 hours. Most people who die 
do so within 7  hours [39]. AFE was once 
thought to be almost uniformly fatal; however, 
recent studies estimate that around one-fifth of 
women with this condition in the US will die 
[40]. Survivors frequently have long-term neu-
rologic impairment.

The pathogenesis of AFE remains unclear. It 
appears to involve a breakdown in the barrier 
between maternal circulation and amniotic fluid 
and may be immune mediated [39]. It is no lon-
ger believed that amniotic fluid components 
cause an obstruction of the pulmonary 
vasculature.

Signs and symptoms may include premonitory 
symptoms; however, AFE usually presents 
abruptly and rapidly evolves to affect every sys-
tem. The primary findings are sudden cardiovas-
cular collapse with profound systemic 
hypotension, cardiac dysrhythmias, cyanosis, 
dyspnea or respiratory arrest, altered mental sta-
tus and/or seizures, disseminated intravascular 
coagulation and hemorrhage, and pulmonary 
edema or ARDS [39, 40]. Most studies implicate 
a biphasic hemodynamic response to AFE, begin-
ning with acute pulmonary artery hypertension 
and right heart failure followed quickly by left 
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ventricular failure [40]. Profound hypoxemia may 
at first result from severe ventilation–perfusion 
mismatch, later from pulmonary edema. There 
have been rare cases associated with abortion, 
amniocentesis, and trauma.

Differential diagnosis includes the entities 
below:

Pulmonary embolism Aortic dissection
Air embolism Aspiration pneumonitis
Anesthetic complications Transfusion reaction
Anaphylaxis to a medication Sepsis
Myocardial infarction Postpartum hemorrhage
Peripartum cardiomyopathy Uterine rupture

Placental abruption
Eclampsia

Adapted from: Conde-Agudelo and Romero [40]

Initial evaluation should include echocardiog-
raphy. Lab evaluation should be broad and 
include an ABG, lactate, and DIC studies.

Initial management is aimed at treating acute 
pulmonary hypertension with biventricular fail-
ure and supporting multisystem dysfunction. 
Immediate delivery of the fetus is paramount. A 
pulmonary artery catheter may help guide treat-
ment. Treatment otherwise depends on the sever-
ity of illness and capabilities of the institution 
and involves support and rescue therapies includ-
ing massive transfusion for hemorrhage and DIC; 
intubation and mechanical ventilation; pressors 
and inotropes; inhaled nitric oxide or prostacy-
clins; intraaortic balloon pump or ventricular 
assist devices; and ECMO/cardiopulmonary 
bypass.

 Arrhythmias
Direct-current cardioversion and defibrillation 
are used to treat life-threatening arrhythmias in 
pregnancy. Other arrhythmias should be  managed 
as they would be in a nonpregnant patient, with 
the avoidance of amiodarone. Vagal maneuvers, 
adenosine, beta-blockers, and digoxin have been 
safely used in pregnancy. There is a paucity of 
data regarding the safety of calcium channel 
blockers and some concern for maternal hypoten-
sion and fetal heart block; therefore, beta- 
blockers are preferred.

 Cardiac Arrest
Cardiopulmonary arrest in pregnancy is uncom-
mon. Major causes of cardiac arrest in pregnancy 
are listed in Table  30.8. Three major modifica-
tions to ACLS are suggested when treating preg-
nant patients in cardiac arrest: [41]

 1. Secure the airway early with endotracheal 
intubation, preferably by an experienced pro-
vider, given inherent difficulty (See 
Table 30.9). A laryngeal device is not recom-
mended due to increased risk of aspiration and 
altered airway physiology in pregnant patients.

 2. Manual displacement of the uterus toward the 
left during chest compressions (chest com-
pressions higher on the chest)

 3. Consider perimortem cesarean delivery within 
4 minutes of arrest

Aortocaval compression exerted by a uterus 
greater than 20 weeks gestation must be relieved 
to optimize the effectiveness of CPR. This is best 
achieved during CPR by manual displacement of 

Table 30.8 Causes of cardiac arrest in pregnancy

Hemorrhage/hypovolemia
  Placental abruption
  Placenta previa
  Hepatic hematoma
  Ectopic pregnancy
  Uterine rupture
Hypoxia
Hypermagnesemia/hyperkalemia
Acidosis
Hypoglycemia
Hypertension-related
  Preeclampsia & eclampsia
Thrombosis/embolism
  Pulmonary embolism
  Myocardial infarction
  Stroke
Amniotic fluid embolism
Tension pneumothorax
Tamponade (cardiac)
Trauma
Toxins
Sepsis
Anesthesia-related

Adapted from: Refs. [122, 123]
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the uterus to the left and not-left lateral position-
ing with a wedge, because the latter technique 
contributes to a reduction in chest compression 
force generation.

Perimortem cesarean section can be lifesaving 
for both mother and fetus. In addition to relieving 
aortocaval compression, it increases maternal 
blood volume and cardiac output. In healthy 
women who undergo cesarean delivery, cardiac 
output is increased by 30% and patients receive 
approximately 500  mL of autotransfusion [42]. 
Early cesarean delivery can have good outcomes 
for the fetus as well. It has been estimated that a 
fetus can survive for more than 10  minutes in 
conditions of asphyxia. In one review of surviv-
ing infants, 70% of the neonates had been deliv-
ered within 5  minutes of maternal death, and 
93% within 15 minutes. Most had no neurologic 
sequelae [43]. If perimortem cesarean section is 
to be performed within 4 minutes of arrest, plan-
ning for the procedure must begin simultaneously 
with other maternal resuscitation efforts.

 Respiratory Problems in Pregnancy

Shortness of breath is a common complaint dur-
ing normal pregnancy because of physiologic 
changes (Table  30.4). It is vital to differentiate 
between dyspnea of pregnancy and pathologic 
causes of dyspnea that may result from pulmo-

nary or cardiovascular disease. During evalua-
tion, one must keep in mind several points:  
(1) pregnant women have decreased respiratory 
reserve and may quickly become hypoxic;  
(2) baseline arterial blood gas values differ from 
the nonpregnant patient (Table 30.10) and a PCO2 
of ≥40 portends respiratory failure; (3) some 
metabolic derangements driven by maternal 
respiratory insufficiency may be poorly tolerated 
by the fetus; and (4) intubation is likely to be dif-
ficult and high risk (Table 30.9).

 Asthma
Asthma is one of the most common chronic ill-
nesses seen in pregnant women. In general, one- 
third of women with asthma get worse during 
pregnancy [44]. Improved asthma control may 
improve pregnancy outcomes. Exacerbations 
occur most frequently from 17 to 24 weeks, with 
decreased severity during the last 4  weeks of 
pregnancy. Exacerbations generally do not occur 
during labor, but may be incited by medications 
used in the peripartum period such as ergots and 
prostaglandin F2α (used for postpartum hemor-
rhage), indomethacin, morphine, and meperidine 
[45].

Differential diagnosis for women with severe 
symptoms includes viral infection (notably influ-
enza), pneumonia, pulmonary edema, cardiomy-
opathy, and pulmonary embolism.

Initial evaluation includes a history of asthma 
and exacerbating factors, physical exam, and 
CXR if indicated. Peak expiratory flow rate 
(PEFR) generally does not change during preg-
nancy, especially if done while seated; therefore, 
this remains a useful tool to assess severity. Fetal 
heart tones should be checked. Arterial blood 
gases may help guide management (Table 30.10).

Table 30.9 Intubation in the pregnant patient

Risk Response
Low oxygen 
reserve ➔

Preoxygenate

Airway hyperemia, 
friable mucosa ➔

Avoid nasotracheal intubation, 
suction readily available

Airway edema ➔ Use smaller endotracheal tube 
(6–7 mm)

Weight gain 
obscures  
anatomy ➔

Proper positioning (“sniffing” 
position)

Aspiration risk ➔ Cricoid pressure, rapid sequence 
induction, consider use of bicitrate 
if applicable,

Supine hypotensive 
syndrome ➔

Tilt patient or displace uterus to 
left after 20 weeks gestation

Adapted from Ref. [115]

Table 30.10 Changes in arterial blood gas values during 
pregnancy

Pregnant Nonpregnant adult
pH 7.40–7.47 7.35–7.45
PCO2 (mmHg) 26–32 35–45
PO2 (mmHg) 100–110 80–100
HCO3

− (mEq/L) 18–21 22–26
P(A-a)O2 (mmHg) 20 14
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Initial management of the patient with a 
moderate- to-severe exacerbation who does not 
require immediate intubation includes high-dose, 
short-acting inhaled beta-2 agonist, inhaled 
ipratropium bromide, parenteral steroids, and 
supplemental oxygen with a goal oxygen satura-
tion >95%. Noninvasive positive pressure venti-
lation (NPPV) may be used as a temporizing 
measure and is further discussed below in Airway 
Management. The following guidelines are an 
adjunct to clinical judgment: [46, 47]

 1. Factors indicating ICU admission with inten-
sivist coverage:
 (a) PaCO2 ≥40 or
 (b) PEFR <25% of predicted

 2. Factors indicating a need for intubation:
 (a) Severe symptoms and poor response to 

therapy
 (b) Inability to maintain a PaO2 >60 mmHg 

with 90% saturation despite supplemental 
oxygen

 (c) Inability to maintain a PaCO2 <40 mmHg
 (d) Worsening acidosis despite bronchodila-

tor therapy (pH 7.2–7.25)
 (e) Exhaustion
 (f) Altered consciousness (drowsiness, 

confusion)

 Pneumonia in Pregnancy

Pneumonia is the most common cause of fatal 
non-obstetric infection during pregnancy [48]. 
Community-acquired pneumonia is the norm 
with prevalence equivalent to that in the nonpreg-
nant population, and Streptococcus pneumoniae 
the most frequently isolated pathogen [49]. 
Pregnant women are also at increased risk for 
aspiration pneumonia due to changes in the gas-
trointestinal system. Additional risk factors 
include preexisting maternal disease (HIV, 
asthma, and cystic fibrosis), anemia, cocaine use, 
and alcohol abuse [50].

Pneumonia is less well tolerated in pregnancy 
due to maternal physiologic adaptations 
(Table 30.4). Pregnant women have higher rates 
of complications from community-acquired 
pneumonia, including the need for mechanical 

ventilation (10–20%), bacteremia, and empyema 
[50]. The neonatal mortality rate due to antepar-
tum pneumonia ranges from 1.9% to 12% with 
most deaths attributable to complications of pre-
term birth [50].

Signs and symptoms of bacterial pneumonia in 
pregnancy are the same as in nonpregnant 
women. Physical examination has limited sensi-
tivity and specificity.

Initial evaluation should include CXR, assess-
ment of oxygenation, and blood and sputum cul-
tures. Bronchoscopy can be safely performed in 
pregnant patients.

Initial management for healthy pregnant 
women with no recent antibiotic or hospital 
exposure requiring hospitalization for pneumo-
nia is shown in Table  30.11. The remainder of 
therapy is supportive with careful attention to 
maternal oxygenation and acid–base status, fetal 
monitoring when appropriate, and early prepara-
tion for intubation. American Thoracic Society 
and British Thoracic Society guidelines for sever-
ity assessment in pneumonia have been applied 
retrospectively to a limited series of pregnant 
patients and these may be useful in predicting the 
need for admission, ICU admission, and antibi-
otic choice [50].

 Influenza in Pregnancy
Pregnant and postpartum women are at 
increased risk for severe pulmonary disease 
from H1N1 influenza. In the US, 5% of all 
deaths from the 2009 H1N1 Influenza pandemic 
were among pregnant women, although preg-
nant women represent only about 1% of the US 
population [51]. Most severe infections 
occurred in the second and third trimesters 
[52]. Comorbid asthma and obesity increase 
risk for complications [53]. Physiology respon-
sible for the increased risk of severe disease 
may include suppression of cell- mediated 
immunity and pregnancy-related cardiac and 
respiratory changes. However, there remain two 
important modifiable factors: immunization, 
timely diagnosis, and treatment.

Maternal immunization during pregnancy is 
safe and protective for mother, fetus, and neonate 
[54–56]. Nevertheless, in the 2010–2011 flu sea-
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son, only 49% of pregnant women reported get-
ting the vaccine [57].

Early diagnosis and treatment are key. 
Pregnant women who did not receive early anti-
virals were more likely to be admitted to the ICU 
or to die (relative risk 4.3) than were pregnant 
women who received antivirals within 48 hours 
[52]. Treatment is often delayed due to misattri-
bution of symptoms to pregnancy, a high (up to 
38%) false-negative rate of the rapid influenza 
test during flu season, and erroneous concerns 
that antivirals harm the fetus [52].

Signs and symptoms may be vague and sys-
temic. There should be a high degree of suspicion 
for influenza in any pregnant patient presenting 
with respiratory and/or systemic complaints 
around flu season. Differential diagnosis includes 
preeclampsia, cardiopulmonary disease, bacterial 
pneumonia, HELLP syndrome, and acute fatty 
liver of pregnancy.

Initial evaluation should include CXR, rapid 
influenza screen, and a more reliable test such as 
viral culture or real time PCR.

Initial management involves early antivirals 
and supportive care. It is our practice to initiate 
treatment with oseltamivir at the time the test is 
sent and discontinue the drug when a reliable neg-
ative result becomes available. Some modifica-
tions to the use of oseltamivir may be beneficial 
for critically ill patients: (a) treatment may be ini-
tiated up to 4–5 days after illness onset; (b) doses 
of 150 mg BID appear to be well tolerated and 
may be beneficial in patients with normal renal 
function; (c) in patients with prolonged illness, it 
is reasonable to extend treatment beyond 5 days 
[58]. Other treatment is supportive with addition 
of antibiotics if bacterial superinfection is sus-
pected; community-acquired, methicillin- resistant 
Staphylococcus aureus influenza- associated 
pneumonia carries a fatality rate of 25% [59].

Table 30.11 Antibiotics in pregnancy

Generally safe Penicillins
Cephalosporins
Azithromycin
Erythromycin (non-estolate)
Clindamycin
Gentamicin
Nitrofurantoin
Vancomycin
Aztreonam

Broad spectrum empiric IV antibiotics 
for sepsis [1]

1. Vancomycin 15–20 mg/kg IV loading dose + Piperacillin/Tazobactam 
4.5 gr IV every 6 hours
2. Gentamicin 1.5 mg/kg IV loading dose + Clindamycin 900 mg IV 
every 8 hours + Penicillin 3 m units IV every 4 hours

Empiric IV antibiotics for severe 
community acquired pneumonia

1. Azithromycin + [ceftriaxone/cefotaxime/ampicillin-sulbactam]
2. Aztreonam + gentamicin + azithromycin

Empiric IV antibiotics for postpartum 
endometritis [2, 3]

Clindamycin + gentamicin
For patients with group B streptococcus ampicillin should be added or 
ampicillin–sulbactam can be considered for monotherapy

Empiric IV antibiotics for 
chorioamnionitis

Ampicillin + gentamicin. Add clindamycin for planned cesarean 
deliveries

Generally avoided or contraindicated in 
pregnancy

Tetracyclines (doxycycline, minocycline)
Tigecycline
Clarithromycina

Erythromycin estolate
Fluoroquinolonesa

Chloramphenicol
Kanamycin
Streptomycin
Sulfonamidesa

Refs. [49, 70, 124–127]
aSafety information unclear, sometimes used
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Pregnant women critically ill with H1N1 
influenza frequently require mechanical ventila-
tion and treatment for ARDS. We have had some 
success using ECMO in these cases and therefore 
advocate early consideration of transfer to an 
ECMO center for patients with severe pulmonary 
disease. Fetal outcomes largely depend on sever-
ity of maternal illness. It is unclear whether early 
delivery improves maternal outcomes in these 
cases, but it may be wise in the setting of rapid 
decompensation when proning or initiation of 
ECMO is imminent.

 ARDS and Noncardiogenic Pulmonary 
Edema
Incidence of ARDS in pregnant women is 
believed to be similar to that in the general popu-
lation, but may be up to 10 times higher than inci-
dence in nonpregnant women of similar 
(reproductive) age [60, 61]. The reasons for this 
probably lie in the altered physiology of preg-
nancy, and infections or diseases specific to preg-
nancy such as AFE that frequently involve ARDS 
(see Cardiovascular Problems in Pregnancy). 
Maternal mortality from ARDS in pregnancy is 
thought to be similar to that or slightly better than 
in the general population [60].

Etiologies for ARDS in the Obstetric 
Population Severe sepsis or septic shock is the 
most common cause of ARDS in both the obstet-
ric and nonobstetric populations. The source of 
sepsis may not be immediately apparent. Acute 
pyelonephritis seems to be an especially impor-
tant cause of obstetric sepsis-related ARDS. Up 
to 7% of pregnant women with acute pyelone-
phritis may develop respiratory failure [60, 62]. 
Other considerations relevant to the pregnant 
woman include influenza, bacterial/aspiration 
pneumonia, chorioamnionitis, endometritis, and 
retained products of conception.

Severe preeclampsia and eclampsia, as well 
as some tocolytic medications such as the beta-2 
adrenoreceptor agonists terbutaline and rito-
drine, can cause pulmonary edema with acute 
hypoxemic respiratory failure. The mechanism 
for both is unclear and may involve a combina-

tion of cardiogenic and noncardiogenic factors. 
Noncardiogenic factors include the decreased 
oncotic pressure normal to pregnancy along with 
increased permeability of the pulmonary capil-
lary membranes and excessive resuscitation with 
IV fluids characteristic of the disease and treat-
ment. These processes generally respond to ces-
sation of the offending drug, delivery of the 
fetus, and gentle diuresis or fluid conservative 
therapy.

Initial Management

 1. Identify and direct therapy at the underlying 
cause (above).

 2. Supportive care including airway and ventila-
tor management (below).

 3. Closely monitor fetus if it is of viable gesta-
tional age.

 Airway Management
The approach to airway management in the preg-
nant patient is unique in two ways. The first 
involves assessing the need for intubation. A 
pregnant woman has decreased respiratory 
reserve and increased oxygen consumption at 
baseline (Table 30.4). Evaluation should take into 
account alterations in normal arterial blood gas 
values during pregnancy (Table 30.10). A PaCO2 
of ≥40 represents woefully inadequate ventila-
tion. Respiratory acidosis, alkalosis, and pro-
longed hypoxemia may be poorly tolerated by the 
fetus.

Noninvasive positive pressure ventilation 
(BiPAP, CPAP) is an acceptable temporizing 
measure, but carries a heightened risk of aspira-
tion in pregnant women. It should be used cau-
tiously and never in women with altered mental 
status or a condition that is not expected to 
improve quickly.

Second, a pregnant woman must be presumed 
to have a difficult and potentially high-risk air-
way. Difficulty of obtaining an airway, as indi-
cated by Mallampati score, increases as 
pregnancy progresses [63]. A pregnant patient 
may become hypoxic quickly when apneic and is 
at increased risk for aspiration. Challenges and 
modifications to intubating the pregnant patient 
are outlined in Table 30.9.
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 Mechanical Ventilation
There are two general considerations when 
mechanically ventilating a pregnant patient. First, 
care should be taken with maternal positioning to 
avoid supine hypotensive syndrome. Second, the 
fetus may have a narrow window of tolerance for 
prolonged maternal hypoxia, hypercapnia, and 
acid–base abnormalities.

Tidal Volumes There is evidence that lung pro-
tective ventilation may be beneficial to all 
mechanically ventilated patients, not just those 
with ARDS [64]. It is reasonable to initiate 
mechanical ventilation on volume control with a 
tidal volume of 6  ml/kg ideal body weight 
(IBW). This is calculated from the patient’s 
height, and therefore will not change with 
pregnancy.

Respiratory Rate There is no evidence to guide 
whether settings should attempt to mimic the 
mild respiratory alkalosis that naturally occurs 
during pregnancy. In general, both maternal alka-
losis and acidosis should be avoided if possible. 
In very sick women, permissive hypercapnia may 
be necessary. Limited data suggest that a mater-
nal PCO2 between 45 and 55 mmHg is tolerated 
by the fetus [60].

Oxygenation—FiO2 and PEEP Adequate fetal 
oxygenation probably requires a maternal PO2 
of 70–90  mmHg [60]. This should be accom-
plished with the lowest possible FiO2, and with 
positive end expiratory pressure (PEEP). 
Increasing PEEP up to a certain point will 
improve oxygenation and protect against lung 
injury, but can decrease cardiac preload causing 
cardiac output to fall. Pregnant women may be 
more vulnerable to this, as venous return may 
already be impaired due to pressure from the 
uterus on the IVC.

Sedatives and Paralytics There is good evidence 
supporting the short-term use of nondepolarizing 
neuromuscular blocking agents, such as cisatra-
curium, in ARDS with refractory hypoxemia 
[65]. Short-term use of these agents produces no 
adverse fetal effects. Sedation with benzodiaze-

pines, propofol, and opiates is also believed to be 
safe during pregnancy with the following (albeit 
conflicting) caveats. Early in pregnancy, the low-
est possible dose of benzodiazepines should be 
used, as there is a theoretical risk of cleft palate. 
Sedating medications used near the time of deliv-
ery may mean that the neonate requires immedi-
ate intubation. On the other hand, pregnant 
women may metabolize medications more effec-
tively than other adult patients; therefore, higher 
doses and multiple synergistic medications are 
sometimes necessary to achieve adequate 
sedation.

Proning There is also good evidence that early 
proning improves survival in adults with severe 
ARDS [66]. Clearly this is logistically difficult in 
women at advanced gestational stages; moreover, 
continuous fetal monitoring becomes challeng-
ing. Our practice has been to consider delivery by 
cesarean section if it seems likely that a pregnant 
woman will require proning and the fetus is of 
viable age. Limited data support ECMO as a sal-
vage intervention. At the time of proning, it may 
be prudent to contact an ECMO center if there is 
one in the area.

 Infections in Pregnancy

 Sepsis in Pregnancy
Sepsis is one of the five leading causes of 
pregnancy- related death around the world, with 
the highest rates in developing countries, and 
increasing rates in the United States and United 
Kingdom [1, 4]. Common sources of sepsis 
include pyelonephritis, retained products of con-
ception, chorioamnionitis or endomyometritis, 
pneumonia, necrotizing fasciitis, and intraab-
dominal infections. The principal etiologic 
agents are endotoxin producing aerobic Gram-
negative rods, Gram-positive bacteria, fungal 
infections, and polymicrobial infections. 
Escherichia coli, enterococci, and beta-hemo-
lytic streptococci are the three most frequently 
recovered organisms.

Signs and symptoms of sepsis in pregnancy 
may initially overlap with normal physiologic 
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changes of pregnancy. Similar to the general pop-
ulation, lactic acid levels correlate with risk of 
maternal morbidity and adverse outcomes from 
sepsis during pregnancy [67]. Scoring systems 
such as the Acute Physiology and Chronic Health 
Evaluation and Simplified Acute Physiology 
Score have not been validated in the pregnant 
population.

Initial evaluation and management should 
focus on early detection of sepsis and interven-
tion. The physiologic adaptations that occur in 
normal pregnancy are broadly applicable here 
(Tables 30.1, 30.2, 30.3, and 30.4). Fetal com-
promise results mainly from maternal decom-
pensation. Below are some considerations 
unique to the management of sepsis during 
pregnancy.

 1. Early, appropriate antibiotics reduce mortality 
and morbidity in sepsis for all patients. Two 
commonly used broad-spectrum antibiotic 
regimens that are safe in pregnancy are shown 
in Table 30.11.

 2. Maternal acid–base status deserves special 
attention because alkalosis can cause utero-
placental vasoconstriction and acidosis can 
cause fetal hypoxemia and distress.

 3. Goal of 95% O2 saturation and PaO2 
≥70 mmHg due to fetal reliance on an O2 gra-
dient for adequate oxygenation [60]

 4. Frequent reevaluation of maternal respiratory 
status during resuscitation, as she is more 
likely to develop pulmonary edema.

 5. CVP is not altered during pregnancy but is a 
poor indicator of fluid responsiveness in gen-
eral [68].

 6. SvO2 progressively decreases in the later 
stages of pregnancy; therefore, achieving 
goals of 70–75% may be neither feasible nor 
necessary [26].

 7. Bedside TTE is an important early tool to 
evaluate fluid status/myocardial function.

 8. Vasopressors can restrict uterine blood flow, 
but in general, maternal benefits outweigh this 
risk. Norepinephrine is a good first choice.

 9. Relative adrenal insufficiency and the use of 
corticosteroids in septic pregnant patients 
have not been studied [69].

 Pyelonephritis
Women are at greater risk for pyelonephritis dur-
ing pregnancy because of a reduction in renal 
concentrating ability, smooth muscle relaxation 
causing ureteral dilatation, and bladder changes 
that lead to urinary stasis and vesicoureteral 
reflux. The most common organisms responsible 
for pyelonephritis are Escherichia coli, group B 
streptococci, and Klebsiella species. Signs and 
symptoms are similar to those in the nonpregnant 
patient with the possible exception of an 
increased susceptibility for respiratory insuffi-
ciency. Initial evaluation includes blood and 
urine cultures.

Initial management includes parenteral beta- 
lactam antibiotics with modifications according 
to local antibiograms, and hospitalizaton until 
afebrile for at least 24  hours. If patients fail to 
respond to initial antibiotic therapy, imaging with 
renal ultrasound or magnetic resonance imaging 
should be obtained to rule out hydronephrosis, 
nephrolithiasis, abscess, or obstruction.

 Postpartum Endometritis
Infection of the endometrium occurs after 1–3% 
of vaginal births, and up to 20% of cesarean 
births [70, 71]. The infection is generally polymi-
crobial involving bacteria from the genital tract 
and may spread into the myometrium (endomyo-
metritis) or parametrium (parametritis) [72, 73]. 
Risk factors include chorioamnionitis, prolonged 
labor, multiple cervical examinations, internal 
monitoring, manual removal of the placenta, 
maternal diabetes, or anemia, and HIV infection.

Signs and Symptoms Postpartum fever 
(>38 °C), tachycardia, midline lower abdominal 
pain and uterine tenderness, purulent lochia, mal-
aise, anorexia, and uterine bleeding.

Initial Evaluation Thorough history, physical 
and exclusion of other etiologies for postpartum 
fever. Ultrasound has not been shown to assist 
with diagnosis, but may be useful in identifying 
retained products of conception [74]. Blood and 
endometrial cultures are not routinely obtained 
[75]. Blood cultures should, however, be obtained 
in immunosuppressed or septic patients.

M. Buscher and J. H. Edwards



519

Initial management should focus on maternal 
resuscitation, early parenteral antibiotics 
(Table 30.11), and hospital admission, although 
oral antibiotics have been used for outpatients 
with very mild symptoms.

 Chorioamnionitis
Infection of the chorion and amnion can occur 
when organisms of the lower genital tract ascend 
into the lower uterine segment during labor or 
after rupture of membranes, or after invasive pro-
cedures, including pelvic exams in the last month 
of pregnancy. Patients with chorioamnionitis 
remain at increased risk for sepsis after delivery, 
especially cesarean delivery. Most infections are 
polymicrobial [76].

Signs and symptoms include fever, tachycar-
dia, uterine tenderness, change in amniotic fluid 
color and purulent vaginal discharge.

Initial evaluation should focus on the follow-
ing diagnostic criteria: Maternal fever >38  °C 
(the essential criterion) and the presence of one 
or two of the following: (1) maternal leukocyto-
sis (>15,000 cells/mm3), (2) maternal tachycar-
dia (>100 bpm), (3) fetal tachycardia (>160 bpm), 
(4) uterine tenderness, and (5) foul odor of amni-
otic fluid.

Initial management includes resuscitation, 
prompt initiation of intrapartum antibiotics 
(Table 30.11), and consultation with the obstet-
rics team for delivery [76].

 Septic Pelvic Thrombophlebitis
This is an uncommon complication of childbirth 
and gynecologic procedures. It occurs more fre-
quently after cesarean than vaginal delivery, and 
has also been reported after a variety of gyneco-
logic procedures. Signs and symptoms include 
spiking fevers within a few days after delivery or 
surgery that often fails to respond to antibiotics. 
Often there is no abdominal tenderness. Initial 
evaluation for infection should include blood cul-
tures, which are often negative. Diagnosis of sep-
tic pelvic thrombosis can be challenging, and 
requires a high degree of suspicion. Contrast- 
enhanced MRI or CT may aid in diagnosis, 
although no formal imaging recommendations 
exist. The gold standard is a surgical specimen. 

Initial management has traditionally been antibi-
otics and therapeutic anticoagulation.

 Appendicitis in Pregnancy
Acute appendicitis is the most common general 
surgery emergency in pregnancy. The diagnosis 
may be challenging as evidenced by the increased 
rate of rupture and associated complications in 
pregnant women, especially in the third trimester 
[77]. The risk of fetal loss increases when the 
appendix perforates (36% fetal loss with perfora-
tion versus 1.5% without perforation) and when 
there is generalized peritonitis or a peritoneal 
abscess [78].

Signs and Symptoms Pregnant women are more 
likely to have an atypical presentation of appen-
dicitis. While pain at or near McBurney’s point 
occurs in the majority of cases, pain may localize 
to the mid- or upper right abdomen in the third 
trimester as the appendix is pushed cephalad. 
There may be less peritoneal irritation evident on 
exam, as the gravid uterus pushes the abdominal 
wall away from the inflamed appendix.

Initial Evaluation The initial imaging modal-
ity is often graded compression ultrasonogra-
phy; however, there is a wide variation in the 
reported diagnostic performance of this test 
[79]. If the diagnosis remains in doubt, MRI, 
usually without gadolinium, is an excellent 
option. CT is usually avoided due to concerns 
about the radiation dose to the fetus during 
abdominal/pelvic imaging; however, modifica-
tions to the CT protocol can limit fetal radiation 
exposure.

Initial treatment should begin with preopera-
tive antibiotics, although definitive treatment of 
acute appendicitis is appendectomy. Open lapa-
rotomy is associated with fewer complications 
than laparoscopy in pregnancy. Maternal and 
fetal outcomes are worse with conservative (anti-
biotics alone) management. A higher negative 
laparotomy rate in pregnant women is generally 
considered acceptable, although not without risk 
to the fetus [78].
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 HIV in Pregnancy
Pregnant women with HIV infection are at risk 
for the same complications as the nonpregnant 
HIV-infected population; however, some of these 
have special significance in pregnancy.

Pulmonary Arterial Hypertension While still 
rare, the prevalence of PAH is 6–12 times greater 
in HIV-infected patients than in those without 
HIV. Patients with PAH have a high risk of death 
during pregnancy [80].

Postpartum Hemorrhage Ergot alkaloid drugs 
such as methergine, commonly used to treat post-
partum hemorrhage, should be avoided if at all 
possible in patients taking CYP3A4 enzyme 
inhibitors (protease inhibitors) due to an exagger-
ated vasoconstrictor response. In addition, HIV + 
patients should receive CMV-negative blood if 
possible.

Pneumocystis jiroveci pneumonia is the most 
common cause of AIDS-related death in pregnant 
women in the United States. Trimethoprim–sul-
famethoxazole, although in other cases normally 
avoided near term in pregnancy, is the treatment 
of choice, with steroids added as for the nonpreg-
nant patient [81].

 Obstetric Hemorrhage

Hemorrhage is the fifth leading cause of 
pregnancy- related death in the United States, and 
is the leading cause of maternal mortality world-
wide [1]. Postpartum hemorrhage (PPH) is one of 
the most common obstetric reasons for ICU 
admission with most hemorrhage occurring 
within 1 hour following delivery [26]. Women 
can also experience antepartum hemorrhage, as 
well as delayed postpartum hemorrhage up to 
6 weeks following delivery.

 Postpartum Hemorrhage
The most common cause of PPH is uterine atony 
(60–70%), followed by retained placental prod-
ucts (20–30%), obstetric trauma (<10%), and 

more rarely, uterine inversion [26]. Coagulation 
disorders may also result in hemorrhage. Delayed 
or secondary PPH usually occurs as a result of 
retained placental tissue, endometritis, genital 
tract tears, and rarely arteriovenous fistulas or 
pseudoaneurysms.

Major postpartum hemorrhage is an emergency 
and successful management requires an aggres-
sive, coordinated, multidisciplinary approach. 
Institutional massive transfusion protocols should 
be activated early. In addition to the emergency 
medicine physician, care of the patient with PPH 
should involve multiple nurses, obstetricians, 
intensivists, anesthesiologists, the laboratory, 
blood bank, and possibly interventional radiology 
(IR). Evaluation and management should take 
place simultaneously. Poor outcomes may result 
from delayed recognition and underresuscitation.

Evaluation Detecting and appreciating the 
severity of PPH can at times be surprisingly diffi-
cult. Lack of overt bleeding does not rule out 
hemorrhage, as the uterus and pelvis can seques-
ter liters of blood. Early hemodynamic changes 
may be subtle due to the increased blood volume 
of pregnancy and relative resilience of young 
women; this may only consist of mild (relative) 
tachycardia and tachypnea in the absence of 
hypotension. In addition, the hemoglobin can be 
falsely reassuring if labs are obtained before fluid 
resuscitation. In a setting of increased risk, hem-
orrhage should remain at the top of the differential 
diagnosis. In the case of visible bleeding, studies 
have shown that visual estimates of hemorrhage 
are commonly inaccurate, with frequent underes-
timation by at least 30–50% [82]. Systemic signs 
of hemorrhagic shock are not specific to etiology 
and include restlessness and anxiety, pallor, cool 
and clammy extremities, oliguria or anuria, sinus 
tachycardia, and hypotension.

Initial management begins with (a) address-
ing hypovolemia and anemia; (b) preventing 
dilutional coagulopathy, acidosis, and hypother-
mia; and (c) hemodynamic support if absolutely 
necessary, although vasopressors can mask 
signs of ongoing anemia and hypovolemia, 
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thereby derailing the resuscitation. These prin-
ciples do not differ significantly from response 
to massive hemorrhage in trauma, and indeed 
the terms “golden hour” and “lethal triad” have 
equal relevance here. Young women can survive 
the initial hemorrhage only to die hours later 
from the sequelae of inadequate or delayed 
resuscitation.

Simultaneously one should identify and con-
trol the source of hemorrhage. An obstetrician is 
key to this process.

 1. Establish adequate IV access; transfuse with 
blood, plasma, platelets and cryo; resusci-
tate with crystalloid (warmed); warm the 
patient; and check ABGs to assess acid–base 
status.

 2. Place a urinary catheter—a distended bladder 
can interfere with uterine contractility.

 3. Bimanual massage for uterine atony.
 4. Manual uterine exploration to remove retained 

products of conception
 5. Uterotonics: Add 40 units oxytocin to 1 liter of 

NS or LR. Start the infusion at a rate of 10–40 
milliunits per minute and titrate to maintain 
uterine contraction. If no IV access, give 
10  units IM with expected response in 
3–5 minutes. Additional agents are methyler-
gonovine and prostaglandins (Carboprost, 
PGF2alpha, and Hemabate). These medica-
tions may have hemodynamic and respiratory 
side effects, especially when given quickly. If 
uterotonics do not reverse atony within 
30 minutes, invasive intervention is indicated 
[83].

 6. Tranexamic acid and recombinant factor VIIa 
(off label)—one must balance concerns about 
thrombotic complications with the latter [84].

 7. Procedural interventions: balloon tamponade 
(OB), uterine artery embolization (IR), or 
operative intervention such as uterine artery 
ligation, B-Lynch suture, or cesarean 
hysterectomy.

 Antepartum Hemorrhage
Antepartum hemorrhage occurs in 1 in 20 preg-
nant women and is rarely life threatening to the 

mother or fetus [26]. Causes include ectopic 
pregnancy, abortion, and trauma. Placental 
abruption and uterine rupture are two causes of 
antepartum hemorrhage that can lead to signifi-
cant maternal and fetal morbidity and mortality.

Placental abruption is the most common etiol-
ogy of antepartum hemorrhage, and involves pre-
mature separation of the placenta from the decidua 
basalis. This may result from trauma or vascular or 
placental abnormalities. Presentation is variable 
and may include vaginal bleeding, uterine tender-
ness, painful tetanic contractions, nonreassuring 
fetal heart rate patterns, or simply preterm labor. In 
major abruption, the uterus can feel “woody” as 
blood infiltrates the myometrium. Up to 5 liters of 
blood can extravasate into the uterus. This is a 
clinical diagnosis; ultrasonography is not sensi-
tive, but if positive for abruption, it is diagnostic. 
Treatment depends on the clinical status of mother 
and fetus, and varies from close observation and 
monitoring to immediate delivery.

Uterine rupture is a rare life-threatening cause 
of antepartum hemorrhage. This may result from 
trauma, or it may occur at the site of prior gyne-
cologic or obstetric surgery. It can occur antena-
tally or postpartum, but is usually first suspected 
postpartum in the setting of intractable hemor-
rhage. Clinical presentation can be variable, but 
may include abdominal pain, cramping, rigidity, 
guarding, and signs of hypovolemia/hemorrhage. 
An abnormal fetal lie, inability to discern the fun-
dus, and easy palpation of fetal parts also signal 
possible uterine rupture. Maternal hemorrhage 
can be life threatening and fetal prognosis is poor. 
Treatment is maternal resuscitation and laparot-
omy, possibly with hysterectomy.

 Neurologic Emergencies 
in Pregnancy

It is unknown if brain physiology is altered by 
pregnancy; however, metabolic, hematologic, 
and vascular changes can contribute to neuro-
logic pathology. The differential diagnosis for a 
pregnant patient with headache, seizures, and/or 
altered consciousness should be the same as for 
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the nonpregnant patient with special emphasis on 
eclampsia and the entities described below. Other 
neurologic diseases that may present in the peri-
partum period include brain tumors (pregnancy 
may worsen vasogenic edema) and ischemic 
stroke (risk is highest postpartum).

 Seizures
Seizures are the most common neurologic com-
plication of pregnancy with preexisting epilepsy 
being the most frequent cause [20]. However, 
new onset seizures, especially in the third trimes-
ter or postpartum period, should be considered 
eclampsia until proven otherwise. Eclampsia is 
discussed with preeclampsia in Cardiovascular 
Disorders of Pregnancy.

Although still debated, some historical evi-
dence points to a worsening of seizures during 
pregnancy among those with a history of epilepsy 
[20, 85]. It is not clear whether this increase is 
related to an increased susceptibility or declining 
levels of antiepileptic drugs in the pregnant 
patient, the latter occurring due to poor compli-
ance over fears of teratogenicity, decreased GI 
absorption, increased volume of distribution, or 
increased renal and hepatic clearance. Seizures 
result in a severe lactic acidosis, increased car-
diac output, transient increase in blood pressure, 
increased intraabdominal pressure, and increased 
blood flow to the brain and muscles, notably with 
a corresponding decrease in blood flow to the vis-
cera and uterus [20].

Initial Evaluation When a pregnant patient 
presents with a seizure, two questions need to be 
answered: (1) Does the patient have a history of 
seizures and if not, (2) could this represent 
eclampsia? If the answer to both questions is 
“no” the differential should be broadened to 
include the other disorders in this section as well 
as causes of seizure in the general population.

Initial management should focus on support 
and rapid seizure control.

 1. Left lateral positioning to prevent venocaval 
compression and aspiration.

 2. Supplemental oxygen as needed with careful 
attention to airway protection and the need for 
intubation.

 3. Thiamine and glucose—empirically or if the 
blood glucose is less than 40–60 mg/dL

 4. Magnesium sulfate if secondary to eclampsia, 
see section on Preeclampsia and Eclampsia, 
and Table 30.7.

 5. If not secondary to eclampsia, treat with IV 
lorazepam, then if necessary load with fos-
phenytoin or levetiracetam.
 (a) There is no consensus on the antiepileptic 

drug of choice for status epilepticus in 
pregnancy. Valproic acid, phenytoin, phe-
nobarbital, and carbamazepine are all FDA 
Pregnancy Category D.  Levetiracetam is 
FDA Pregnancy Category C and may be a 
good first-line option (15–20  mg/kg over 
15 minutes) if it works [86].

 6. Labs: Electrolytes, glucose, liver, and renal 
function tests and levels of antiepileptic drugs 
the patient may have been taking.

 Cerebral Venous Thrombosis
This is the presence of thrombosis in the dural 
venous sinuses, which drain blood from the brain. 
While an uncommon condition, pregnancy is an 
independent risk factor for the development of 
CVT and the condition can be devastating [87]. 
Most cases occur during the third trimester or 
puerperium [87]. Mortality for pregnancy-related 
cerebral venous sinus thrombosis is 25–30%, and 
those that survive often suffer long-term neuro-
logic sequelae [20].

Signs and symptoms of CVT include head-
ache, focal seizures, paresis, papilledema, altered 
mental status, and intracranial hypertension. 
Headache is the most common symptom and 
occurs in 95% of patients [88]. Headache can be 
gradual or abrupt in nature. The diagnosis 
requires a high degree of suspicion.

Initial evaluation should include MRI with 
venography. The MRI scans will often show 
bilateral hemorrhagic infarcts. CT with venogra-
phy is an alternative if MRI is unavailable, 
although the sensitivity is not as high. Traditional 
cerebral angiography with particular attention to 
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the venous phase can also diagnose CVT, with 
the benefit of being able to mechanically inter-
vene during the procedure.

Initial management of CVT involves thera-
peutic anticoagulation with UFH or LMWH. Both 
treatment modalities are safe, and may improve 
outcomes even in patients with preexisting hem-
orrhagic infarcts. Directed thrombolysis is 
reserved for patients with profound neurologic 
symptoms, or those that worsen despite treatment 
with heparin [20]. Seizures should be controlled 
with antiepileptic drugs and basic maneuvers to 
reduce intracranial pressure. Neurology and pos-
sibly neurosurgery should be consulted on all 
patients with CVT.

 Intracranial Hemorrhage
Intracranial hemorrhage is a rare but serious 
problem during pregnancy. Common causes 
include ruptured aneurysm, arteriovenous mal-
formations (AVMs), hypertensive intraparenchy-
mal bleed, eclampsia, bleeding disorders, 
malignancy, and cocaine abuse. Subarachnoid 
hemorrhage (SAH) carries a threefold increased 
risk during pregnancy, with >85% of hemor-
rhages occurring in the second or third trimester 
[89]. AVMs, although a rare cause of SAH in the 
general population, account for nearly half of 
SAH in gravid patients [90]. Signs and symp-
toms, initial evaluation, and management of 
intracranial hemorrhage in the pregnant patient 
do not differ significantly from the nonpregnant 
population.

 Gastrointestinal Disease 
in Pregnancy

 Gastrointestinal Physiology
Abdominal organs are displaced cephalad, poste-
rior, and lateral by the growing uterus. 
Progesterone-associated relaxation of smooth 
muscles results in decreased lower esophageal 
sphincter tone and GI tract hypomotility, leading 
to an increased risk of aspiration pneumonitis 
and pneumonia. The two major gastrointestinal 
disorders specific to pregnancy involve the liver. 

While a slightly elevated alkaline phosphatase is 
normal in pregnancy, elevated transaminases or 
evidence of liver failure should prompt a search 
for pathology such as hepatitis, HELLP syn-
drome, or acute fatty liver of pregnancy (AFLP). 
AFLP and HELLP syndrome can be difficult to 
distinguish. See Table  30.3 for normal lab 
values.

 HELLP Syndrome
The syndrome of hemolysis, elevated liver 
enzymes, and low platelets (HELLP) is a serious, 
potentially fatal complication of pregnancy that 
affects between 1 and 3 per 1000 pregnancies 
[26, 91]. The maternal mortality rate is estimated 
between 1% and 3%, and is usually attributed to 
DIC or hemorrhage. The perinatal mortality rate 
is approximately 30%, with many fetuses born 
prematurely or with intrauterine growth restric-
tion [91]. More than 70% of cases occur antena-
tally, usually before 37 weeks [26, 92].

There is overlap between HELLP syndrome 
and preeclampsia, but the relationship remains 
unclear. For example, up to 20% of patients with 
HELLP syndrome do not have antecedent hyper-
tension or proteinuria as would be seen in pre-
eclampsia [26, 92].

Signs and symptoms are often nonspecific 
with a highly variable clinical presentation [93]. 
The most common symptom is abdominal pain 
with tenderness in the epigastrium or right upper 
quadrant. Other symptoms include nausea, vom-
iting, headache, and general malaise [94]. 
Because presentation is often nonspecific and 
may suggest a viral syndrome, the diagnosis can 
be missed by not checking basic labs.

Initial evaluation should include a complete 
set of labs, a liver panel (specifically AST, ALT, 
and bilirubin), serum LDH, haptoglobin, coagula-
tion panel, and peripheral blood smear. Ultrasound 
or CT may be useful if there is concern for hepatic 
complications. There are two major classifica-
tions—the Mississippi Classification and 
Tennessee Classification. While all criteria must 
be met for a diagnosis of the complete form of 
HELLP, patients can be diagnosed with partial or 
incomplete HELLP.  Complete HELLP can 
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develop rapidly in patients with the incomplete 
form.

Tennessee Classification:

 1. Hemolysis
 (a) Schistocytes on blood smear
 (b) Elevated indirect bilirubin
 (c) LDH >600 IU or bilirubin >1.2 mg/dL
 (d) Low serum haptoglobin (≤25 mg/dL)

 2. Elevated liver enzymes
 (a) AST >70 U/L

 3. Low platelets
 (a) <100,000/mm3

Differential diagnosis includes TTP, HUS, 
cold agglutinins, and acute fatty liver of preg-
nancy (AFLP). Women with HELLP syndrome 
often have more severe liver dysfunction than in 
other conditions with the exception of AFLP. 
HELLP syndrome and AFLP can be difficult to 
differentiate—this is discussed in the section on 
AFLP below. Clinical concerns should also 
include the major life-threatening complications 
of HELLP syndrome—hepatic hemorrhage, and/
or infarction, subcapsular hematoma, liver rup-
ture, and multisystem organ failure [26].

Initial management should focus on stabiliza-
tion of maternal blood pressure and coagulopa-
thies. Definitive treatment for HELLP is 
expeditious delivery of the fetus [26]. Subcapsular 
hematomas and ruptures require surgical inter-
vention. Patients with suspected or diagnosed 
HELLP should be cared for at a tertiary care cen-
ter with consultants including obstetrics, particu-
larly a maternal–fetal medicine team, and 
possibly general surgery and interventional 
radiology.

 Acute Fatty Liver of Pregnancy
AFLP is an uncommon but potentially fatal com-
plication of pregnancy [95]. This disease has a 
rising incidence and declining maternal and fetal 
mortality due to better recognition, identification 
of milder cases and aggressive early care [96, 
97]. Maternal mortality rates have fallen from as 
high as 85% to 0–10% and fetal mortality is now 
8–25% [25, 98]. Maternal death is most often 
related to severe coagulopathy.

AFLP is characterized by hepatic microvesicu-
lar steatosis related to fetal deficiency of long- chain 
3-hydroxyacyl coenzymes dehydrogenase—a fatty 
acid beta-oxidation enzyme [26]. A fetus that is 
homozygous for the mitochondrial mutations is 
unable to metabolize long-chain fatty acids. The 
excess fatty acids overflow into maternal circula-
tion, causing hepatotoxicity.

Signs and symptoms may be vague and usu-
ally develop in the late third trimester, with rare 
cases reported in the second trimester. AFLP is 
more common in women with multiple gesta-
tions and possibly in underweight mothers. 
History may reveal that the patient’s other chil-
dren have metabolic problems. Symptoms 
include vomiting, abdominal pain, malaise, 
anorexia, edema, and headache. Physical findings 
may include jaundice, right upper quadrant 
abdominal tenderness, tachycardia, asterixis, 
fever, altered mental status, evidence of ascites, 
oliguria, scleral icterus, and mucous membrane 
bleeding.

Initial evaluation: Characteristic laboratory 
findings may include:

 1. Elevated PT.
 2. Hyperbilirubinemia.
 3. Alkaline phosphatase, which is mildly ele-

vated in normal pregnancy, is usually elevated 
to a greater degree in AFLP.

 4. A moderate transaminitis (250–500  U/mL). 
Levels >1000 U/mL should raise concern for 
other conditions such as a viral hepatitis.

 5. Hypoglycemia with as many as 75% of 
patients requiring a 10% dextrose drip in one 
study [99].

 6. Frequently elevated serum ammonia, uric acid 
and lipase, and evidence of renal insufficiency.

Differential Diagnosis The diagnosis of AFLP 
is usually made clinically and may be most effi-
ciently reached by excluding other more com-
mon causes of liver dysfunction in pregnancy 
including HELLP syndrome, preeclampsia, 
viral hepatitis, and cholestasis of pregnancy. It 
may be difficult or impossible to differentiate 
AFLP and HELLP syndrome. Compared with 
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HELLP syndrome, AFLP is more strongly char-
acterized by evidence of hepatic insufficiency 
such as encephalopathy, coagulopathy, and 
hypoglycemia, whereas HELLP syndrome is 
more strongly associated with thrombocytope-
nia and hypertension. Preeclampsia is not usu-
ally accompanied by jaundice, hypoglycemia, 
or significant coagulopathy. Viral hepatitis is 
rarely associated with high uric acid levels and 
will commonly have transaminases above 
1000 U/L. Cholestasis of pregnancy is charac-
terized by intense pruritus and an elevated alka-
line phosphatase without the other symptoms 
and signs common to AFLP. Conclusive diagno-
sis of AFLP requires a liver biopsy, but this is 
rarely performed due to the underlying coagu-
lopathy. While the sensitivity of radiography is 
poor for diagnosing AFLP, it is reasonable to 
obtain imaging to exclude biliary obstruction as 
the cause of symptoms.

Initial management should be aimed at the 
stabilization of maternal glucose levels and cor-
rection of coagulopathy. The definitive treatment 
is urgent delivery of the fetus. These patients are 
best cared for at a tertiary-care medical center 
with high-risk obstetric services. Delay in diag-
nosis and delivery can result in liver failure, 
death, or need for transplantation.

 Renal/Urinary System Problems 
in Pregnancy
Renal Physiology in Normal Pregnancy A 
pregnant woman’s kidneys must handle excretory 
load from the fetus as well as from her own 
increased metabolism. In patients with no 
 preexisting kidney disease, glomerular filtration 
rate increases during pregnancy as evidenced in a 
fall in levels of serum creatinine (Table 30.3). A 
pregnant woman with normally functioning kid-
neys may need higher or more frequent dosing of 
renally cleared drugs.

Acute Kidney Injury There are no obstetric ill-
nesses that cause isolated injury to the kidneys. 
Acute kidney injury frequently accompanies sys-
temic diseases such as preeclampsia/eclampsia, 
HELLP syndrome, and other illnesses such as 

sepsis similar to the nonpregnant population. 
With lower normal values for serum BUN and 
creatinine, the threshold for diagnosing acute 
kidney injury is also lower. A previously healthy 
pregnant woman with a creatinine as low as 1.0 
likely has acutely impaired renal function and 
may suffer toxicity from renally cleared drugs 
such as magnesium sulfate.

Chronic Kidney Disease In patients with preex-
isting kidney disease, renal function may decline 
during pregnancy. Hypertension and a serum cre-
atinine above 1.5  mg/dL during pregnancy are 
risk factors for the permanent exacerbation of 
underlying kidney disease. Chronic kidney dis-
ease is associated with worse maternal and fetal 
outcomes [100].

Infections Ureteral stasis may contribute to an 
increased incidence of urinary tract infections 
and pyelonephritis.

 Endocrine Problems in Pregnancy

 Diabetic Ketoacidosis (DKA)
Pregnancy is a “diabetogenic” state and many 
factors make pregnant women more susceptible 
to DKA. DKA remains a major concern when 
diagnosed in pregnancy because of maternal 
morbidity, and fetal morbidity and mortality. 
DKA can lead to maternal dehydration, hypoten-
sion, metabolic acidosis, and electrolyte distur-
bances severe enough to cause arrhythmias. 
Maternal acidosis can impair fetal oxygenation 
and tissue perfusion. DKA carries a perinatal 
mortality rate of 9–35% [101].

Signs and symptoms of DKA are variable and 
similar to those in the nonpregnant population. In 
pregnancy, DKA can occur with serum glucose 
levels much lower than those seen in nongravid 
patients, and is not infrequently the initial presen-
tation of a new diagnosis of diabetes [102].

Initial evaluation and management of DKA 
in pregnancy do not differ significantly from that 
in nonpregnant patients. History and exam 
should reveal an identifiable trigger for DKA, 
with insulin cessation and infection being the 
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most common. While acidosis may be poorly 
tolerated by the fetus, there has been no benefit 
shown from more liberal use of bicarbonate in 
pregnant women with DKA. Continuous fetal 
heart rate monitoring should be started if the 
fetus is of viable gestation. Often, signs of fetal 
distress serve as an alert to the degree of mater-
nal metabolic derangement. Delivery should be 
delayed until the mother is metabolically 
stabilized.

 Thyroid Disease
Thyroid disorders are the second most common 
endocrine disorder in pregnancy. Thyroid tests 
must be interpreted in light of the normal physi-
ologic changes of pregnancy. There is a 50% 
increase in thyroxine-binding globulin (TBG) 
by 20 weeks gestation; in order to keep free T4 
levels normal, total T3 and T4 levels also 
increase until mid-gestation [103]. The increase 
in TBG is due to the effects of estrogen and 
decreased hepatic clearance. Serum thyroid-
stimulating hormone (TSH) levels decrease in 
the first trimester due to human chorionic 
gonadotrophin (hCG) elevation, but increase in 
later pregnancy, albeit not to prepregnancy lev-
els [103].

 Thyroid Storm
Thyroid storm is estimated to occur in 1–2% of 
pregnancies already complicated by hyperthy-
roidism and receiving thioamide therapy [104]. 
The condition is rare and diagnosis can be diffi-
cult, but it is potentially fatal if not recognized 
and treated early.

Signs and symptoms of thyroid storm include 
cardiovascular compromise, hyperpyrexia, and 
central nervous system changes. Patients may be 
in shock or coma when presenting to the ED. The 
differential diagnosis is broad and includes heart 
failure and sepsis, which may present concomi-
tantly [105].

Initial evaluation should include a compre-
hensive laboratory evaluation, including serum 
TSH, total T4/T3, and free T4/T3. Diagnosis of 
hyperthyroidism is based on a suppressed TSH 
with elevated free T4.

Initial Management Empiric treatment should 
be started in consultation with an endocrinologist 
and MFM specialist before laboratory results 
become available [103]. Radioactive iodine is 
contraindicated in all stages of pregnancy, and 
methimazole is recommended as the first-line 
antithyroid medication except during the first tri-
mester [105, 106].

Initial ED treatment may consist of the fol-
lowing: [105, 106]

 1. Methimazole 20–30  mg once to reduce pro-
duction of thyroid hormones and block 
peripheral conversion of T4 to T3.
 (a) In the first trimester, use propylthiouracil 

(PTU) 300 mg PO/NG every 6 hours.
 2. Iodide: 1 hour after the patient is given PTU 

(to block release of stored hormone)
 (a) Sodium iodide (1 g IV every 12 hours), or
 (b) SSKI (10 drops PO every 8 hours)

 3. Steroids (hydrocortisone 50–80  mg every 
8 hours; dexamethasone 2 mg every 6 hours; 
or prednisone 60  mg every day) to block 
release of stored hormone and the peripheral 
conversion of T4 to T3.

 4. Propanolol (60–80  mg PO every 4  hours or 
1  mg/min IV) or esmolol (250–500  μg/kg 
loading, then 50–100 μg/kg/min infusion) for 
tachycardia.

 Trauma in Pregnancy

Epidemiology There are approximately 4.1 
injury-related hospital admissions per 1000 
deliveries [107]. The most common types of 
trauma during pregnancy include motor vehicle 
collisions (MVCs; 48%), falls (25%), and assaults 
(17%) [108]. Blunt trauma (91%) far exceeded 
the incidence of penetrating injury (9%) in a ret-
rospective review [109].

Mechanisms of Injury In blunt trauma, the 
abdominal wall, uterine myometrium, and amni-
otic fluid act as buffers to direct fetal injury. The 
fetus may still be injured if the direct forces are 
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significant or in cases of indirect injury such as 
compression, deceleration, coup–countercoup 
effects, or shearing. In patients involved in 
MVCs, the type of restraint system affects the 
frequency of uterine rupture and fetal death 
[110]. A lap belt alone can cause too much for-
ward flexion and uterine compression, leading to 
uterine rupture and placental abruption. A lap 
belt worn too high can lead to uterine rupture. A 
lap and shoulder belt combination reduces the 
risk of fetal injury. Unrestrained occupants have 
a higher risk of premature delivery and fetal 
death. There does not appear to be an increase in 
pregnancy- specific risks associated with 
airbags.

In penetrating trauma, the risk of uterine 
injury increases as the gravid uterus enlarges. 
The dense myometrium and amniotic fluid serve 
to decrease the energy of the penetrating object 
and may actually protect maternal viscera; how-
ever, fetal morbidity and mortality can be as high 
as 73% [108, 109].

Obstetrical Injuries Placental abruption and 
uterine rupture are reviewed in more detail under 
Obstetric Hemorrhage (Antepartum).

 1. Placental abruption is a common cause of 
fetal death after significant trauma. It can 
occur in 7–9% of minor traumas in late preg-
nancy, and in 13% of severe traumas [111]. 
Management depends on the degree of hemor-
rhage and clinical status of the woman and 
fetus, and may include close monitoring or 
immediate delivery.

 2. Uterine rupture, while very rare, is estimated 
to occur 45 times more frequently in maternal 
assault than in pregnant women not exposed 
to trauma [112]. Maternal hemorrhage can be 
life threatening and fetal prognosis is poor. 
Laparotomy, possibly with hysterectomy, is 
indicated.

Initial Evaluation and Management The 
American College of Surgeons recommends first 
assessing and resuscitating the mother, then 
assessing the fetus before conducting the second-

ary survey [110]. Below are considerations 
unique to the pregnant patient.

Primary survey:

 1. Airway: Presume it is difficult and high risk 
(Table 30.9).

 2. Breathing: Chest tubes should be placed 1–2 
rib interspaces higher given the elevated dia-
phragm in pregnancy.

 3. Circulation:
 (a) Supine patients at greater than 20 weeks 

or unknown gestation should be tilted left 
side down at least 20–30 degrees, or the 
uterus manually displaced to relieve aor-
tocaval pressure.

 (b) Pregnant women may lose a significant 
amount of blood before typical signs of 
hypovolemia occur. Transfuse with type 
specific or O negative blood.

 (c) Perimortem cesarean delivery should be 
considered, acknowledging that the lim-
ited data for this is derived from patients 
suffering nontraumatic cardiac arrest.

 4. Fetal Assessment:
 (a) Fetal heart tones (normal range 120–160 

beats/min)
 (b) Urgent obstetric consultation [ATLS]

Secondary Survey:

 1. Early vaginal and rectal exam, noting dilation 
and effacement of the cervix, and the presence 
of blood and/or amniotic fluid. If there is vagi-
nal bleeding in the second or third trimester, 
cervical exam should be deferred until pla-
centa previa is excluded by ultrasound.

 2. Focused abdominal sonography for trauma 
(FAST) exam is useful to identify major life 
threats. In experienced hands, the ultrasound 
can also be used to estimate gestational age, 
calculate fetal heart rate, amniotic fluid vol-
ume, and placental position.

Studies:

 1. Kleihauer–Betke (KB) screen in addition to 
trauma labs.

30 Obstetric Emergency Critical Care



528

 2. Medically indicated radiographic studies, 
including CT scans, should not be delayed, 
although abdominal shielding should be used 
where possible.

 3. Continuous fetal tocodynamic monitoring and 
a complete ultrasonographic evaluation 
should be obtained in consultation with OB.

Nonemergent management:

 1. Consult a general/trauma surgeon and OB 
early.

 2. Tocodynamic monitoring of all patients with a 
viable pregnancy.
 (a) Asymptomatic patients with normal find-

ings can be monitored for 6 hours.
 (b) Patients with symptoms or abnormal fetal 

monitoring should continue to be moni-
tored for at least 24 hours.

 3. Rh immunoglobulin therapy should be given 
within 72  hours of injury to all Rh-negative 
patients.
 (a) The KB screen can miss minor degrees 

of feto-maternal hemorrhage that are 
still able to sensitize the Rh-negative 
mother.

 4. Tetanus prophylaxis is safe in pregnancy.

 Diagnostic Imaging During 
Pregnancy

There is often uncertainty and anxiety associated 
with the decision to expose pregnant women to 
ionizing radiation, primarily due to concern for 
embryonic/fetal risk and the paucity of data to 
support clinical decision-making. In most cases, 
if medically indicated, the risk to the mother of 
not doing the procedure is greater than is the risk 
of potential harm to the fetus [113].

Exposure to <5 Rad There is no evidence of an 
increased risk of fetal anomaly, growth restric-
tion, or pregnancy loss. While controversial, with 
1–2 rad there may be an increased risk of child-
hood cancer (~1 in 1000 children per rad) [114]. 
See Table 30.12 for doses involved in common 
radiologic tests.

Exposure to 5–50 Rad The risk of fetal malfor-
mation appears to increase above 10 rad. Between 
5 and 10  rad, the risk is less clear. In the first 
14 days following conception, exposure to doses 
above 5  rad will lead to either undamaged sur-
vival or embryonic loss. After 14 days, the risk of 
loss is less, but the fetus remains at risk of mal-
formations. The chance of causing CNS malfor-
mations is greatest between weeks 8 and 15, 
usually associated with doses of 20–40 rad, with 
no proven risk beyond 25 weeks gestation [113, 
114].

Most radiopaque agents for CT scanning 
have not been studied in pregnant humans, 
although animal studies suggest that they are 
not teratogenic. Because of case reports of neo-
natal hypothyroidism associated with iodinated 
contrast media, contrast should be avoided 
unless deemed necessary by the radiologist. 
Radiopaque agents used with CT should not 
interfere with lactation or the ability to breast-
feed [114].

MRI and ultrasonography are not associated 
with known adverse effects on the fetus and 
should be considered as an alternative, when 
appropriate.

We recommend consultation with a radiolo-
gist for any questions regarding nonemergent 
imaging and for assistance using low-exposure 
techniques when available. When multiple 
studies need to be performed, it may be helpful 
to consult an expert in dosimetry calculation 
[114].

Table 30.12 Fetal exposure in common radiologic testsa

Procedure Fetal exposure
Chest X-ray (2 views) 0.00002–0.00007 rad
Abdominal X-ray (1 view) 0.1 rad
Hip X-ray (1 view) 0.2 rad
CT head <1 rad
CT chest <1 rad
Helical CT for PE 0.013 rad
V–Q scan for PE 0.037 rad
CT abdomen & lumbar spine 3.5 rad

Adapted from: Refs. [114, 128]
aThese are estimations of fetal exposure. Exact doses are 
difficult to determine and will depend on factors such as 
shielding, equipment, and scan protocols
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Abbreviations

ACLS Advanced Cardiac Life Support
AHA American Heart Association
CHD Congenital Heart Disease
CPAP Continuous Positive Airway Pressure
ECMO Extracorporeal Membrane 

Oxygenation
ED Emergency Department
ELBW Extremely Low Birth Weight
ETCO2 End-tidal Carbon Dioxide
ETI Endotracheal Intubation
ETT Endotracheal Tube
HIE Hypoxic Ischemic Encephalopathy
IO Intraosseous
IVC Inferior Vena Cava
LBW Low Birth Weight
LMA Laryngeal Mask Airway
MAS Meconium Aspiration Syndrome
MSAF Meconium Stained Amniotic Fluid
NICU Neonatal Intensive Care Unit
NRP Neonatal Resuscitation Program
PALS Pediatric Advanced Life Support

PaO2 Partial Pressure of Oxygen
PEEP Positive End Expiratory Pressure
PIP Positive Inspiratory Pressure
Pox Pulse Oximetry
PPHN Persistent Pulmonary Hypertension of 

the Newborn
PPV Positive Pressure Ventilation
UV Umbilical Vein
VLBW Very Low Birth Weight

 Introduction

Since the beginning of time, babies have been born 
without medical support or intervention. Current 
numbers show that the great preponderance of 
births proceed without any resuscitative support at 
all. Ten percent, however, will need some interven-
tion to begin breathing and fewer than 1% will 
require more extensive resuscitation [1–4].

The Neonatal Resuscitation Program (NRP) is 
a comprehensive training curriculum that details 
the key interventions involved in resuscitation of 
both premature and term newborns. It describes 
in detail the problems that may arise in this popu-
lation and how to combat them. While most 
Emergency Physicians are certified in ACLS and 
even PALS, few are NRP certified and, unfortu-
nately, the ACLS and PALS algorithms and les-
sons cannot be applied to care of the neonatal 
population.
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Because most infants do not require any inter-
vention at birth and most high-risk infants are 
delivered at tertiary care centers—in delivery 
rooms with highly trained personnel—our expe-
rience with these patients (and therefore our 
comfort level) is likely limited. But, as Emergency 
Physicians, we know that although only a small 
percentage of infants born will require extensive 
resuscitation, one may very well end up in our 
Emergency Department (ED).

This chapter will serve as your guide to the 
management of that patient.

 Pathophysiology

Transition From Fetal Circulation (Fig. 31.1) In 
fetal circulation, the right and left sides of the 
heart function as parallel circuits, with only a 
small amount of blood passing through the pul-
monary circulation. All oxygen and carbon diox-
ide exchange occurs across the placental 
membrane. Oxygenated blood flows from the 
placenta through the umbilical vein back to the 
fetus, where half then flows through the hepatic 
circulation and the other half through the ductus 
venosus to the inferior vena cava (IVC) 
(Table  31.1). Blood from the lower extremities 
and from the umbilical vein mixes in the IVC and 
returns to the right atrium, where it is shunted 
across the foramen ovale to the left atrium, then 
to the left ventricle (Table 31.1). Blood from the 
left ventricle is pumped into the ascending aorta, 
then to the coronary and cerebral arteries and the 
upper extremities. Deoxygenated blood from the 
superior vena cava also flows into the right 
atrium, but primarily then to the right ventricle 
through the tricuspid valve. The right ventricle 
pumps blood toward the pulmonary circulation, 
but because it is so vasoconstricted in utero, most 
of the blood from the right ventricle is shunted 
through the ductus arteriosus into the descending 
aorta (Table  31.1). This blood then travels 
through the descending aorta to both the umbili-
cal arteries and the lower part of the fetal body. 
Very little blood from the left ventricle travels 
across the aortic isthmus to the descending aorta 
to mix with blood from the right ventricle via the 

ductus arteriosus. Therefore, the coronaries, cere-
bral arteries, and upper extremities receive blood 
with a higher partial pressure of oxygen (PaO2) 
than the umbilical arteries and lower extremities. 
In utero, the low PaO2 causes the pulmonary ves-
sels to be vasoconstricted, while the lungs them-
selves are expanded with the alveoli filled with 
fluid rather than air [1].

Three major changes occur at birth to allow tran-
sition from fetal circulation to that of a newborn 
[1]. First, clamping of the umbilical cord removes 
the low resistance placental circuit from the sys-
tem and results in an increase in systemic blood 
pressure. Second, the baby takes its first breaths, 
replacing the alveolar fluid with oxygenated air 
and forcing that fluid into the pulmonary lym-
phatic system. Surfactant present in the alveoli 
facilitates their expansion, then “splints” them 
open to provide enough surface area for gas 
exchange to occur [5]. Oxygen can then be 
absorbed into the pulmonary circulation, which 
quickly raises the PaO2 of that circuit. Third, the 
increased PaO2 in the pulmonary circulation 
causes the vascular resistance in that circuit to 
drop, decreasing resistance to blood flowing from 
the right ventricle. Because of that decreased pul-
monary vascular resistance, combined with the 
increased systemic blood pressure, blood starts 
preferentially to flow through the pulmonary cir-
culation rather than the ductus arteriosus, causing 
it to vascoconstrict. Constriction of the ductus 
arteriosus is also a function of increased PaO2. 
When hypoxemia exists, it causes both the ductus 
to remain open and pulmonary vascular resis-
tance to remain high, and a vicious cycle ensues 
forcing blood to continue to shunt through the 
ductus and bypass the pulmonary circulation.

The majority of these changes occur within sec-
onds after birth, but the full transition from fetal to 
neonatal blood oxygen levels has been shown to be 
a slower and continual increase, extending over a 
period of 5–10 minutes before reaching an oxygen 
saturation of at least 90% [1, 6].

Transition of the Premature Infant A number 
of differences among premature infants may 
 render the normal newborn transition more diffi-
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cult. Surfactant production only begins around 
24–28 weeks’ gestational age and infants born at 
fewer than 35  weeks may still be deficient. 
Without adequate surfactant, infants have more 
difficulty expanding their alveoli and preventing 

their collapse upon expiration [5]. The repeated 
expansion and collapse of alveoli also may trig-
ger an inflammatory response, in which plasma 
proteins are exuded onto the epithelial surface of 
the alveoli, further inhibiting surfactant function 
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Fig. 31.1 Diagram of fetal circulation. (Reprinted with 
permission http://www.heart.org/en/health-topics/con-
genital-heart-defects/symptoms%2D%2Ddiagnosis-of-

congenital-heart-defects/fetal-circulation. ©2015 
American Heart Association, Inc.)
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and causing adhesions on those epithelial sur-
faces, and making re-expansion of the alveoli 
even more difficult [5].

Premature infants often lack the muscular 
strength to make the vigorous respiratory efforts 
required to generate adequate inspiratory pressures 
to expand the alveoli and replace the fetal fluid with 
air. A softer and more flexible chest wall also 
means increased work of breathing and often leads 
to paradoxical chest wall movement, thereby low-
ering achievable tidal volumes [5]. Additionally, 
immature brain development often means a 
decreased or even absent respiratory drive.

Thermoregulation is also more difficult in the 
premature infant because of decreased fat stores, 
thinner skin, and a large body surface area rela-
tive to body mass.

Premature babies are also more likely to be 
born with an infection, a common stimulus for 
premature labor; they have a smaller relative 

blood volume and are therefore more vulnerable 
to the effects of blood loss and hypovolemia; they 
are more susceptible to oxidative cell damage 
from increased oxygen exposure; and finally, 
they have extremely fragile vessels in their brains 
that may bleed easily [1, 7].

Potential Problems During Transition Many 
problems can occur in the transition process of a 
newborn. Some can begin in utero (such as infec-
tions or compromised placental or uterine blood 
flow), which may trigger early and unexpected 
labor. Most problems occur after birth however, and 
the algorithm for neonatal resuscitation addresses 
those potential issues in a stepwise fashion.

Respiratory problems are encountered most 
often. Because of a blocked airway from secre-
tions or meconium, inadequate respiratory drive 
or strength of inspirations, or lung immaturity (as 
outlined above), the lungs may not fill with air 

Table 31.1 Definitions (in the order they appear in the text)

Ductus venosus In utero, shunt of oxygenated blood from the umbilical vein, bypassing the liver, to 
the IVC. This ductus closes upon clamping of the umbilical cord and eventually 
becomes the ligamentum venosus

Foramen ovale A flap valve in the atrial septum that shunts more highly oxygenated blood from 
the IVC via the right atrium to the left atrium

Ductus arteriosus In utero, shunt from the pulmonary artery to the descending aorta. This shunt 
remains open in utero because of low PaO2 and the presence of circulating 
prostaglandins

Persistent pulmonary 
hypertension of the newborn 
(PPHN)

Pulmonary vasoconstriction that causes ventilation perfusion mismatch with 
hypoxemia and persistent intra- and extracardiac right to left shunting of blood, 
causing a failure of the normal transition of the fetal to newborn circulation

Acrocyanosis A blue hue to the hands and feet seen at birth from decreased circulation to the 
extremities. This is not in itself an indication of decreased blood oxygen levels

Central cyanosis Cyanosis present throughout the body, including the mucous membranes and 
tongue, indicative of decreased blood oxygen levels

“Vigorous” infant An infant with strong respiratory efforts, good muscle tone, and a heart rate greater 
than 100 bpm

Preductal oxygen saturation The pulse ox probe is placed on the right wrist to detect the saturation of the blood 
received from the aorta prior to the ductus arteriosus where mixing occurs with 
blood with lower oxygen levels from the pulmonary artery

Preterm <37 weeks
Moderate to late preterm 34 to <37 weeks
Very preterm 28 to <32 weeks
Extremely preterm <28 weeks
Low birth weight <2500 g
Very low birth weight (VLBW) <1500 g
Extremely low birth weight 
(ELBW)

<1000 g
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and fluid may not be forced from the alveoli. 
Without adequate lung expansion and oxygen 
exposure, the PaO2 of the pulmonary circuit 
remains low, and therefore pulmonary arterioles 
remain constricted. This vasoconstriction may 
occur even if the lungs expand, and can lead to 
persistent pulmonary hypertension (PPHN) of 
the newborn (Table 31.1). Inadequate lung infla-
tion and pulmonary vasoconstriction also result 
in systemic hypoxemia.

Systemic hypotension may also occur in cases 
of extreme blood loss or may result from neona-
tal hypoxia causing decreased cardiac contractil-
ity or bradycardia with resulting low blood 
pressures [1].

 Patient Presentation

Identifying Patients at Risk Before Birth Many 
risk factors help identify infants who may require 
resuscitation, although in the ED there often is no 
time to identify these historical factors and one 
must always be prepared for a potential resuscita-
tion. However, when significant risk factors are 
recognized, and if appropriate resources in your 
own facility are absent, arrangements for transfer 
of the mother to a tertiary care center should be 
considered as soon as possible.

Antepartum risk factors pertinent in the ED 
setting include maternal issues such as diabetes, 
hypertension, preeclampsia, ongoing infection, 
substance abuse, lack of prenatal care, a history of 
previous fetal or neonatal death, and advanced 
maternal age (over 35 years). Other risk factors 
are pregnancy-related and include premature rup-
ture of membranes, multiple gestations, fetal mal-
formation or anomalies, diminished fetal activity, 
bleeding in the second or third trimester, post-
term gestation, and diminished fetal activity [1]. 
Intrapartum risk factors that pertain to ED deliver-
ies include breech or other abnormal presenta-
tions, prolapsed cord, premature or precipitous 
labor, prolonged (greater than 18 hours) rupture 
of membranes, prolonged (greater than 24 hours) 
labor, chorioamnionitis, meconium- stained amni-
otic fluid, abruptio placentae, placenta previa, or 
significant intrapartum bleeding [1].

The four most urgent questions to ask in a 
time-sensitive scenario are the gestational age, 
characteristics of the amniotic fluid if rupture of 
membranes has occurred, number of babies, and 
any additional risk factors [1].

Identifying Patients in Need of Resuscitation  
The NRP recommends a rapid assessment of three 
characteristics to determine which infants likely 
do not require resuscitation [1]:

Is it a term gestation?
Is there good muscle tone?
Is the infant crying or breathing?

If the answer to all three questions is yes, then 
the infant typically should not require resuscita-
tion and may be allowed to remain in physical 
contact with the mother and routine care pro-
vided (dry, keep warm, position airway, and clear 
airway secretions if needed). If the answer to any 
question is no, then resuscitative efforts should 
be initiated.

In past teachings, skin color, and its transition 
from blue to pink, was considered an important 
component of the initial assessment because it 
was thought to be the quickest and most visible 
sign of the baby’s state of oxygenation. Most 
babies display acrocyanosis (a blue hue to the 
hands and feet from decreased circulation to the 
extremities) at birth, which is not indicative of 
decreased blood oxygen levels. Central cyanosis 
(cyanosis present throughout the body, including 
the mucous membranes and tongue) on the other 
hand may indicate hypoxemia (Table  31.1). 
Studies have shown, however, that this clinical 
assessment is rather unreliable and depends on 
provider experience and skin pigmentation [1]. 
Therefore, it is no longer considered a compo-
nent of the critical initial assessment to determine 
resuscitation needs.

 Initial Stabilization

Overview In 2010, the American Heart 
Association (AHA) changed its recommenda-
tions for adult resuscitation of primary cardiac 
arrest patients from A-B-C (Airway-Breathing- 
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Circulation) to C-A-B, stressing the importance 
of initiating compressions over establishing ven-
tilation. For pediatric patients, the order was 
changed as well. Ventilation is still of primary 
importance because most pediatric arrests are of 
a respiratory etiology, but compressions should 
not be delayed while ventilatory support is estab-
lished. Neonatal resuscitation however remains 
A-B-C, focused primarily on establishment of an 
airway and ventilation, since nearly all of the 
problems encountered in a distressed neonate are 
solved with these interventions [1].

Once the rapid assessment of the newborn is 
performed and it is determined that the patient is 
either not at term, displays poor tone, or lacks 
adequate respiratory effort, the process of resus-
citation begins. Neonatal resuscitation includes a 
sequence of four categories of intervention: ini-
tial steps of stabilization (including temperature 
regulation, clearing the airway, and stimulation); 
ventilation; chest compressions; and administra-
tion of epinephrine and/or volume expansion 
(Fig. 31.2) [7].

 Initial Steps of Stabilization

Temperature Regulation Because newborn 
babies are wet and susceptible to significant heat 
loss at birth, the first step in resuscitation is to dry 
the infant and provide warmth. For most new-
borns, warmth is best provided via kangaroo 
care, consisting of skin-to-skin contact between 
mother and baby under her clothing or a towel or 
blanket. This position obviously does not allow 
for resuscitation, but for those vigorous term 
infants who are breathing spontaneously, it is a 
simple and effective method [8].

Infants who do require resuscitative efforts 
should be dried with towels (removing damp 
ones after use) and placed on a radiant warmer. 
The radiant warmer is prepared by setting it at 
36.5 °C and attaching the temperature probe to a 
bag of normal saline placed on the warmer. The 
baby should remain uncovered for full visualiza-

tion during resuscitative efforts. Hats are helpful 
to reduce heat loss.

Clearing the Airway Once dried, the infant 
should be placed in the supine position on the 
warmer with the neck in a neutral to slightly 
extended “sniffing” position. In cases where the 
infant has a large occiput due to molding, edema, 
or prematurity, it may help to place a rolled towel 
under the shoulders [1]. In the past, all infants 
had intrapartum oropharyngeal and nasopharyn-
geal bulb suctioning performed, but suctioning is 
no longer routinely recommended, even in infants 
at risk for difficult transitions, as it may induce a 
vagal response and further impair circulation [7, 
9, 10]. Current recommendations are to suction 
infants only if it is deemed necessary to clear 
obvious airway secretions, if secretions are 
obstructing the airway, if there is meconium- 
stained fluid, or if they are thought to require 
positive pressure ventilation (PPV) [1, 7]. Airway 
suctioning can be performed with a bulb syringe 
or a suction catheter (Table 31.2). Be mindful of 
too vigorous deep suction as you may injure tis-
sues and stimulation of the posterior pharynx 
may produce a vagal response leading to brady-
cardia and apnea [7].

Passage of meconium occurs most often in 
term or postterm infants and it may be the result 
of fetal distress or hypoxia in utero. The presence 
of meconium-stained amniotic fluid (MSAF) may 
be associated with fetal bradycardia, fetal acido-
sis, and low apgar scores [9]. Aspiration of meco-
nium can cause physical airway obstruction 
leading to atelectasis, and potentially even air leak 
or pneumothorax; chemical irritation causing an 
inflammatory pneumonitis; and inactivation and 
decreased synthesis of surfactant [11]. Meconium-
aspiration syndrome (MAS) should be suspected 
in infants born through MSAF who may be 
hypoxic and exhibit signs of respiratory distress 
immediately after birth [9]. Characteristic radio-
graphic findings may not be distinguishable from 
transient tachypnea of the newborn initially but 
can evolve over days to a typical hyperinflated 
appearance with diffuse patchy densities [11].
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Fig. 31.2 Neonatal resuscitation algorithm. (∗∗permission granted. ©2015 American Heart Association)
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In the past, recommendations called for deep 
tracheal suctioning to be performed on any infants 
with meconium-stained amniotic fluid. Later this 
recommendation was amended and the focus was 
placed on the infant’s appearance, and whether or 
not they are vigorous at birth (Table 31.1). This is 
no longer the case and routine intubation and suc-
tion for meconium-stained fluid is not recom-
mended as there is insufficient evidence to support 
the practice and there is evidence that it may 
induce harm [7, 9]. Current recommendations 
focus on the infant’s need for resuscitation. If the 
infant is not vigorous, with poor tone and 
depressed respirations, or the heart rate remains 
below 100 bpm despite initial steps of stabiliza-
tion, then you should establish ventilation and 
proceed with PPV [1, 7]. It is important to note, 
however, that the presence of meconium in amni-
otic fluid may indicate fetal distress and increases 
the risk that the infant will require resuscitation 
and potentially tracheal intubation [7].

Stimulation Primary apnea (defined as true apnea 
or gasping respiratory efforts) may occur in a 
stressed newborn after an initial period of rapid 
breathing. During primary apnea, tactile stimula-
tion (including the process of drying and suction-
ing, as well as slapping or flicking the soles of the 
feet or gently rubbing the back, trunk, or extremi-
ties) will provoke the baby to initiate breathing [1].

The much more dangerous secondary apnea 
may occur when cardiorespiratory depression 
persists during primary apnea, causing the infant 
to attempt a brief period of gasping breaths before 
entering this phase. When the infant is in second-
ary apnea, no amount of stimulation will result in 
a resumption of spontaneous respiratory activity 
[1]; if a couple of back rubs or flicks of the feet 
have not prompted spontaneous respiratory 
effort, then it is time to initiate PPV.

Assessing Respirations and Heart Rate During 
the initial seconds of stabilization, respiratory 
rate and depth should quickly increase with tac-
tile stimulation. Rate can be counted by observ-
ing for good chest rise or by auscultation. Heart 
rate can be best determined by physical examina-

tion using a stethoscope to auscultate along the 
left side of the chest. If a baby is breathing effec-
tively, the heart rate should be at least 100 bpm. 
Heart rate can also be determined by feeling for a 
pulse at the base of the umbilical cord where it 
attaches to the abdomen. Most ED physicians 
lack experience in detecting an umbilical pulse, 
and it may be more difficult if the vessels are con-
stricted, so our recommendation is always to use 
the stethoscope to auscultate a precordial pulse. 
If you still have difficulty, a pulse oximetry (Pox) 
probe or cardiac leads should be quickly placed. 
Typically, providers tap out the heart rate on the 
bed so other members of the team can follow the 
rate. You may count the number of beats in a 
6 second period and multiply by 10 for a quick 
estimate that will not cause any delay in the 
resuscitation algorithm sequence [1].

Continuing to the Next Step: Ventilation These 
first steps of drying, suctioning, and stimulating the 
infant are often occurring simultaneously as heart 
rate and respiratory rate are also being evaluated. 
The entire initial process should only take approxi-
mately 30 seconds to complete [1]. If the infant is 
apneic or gasping, or the heart rate is less than 
100  bpm, then immediately proceed to provide 
PPV and apply the Pox monitor (Table 31.3) [1].

If the baby is breathing spontaneously but has 
labored breathing or remains cyanotic, repeat 
efforts should be made to clear the airway, a Pox 
monitor should be applied, and continuous posi-
tive airway pressure (CPAP) should be consid-
ered (Table 31.3) [1]. For infants with persistent 
cyanosis and hypoxia confirmed by Pox monitor-
ing, but without a low heart rate or increased 
work of breathing, blow-by oxygen may be 
administered using a face mask or an open oxy-
gen tube held close to the baby’s mouth and nose 
and with the provider’s hand cupped toward the 
baby’s face, but without making physical contact 
(Table 31.3) [1]. Flow-inflating bags and masks 
and T-piece resuscitators may also be used to pro-
vide free-flow oxygen, but those are seldom 
available in the ED setting. Self-inflating bags are 
the most common device used in the ED but can-
not provide free-flow oxygen. See the discussion 
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below regarding oxygen concentrations for resus-
citations to determine how much oxygen should 
be applied with free-flow support.

 Ventilation

Ventilation of the newborn is the most critical 
intervention performed in neonatal resuscitation, 
and most compromised newborns will quickly 
respond with improved heart rates [1, 7]. At the 
time ventilatory support is initiated, Pox monitor-
ing should also be started. The use of Pox as a 
required early intervention in neonatal resuscita-
tion is rather recent and is critical for titrating 
oxygen administration. Because the ductus arte-
riosus may remain open for a period of time after 
birth, allowing blood with lower oxygen levels to 
cross from the pulmonary artery and mix into the 
descending aorta, the Pox probe should be placed 
on the right wrist, which receives blood from the 
aorta prior to the ductus arteriosus to detect a pre-
ductal saturation (Table 31.1) [1]. Pox monitor-
ing allows for a continuous pulse assessment 

without requiring interruption of resuscitation 
efforts, but the reality is that it may not provide 
accurate readings in low flow states and it may 
take 1–2 minutes to apply correctly and obtain a 
reading [7].

Oxygen Administration In the past, the recom-
mendations for resuscitation of any newborn with 
persistent cyanosis or respiratory distress 
included the administration of 100% oxygen. 
Studies have conclusively shown, however, that 
asphyxiated term infants exposed to 100% oxy-
gen during resuscitation (as compared to ambient 
air) have increased mortality, increased myocar-
dial and kidney injury, reduced cerebral circula-
tion, delayed recovery (as demonstrated by lower 
5-minute apgar scores and heart rates), increased 
resuscitation time requirements, and signs of 
increased oxidative stress for up to 4 weeks after 
birth [12, 13]. Excess oxygen exposure, espe-
cially in preterm infants and infants who have 
experienced hypoxic events, is thought to lead to 
increased free oxygen radical generation which 
can result in cellular damage [12].

Initiation of resuscitation with 21% oxygen 
(room air), on the other hand, has been shown to 
result in earlier initiation and maintenance of 
spontaneous respiratory efforts without any 
increase in neurodevelopmental disabilities [6]. 
Meta-analyses of several randomized controlled 
trials comparing use of 21% oxygen versus 100% 
oxygen in initiation of resuscitation in term new-
borns showed increased survival in patients given 
room air [7, 14, 15].

Most delivery rooms use blended oxygen dur-
ing neonatal resuscitation, guided by preductal 
saturations. Normal preductal saturations rise 
slowly from the in utero value of 60% in uncom-
promised term infants over the first 10 minutes of 
life to the neonatal value of over 90% [1, 7]. 
Current recommendations are that resuscitation of 
term newborns be initiated with room air and oxy-
gen concentrations gradually increased with the 
use of a blender to target typical preductal satura-
tions for the age in minutes (Table 31.4) [7, 16].

Most delivery rooms utilize T-piece resuscita-
tors attached to blenders to control both the per-

Table 31.3 Indications for Interventions

Intervention Indication
Free-flow 
supplemental 
oxygen

Persistent cyanosis (and confirmed 
hypoxia) in an infant with a normal 
heart rate and no increased respiratory 
effort

Positive 
pressure 
ventilation

Apneic or gasping infant
Heart rate below 100 bpm despite 
stimulation
Hypoxia despite supplemental oxygen 
increased to 100%

CPAP Heart rate greater than 100 bpm with 
persistent cyanosis or increased work 
of breathing

Endotracheal 
intubation

Inability to ventilate with bag-valve-
mask ventilation despite corrective 
efforts
Persistent requirement for PPV
Initiation of chest compressions
Special situations (e.g., surfactant 
administration and diaphragmatic hernia)

Chest 
compressions

Heart rate below 60 bpm despite 
adequate ventilation for 30 seconds

Epinephrine 
administration

Heart rate remains below 60 bpm 
despite 60 seconds of coordinated 
chest compressions and effective 
ventilations
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centage of oxygen being delivered and ventilatory 
pressures. This is the device that provides the 
most reliable and controlled peak inspiratory 
pressure (PIP) and positive end expiratory pres-
sure (PEEP) for neonatal resuscitation. Most 
EDs, however, are stocked with only self- inflating 
bags. A study by Thio et  al. evaluated oxygen 
delivery of four common self-inflating bags 
(Laerdal, Ambu, Parker Healthcare, and Mayo 
Healthcare) at different oxygen flow rates and 
PIPs [17]. While there were differences among 
the brands, the study found in general that self- 
inflating bags with a reservoir can deliver varying 
oxygen concentrations when a blender is unavail-
able (Table 31.5). The use of self-inflating bags 
with varied oxygen flow rates and PIPs may be a 
useful method in the ED, where obtaining a 
blender and T-piece resuscitator for the unlikely 
event of a neonatal resuscitation may be unrealis-
tic. However, if feasible, we recommend pur-
chasing a T-piece resuscitator for use in the ED.

After 30 seconds of resuscitation with effective 
PPV that expands the lung with visible chest rise, 
if the heart rate remains below 60 bpm, the oxygen 
concentration should be increased to 100% and 
chest compressions should be initiated [1, 7, 11].

If the newborn improves to the point that pre-
ductal saturations remain above 85–90%, oxygen 

concentration may be titrated back down to room 
air. If respiratory effort is adequate and heart rate 
is greater than 100 bpm, but central cyanosis or 
low oxygen saturations persist despite CPAP and 
oxygen, a trial of PPV should be considered [1]. 
For infants who are effectively ventilated but for 
whom cyanosis and hypoxia persist, problems 
such as congenital heart disease (CHD) or PPHN 
need to be considered [1].

Positive Pressure Ventilation Indications for 
PPV include an apneic or gasping infant, a heart 
rate below 100  bpm despite stimulation, or 
hypoxia despite provision of supplemental oxy-
gen where the concentration has been increased 
to 100% (Table 31.3) [1]. If an infant has a heart 
rate below 100  bpm despite a brief period of 
stimulation or remains cyanotic despite adminis-
tration of free-flow oxygen, continuing to attempt 
these measures is futile and there should be no 
delay in initiating PPV. In a retrospective review 
of neonatal resuscitations, ineffective PPV was 
identified as the most frequent cause of severe 
neonatal depression and the need for intensive 
resuscitation [18]. ED physicians are well versed 
in the art of bag-valve-mask ventilation, but with-
out experience, performing this task on the much 
smaller scale of the neonate can still be 
challenging.

The equipment needed includes appropriate 
size masks and bags, a manometer to gauge pres-
sures delivered and, in case they are necessary, 
appropriate sized endotracheal tubes (ETTs), 
laryngoscope blades, and laryngeal mask airways 
(LMAs). Cushioned-rimmed face masks in new-
born and premature sizes should be available. As 
with an older child or adult patient, the appropri-
ate size mask should cover the chin, mouth, and 
nose (but not the eyes) of the infant in order to 
provide an airtight seal. PPV may be adminis-
tered using a flow-inflating (or anesthesia) bag, a 
T-piece resuscitator, or the neonatal self-inflating 
bag most commonly found in EDs. Self-inflating 
bags should have an oxygen reservoir attached to 
provide a more constant concentration of oxygen. 
The appropriate size bag should have a minimum 
volume of 200 mL and a maximum of 750 mL 

Table 31.4 Normal preductal oxygen saturations [1, 7]

Minutes after birth Target saturation (%)
1 minute 60–65
2 minutes 65–70
3 minutes 70–75
4 minutes 75–80
5 minutes 80–85
10 minutes 85–95

Table 31.5 Delivering various oxygen concentrations 
using self-inflating bags and a gas source of 100% oxygen 
[17]

% oxygen 
delivered

Oxygen flow 
rate PIP

<40% 0.25 L/min Noncontributory
≤40% 0.5 L/min 35–40 cmH2O
>40% 0.5 L/min 20–25 cmH2O
40–60% 1 L/min 35–40 cmH2O
>60% 1 L/min 20–25 cmH2O
Apx 100% 5 L/min Noncontributory
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[1]. The tidal volume required for a term new-
born is only 4–6  mL/kg, or 10–25  mL, which 
would be a very difficult volume to deliver in a 
controlled manner using a larger bag [1].

Adequacy of ventilation can be assessed by 
evaluating for good chest rise as well as the 
response of the infant’s heart rate and oxygen 
saturations. Without experience, it is easy to ven-
tilate too aggressively and, even with adequate 
ventilation, chest rise may not always be visible, 
or stomach inflation may be mistaken for chest 
rise [1, 19, 20]. To accompany the clinical assess-
ment in guiding ventilatory efforts, all self- 
inflating bags should be equipped with an integral 
pressure gauge or an attached pressure manome-
ter to monitor inspiratory pressures. Initial PPV 
should be performed at a rate of 40–60 breaths 
per minute, with initial inspiratory pressures of 
approximately 20 cmH2O [1, 7, 21]. In some term 
babies without spontaneous ventilation, in order 
to clear the alveoli of their fluid, high pressures 
(up to 30–40 cmH2O) may be necessary for the 
first several breaths [7, 21–24]. Once functional 
residual capacity has been established, inspira-
tory pressures may be decreased while continu-
ing to assess for adequate chest movement and 
monitoring heart rate and Pox.

Use of an end-tidal Carbon Dioxide (ETCO2) 
detector placed between the self-inflating bag 
and the face mask may be considered to facili-
tate early recognition of an obstructed airway 
during bag-valve-mask ventilation. Leone et al. 
found that use of the PediCap allowed provid-
ers more quickly to recognize an obstructed air-
way by visualizing the lack of color signal 
change as opposed to trying to appreciate an 
inadequate degree of chest rise and auscultating 
for absent or unequal breath sounds [19]. When 
no color change was visible, providers knew to 
adjust their ventilation technique to correct the 
error, while infants with color change and poor 
clinical response to ventilation required other 
interventions.

Once PPV is initiated, the provider should 
observe for a rapid increase in heart rate and Pox 
readings, typically within the first 5–10 breaths 
[1]. Whether or not an ETCO2 detector is used, 
the provider should be observing for adequate 

chest rise, and a second provider should auscul-
tate for adequate breath sounds. If there is no 
color change, poor chest rise, or lack of bilateral 
breath sounds, then the ventilation corrective 
sequence should be performed.

The mnemonic for this sequence is “MR SOPA”: 
Mask adjustment, Reposition airway, Suction mouth 
and nose, Open mouth, Pressure increase, and 
Airway alternative (Table 31.6) [1, 25].

To adjust the mask, simply reapply with 
enhanced but gentle pressure to pull the jaw into 
the mask cushion and ensure a good seal. 
Repositioning the airway includes checking that 
the infant is in the appropriate sniffing position 
and adding a towel roll under the shoulders if 
necessary. The mouth and nose should be suc-
tioned if necessary for excess secretions. Because 
of their small nares and potential for secretions, 
attempts should be made to ventilate with the 
mouth open, especially in premature infants. 
Pressure may be slowly increased every few 
breaths to 30 cmH2O until the infant has visible 
chest rise and equal bilateral breath sounds. If the 
other components of the corrective sequence 
have been addressed and there is still inadequate 
chest rise, the pressure may cautiously be 
increased to 40 cmH2O [1]. Finally, if all of these 
adjustments have not corrected the inability to 
ventilate, an alternate airway, such as an ETT or 
LMA should be considered (Table 31.7).

Attempts to wean and discontinue PPV can be 
made once the heart rate is greater than 100 bpm 
and stable [1]. The rate and pressure of ventila-

Table 31.6 Ventilation corrective sequence: MR SOPA [1]

Mask 
adjustment

Reapply the mask to ensure an 
adequate seal, slight increase in 
pressure on the mandible to pull it into 
mask

Reposition 
airway

Place infant in sniffing position, towel 
roll under shoulders as needed.

Suction Check for excess secretions, suction as 
necessary

Open mouth Ventilate through an open mouth to 
bypass potentially obstructed nares

Pressure 
increase

Gradually increase airway pressures to 
30–40 cmH2O until good chest rise and 
equal breath sounds are present

Airway 
alternative

Consider ETI or LMA to improve 
ventilation efforts
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tion may be gradually reduced while observing 
for spontaneous respiratory efforts. If the infant 
can sustain respiratory efforts and maintain a 
heart rate over 100 bpm, then PPV may be dis-
continued. If preductal oxygen saturations remain 
in the target range, supplemental oxygen can also 
be weaned as tolerated [1].

Continuous Positive Airway Pressure CPAP 
allows oxygen delivery under lower pressures of 
about 4–6 cmH2O to improve work of breathing, 
distend the alveoli and prevent their collapse dur-
ing expiration, and improve gas exchange [5]. It 
has also been shown to improve ventilation- 
perfusion matching, decrease pulmonary vascu-
lar resistance, reduce incidences of apnea, and 
enhance surfactant release which further stabi-
lizes the alveoli [5].

Many delivery rooms utilize CPAP for infants 
with heart rates in the normal range (above 100) 
and spontaneous respirations, but with increased 
respiratory effort (grunting or retractions) or per-
sistent hypoxia and cyanosis [1]. If after several 
minutes of CPAP support the infant still has an 
increased work of breathing, PPV is indicated.

In the delivery room, CPAP is typically deliv-
ered using a face mask connected to a flow- 
inflating bag or to a T-piece resuscitator and 
adjusting the flow-control valve or 
PEEP. Unfortunately, CPAP cannot be delivered 
using the self-inflating bags present in most EDs. 
The NRP suggests that CPAP may be deliverable 
using some mechanical ventilators, but this 
method is quite cumbersome, as it requires a rela-
tively long preparation time and is not suitable 
for resuscitation scenarios. The T-piece resuscita-
tor is now the standard of care in delivery rooms 
and would be the ideal tool for use in the ED as 
well. If one is not available, then a flow-inflating 

bag with a manometer would be the next best 
option. If neither is available to deliver CPAP and 
the infant remains hypoxic or distressed, then 
PPV using a bag-valve-mask or endotracheal 
intubation (ETI) and full ventilator support would 
be the only other option.

Endotracheal Intubation Indications for ETI in 
neonatal resuscitation include inability to venti-
late with bag-valve-mask ventilation despite cor-
rective efforts, a persistent requirement for PPV, 
the initiation of chest compressions, and special 
situations such as surfactant administration or 
diaphragmatic hernia (Table 31.3) [1, 7].

While ED physicians have plenty of experi-
ence in ETI of adult and often pediatric patients, 
ETI of the newborn tends to be a unique skill that 
may be difficult to acquire and, like other skills, 
only improves with experience (Table 31.2) [26]. 
The NRP recommends providers spend no more 
than 30 seconds trying to intubate, with PPV by 
mask in between intubation attempts, and close 
monitoring for deterioration during those 
attempts [1, 26].

Laryngeal Mask Airway Because ETI of the 
neonate is a potentially difficult skill when not 
practiced, and practice opportunities may be hard 
to come by, ED neonatal resuscitation equipment 
should include an LMA as a rescue device. Only 
the size 1 LMA is appropriate for newborns. As a 
rescue device, the LMA requires less training and 
practice than ETI, may be placed rapidly, and has 
a high rate of successful first-time placement. 
Among its disadvantages is the existence of air 
leaks, which may lead to gastric distension and 
an inability to deliver adequate ventilatory pres-
sures; in addition, suctioning cannot be per-
formed through the LMA [1, 18].

Table 31.7 Equipment sizes by weight and gestational age [1]

Weight (g) Gestational age (weeks) Tube size (mm)
ETT suction 
catheter size (Fr) Laryngoscope blade size

Below 1000 Below 28 2.5 5 F or 6 F 00
1000–2000 28–34 3.0 6 F or 8 F 0
>2000 >34 3.5 8 F 1
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Continuing to the Next Step in Resuscitation: 
Chest Compressions If after 30  seconds of 
effective ventilation the infant is improving and 
the heart rate is greater than 60, but still less than 
100, continue to administer PPV.  Respiratory 
effort, Pox, and heart rate should be reassessed at 
least every 30 seconds while other complications 
such as hypovolemia and pneumothorax are con-
sidered [1]. An orogastric tube should also be 
considered at this time (Table 31.2).

If after 30  seconds of adequate ventilation 
with supplemental oxygen, CPAP, or PPV, the 
infant’s heart rate is still below 60 bpm, then the 
ED provider should continue to the next step in 
the resuscitation algorithm: chest compressions 
(Table 31.3) [1, 7]. Most often, effective ventila-
tion will result in an increase in heart rate. 
However, if the compromising event was sub-
stantial enough, myocardial function may have 
been affected.

 Chest Compressions

When chest compressions are initiated, ETI is 
strongly recommended if it has not been done 
prior to this point, and the oxygen concentration 
should be increased to 100%. Sixty seconds of 
well-coordinated chest compressions and ventila-
tion should be performed before stopping to reas-
sess heart rate. Chest compressions and ventilations 
must be coordinated in the newborn, even when 
intubated, with one ventilation given after every 
three compressions for a total of 30 breaths and 90 
compressions per minute (Table 31.2).

If the heart rate has improved to over 60 bpm, 
then compressions are discontinued and the ven-
tilatory rate should be increased back to 40–60 
breaths per minute from the coordinated rate of 
30 breaths per minute, and oxygen administration 
can be titrated back down as guided by preductal 
saturations [1].

If the heart rate remains below 60 bpm despite 
60  seconds of coordinated chest compressions 
and effective ventilations, preparations should be 
made to proceed to the next step in the algorithm: 
medication administration (Table  31.3) [1, 7]. 

While preparing for this next intervention and 
obtaining vascular access, continue coordinated 
chest compressions and ventilation with brief 
periodic checks of the heart rate. Use of a cardiac 
monitor is the preferred method for assessing 
heart rate during chest compressions. You may 
also assess the heart rate using a stethoscope or a 
Pox but there are limitations to these methods [1]. 
There should also be constant reassessment of the 
quality of ventilation by observing adequate chest 
rise and auscultating for good breath sounds, con-
firming ETT placement, administering appropri-
ate supplemental oxygen, and delivering quality 
and coordinated chest compressions [1].

 Medication Administration

Epinephrine is the drug of choice in neonatal 
resuscitation. As long as the heart rate remains 
below 60 bpm, chest compressions and PPV are 
continued and repeat doses of epinephrine are 
given until the heart rate rises above 60 bpm [1]. 
Once the heart rate improves to over 60  bpm, 
compressions and epinephrine administration are 
discontinued, and PPV continues until it is over 
100 bpm and the infant has spontaneous respira-
tory effort.

Intravenous Access The most easily manage-
able intravenous access in the newborn is the 
umbilical vein (UV), but many ED physicians 
may not be comfortable with this procedure if 
they have never performed it in the past 
(Table 31.2). In reality, umbilical line placement, 
though intimidating, is a technically simple pro-
cedure to perform. An alternative is placement of 
an intraosseous (IO) needle, which most ED phy-
sicians have been trained to perform (Table 31.2). 
Studies comparing UV catheter placement versus 
IO placement by inexperienced providers found 
the IO to be easier and faster [16]. In newborns, 
IOs are placed preferentially in the proximal 
tibia, then distal femur, medial or lateral malleoli, 
and iliac crests [16].

In the past, the endotracheal route of medica-
tion administration was considered an equally 
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viable option. Like ACLS and PALS recommen-
dations, however, the endotracheal route is now 
typically only used to give a single dose of epi-
nephrine while intravenous access is being secured 
[1, 27]. With the use of the IO in the ED setting, 
there likely would not be enough of a delay to war-
rant use of the endotracheal route at all.

Epinephrine The recommended dose of epi-
nephrine in neonatal resuscitation is 0.1–0.3 mL 
per kg of the 1:10,000 concentration [1]. Since 
this concentration contains 0.1 mg of epinephrine 
per mL, this dose is the equivalent of 0.01–
0.03 mg per kg. Dosing of the epinephrine should 
be followed with a 0.5–1  mL flush of normal 
saline [1, 7, 27].

If the epinephrine must be given via the endo-
tracheal route while efforts are being made to 
establish intravenous access, a higher dose of 
0.5–1  mL per kg of the 1:10,000 solution (or 
0.05–0.1 mg per kg) should be used [1, 7].

Chest compressions should be continued for 
1 minute after epinephrine administration via the 
intravenous route, slightly longer if it is given 
endotracheally, before a pulse check is per-
formed. Repeat doses may be given every 
3–5 minutes until the heart rate improves to over 
60 bpm. If the baby has had evidence of blood 
loss, appears pale, or is still responding poorly to 
resuscitative efforts suggesting the possibility of 
hypovolemia, volume administration may be 
considered [1].

Volume Administration Volume expansion is 
not routinely used during neonatal resuscitation 
unless there is evidence of acute blood loss or 
clinical factors suggest that possibility. Blood 
loss may occur via the umbilical cord, in cases of 
placenta previa or, occasionally, into the maternal 
circulation without external evidence of hemor-
rhage. Clinically, hypovolemic infants may dis-
play pallor, sluggish capillary refill time, weak 
pulses, persistent bradycardia, and a poor 
response to resuscitative efforts.

Volume expansion is given as a 10 mL per kg 
dose of normal saline or, in cases of suspected or 

proven severe anemia, type O Rh-negative packed 
red blood cells. Ringer’s lactate is no longer rec-
ommended in neonatal resuscitation [1, 7]. The 
fluids should be given slowly over 5–10 minutes 
rather than as a rapid bolus, especially in prema-
ture infants, because a potential risk of intracra-
nial hemorrhage exists with rapid volume 
expansion. If there is no significant improvement 
after the first dose, a second 10 mL per kg dose 
may be considered.

Other Medications Naloxone administration is 
not recommended for newborns during initial 
resuscitative efforts, even for those with respira-
tory depression. Instead, ventilatory support as 
outlined above is the mainstay of management 
[1, 7]. The use of sodium bicarbonate during 
resuscitation to correct metabolic acidosis is con-
troversial and not without risk. In the acidotic 
infant, emphasis again should be on adequate 
ventilation. Consultation with a neonatologist 
should be considered before administering 
sodium bicarbonate.

 Resuscitation of the Premature Infant

Prematurity is defined as a gestational age of less 
than 37 weeks at birth (Table 31.1) [28]. This cat-
egory is further broken down by the WHO into 
very preterm (less than 32 weeks) and extremely 
preterm (less than 28  weeks). In 2007, the 
American Academy of Pediatrics endorsed a 
nomenclature proposed by an expert panel in 
2005 that recommended that babies born between 
34 weeks and 36 6/7 weeks gestation be referred 
to as late preterm infants to reflect the fact that 
these infants have a greater risk of morbidity and 
mortality than term infants [29]. Premature 
infants are also categorized by birth weight, that 
is, as low birth weight (LBW) which is less than 
2500 grams; very low birth weight (VLBW) 
which is less than 1500 grams; and extremely low 
birth weight (ELBW) which is less than 1000 
grams [30].

Resuscitation of the preterm infant follows the 
same algorithm as that of the term infant. There 
are, however, certain factors unique to this popu-
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lation that deserve discussion. Premature babies 
are in fact as fragile as they appear, from the deli-
cate network of germinal matrix capillaries in 
their brains to their immature surfactant-deficient 
lungs. Attention must focus on avoiding cold 
stress, excessive ventilation pressures, trendelen-
burg positioning, and rapid changes in CO2 lev-
els, blood pressure, and volume [1]. They must 
be handled gently as they are dried and stimu-
lated and bagged, despite the nervous energy any 
ED provider undoubtedly will have when resus-
citating a premature infant.

Temperature Regulation When the delivery of a 
premature infant is anticipated, recommenda-
tions are to increase the ambient temperature of 
the resuscitation area to 74–77  °F, preheat the 
radiant warmer, and place a warming pad under 
the towels on the resuscitation table [1]. ED per-
sonnel rarely have the luxury of advance notice 
(beyond the estimated time of arrival given by 
prehospital providers calling with a consult) but 
should implement these preparations when pos-
sible. The recommendation for heat conservation 
unique to VLBW infants, or those delivered at 
less than 29 weeks gestation, is use of a polyeth-
ylene plastic bag (e.g., a sheet of plastic food 
wrap or a food-grade one gallon plastic bag) to 
wrap the infant in up to the neck immediately 
after birth [1, 7, 31]. This is done instead of dry-
ing the infant with towels, and the infant should 
remain in this plastic throughout the resuscitation 
process. There is a small risk that this may pro-
duce hyperthermia, so the baby’s temperature 
should be monitored as resuscitation efforts 
allow, with a goal axillary temperature of approx-
imately 36.5 °C [1, 8]. Chemical heat mattresses 
are also quite effective at maintaining body tem-
perature and are easy to use. Because the large 
surface area of a newborn’s head results in sig-
nificant evaporative heat loss, a head cap should 
be placed to prevent hypothermia [32].

 Ventilation

Oxygen There is no defined optimal oxygen con-
centration for resuscitation of premature infants, 

though to reach target saturations somewhat higher 
concentrations may be required for premature 
infants than for term infants [6, 25]. Target preduc-
tal saturations are the same for premature infants 
as term infants (Table 31.3) though they may be 
slightly slower to reach those goals [1, 25, 33].

Current recommendations are to initiate resus-
citation with an oxygen concentration of 30% for 
premature infants and titrate according to antici-
pated preductal saturations for the age in minutes 
[1, 6]. Most studies on oxygen administration in 
this population are done using blenders and titrat-
ing accordingly. In the ED, if a blender is not 
available and the only options include room air or 
100% oxygen administration, based on the litera-
ture it is not possible for us to make a recommen-
dation as to which you should use to initiate 
resuscitation. Using room air has a high treat-
ment failure rate, and using 100% oxygen has the 
potential for early and possibly long-term toxic 
effects in premature infants who have yet to 
develop their natural antioxidant defenses [6, 33]. 
If you need to resuscitate a preterm infant, a 
T-piece resuscitator and oxygen blender would 
be the ideal equipment to use. If only a self- 
inflating bag is available, then it might be best to 
adjust the concentration of oxygen delivered to 
the infant by varying the flow rates and PIP as 
reviewed in Table 31.4, though this has not been 
studied for resuscitation of preterm infants.

Positive Pressure Ventilation The same criteria 
are used for assisting ventilations in the premature 
infant as in the term infant, but the ED provider 
must be aware of the increased susceptibility to 
injury in these babies with immature lungs. Initial 
inflation pressures in the premature infant should 
be around 20–25 cmH2O [1]. The best indicator of 
effective ventilation will be a prompt increase in 
the heart rate. If this does not occur, then assess 
for chest rise and bilateral breath sounds. Keep in 
mind that adequate chest rise in the premature 
infant may be barely perceptible, or may not be 
visible at all in the VLBW infant covered in plas-
tic [1, 19]. Premature infants may also be more 
difficult to ventilate with a mask because of their 
relatively large tongues and small mandibles, 
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causing them to be more prone to obstruction 
[34]. Proper positioning of the airway and a good 
mask fit are of the utmost importance. While bag-
ging the overweight adult with a big tongue, short 
neck, and facial hair requires the full strength of 
both hands and forearms, bagging of the prema-
ture infant requires a delicate touch, precision, 
and fingertip finesse. Keep this in mind even as 
you may feel your own palpitations and your 
mind races to recall your neonatal resuscitation 
algorithm, and you will “first do no harm.”

Positive End Expiratory Pressure While there 
is insufficient information about the value of 
PEEP during the initial resuscitation, NRP rec-
ommends that it be utilized in the premature 
infant if ongoing ventilation is necessary. If the 
baby is intubated, use a PEEP of 5  cmH2O for 
premature infants [1].

Continuous Positive Airway Pressure CPAP 
may be especially useful in the preterm infant 
whose surfactant-deficient lungs are more sus-
ceptible to collapse with expiration, and to dam-
age from repeated collapse and reinflation [1]. Its 
use in premature infants has been associated with 
decreased need for intubation, decreased oxygen 
requirement, fewer days on mechanical ventila-
tion, and less use of postnatal steroids [5]. CPAP 
should be considered for premature infants who, 
like term infants, are breathing spontaneously 
and have a heart rate above 100, but have persis-
tent cyanosis, low Pox, or increased work of 
breathing. In the delivery room, CPAP is pro-
vided via a mask or CPAP nasal prongs attached 
to a T-piece resuscitator or flow-inflating bag. If 
this equipment is not available and prolonged 
support is anticipated (especially in a preterm 
infant), intubation and mechanical ventilation 
might be a better option until the infant can be 
transported to a neonatal intensive care unit 
(NICU) [7, 35].

Medications Infants born at less than 30 weeks 
gestation benefit from early surfactant adminis-
tration after resuscitation, though the guidelines 
for timing of administration and indications for 
its use are not precisely defined. Surfactant is 

relatively expensive and has an approximate 
36-month shelf life, so it may not be available in 
the ED. It is acceptable to await the NICU trans-
port team and allow them to administer surfactant 
if the receiving physician deems it to be neces-
sary [1]. However, in ELBW infants it is often 
not until surfactant is administered that an 
increase in heart rate is seen and resuscitation 
efforts become effective, so we would strongly 
recommend having a dose available (Table 31.2).

 Noninitiation and Termination 
of Resuscitation

Noninitiation of Resuscitation Conditions in 
which it is considered acceptable not to initiate 
resuscitation efforts include a confirmed gesta-
tional age of less than 23 weeks or birth weight 
less than 400 grams, anencephaly, a confirmed 
lethal genetic disorder (such as trisomy 13) or 
malformation, or when an otherwise unaccept-
ably high likelihood of death or severe disability 
exists [1, 7]. Parents may request that resuscita-
tion efforts not be initiated for patients in the 
“gray zone” where survival rates are still low and 
morbidity rates are high, such as infants in the 
23–24  week gestational age range [1, 7, 36]. 
These recommendations, however, are made for 
NICU staff who have the benefit of prenatal con-
sultations with families and complete access to 
prenatal records. In the ED it is best not to make 
irreversible decisions prior to the birth of the 
infant, and even when the gestational age is 
expected to be less than 23 weeks, the ED physi-
cian must keep in mind that except in cases of 
in vitro fertilization where exact dates are known, 
due dates are estimates and may be off by several 
weeks depending on how they were calculated 
and the recall of the mother.

Termination of Resuscitation Resuscitation 
efforts may be terminated if there has been no 
detectable heart rate for a period of at least 
10  minutes [1, 7]. At this point, the infant’s 
chance of survival is extremely low, and any who 
does survive will suffer severe disabilities. At this 
point, attention should turn to the family mem-
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bers. When death is considered inevitable and 
resuscitation efforts are discontinued, the parents 
should be offered an opportunity to hold the 
infant before and after its death. Consider allow-
ing the family to choose a name, obtain a weight 
and length and photograph, or even a footprint or 
lock of hair if so desired [37].

Definitive Treatment Infants who require resus-
citation are at significant risk of deterioration 
after initial stabilization. Once effective ventila-
tion and circulation have been established, new-
borns should be transferred to an environment 
where close monitoring and anticipatory care can 
be provided.

Temperature Regulation Thermoregulation is 
an important part of post-resuscitative care. This 
may be achieved using kangaroo care for the 
infant no longer requiring intervention or temper-
ature monitoring on the radiant warmer. 
Unintentional hyperthermia should be avoided, 
defined as a body temperature above 37.5 °C [38].

Therapeutic hypothermia has been shown in 
several randomized controlled studies of infants 
36 weeks of age and older with hypoxic-ischemic 
encephalopathy (HIE) to result in significantly 
lower mortality and neurodevelopmental disabil-
ity at 18 months, but it must be initiated within 
6  hours after birth and requires a very well- 
defined protocol to perform [1, 39–41]. 
Arrangements should be made for transfer to a 
facility that can perform this service as soon as 
possible, so it can be initiated within the required 
window of time for infants who are candidates. If 
a newborn is deemed eligible for hypothermia, 
all heat sources should be turned off until arrival 
of the transport team.

Respiratory Support Infants who require con-
tinued respiratory support after initial resuscita-
tion should receive heated and humidified oxygen 
to prevent heat loss and drying of the mucosa [1]. 
Infants who need continued support are also at 
risk for further complications from their difficult 
transition and require close monitoring until they 
are transferred to a NICU [1].

Laboratory Studies All infants, especially those 
who are premature, have relatively low glycogen 
stores, and the stress of a difficult transition will 
rapidly deplete those supplies. Infants who have 
required resuscitation should have glucose levels 
checked immediately after stabilization, then every 
30–60  minutes until levels are stable or they are 
transferred to definitive care [1, 7]. You may treat as 
instructed by your NICU consultant, but if levels 
are over 25 and less than 40 and the infant is able to 
take oral fluids, consider feeding. If they are unable 
to feed, or if levels are less than 25, you may give 
dextrose as 2 mL/kg bolus of D10W and start an 
intravenous glucose infusion [42]. Healthy term 
infants should not require routine glucose testing 
unless they are symptomatic. Symptoms may 
include lethargy, jitteriness, tremors, or tachypnea.

Other laboratory studies that may be consid-
ered as appropriate for each individual case 
include blood gas analysis and hemoglobin 
measurements.

 Post-Resuscitation Complications

Persistent Pulmonary Hypertension of the 
Newborn PPHN is the persistent vasoconstric-
tion of the pulmonary circuit in those infants who 
were hypoxemic or acidemic at the time of birth. 
It usually occurs in infants 34 weeks and older, 
and is most often managed with mechanical ven-
tilation and supplemental oxygen to help vasodi-
late the pulmonary vasculature. More severe 
cases may require therapies such as inhaled nitric 
oxide or extracorporeal membrane oxygenation 
(ECMO) [1]. Supportive care in the ED prior to 
transport includes likely intubation with mechan-
ical ventilation, sedation, and avoidance of 
hypoxemic episodes.

Pneumothorax The possibility of pneumotho-
rax should be considered in any infant who is not 
responding to resuscitation efforts or with an 
acute deterioration, especially those who are 
intubated. As with any adult patient with acute 
deterioration while being artificially ventilated, 
the “DOPE” mnemonic—dislodged tube, 
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obstructed tube, pneumothorax, or equipment 
failure—will help a diagnosis.

Seizures Infants with HIE from a period of 
perinatal asphyxiation may have seizures after a 
period of several hours after birth. Any seizing 
infant should have a glucose value checked first 
and treated accordingly, after which anticonvul-
sant treatment with Phenobarbital may be nec-
essary [1].

Apnea Infants with HIE or premature infants 
may have episodes of apnea or hypoventilation in 
the immediate postnatal period. Again, close 
monitoring is necessary until the time of transfer 
to definitive care [1].

 Premature Infants

Postresuscitation preterm infants require close 
monitoring of glucose values, as well as cardiore-
spiratory monitoring for apnea and bradycardia 
episodes typical in the extremely premature 
infants. Hypothermia should be avoided and oxy-
gen saturations should be closely monitored for 
lows and highs with attempts to maintain them in 
the normal range for their age. Prompt initiation 
of antibiotics should also be considered since 
infection is a potential cause of premature deliv-
ery and can have a significant impact on out-
comes [1].

 Critical Points

To determine which infants likely do not require 
resuscitation, the NRP recommends a rapid 
assessment of three characteristics:

Is it a term gestation?
Is there good muscle tone?
Is the infant crying or breathing?

Neonatal resuscitation includes a sequence of 
four categories of intervention: initial steps of 
stabilization (including temperature regulation, 
clearing the airway, and stimulation); ventilation; 

chest compressions; and administration of epi-
nephrine and/or volume expansion.

Routine suctioning is no longer recommended 
for all infants. Infants should be suctioned only if 
it is deemed necessary to clear obvious airway 
secretions or if they will require PPV.

Routine intubation and tracheal suctioning of 
the newborn delivered through MSAF is no lon-
ger recommended. Intubation should only be per-
formed if it is deemed necessary during 
resuscitation to provide PPV.

Ventilation of the newborn is the most critical 
intervention performed in neonatal resuscitation, 
and most compromised newborns will quickly 
respond with improved heart rates.

The use of Pox to monitor preductal satura-
tions is a required early intervention in neonatal 
resuscitation to titrate administered oxygen.

The use of 3 lead ECG monitoring is recom-
mended for the rapid and accurate measurement 
of a newborn’s heart rate.

Current recommendations are that resuscitation 
of term infants be initiated with room air and oxy-
gen concentrations gradually increased with the use 
of a blender to target typical preductal saturations.

Current recommendations are that resuscita-
tion of premature infants be initiated with 30% 
oxygen and titrate with use of a blender to target 
typical preductal saturations.

Indications for PPV include an apneic or gasp-
ing infant, a heart rate below 100  bpm despite 
stimulation, or hypoxia despite provision of sup-
plemental oxygen where the concentration has 
been increased to 100%.

Ventilation corrective sequence (MR SOPA): 
mask adjustment, reposition airway, suction 
mouth and nose, open mouth, pressure increase, 
and airway alternative.

Indications for ETI include inability to venti-
late with bag-valve-mask ventilation despite cor-
rective efforts, a persistent requirement for PPV, 
the initiation of chest compressions, and special 
situations such as surfactant administration or 
diaphragmatic hernia.

Chest compressions are indicated for patients 
who have a heart rate below 60  bpm despite 
30 seconds of adequate ventilation. Chest com-
pressions in the newborn must be given in coordi-
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nation with ventilations, even when the infant is 
intubated.

Debriefing and simulation are excellent ways 
of improving knowledge and practice skills.
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 Introduction

Care of the critically ill child in the emergency 
room is often challenging. Fortunately, the major-
ity of children who visit the ED are not suffering 
from life-threatening diseases, and those presen-
tations are not the intent of this chapter. We will 
provide brief overviews of the presentation, diag-
nosis, and treatment of the most common life- 
threatening diseases in children and focus on 
providing tools that will help the emergency 
department team recognize children who are crit-
ically ill and in impending organic failure. We 
will highlight the importance of teamwork, 
including not only the ED team but also consult-
ing pediatric specialists when caring for the criti-
cally ill child.

 Anatomical and Physiological 
Differences

Children are not simply small adults as there are 
several differences in anatomy and physiology 
that differentiate them from adults. The care of 
pediatric patients ranges from newborns to fully 
grown adolescents, and recognizing these ana-
tomical and physiological differences is vital. 
Certain congenital and acute diseases present ana-
tomical and physiologic differences of their own. 
One of the most challenging sources of anatomi-
cal differences is the pediatric airway. Table 32.1 
highlights some of these differences. The most 
common congenital disease in children, trisomy 
21, further exacerbates some of these differences 
like the larger tongue and the shorter neck.

Children have a much more intense vagal 
response potentially causing bradycardia when 
inserting an endotracheal tube or airway adjunct. 
Another important difference is the smaller lungs, 
especially in infants and newborns, making it crit-
ical to use an appropriately sized bag-valve- mask 
when providing assisted ventilation and using 
only the volumes necessary to expand the chest.

Children’s chests, especially in some congenital 
conditions, are less compliant. They are dependent 
on the movement of their diaphragm for breathing 
and have a reduced functional residual capacity. 
Some disease processes like chronic lung disease 
of prematurity, cystic fibrosis, and asthma further 
complicate these differences. Finally, the cardio-
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vascular system of children has several differences 
including a smaller circulating blood volume but 
more physiologic reserve, especially by increasing 
heart rate and vascular tone, than that of adults. 
This presents a challenge in the diagnosis of shock 
as blood pressure change is a late finding and usu-
ally signals impending cardiovascular collapse.

 Initial Assessment of the Critically 
Ill Child

The evaluation of children in the ED requires a 
rapid recognition of the critically ill as they can 
quickly deteriorate without immediate interven-
tion. The provider must maintain a high index of 
suspicion to be able to recognize the signs of 
impending deterioration. The focus of critical 
care support in the ED (and in any other setting) 
should be recognizing impending organ failure 
to prevent cardiopulmonary collapse. Vital signs 
differ across age groups, and recognition of 
abnormalities is an important first step and can 
help monitor response to therapy (Table 32.2).

 DIRECT

Society of Critical Care Medicine developed a 
methodology for the approach to critically ill 
child using the acronym DIRECT: D for detec-
tion, meaning to form a fast impression of the 
child’s status; I for intervention  – so after 
detecting a physiologic abnormality, quickly 
intervene to avoid further deterioration; after 
each intervention, the child should be reas-
sessed (hence the R) to evaluate the effect of 
the interventions; throughout these steps, 
healthcare providers should maintain effective 

Head

Neck

Tongue

Larynx

Epiglottis

Vocal Cords

Tracheal Cartilage

Prominent Occiput

Shorter

Larger and occupies more relative space in mounth

Higher than adult (above C2-C3)

Friable, Ω shape

Short and concave. Diameted smaller

Softer, less calcified

Table 32.1 Anatomical 
differences of the pediatric 
airway

Table 32.2 Vital sign differences

Age 
(years)

Respiratory 
rate (/min)

Heart rate  
(/min)

Systolic blood 
pressure 
(mmHg)

<1 30–40 110–160 70–90
1–2 25–35 100–150 80–95
2–5 25–30 95–140 80–100
5–12 20–25 80–120 90–110
>12 15–20 60–100 100–120
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communication and teamwork (EC and T in 
DIRECT) as they should contact the referral 
pediatric institution and specialists early on 
and maintain effective communication with 
them throughout the ED resuscitation up to the 
moment of transfer.

 Initial Impression
As you walk into the patient’s room, quickly 
form an impression by the assessment of three 
principal systems: behavior, respiratory, and car-
diovascular. These three, in combination with 
vital signs, form the Pediatric Early Warning 
Score which we will discuss later.

 Behavior
Quickly observe how the child is acting; it is 
important to know the child’s age and develop-
mental stage and if the child suffers from devel-
opmental delay. In general, a child that is active, 
playful, and feeding appropriately is not criti-
cally ill. One of the most important tools is ask-
ing the parent/caregiver if the child’s current 
behavior is his usual. Table 32.3 highlights some 
behavioral characteristics of an ill child.

A change in behavior alone, with no respira-
tory or cardiovascular abnormalities, is usually a 
sign of isolated neurologic dysfunction, so con-
sider etiologies such as CNS infection, trauma, 
metabolic derangements, and ingestions. When 
neurologic dysfunction combines with respira-
tory or cardiovascular compromise, this can be a 

sign of respiratory failure or impending cardio-
pulmonary failure.

 Respiratory
Respiratory emergencies are common, and most 
cardiac arrests in children are of respiratory eti-
ology, and as such, rapid intervention to prevent 
respiratory failure is of paramount importance to 
prevent cardiac arrest and death. Children’s use 
of compensatory mechanisms to support ventila-
tion and oxygenation are excellent indicators of 
respiratory dysfunction. Start with assessment of 
age-appropriate respiratory rate (see Table 32.2). 
In general, respiratory rate  >  10 breaths/min 
higher than the age average can point toward 
respiratory difficulty. Fever can cause tachypnea, 
and young infants can have normal periods of 
rapid breathing, followed by pauses and then nor-
malization of the respiratory rate called periodic 
breathing, which is a normal variant. Next, assess 
the child’s respiratory effort: First, the child’s 
position. Older children tend to favor a position 
which expands their chest’s capacity and allows 
better use of their accessory muscles – bending 
forward and laying their hands on their legs or 
knees known as tripoding. Second, use of acces-
sory muscles  – intercostal, subcostal (abdomi-
nal), and supracostal (neck) muscles – to assist in 
ventilation is a sign of respiratory distress. Nasal 
flaring and head bobbing are more ominous signs 
of impending respiratory failure, as is grunting. 
This usually consists of a low-pitched, repetitive 
mewing sound used to generate higher end expi-
ratory pressures to maintain oxygenation (espe-
cially in infants). Desaturation might only be a 
late finding when respiratory distress overwhelms 
the compensatory mechanisms mentioned above 
causing hypercapnia, hypoxia/hypoxemia, or 
both leading to neurologic dysfunction as the 
metabolic needs of the brain and other organs are 
not met. If not rapidly corrected, it can quickly 
evolve into cardiopulmonary failure and arrest.

 Cardiovascular
Quickly assess the patient’s skin for signs of 
peripheral vasoconstriction: pallor, duskiness, 
cyanosis, or mottling (a more ominous sign). 
Measure capillary refill in both upper and lower 

Lethargy

Confusion

Not Moving

Sleeping more than usual and not waking up for feeds

Irritable and not consolable by parent

Not latching on to breast or not taking bottles

Not reactive to stimulation

No reaction to painful stimuli

Table 32.3 Behavioral characteristics of the sick child
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extremities as there are conditions (like ductal- 
dependent heart disease) where these may be dif-
ferent. Heart rate more than 30 above the average 
for age (see table) is a sensitive indicator of car-
diovascular dysfunction. It is important to sepa-
rate fever as a factor for tachycardia and skin 
pallor, but if a child is febrile, a low threshold 
should be maintained for septic shock. With com-
pensated warm shock, the child’s compensatory 
mechanisms are sufficient to maintain end-organ 
perfusion with blood pressure usually normal at 
this stage (a reason why the use of blood pressure 
to assess a child’s cardiovascular status can be 
misleading!). As these compensatory mechanisms 
are overwhelmed (see section on shock), perfu-
sion to end organs decreases, and blood pressure 
drops. Decreased perfusion to the brain will lead 
to changes in behavior. This is known as uncom-
pensated cold shock which, if not quickly cor-
rected, may result in cardiopulmonary failure.

Conditions worsening respiratory conditions
Prematurity
Chronic lung disease of prematurity
Asthma
Congenital heart disease
Chronic kidney disease
Neuromuscular conditions

 Respiratory Failure

 Introduction
Respiratory failure can be of ventilation (with 
hypercapnia), oxygenation (with hypoxia), or 
mixed with both failing. As respiratory failure pro-
gresses, the child will become more obtunded and 
eventually lethargic due to respiratory acidosis or 
low cerebral oxygenation. If allowed to progress, 
respiratory failure will eventually lead to respira-
tory arrest and/or cardiopulmonary arrest.

 Etiology
The main entities that lead to respiratory failure 
are viral infections like croup and bronchiolitis as 
well as bacterial infections like tracheitis, epi-
glottitis (now rare due to routine HIB vaccina-
tion), pneumonia, and asthma.

 Diagnosis
The diagnosis of respiratory failure can be made 
on clinical grounds usually by a combination of 
tachypnea (RR more than 10 above average for 
age), use of accessory muscles, and, as it pro-
gresses, with abnormalities in behavior (ranging 
from irritability to obtundation and lethargy). 
Chest radiography or lab tests are not needed to 
diagnose respiratory failure although are useful 
for its etiology. Blood gasses should be arterial or 
capillary as venous are not as accurate for respi-
ratory acidosis and hypercarbia.

 Management
The goal of immediate treatment for respiratory 
failure consists of supporting ventilation and 
oxygenation, but some therapies are tailored for 
the underlying etiology.

 Bronchiolitis

Acute bronchiolitis is one of the most common 
presentations to outpatient clinics, EDs, and 
inpatient pediatric services and consists of upper 
respiratory symptoms combined with viral inva-
sion and inflammation of the lower airways 
(bronchi) which leads to air trapping and 
increased mucus production with plugging. It 
almost exclusively presents in children 0–2 years 
of age. After that age, other diagnoses like asthma 
exacerbations are more likely.

 Etiology
Most cases of bronchiolitis are caused by respira-
tory syncytial virus (RSV), but human metapneu-
movirus, parainfluenza, rhinovirus, and influenza 
viruses can also be implicated. The incidence of 
bronchiolitis waxes and wanes seasonally.

 Risk Factors
Most children with bronchiolitis have a mild 
course, but some have a higher risk of severe dis-
ease: infants <12  weeks of age and premature 
infants (especially born <31 weeks or who devel-
oped chronic lung disease of prematurity, con-
genital heart disease, neuromuscular disorders, 
and chronic health conditions). When evaluating 
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children with any of these risk factors, the clini-
cian should have a lower threshold for admission 
and more aggressive interventions.

 Presentation and Diagnosis
Bronchiolitis is diagnosed exclusively on history 
and physical examination: a combination of nasal 
congestion, cough, audible wheezing, tachypnea, 
and retractions. Auscultation will reveal a combi-
nation of transmitted upper airway sounds, crack-
les, and wheezing. Younger infants and premature 
infants can present with episodes of apnea. Nasal 
flaring, grunting, and head bobbing usually point 
toward more severe respiratory distress. 
Desaturation, cyanosis, and pallor are also late 
and ominous signs; lethargy and altered mental 
status are usually late findings but reveal severe 
respiratory disease. Chest X-ray abnormalities 
are common, and atelectasis may correlate more 
severe disease. Viral panels are not necessary for 
the diagnosis of bronchiolitis, and negative 
results do not rule out bronchiolitis.

 Management
The management of bronchiolitis is mainly sup-
portive with nasal suctioning decreasing the 
work of breathing and need for ventilatory sup-
port, and saline can be used to liquify secretions 
to assist suctioning. The decision to start ventila-
tory support should not be based solely on the 
presence of tachypnea and retractions, as these 
are present in some degree in all children with 
bronchiolitis; the criteria should include severe 
respiratory distress, respiratory failure, hypoxia 
(SaO2  <  90%), and hypercarbia. In the last 
decade, use of noninvasive forms of ventilation 
has decreased the need for intubation and 
mechanical ventilation. High-flow nasal cannula 
(HFNC) humidifies and warms air to make higher 
liter flow more tolerable, provides PEEP at higher 
flows (we recommend to start at least at 6 L for 
smaller infants and 10 L for older children), and 
improves ventilation. CPAP and BIPAP are other 
important noninvasive forms of ventilation that 
can be used when HFNC has failed or is not 
available. PEEP and inspiratory pressures should 
be individualized to the needs of the child. 

Smaller infants may benefit from noninvasive 
mechanical ventilation using a RAM cannula 
programmed for PIP, PEEP, rate, and pressure 
support. Blood gasses should be obtained to dem-
onstrate hypercarbia and respiratory acidosis as a 
baseline before initiating supportive measures. 
The decision to intubate a child with bronchiol-
itis should be after the use of noninvasive support 
has failed. The use of sedation and paralysis, plus 
the presence of an endotracheal tube, makes 
clearing of secretions more difficult and can pro-
long the disease, as well as causes secondary 
complications. Consultation with the pediatric 
critical care specialist in the facility which will be 
receiving the patient should occur when starting 
any ventilator support. Some facilities can receive 
patients on HFNC on their general pediatric 
wards, and it is important for emergency physi-
cian to know floor and ICU admission criteria for 
their local pediatric hospitals.

Bronchodilators have not decreased rates of 
admission but were actually associated with an 
increased length of stay as their side effects usu-
ally negate beneficial effects in studies of chil-
dren with mild disease. Although with severe 
disease and respiratory failure, a rescue dose of 
bronchodilator (we recommend racemic epi-
nephrine) can be used. Nebulized hypertonic 
saline did not decrease the rate of admissions but 
did reduce LOS by 1 day in children staying for 
more than 72  hours (the average is 2.4  days). 
Finally, the supportive treatment of bronchiolitis 
should also include adequate hydration which 
can be provided through a nasogastric tube or 
through an IV if a child is not tolerating PO or is 
requiring ventilatory support.

 Status Asthmaticus

Asthma consists of inflammation, bronchial 
edema, bronchial smooth muscle spasm, and 
increased secretions from a hyperactive response 
to stimuli or antigens. Most cases are not severe 
and respond well to bronchodilator therapy and 
steroids, but cases resistant to bronchodilator ther-
apy (status asthmaticus) can be life-threatening.
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 Etiology
The classical tetrad is airway inflammation, bron-
choconstriction, increased mucus production, 
and remodeling of the airway architecture. Most 
patients have concomitant atopy and a family his-
tory of atopy or asthma. Asthma exacerbations 
are usually brought around by triggers including 
viral or bacterial infections, cold temperatures, 
pollen, dust, smoke, or chemicals.

 Presentation/Diagnosis
The diagnosis usually can be made on the basis 
of history and physical examination as many 
patients have already received a diagnosis of 
asthma and reactive airway disease, have a his-
tory of prior wheezing, or have family history of 
asthma. During viral peak seasons, it is often 
challenging to distinguish younger patients with 
an asthma/reactive airway disease from those 
with bronchiolitis. Children who have had previ-
ous ICU admissions or intubations tend to have 
more severe exacerbations and should be more 
closely monitored. An exacerbation which does 
not initially respond to beta-agonist therapy and 
steroids is considered status asthmaticus (SA), 
and it is a common cause of pediatric respiratory 
failure. Children (especially toddlers) with uni-
lateral wheezing and respiratory distress (espe-
cially if first episode) should be evaluated for 
foreign body aspiration. In SA, because of the 
obstructive nature of the disease, respiratory fail-
ure is usually hypercarbic. Altered mental status 
and lethargy in combination with signs of respi-
ratory distress should prompt an evaluation for 
respiratory failure, including obtaining blood 
gasses. Hypoxia may initially worsen with beta- 
agonist therapy as it opens the airways a V/Q 
mismatch ensues. A chest X-ray is not necessary 
in patients presenting with asthma, but high fever 
and focal findings on physical exam (crackles, 
dullness to palpation, fremitus) will require eval-
uation for secondary pneumonia.

Assessing disease severity is important, but 
obtaining peak flow values can be challenging in 
smaller children. Several clinical scores like the 
pediatric asthma score have been developed and 
validated. Higher scores on the PAS are predic-

tive of more severe exacerbations and the need 
for more support.

 Management
Most patients presenting with asthma exacerba-
tions have a mild clinical course, but those with 
SA will require frequently inhaled beta-agonists 
and continued steroid treatment. Prevention of 
respiratory failure in these patients is key, and 
aggressive management will prevent it in most 
cases.

 Airway
Airway interventions are not usually necessary, 
but airway patency should be assessed, main-
tained, and reevaluated constantly throughout the 
patient’s ED course.

 Breathing
Support of breathing, especially ventilation, is 
the mainstay of treatment in respiratory failure 
due to asthma. Hypoxia usually ensues after ini-
tial bronchodilator therapy due to V/Q mismatch-
ing and can be treated with oxygen delivery 
devices like nasal cannula or face mask. The 
mainstay of treatment for the underlying bron-
choconstriction is inhaled beta-agonists. For SA 
timed doses of beta-agonists are usually insuffi-
cient, and continuous treatment (10–20 mg/h) is 
usually necessary. Anticholinergic agents like 
ipratropium can be useful in severe cases, as 
these have a modest synergistic bronchodilator 
effect. The bronchi might be so constricted that 
they do not allow passage of inhaled agents to 
lower airways so that parenteral treatments like 
magnesium sulfate, terbutaline, albuterol, or epi-
nephrine may be needed. Magnesium sulfate has 
traditionally been given as a bolus dose of 50  mg/
kg, but a continuous infusion (50 mg/kg/h over 
4 hours) may be more effective. In SA with respi-
ratory failure, IV steroid therapy should be initi-
ated rapidly – methylprednisolone bolus dose of 
2 mg/kg with a maximum of 60 mg and 1 mg/kg 
doses every 6  hours. Other corticosteroids like 
hydrocortisone are used in some institutions. Any 
of these measures should be done in consultation 
with the receiving facility. Other bronchodilators 
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like theophylline are usually limited to the ICU 
setting as they require close monitoring.

Support of ventilation tends to be more chal-
lenging, and noninvasive methods should be 
attempted as children tend to tolerate BIPAP 
well; initiate it slowly and individualize settings 
to suit the child and presentation. Sedation should 
be used sparingly and by trained providers as it 
can decrease respiratory drive, further worsening 
the patient’s hypercarbia. Intubation should be 
left as a last resort as sedation and paralysis 
make clearance of secretions very difficult and 
often worsen air trapping. Ketamine can be use-
ful for intubation as it has a modest bronchodila-
tor effect but can also increase airway secretions. 
Intubation should be performed by the most 
experienced provider in pediatric airways. 
Selection of ventilator mode and settings should 
include a long expiratory time (usually a low- 
rate and low-moderate tidal volume) allowing for 
permissive hypercapnia. Therapies like Heliox 
can be helpful in decreasing turbulent airflow but 
may be limited to the ICU setting. Management 
should be done in close communication with the 
receiving PICU facility. Blood gasses should be 
obtained early and frequently as elevated PCO2 
(or even a normal value when tachypneic) is pre-
dictive of impending respiratory failure as most 
children with SA are initially hypocarbic due to 
intact compensatory mechanisms.

 Circulation
Children with SA tend to present with some 
degree of dehydration due to increased insensible 
losses and decreased oral intake. Many of the 
treatments for SA will increase heart rate, 
decrease diastolic filling and stroke volume, and 
cause vasodilation. Inhaled beta-agonists have a 
strong ß2 activity but also bind to ß1 receptors 
causing tachycardia. This tachycardia is usually 
well tolerated by children but when hypovolemic 
or with smooth muscle relaxants like magnesium 
sulfate can cause a decreased cardiac output and 
organ perfusion. Thus, it is important to assess 
the patient’s baseline circulatory status and per-
form frequent reassessments especially when on 
continuous albuterol. Early determination of the 
need for IV access and parenteral fluids should be 

made. For children with underlying arrhythmias 
or heart disease, the L isomer of albuterol (leval-
buterol) has been marketed as a safer option, but 
so far no difference in its effectiveness or side 
effect profile has been found.

 Upper Airway Obstruction

 Etiology
Upper airway obstruction can be caused by infec-
tious and noninfectious causes. The most com-
mon noninfectious cause is foreign bodies, more 
prevalent in toddlers, as they are learning to crawl 
and walk, and in young children. Common for-
eign bodies are peanuts, round fruits, sausages, 
and small toys.

Croup, or laryngotracheitis, is an inflamma-
tory process of the glottis and subglottis. It is the 
most common infectious cause of infectious 
upper airway obstruction in children. It is caused 
by viruses, most commonly parainfluenza but 
also RSV, influenza virus, and HMPV. Epiglottitis 
remains an important cause of infectious upper 
airway obstruction in children and can be deadly 
when not diagnosed and treated in a timely man-
ner. It is classically caused by HIB, but the inci-
dence of this infection has decreased due to 
vaccination. Finally, bacterial tracheitis is a less 
common but potentially deadly cause of infec-
tious upper airway obstruction. It is usually pre-
ceded by a viral infection (croup). Although it 
can be difficult to isolate a causative organism, S. 
aureus has been found to be the most likely etiol-
ogy for bacterial tracheitis.

 Clinical Presentation
The hallmark presentation of upper airway 
obstruction is stridor which, depending on the 
affected site, can be inspiratory, expiratory, or 
biphasic. Respiratory distress, dysphonia, and 
generalized distress are also common. Hypoxia 
may occur due to severe obstruction, but as 
obstruction worsens, a mixed respiratory failure 
develops. Fever is common with infectious 
causes. Croup is usually benign but severe cases 
can be deadly if not treated rapidly. It usually 
presents with biphasic stridor only during exer-
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tion (mild) or at rest (moderate-severe) and often 
with nasal congestion and a barking cough. 
Patients with epiglottitis and tracheitis usually 
have high-grade fevers and are toxic-appearing. 
They will also have more severe respiratory dis-
tress and will commonly be assuming a tripod 
position. Epiglottitis tends to cause severe throat 
pain in older children, but younger patients might 
present with rapid-onset respiratory distress, 
muffled voice, and drooling. Patients with trache-
itis tend to have cough with grossly purulent 
secretions. If not treated quickly, upper airway 
obstruction can rapidly degenerate to hypoxic 
cardiopulmonary arrest.

 Management
Patients with upper airway obstruction require 
rapid interventions to relieve the obstruction and 
improve respirations. ABCDEs should be rapidly 
assessed, intervened upon, and reassessed.

 Airway
Upper airway obstruction requires immediate 
evaluation of airway patency and interventions to 
relieve obstruction. Patients will commonly 
arrive in severe respiratory failure or in cardiac 
arrest. Direct laryngoscopy should be attempted 
to visualize the airway and look for the foreign 
body. It can be difficult to remove the foreign 
body and instrument the airway. Needle cricothy-
rotomy can be lifesaving until a laryngoscope 
and bronchoscope can be inserted by an experi-
enced provider to remove the obstruction. For 
croup, relief of upper airway obstruction usually 
consists of rapid initiation of steroids (PO dexa-
methasone is a good choice given its long half- 
life) and an inhaled agent with vasoconstricting 
and respiratory smooth muscle dilating proper-
ties, most commonly racemic epinephrine. 
Humidified oxygen delivered through devices 
that can deliver PEEP (HFNC, CPAP, BIPAP) 
can also be helpful. In severe cases, Heliox can 
increase laminar flow through the airway and 
improve oxygenation. Every effort should be 
made to decrease stimulation of the child as air-
flow through the airway tends to become more 
turbulent with agitation. Only about 1% of cases 
of croup require intubation, but when required an 

uncuffed tube 0.5 cm less than the age- appropriate 
diameter should be used. If possible, muscle 
paralysis should be avoided given possible col-
lapse of the airway causing difficulty providing 
bag-valve-mask (BVM) ventilation. For epiglot-
titis, rapid assessment and intervention of the air-
way should be performed in the most controlled 
setting; if possible the child (especially under 
5 years old) should be immediately taken to the 
OR to be intubated by an anesthesiologist or 
ENT. With decreasing rates of HIB, some studies 
have found that in selected children older than 
5  years of age, observation in a PICU without 
intubating does not increase mortality. The role 
of steroids in epiglottitis is contentious, and given 
that they might depress the immune system, they 
are generally not indicated. Airway management 
in tracheitis follows similar principles of those in 
epiglottitis.

 Breathing
Close evaluation of respiratory status should be 
undertaken on all patients with upper airway 
obstruction. Hypoxia is usually ominous and 
should be rapidly corrected. Most of the interven-
tions mentioned in the airway section will correct 
hypoxia in upper airway obstruction. If a patient 
is intubated for upper airway obstruction, ventila-
tor settings should attempt to minimize volu-
trauma and barotrauma given that patients with 
upper airway obstruction may rapidly develop 
auto-peep. Ventilator management principles are 
similar to those mentioned in the asthma section.

 Circulation
Patients with upper airway obstruction, espe-
cially those with foreign bodies, frequently pres-
ent in cardiac arrest. PALS algorithms should be 
followed until establishment of an airway or final 
removal of the foreign body restores oxygenation 
and ventilation. While patients with croup rarely 
require interventions to restore circulation, race-
mic epinephrine causes tachycardia, and patients 
receiving more than one dose should be under 
telemetry monitoring. Patients with epiglottitis 
and tracheitis frequently present with concomi-
tant septic shock, and the principles stated in the 
shock section of this chapter should be followed.
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 Cardiac Emergencies

Cardiac emergencies in the pediatric population 
can be categorized by age. Please refer to the 
neonatal chapter for a review of cardiac emergen-
cies in the neonatal period. After the neonatal 
period (1–2 months), cardiac emergencies in the 
pediatric population are most likely to be due to 
postoperative congenital heart disease, arrhyth-
mias, and acquired heart disease.

Congenital heart diseases that may present 
emergently after the strict neonatal period include 
hypoplastic left heart syndrome (HLHS) and 
coarctation of the aorta (CoA) . These congenital 
heart lesions are dependent on a patent ductus 
arteriosus for adequate circulatory function. The 
infant with undiagnosed HLHS or CoA in dis-
tress is brought to the pediatric emergency 
department for color change, poor weight gain, 
difficulty breathing, sweating during feeding, 
fussiness, or excessive crying. Cardiogenic insta-
bility or shock in a 2-month-old infant due to clo-
sure of the ductus arteriosus is treated by 
administering prostacyclin as for the neonate.

Congestive heart failure in children is most 
commonly due to congenital heart anomalies and 
precedes cardiogenic shock. Myocarditis should 
be considered in all children with new-onset con-
gestive heart failure. Usual symptoms are poor 
feeding and crying in infants and fatigue, abdom-
inal pain, and difficulty breathing in the older 
child. Findings on exam include jugular venous 
distension, diaphoresis, hepatic congestion, a 
cardiac gallop (S3 hear sound), and respiratory 
distress with rales.

 Supraventricular Tachycardia (SVT)

Supraventricular tachycardia (SVT) is the most 
common sustained arrhythmia in children. SVT 
is the most common symptomatic tachyarrhyth-
mia that requires medical therapy in children and 
occurs in 1 of 250 to 1000 children. Infants with 
SVT and ventricular preexcitation (Wolff- 
Parkinson- White syndrome – WPW) are known 
to have up to 30% prevalence of congenital heart 

disease (CHD). Infants without ventricular pre-
excitation who present with SVT at <1  year of 
age have a similar prevalence of CHD.

In a large population of pediatric patients with 
SVT who were referred for radiofrequency cath-
eter ablation, they found that accessory pathways 
(APs) as with WPW allowing for AVRT (A-V 
Re-entry Tachycardia) are more prevalent than 
AVNRT (A-V Nodal Re-entry Tachycardia) at all 
ages (see Fig.  32.1) while AVNRT occurs with 
greater relative frequency in older pediatric 
patients. Males are more likely to have APs than 
females, and females older than 12 years of age 
are more likely to have AVNRT than males. SVT 
generally exceeds 180 beats per minute in chil-
dren/adolescents and 220 beats per minute in 
infants.

The management strategy for children with 
SVT is based on the physiological status of the 
patient. Stable patients with adequate perfusion 
(normal capillary refill time, mental status, and 
blood pressure) are managed with vagal maneu-
vers (ice pack to face for young children, or 
carotid massage, or Valsalva maneuvers  – the 
authors’ favorite is having the child take a deep 
breath and either forcefully exhale through a 
straw or inflate an exam glove “balloon”) or ade-
nosine: initial dose (0.1  mg/kg IV rapid push) 
and subsequent doses (increase by 0.1 mg/kg to a 
maximum of 12  mg/dose). Other treatment 
options are listed in Table 32.4. Those who have 
evidence of poor perfusion or hypotension 
receive synchronized DC cardioversion. The ini-
tial energy dose is 0.5–1  J/kg. For subsequent 
doses, double the energy dose to a maximum of 
2 J/kg if initial dose is ineffective. Consider anal-
gesia and sedation when possible, but do not 
delay cardioversion when the child is in extremis. 
A continuous ECG should be obtained before 
and during interventions to capture changes in 
the rhythm. If time and the clinical status allow, it 
is extremely valuable to obtain a full 12-lead 
ECG during the tachycardia, in addition to 
repeating it once sinus rhythm has been restored 
to determine if pre-excitation is present (since 
this can only be detected when in sinus rhythm) 
(see Fig. 32.2).
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 Cardiogenic Shock

Mortality due to shock of all types has decreased 
in the last two decades due to implementation of 

evidence-based guidelines emphasizing prompt 
diagnosis and rapid goal-directed interventions to 
reverse shock and restore normal respiratory and 
cardiac function. In 2003, researchers were able 

Fig. 32.1 EKG 1

Table 32.4 Pharmacological therapy for acute episodes of SVT

Medication Pharmacological effect Bolus injection Adverse effects
Adenosine Slows sinus rate 0.1–0.4 mg/kg Chest pain, asystole/bradycardia

Slows AV conduction 
velocity

Arrhythmias, bronchospasm

Amiodarone Depresses sinus node 5 mg/kg Arrhythmias
Increases AVN refractoriness Increases the defibrillation threshold
Increases refractory period of 
Aps

Makes cardioversion more difficult

Esmolol Prolongs AVN refractory 
time

100–500 mg/kg 
1 min

Hypotension; short half-life

Procainamide Increases atrial & ventricular 3–6 mg/kg over 
5 min

Hypotension

refractory period (including 
in APs)

max 100 mg

Verapamil Slows AV nodal conduction 0.1 mg/kg over 
2 min

Hypotension, sinus bradycardia, heart block*

*do NOT give if <1 yr
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a

b

Fig. 32.2 EKG 2A & B
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to show that reversal of shock within the first 
hour of presenting to a community hospital was 
associated with improved functional outcome. 
Older children and adolescents like adults will 
have an increase in cardiac rate and contractility 
when acutely ill. Infants and young children on 
the other hand have a relatively fixed stroke vol-
ume (bradycardia critically lowers cardiac out-
put) and higher baseline heart rates limiting 
improvement in cardiac output by increasing 
heart rate.

The increase in SVR common in acutely ill 
infants and young children will maintain their 
blood pressure in a reassuring range during com-
pensated shock. The abrupt decompensation to 
uncompensated shock may seem like it occurred 
without warning if a healthcare provider relies on 
the blood pressure as reassurance of adequate 
perfusion. Avoid the pitfall of reliance on normal 
blood pressures as a sign of adequate perfusion. 
Instead, tachycardia and tachypnea are harbin-
gers of early shock until proven otherwise. 
Although increased SVR is a physiologic 
response to illness, it will compromise cardiac 
output in a child with hypovolemia or decreased 
myocardial function. Optimally, compensated 
shock should be detected within the first 5 min-
utes of presentation in order to reverse course 
within the first hour and protect major organ 
function.

Cardiogenic shock is the least common of the 
four categories of shock (also hypovolemic, 
obstructive, and distributive) in children but the 
one potentially requiring the most specialized 
therapies, labs, equipment, and teamwork. It is 
due to cardiac dysfunction and decreased cardiac 
output. The most common etiologies of cardio-
genic shock from primarily cardiac causes after 
the neonatal period and not due to pre- or postop-
erative congenital heart disease include myocar-
ditis, cardiomyopathies, arrhythmias, and trauma. 
End-organ damage may be already present in the 
emergency department. Warner and Stevenson 
describe acute decompensated heart failure by 
noting whether hypoperfusion or congestion is 
present: neither (warm/dry); congestion only 
(warm/wet); hypoperfusion only (cold/dry); both 
(cold/wet) (see Fig.  32.3). Children with acute 

decompensated heart failure can present with 
tachycardia, tachypnea, normal or low blood 
pressure, irritability or depressed cognition, 
enlarged liver, cool or mottled extremities, diffi-
culty breathing, sweating during feeding, fussi-
ness, and excessive crying. Extremity edema and 
jugular venous distention may be seen in adoles-
cents. The successful stabilization of cardio-
genic shock in the pediatric emergency 
department is dependent on rapid detection, 
intervention, and transfer to the intensive care 
unit to forestall multiorgan failure and ensure 
best functional outcome. Following the tenets 
of emergency medicine resuscitation using the 
primary survey to both evaluate and intervene is 
paramount. Bedside serial cardiac ultrasonog-
raphy, 12-lead electrocardiography, portable 
chest X-ray, NT pro-BNP (see Figs.  32.4 and 
32.5), and communication with an intensivist 
and cardiologist as soon as cardiogenic shock is 
recognized ensure fluid teamwork and special-
ist involvement in decision-making. A formal 
echocardiogram if not readily available in the 
PED setting is obtained in the PICU. The goal 
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of initial treatment is to restore adequate perfu-
sion to tissues and optimize gas exchange with 
a goal of >95% oxygen saturations. The aim of 
initial patient management is to restore ade-
quate oxygen delivery to peripheral tissues. 
This relies on emergency support (early recog-
nition, monitoring, access), optimizing ventila-
tion/gas exchange (oxygen therapy ± 
noninvasive or invasive ventilation with a satu-
ration objective of >95% except in cyanotic 
heart disease patients), optimizing the preload 
and afterload (volume expansion or diuretics 
and fluid restriction, inotropes, discontinuation 
of deleterious medication), and treating curable 
causes (fluid and electrolyte balance, rhythm, or 
thromboembolic disorders; pneumothorax, tam-
ponade, infection) (see Table 32.5).Fig. 32.4 Chest X-ray of child with cardiomegaly and 

pulmonary congestion (Tissot et al. [39])

Fig. 32.5 CXR and EKG 3
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 Seizures and Status Epilepticus

A seizure is defined as the physical manifestation 
of abnormal and excessive synchronized dis-
charges of neurons associated with disturbance 
of consciousness, while epilepsy is a condition in 
which a person is prone to recurrent unprovoked 
seizures. An aura is that portion of the seizure 
experienced before loss of consciousness occurs 
and for which memory is retained. Todd’s phe-
nomenon is a transient focal neurologic deficit 
following a focal or secondarily generalized 
seizure.

 Simple Febrile Seizure

Simple febrile seizure is a seizure that is associ-
ated with fever (= or  >  100.4  °C), is brief 
(although most resources quote <15  minutes, a 
more clinically useful time limit is <5 minutes), 
is generalized (convulsive tonic-clonic), and does 
not recur within 24 hours. The post-ictal period is 
usually brief (<30–45  minutes). Alternatively, 
complex febrile seizure is a seizure associated 
with fever that is prolonged, focal, or recurrent 
within a 24-hour period.

Simple febrile seizure is the most common 
neurologic event in children less than 5 years old. 
Most children who experience simple febrile sei-
zure with cessation at home are brought to the 
emergency department because the condition is 
universally frightening to caregivers. The typical 
patient is a febrile child 6–36  months old who 
presents to the emergency department after sei-
zure activity has terminated usually during the 
post-ictal period and has a family history of febrile 

seizures. Occurrence of simple febrile seizures in 
children peaks at 18 months of age. Only 6–15% 
of simple febrile seizures occur after 4 years of 
age. To satisfy the criteria for simple febrile sei-
zure, the patient must be 6–60 months old, have a 
fever, have no known neurologic or developmen-
tal deficits or seizure disorder, and have a short 
post-ictal period that spontaneously resolves in 
the emergency department with the patient return-
ing to normal baseline neurologic status.

The AAP published clinician guidelines in 
1996 emphasizing the benign nature of simple 
febrile seizures with recommendations to limit the 
work up to a search for the cause of the fever. The 
AAP Subcommittee on Febrile Seizures published 
a revision to the 1996 guidelines in 2011 essen-
tially corroborating the recommendations of the 
first practice guidelines, “a simple febrile seizure 
does not usually require further evaluation, specifi-
cally electroencephalography, blood studies, or 
neuroimaging.” Clinicians are advised to consider 
meningitis and perform a lumbar puncture in all 
children 6–12 months presenting with febrile sei-
zure and other clinical concerns worrisome for a 
more serious systemic or neurologic process. 
Lumbar puncture is advocated as an option in 
infants who are otherwise well but whose immuni-
zation status is unknown,  incomplete, or lacking 
and in infants pretreated with antibiotics.

Since the guidelines were published, several 
studies have shown little benefit from aggressive 
neurodiagnostic testing in the patient with spon-
taneous and complete recovery from a simple 
febrile seizure (see Fig. 32.6).

Patients with simple febrile seizures have a 50% 
chance of recurrence if their first simple febrile sei-
zure occurs before 12  months of age and a 30% 

Table 32.5 Medications for cardiogenic shock

Medication Dose Physiologic effect
Epinephrine 0.1–1 mcg/kg/min IV/IO Inotrope, chronotrope, vasodilator in low doses, pressor in high doses
Dobutamine 2–20 mcg/kg/min IV/IO Inotrope, chronotrope, vasodilator
Dopamine 2–20 mcg/kg/min IV/IO Inotrope, chronotrope, renal and splanchnic vasodilator in low doses, 

pressor in high doses
Norepinephrine 0.1–0.2 mcg/kg/min IV/

IO
Vasopressor (slight chronotrope & inotrope)

Milrinone 0.375–0.750 mcg/kg/min 
IV/IO

Inotrope, chronotrope, vasodilator
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chance of recurrence if their first SFS occurs after 
12 months. They have only a slightly higher risk of 
developing epilepsy than the general pediatric pop-
ulation. Caregiver education is important. 
Caregivers should be informed that a febrile seizure 
may recur even when scheduled antipyretic dosing 
is administered in the hopes of preventing fevers. 
Prior to discharge, caregivers should receive educa-
tion on basic life support (basic first aid) in case of 
seizure recurrence. They should be reassured of the 
normally benign nature of simple febrile seizures 
and informed of the excellent prognosis associated 
with a simple febrile seizure. Although a simple 
febrile seizure is benign, complex febrile seizures 
can progress to status epilepticus. Caregivers should 
be instructed to provide BLS and activate EMS as 
soon seizure activity is recognized.

 Status Epilepticus

Status epilepticus is defined by professional spe-
cialty organizations as a seizure that is so pro-

longed or frequently repeated as to create a fixed 
and lasting condition. A seizure lasting >30 min-
utes or recurrent seizures lasting >30  minutes 
from which the patient does not regain conscious-
ness are the functional definition of SE. The brain 
suffers irreversible excitotoxicity after 30  min-
utes of seizure activity without recovery of con-
sciousness (PCNA). A more clinically practical 
definition with therapeutic and outcome implica-
tions is any seizure lasting  ≥ 5  minutes; a vast 
majority of self-limiting generalized convulsive 
seizures stop within 5 minutes of onset.

SE is a common pediatric neurologic emer-
gency affecting about 20 per 100,000 children 
per year. 40% of SE occurs in children younger 
than 2 years of age. Common causes of SE are 
fever in children with and without epilepsy, low 
antiseizure medication level in children with 
known epilepsy, and acute or remote symptom-
atic. It occurs in 10–20% of children with epi-
lepsy and may be the presenting manifestation. 
Prognosis is linked to etiology and patient age. 
Outcome may be affected by duration of 

First seizures in children
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Fig. 32.6 Evaluation of first seizure
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SE. Refractory SE carries a high morbidity and 
mortality.

The findings of a study of cultured neurons 
subjected to prolonged burst activity helped 
explain the loss of efficacy of antiepileptic drugs 
that act at the GABA receptor during SE.  The 
study showed that prolonged neuronal activity 
(seizure activity) caused GABA receptors to be 
internalized by the neuron. The clinical implica-
tion is that the longer seizure activity persists 
untreated, the less likely it is for antiseizure med-
ications with action at GABA receptors to have a 
therapeutic effect. Most antiseizure medications 
in the SE armamentarium act at the GABA recep-
tor. A goal of The Established Status Epilepticus 
Treatment Trial currently in progress is to inves-
tigate medication choices in benzodiazepine 
refractory SE.  Until more information is avail-
able, early and timely recognition and treatment 
of SE are critical to obtain the best patient out-
comes and avoid complications requiring inva-
sive airway management and prolonged ICU 
care. A recent study and editorial highlight the 
lack of improvement in mortality over the last 
30  years for SE in the pediatric population. 
Studies that looked at patient management in the 
emergency setting reveal that clinician adherence 
to consensus guidelines is often suboptimal.

In an attempt to improve adherence to guide-
lines, several recommendations have been pro-
posed including SE code teams (as with trauma 
or stroke code teams); EMR SE order sets with 
medication dose per weight; changing nomencla-
ture from first-, second-, and third-line treatment 
to emergent, urgent, and refractory treatment; 
wall posters with delineated SE treatment algo-
rithms; training all emergency team members 
including prehospital personnel to administer 
emergent treatment followed by urgent treatment 
within 10 minutes; better education of caregivers 
on rectal dosing of antiseizure medication and on 
the importance of routine follow-up; and identi-
fying patients with hyperutilization of emergency 
services for targeted caregiver seizure and SE 
education (see Table 32.6).

In order to ensure the best patient outcomes, 
the management of SE requires strict adherence to 
current neurocritical care consensus treatment 
guidelines while implementing the initial steps of 
resuscitation medicine including protection and 
monitoring of neurologic function, protection and 
optimization of airway and breathing, securing 
vascular access, monitoring of cardiorespiratory 
status, initiating investigation of etiology or trig-
ger, and initial planning for safe transfer to defini-
tive care. These tasks are performed in tandem in 

Table 32.6 Stepwise treatment for pediatric seizures and status
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order to prevent secondary injury due to hypoxia, 
hypotension, acidosis, and hyperpyrexia.

The most important role of the emergency cli-
nician team is to adequately treat SE in a timely 
manner in order to prevent inadequate dosing and 
delays in dosing of antiseizure medications. 
Because nearly one-half of patients who no lon-
ger have clinical (convulsive) seizures remain in 
nonconvulsive SE, EEG monitoring in the ED is 
essential for assessment of treatment effect.

Neuroimaging is delayed until patient is stable 
for transfer to another area or outside the emer-
gency care unit. MRI is preferred, but trauma 
patients and patients suspected to have an intra-
cranial lesion should have emergent CT neuroim-
aging. Communication with the neuroradiologist 
prior to imaging to share patient history and clini-
cal exam findings optimizes study interpretation.

Consultation with pediatric neurology, pediat-
ric critical care, trauma surgery, neurosurgery for 
complicated cases, refractory SE, trauma patients, 
or patients with signs of elevated intracranial 
pressure should be done as soon as possible.
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 Polytrauma

 Introduction

Unintentional and intentional injuries remain the 
leading cause of death in the United States for 
children 1–18 years of age and account for more 
years of life lost than sudden infant death, cancer, 
and infectious disease combined. Trauma, in gen-
eral, is the leading cause of childhood death 
around the world, including developed countries. 
Specifically, injuries associated with motor vehi-
cles are the most common cause of death in chil-
dren regardless of age and include pedestrians 
and occupants (Figs. 33.1 and 33.2).

Fifty percent of pediatric trauma deaths occur 
in the prehospital setting. Restoration of sponta-
neous circulation prior to arrival to the trauma 
center by cardiopulmonary resuscitation (CPR) 
leads to a 50% survival without neurological defi-
cits. However, CPR lasting more than 15 minutes 

with or without fixed pupils on arrival is typically 
an indicator of high mortality. Seriously injured 
children have better outcomes at a children’s hos-
pital or trauma center that integrates both pediat-
ric and adult trauma services. A pediatric trauma 
score (PTS) was adapted in the 1980s, and it con-
tinues to be utilized today as a means to identify 
polytrauma in a timely fashion (Fig. 33.3).

A PTS has a minimum score of −6 and a max-
imum score of +12. A PTS score less than 0 was 
indicative of 100% mortality, and a PTS score 
greater than 8 had a mortality of 0%. Scores 
between 0 and 8 had mortalities that increased 
with lower scores.

Having a variety of sizes for vascular access (IV, 
IO, CVL), airway equipment, and vital signs is 
important in the emergency department. A pediat-
ric-specific airway cart should always be available 
with a checklist of items, which may be sized 
according to the Broselow color system. The 
Broselow tape on initial evaluation may be the only 
way to rapidly determine dosing for medications, 
boluses, and products. It is important to note that 
not all hospitals employ the Broselow tape, but 
alternative standardized methods must be clearly 
available and labeled to provide expedient care, 
especially in the event of polytrauma (Fig. 33.4).

Common sites of polytrauma include the head, 
chest, abdomen and genitourinary and musculo-
skeletal systems. Between 3 and 27% of children 
die from polytrauma, most commonly from 
severe traumatic brain injury. As a result, apnea, 
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hypoventilation, and hypoxia are markedly more 
common than hypovolemic shock in these cir-
cumstances, hence the emphasis on establishing 
an airway and maintaining breathing. Any trauma 
can lead to increased metabolism and heat loss; 
therefore, preservation of thermoregulation 
throughout interventions should be maintained. 
Airway, breathing, and circulation must be moni-
tored closely as combination of acidosis, hypo-

thermia, and coagulopathy is a very poor 
determinant of prognosis.

 Airway

 Pathophysiology
There are several unique aspects to the pediatric 
airway: the oropharynx is largely occupied by the 
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tongue and tonsils, the larynx and the vocal cords 
are more anterocephalad than in older individual, 
and secretions can often accumulate in the retro-
pharyngeal space. The trachea is 5 cm long in the 
infant and extends to 7 cm by 18 months of age. 
Typically, an appropriate calculation of endotra-
cheal tube (ETT) depth (centimeter) is “three 
multiplied by the appropriate tube size.”

 Patient Presentation
As always, airway patency is a priority and often-
times requires a definitive airway for oxygenation 
and ventilation.

Length-based resuscitation tapes should be uti-
lized given the diversity in child size, and standard 
practice should be to obtain ETT one size larger 
and one size smaller than predicted (ATLS Peds).

 Initial Stabilization
Smaller children have a larger discrepancy with 
the occiput and the midface, often requiring a 1 

inch padding beneath the torso to ensure cervical 
spine stabilization. Optimal neutral positioning is 
obtained when the midfacial plane is parallel to 
the spinal board.

The jaw-thrust maneuver may help keep the 
airway patent until a definitive airway is estab-
lished. If unconscious, an oral airway can be 
placed; however, placement is different than in 
adults as backwards insertion with 180° rotation 
leads to soft tissue oropharyngeal injury. 
Preoxygenation is necessary before attempting 
placement of a definitive airway.

 Diagnostics
Auscultation is necessary alongside a secondary 
confirmation (including airways placed in the 
field) such as waveform capnography, end-tidal 
CO2 detection, or chest radiograph. However, 
given the increased risk for endotracheal tube 
dislodgement due to the shorter trachea, re- 
evaluation of the airway is important.

Weight

Airway

Systolic BP

Consciousness

Fracture

Skin

-1

<10 kg
<22 lb

Intubated
Cricothyroidotomy

Tracheostomy

<50 mm Hg
weak or absent pulses

Coma
Unresponsive

Open
Multiple

Tissue Loss
Gunshot Wound

Stab Wound through Fascia

+1

10-20 kg
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Oral Airway
Nasal Airway

Oxygen

50-90 mm Hg
Palpable Carotid Pulse
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Obtunded
Loss of Consciousness

Single
Closed

Contusion
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Laceration &1t;7 cm through Fascia

+2

>20 kg
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Good peripheral pulses
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Fig. 33.3 Pediatric trauma score
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 Definitive Treatment
Orotracheal intubation is the “most reliable 
means of establishing an airway and administer-
ing ventilation” and is warranted in severe trau-
matic brain injury, airway instability, ventilatory 
failure, severe hypovolemia in the setting of 
altered mental status, or need of surgical 
intervention.

The cricoid ring of a small child forms a seal 
around an uncuffed endotracheal tube; however, 
if age-appropriate, cuffed endotracheal tubes are 
known to improve ventilatory exchange and cere-
bral blood flow.

Given advances, there are no longer con-
cerns of tracheal necrosis with cuffed endotra-
cheal tubes with cuffed pressures < 30 mm Hg 
as safe.

Atropine sulfate of 0.1–0.5 mg should be con-
sidered in infants requiring rapid sequence intu-
bation to block bradycardia from laryngeal 
manipulation. Note, however, that PALS recom-
mends 0.02  mg/kg with no minimum dose and 
reports that there is conflicting evidence. It is not 
required but can certainly be considered in the 
setting of bradycardia.

Unlike adults, nasotracheal intubation is not 
recommended due to the sharp angle created 
from the glottis, risk of penetrating the brain, and 
damage to the adenoids.

Temporizing measures such as the laryngeal 
mask airway may be needed, but note that crico-
thyroidotomy in emergencies is not recommended 
in children less than 12 years of age.

 Breathing

 Pathophysiology
“Hypoxia is the most common cause of pediatric 
cardiac arrest” ATLS.

Normal spontaneous tidal volumes of 4–6 mL/
kg are common in infants and children, but clear 
titration to as high as 10 mL/kg may be required 
in assisted ventilation. However, barotrauma is 
always a concern in pediatrics; therefore, an adult 
bag-valve-mask device should never be utilized 
in those less than 30 kilograms.

 Patient Presentation
Re-establishing ventilation and perfusion is a pri-
ority as early introduction of sodium bicarbonate 
infusion may exacerbate metabolic acidosis and 
lead to worsening hypercarbia.

 Definitive Treatment
In the event of hemothorax, pneumothorax, or 
hemopneumothorax, the site of chest tube inser-
tion remains the same as in adults  – the fifth 
intercostal space and anterior to the midaxillary 
line. Tunneling a chest tube above a rib superior- 
posteriorly is important due to their thinner chest 
wall.

 Circulation

 Pathophysiology
A child’s physiologic reserve may allow for pres-
ervation of a systolic blood pressure with greater 
volume loss so that early assessment of heart rate 
and skin perfusion are more important indicators 
of hypovolemia and shock. Please refer to the 
table (adapted from ATLS) for further details of 
circulatory compensation in children.

 Patient Presentation (Fig. 33.5)

 Initial Stabilization
Appropriate estimation of volume resuscitation 
can be calculated with the use of Broselow tape. 
Two peripheral IVs (antecubital fossa if possible) 
should be started in any critically ill or injured 
child. Intraosseous placement can be a temporiz-
ing access for up to 24 hours in the anteromedial 
tibia, antero-distal femur, distal tibia above the 
medial malleolus, or the anterior superior iliac 
spine. A 5–10 mL normal saline flush should be 
used after administration of medications. A bolus 
or infusion may be necessary to overcome some 
baseline resistance but understanding that tissue 
necrosis and compartment syndrome must be 
avoided.

Avoid intraosseous placement with cellulitis, 
osteomyelitis, areas of previous attempts, or 
fracture.

33 Pediatrics 2: Trauma, Abuse, Drowning, Burns
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 Definitive Treatment
If there are concerns of ongoing bleeding, after 
the second or third crystalloid bolus of 20 cc/kg 
(so 40–60 cc/kg total), it is appropriate to con-
sider a 10–20  ml per kilogram of packed red 
blood cells, a concept accepted as the “damage 
control resuscitation” in ATLS.  The balanced 
administration of fluids with packed red blood 
cells, fresh frozen plasma, and platelets may 
avoid worsening acidosis, hypothermia, and 
coagulopathy. Following a hospital site-based 
mass transfusion protocol may simplify and 
improve the resuscitation. At any facilities in 
which there are delays in blood product adminis-
tration, crystalloid fluids are the acceptable alter-
native until transfer to another facility.

 Chest/Thoracic Trauma

 Pathophysiology
The pediatric skeleton is not completely ossified 
and therefore pliable, which increases risk for 
visceral organ damage without fracture. When rib 
fractures are seen in children, significant force 
should always be assumed. Thoracic injury is less 
common than abdominal or cranial injuries; how-
ever isolated thoracic injury has a 4–12% mortal-
ity that increases to 25–40% with concomitant 

injuries. However, significant injuries to the tho-
rax rarely are singular in children, and poly-
trauma should always be considered.

Tension pneumothorax is the most common 
life-threatening injury in pediatric chest injuries, 
largely due to the mobility of the mediastinum.

 Patient Presentation
Nearly four out of five thoracic injuries are due to 
blunt force from motor vehicles, pedestrian acci-
dents, falls, and recreational injuries. However, 
penetrating wounds are more common in adoles-
cents. Pulmonary contusion is one of the most 
common thoracic injuries and may lead to pul-
monary hemorrhage, edema, and consolidation. 
The reduced lung compliance ultimately causes 
ventilation-perfusion mismatch and shunting, 
thus worsening hypercarbia, and hypoxia. If the 
area affected is large, then ARDS and acute respi-
ratory failure may develop.

 Initial Stabilization
Rapid management for pneumothorax is always 
necessary, whether it is a simple pneumothorax 
or a tension pneumothorax, as chest tube 
 placement may be necessary. Note that patients 
may be asymptomatic with simple pneumotho-
rax. French tube sizing is the diameter in milli-
meters multiplied by three.

MILD BLOOD VOLUME LOSS
<30%

MODERATE BLOOD VOLUME LOSS
30% to 45%

SEVERE BLOOD VOLUME LOSS
 45%

CARDIOVASCULAR
increased heart rate

weak, thread peripheral pulse
normal SBP 80 to 90 + 2 x age (years)

normal pulse pressure

CARDIOVASCULAR
markedly increased heart rate
weak, thread central pulses

normal SBP 80 to 90 + 2 x age (years)
normal pulse pressure

CARDIOVASCULAR
tachycardia then bradycardia
weak, thread central pulses

hypotension with SBP <70 + 2 x age (years)
narrowed pulse pressure

undetectable DBP

CENTRAL NERVOUS SYSTEM
Anxious
Irritable

Confused

CENTRAL NERVOUS SYSTEM
Lethargy

Dulled Response to Pain

CENTRAL NERVOUS SYSTEM
Comatose

SKIN
Cool

Mottled
Prolonged Capillary Refill

SKIN
Cyanotic

Markedly Prolonged Capillary Refill

SKIN
Pale
Cold

URINARY OUTPUT
low to very low

URINARY OUTPUT
minimal

URINARY OUTPUT
none

Fig. 33.5 Classifaction of hemorrhagic shock
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 Diagnostics
Pulmonary contusions remain the most common 
pediatric thoracic trauma however may not 
immediately show on chest radiograph until 
4–6 hours later. Many pediatric centers utilize CT 
angiogram in the event of first rib injury due to 
the proximity to the great vessels, although pedi-
atric studies do not readily yield the same asso-
ciation as adults. Tension pneumothorax is a 
clinical diagnosis so that chest radiograph is not 
utilized to diagnose as it delays management. 
Hemothorax occur in 7–29% of chest injuries 
and are seen on chest radiograph as opacification, 
blunting of the costodiaphragmatic angle, and/or 
an air-fluid level.

In ARDS, chest radiography may indicate pul-
monary infiltrates within several hours of the 
injury, but many children are initially stable as 
hypoxemia develops over time and may lead to a 
change in mental status. Careful monitoring of 
interval blood gases and chest radiographs 
should be ongoing.

 Definitive Treatment
Most injuries to the chest are treated similarly to 
adults and can be managed with supportive care 
and/or tube thoracostomy. Tracheal deviation, 
hypotension, unequal breath sounds, and jugular 
venous distention are indicative of tension pneu-
mothorax and warrant immediate needle decom-
pression followed by a tube thoracostomy 
(Leeper). Proper management of hemothorax is 
imperative due to the risk of atelectasis, poor 
lung expansion, shunting, and fibrosis leading to 
a trapped lung.

Surgical intervention is warranted if the ini-
tial chest tube drainage is greater than 15 mL/kg 
or has subsequent drainage of greater than 2 mL/
kg/hour.

Cardiac and great vessel injuries although rare 
(0.03% incidence) occur from high-energy 
trauma, and patients may rapidly deteriorate. In 
the event of cardiac tamponade, hypotension, 
jugular venous distension, muffled heart sounds, 
and an abnormal subxiphoid, focused assessment 
with sonography for trauma (FAST) is elicited. If 
this were to occur, pericardiocentesis, pericardial 
window, and thoracotomy are options for imme-

diate therapy. Therefore, prompt contact with the 
surgery or cardiothoracic team is necessary 
before deterioration.

ED thoracotomy is only indicated in pediatric 
patients with penetrating wounds that have active 
deterioration of vital signs en route or in the 
trauma bay.

 Severe Traumatic Brain Injury

 Introduction
Traumatic brain injury (TBI) is the leading cause 
of death and disability in those greater than 1 year 
of age. Seventeen percent of polytrauma have 
closed head injuries and often lead to long-term 
disability. Mechanisms of pediatric TBI are pri-
marily a result of motor vehicle crashes, bicycle 
crashes, falls, assaults, and child abuse. Eighteen 
percent have severe TBI defined by a Glasgow 
Coma Scale (GCS) between 3 and 8. A modified 
GCS verbal score is utilized for children less than 
four years of age.

 Pathophysiology
TBI can be subdivided into primary injury, the 
immediate damage at the time of trauma, and 
secondary injury, the cellular changes that occur 
due to neurological deterioration. The goal of 
severe TBI management relates to limiting and/or 
preventing secondary injury due to hypotension, 
hypoxia, hyperglycemia, seizures, and hyperther-
mia while optimizing cerebral blood flow. There 
is a loss of cerebral autoregulation in severe TBI 
that can compromise cerebral blood flow, perfu-
sion pressure, and metabolism. Pediatric popula-
tions differ from adult brain injuries in that they 
have lower circulating blood volume, less cere-
brospinal fluid volume, and open cranial sutures 
and fontanelles. Infants may hemorrhage signifi-
cantly into the subgaleal, subdural, or intraven-
tricular spaces, which is masked by these 
pediatric anatomic differences. Overt bulging 
fontanelles or cranial suture diastases indicate 
serious injury, and urgent neurosurgical involve-
ment is necessary.

Altered mental status, focal neurologic find-
ings, neck pain, torticollis, substantial torso 
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injury, diving, and high-risk motor vehicle crash 
are highly associated with cervical spine injury.

 Initial Stabilization
Persistent vomiting requires gastric decompres-
sion to prevent aspiration and may indicate ele-
vated intracranial pressure. Systolic blood 
pressure less than the 75 percentile for age is 
associated with worse neurological outcomes.

 Diagnostics
The Eastern Association for the Surgery of 
Trauma (EAST) guidelines on blunt cerebrovas-
cular injury state that all pediatric trauma 
patients should be evaluated with the same adult 
criteria.

Early neuroimaging is imperative in the event 
of severe TBI upon the completion of primary 
and secondary surveys and once hemodynamic 
stability is ensured. Computed tomography (CT) 
of the head without contrast is preferred for the 
assessment of intracranial hemorrhage or skull 
fracture and detects 62–75% of pediatric head 
injuries. In the event of polytrauma, it would be 
appropriate to obtain combined imaging of the 
chest, abdomen, or pelvis. MRI is not an accepted 
practice in the event of severe pediatric TBI due 
to timing, inability to closely evaluate the patient, 
and consequences of sedation. New studies have 
identified routine follow-up CT imaging more 
than 24  hours after admission as unnecessary 
unless there is neurological deterioration, 
increased intracranial pressures, or the need for 
postoperative evaluation of hematoma.

If unable to admit to a pediatric intensive care 
unit, then arrange for immediate transfer to a ter-
tiary or quaternary center.

 Definitive Treatment (Fig. 33.6)

 Spinal Trauma

 Pathophysiology
One in five children with cervical damage has 
injuries at multiple levels.

Thirty-five percent of pediatric trauma is a 
result of motor vehicle accidents, and the most 

common area of injury is the head and neck 
(Fig. 33.7).

Vertebral and pelvic fractures are most worri-
some not only due to high impact injury but that 
they each have five other concomitant injuries on 
average and a nearly 1% mortality rate.

Spinal injury without radiographic abnormali-
ties (SCIWORA) is a unique feature to pediatric 
spinal trauma given the anatomical differences. 
Its incidence ranges from 5% to 67% but is most 
common in children less than 8 years.

 Patient Presentation
SCIWORA presents with transient paresthesia or 
even subjective paralysis and occurs in 30–40% 
of children with traumatic myelopathy.

 Initial Stabilization
A large-scale study found that a patient that is 
alert, with no cervical tenderness, no focal neu-
rologic deficit, no intoxication, and no painful 
distracting injury does not warrant cervical spine 
imaging. All other children must have their cervi-
cal spine immobilized with an appropriately fit-
ted cervical collar and evaluated by a three-view 
plain film or CT.

SCIWORA patients must be immediately 
immobilized to prevent progression of neuro-
logic dysfunction and evaluated by MRI if CT 
scan is negative for injuries.

 Diagnostics
Screening lateral cervical spine radiographs have 
a sensitivity of 75%; however, additional imaging 
may be necessary. Unlike adults, lateral cervical 
radiographs that show prevertebral soft tissue 
swelling may be a result of crying. There is 
increased sensitivity with CT and less likelihood 
for repeat plain films.

 Definitive Treatment
History and index of suspicion of spinal trauma 
should not preclude further management, even 
with a normal cervical spine series. Consult 
pediatric orthopedic and spinal colleagues 
early. Pediatric fractures adapt to more stress, 
remodel more than adults, and heal in shorter 
time.

E. Fontane et al.



581

 Abdominal Trauma

 Introduction
Most polytrauma injuries result from blunt 
trauma where internal bleeding may be 
undetected.

Overall, abdominal injuries occur in 8–27% 
of pediatric polytrauma most commonly from 
MVC and falls.

 Patient Presentation
Children, unlike adults, may be stable initially 
but deteriorate rapidly due to physiologic reserve, 
difficulty to evaluate abdominal visceral injuries 

EVIDENCE BASED GUIDELINES

ICP: <20 mm Hg
CPP: age dependent however >40

mmHg Maintain Euvolemia, Monitor I/O
Avoid Corticosteroids

Avoid Hypothermia

Avoid Hyperthermia

Avoid Hypotension

No evidence of repeating CT Head

Neuromuscular Blockade
Refractory ICP Hypertension

Decompressive Craniectomy

Barbiturates
Thiopental

Pentobarbital

Maintain Glucose and Nutrition

Antiseizure Prophylaxis with Phenytoin

Hyperventilation with
PaCO2 > 30 mmHg

Analgesia and Sedation

Hypertonic 3% Saline preferred over 
Mannitol

Target Osmolarity <360 mOSm/L 6.5-10
ml/kg or 0.1-1 mL/kg/hr continuous

Fig. 33.6 Evidence- 
based guidelines

Differences in the Pediatic Spine

Larger head / Smaller Neck /  Cervical Injuries 

Flexible interspinous ligaments

Flat facet joints

Anteriorly wedged vertebral bodies

Vertebral bodies with neck flextion slide forward

Flexible joint capsules

Open Physes

Fig. 33.7 Differences in the pediatric spine
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with ultrasound, and the absence of abdominal 
wall ecchymosis in children. Unlike hepatic and 
splenic injuries, duodenal and pancreatic injuries 
only occur in 3–5% of intra-abdominal injuries. 
These particular injuries occur secondary to seat-
belt injuries, bicycle handlebars, or direct blows. 
Major hollow viscus injuries like in the stomach 
and intestines occur from direct penetrating inju-
ries, crush injuries, perforation from rapid disten-
sion, shearing injuries, and avulsions of the small 
bowel mesentery. Diaphragmatic injuries occur 
in 4% of abdominal trauma and present with 
chest pain radiating to the shoulder, shortness of 
breath, and abdominal pain. Upon persistent cry-
ing, gastric distention accumulates causing respi-
ratory distress and potential diaphragmatic 
rupture. Possible findings include bowel sounds 
in the chest, absent breath sounds, and classic 
scaphoid abdomen.

 Initial Stabilization
Keep in mind that orogastric tube decompression 
is preferred in infants, rather than the typical 
nasogastric tube. The emergency physician must 
always be mindful of the need for prompt opera-
tive intervention in the event of hemorrhagic 
shock, especially given the pediatric high physio-
logic reserve. There is extreme high importance 
of continued re-evaluation, particularly of volume 
and hemodynamic status, by the trauma team. In 
the event of hepatic or splenic injury with active 
extravasation seen on CT, it is important to obtain 
serial hematocrit, serial clinical evaluations, and 
serial radiographic examinations.

 Diagnostics
“Diagnostic adjuncts for assessing abdominal 
trauma include CT, FAST, and diagnostic perito-
neal lavage (DPL).”

In centers without surgeons, CT evaluation 
should not preclude transport for definitive care.

CT of the abdomen is indicated in possible 
intraperitoneal and retroperitoneal abdominal 
injuries but still may miss up to 13% of hollow 
viscus injuries (mostly small bowel). FAST may 
not identify up to one-third of solid organ injuries 
in children given the intraparenchymal injuries 
that are more difficult to detect and does not 

detect retroperitoneal injuries. Although DPL is 
listed in ATLS, it must only be performed by the 
acting surgeon as the procedure interferes with 
future abdominal evaluations and imaging.

 Definitive Treatment
Emergency surgical laparotomy is indicated if 
hemodynamics remain uncontrolled and one of 
the diagnostic adjuncts are indicative of intra- 
abdominal hemorrhage.

 Musculoskeletal Trauma

 Pathophysiology
Any crush injury to the physis leads to a worst 
prognosis but can be very difficult to detect on 
radiograph.

Compartment syndrome is a clear conse-
quence of musculoskeletal injuries, intravenous 
infiltration, clotting disorders, septicemia, and 
animal bites. It results when a myofascial com-
partment has an increase in pressure affecting tis-
sue perfusion, which leads to muscular and nerve 
ischemia. Concomitant rhabdomyolysis, hyper-
kalemia, and renal failure may also occur.

 Patient Presentation
A thorough orthopedic evaluation of the spine, 
pelvis, and extremities is very important. 
Oftentimes, ecchymosis, swelling, and crepitus 
are key findings in an unresponsive patient.

An isolated closed femur fracture may lead to 
a drop in hematocrit by 4%, which may not lead 
to shock; therefore, shock in the face of this frac-
ture should involve detailed evaluation for other 
sources of blood loss.

 Initial Stabilization
Surgical fixation is common in polytrauma; 
therefore, orthopedics must be contacted early 
during initial stabilization.

Compartment syndrome can be identified by 
the “five Ps,” pain, paresthesia, paralysis, pallor, 
and pulselessness, but these findings are less reli-
able in pediatrics. Pain occurs early and is typi-
cally out of proportion both at rest and during 
passive motion, while pallor and pulselessness 
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are late findings. Any limb evaluated for compart-
ment syndrome must have any splint or dressing 
removed, and the orthopedic team must be imme-
diately contacted as a pressure  >  30–45  mmHg 
warrants fasciotomy. Neurovascular evaluation of 
all limbs, particularly distal perfusion, is part of 
any orthopedic inspection.

 Diagnostics
Plain radiographs are integral to the polytrau-
matic patient. If abnormal plain films are found, 
immediate consultation of the orthopedic team is 
necessary.

 Definitive Treatment
Fractured extremities are splinted not only to 
help facilitate transport in the facility and mini-
mize pain but mainly to enhance thorough trauma 
evaluation. Although there is no optimal time for 
definitive fracture fixation in polytraumatic chil-
dren, it is suggested within 24–72  hours after 
stabilization.

 Child Abuse

 Introduction

More than 2 million Child Protective Service 
(CPS) reports are made for suspected child mal-
treatment. Approximately one in five of those 
reports are due to concerns of physical abuse. 
Each year, 650,000 of these reports are substanti-
ated, and approximately 1500 childhood deaths 
occur due to child abuse or neglect. Seventy-one 
percent of fatalities from maltreatment occur in 
those less than 3 years of age with nearly 76% of 
suspected child abuse involved children under 1 
year of age.

Severe TBI from child abuse occurred at 
12  months on average, while severe TBI from 
accidental injuries occurred at 8  years on 
average.

Child abuse patients are more likely to sustain 
severe head injuries in comparison with other 
pediatric trauma patients and as a result suffer 

higher mortality rates and higher rates of neuro-
logical dysfunction, such as impairment of eye-
sight and hearing, cerebral palsy, developmental 
delay, and cognitive delay.

The rate of abuse in those less than 1 year of 
age has risen since 2010, while rates in other 
groups remain the same.

 Pathophysiology

Abusive head trauma has higher incidence of 
hypoxic ischemic insult rather than diffuse axo-
nal injury. Avulsion of the bridging veins 
between the brain and dura causes subdural 
hematomas from shaking or direct impact. 
Accidental subdural hematoma is not common 
as it requires an acceleration and deceleration 
high-energy mechanism of injury that is typi-
cally greater than a fall from a height of 4  ft. 
There are several theories to retinal hemorrhage 
in child abuse. For one, the abrupt increased 
intracranial pressure causes venous obstruction, 
which is further exacerbated by increased intra-
thoracic pressure due to thoracic compression. 
Causes of retinal hemorrhage also include trau-
matic birth, cardiopulmonary resuscitation, 
hematological disease, and ruptured vascular 
malformation. Therefore, they must be inter-
preted in the context of clinical presentation. 
However, retinal hemorrhage and rib fractures 
are rare events in infants and children from 
accidental trauma.

Rib fractures are thought to be a result of vio-
lent shaking with anterior and posterior compres-
sive movements. Sixty to eighty percent of 
femoral fractures in those less than 1 year of age 
are due to child abuse. However, studies indicate 
that lower extremity fractures in those older than 
two are rarely due to child abuse trauma. 
Additionally, abdominal injuries most commonly 
occur as a result of mid epigastric injury due to 
compression of abdominal viscera against the 
spine causing hematoma, perforation, or lacera-
tion. Interestingly, no fall has ever been reported 
as a cause of intestinal perforation.
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 Patient Presentation

It is important for the practitioner to understand 
the unique associations to trauma from child 
abuse in order to protect the child from further 
harm. It is imperative to document the interaction 
with family or caregivers during the initial evalu-
ation. It is not uncommon for discrepant details 
to be offered, but one must catalog the changing 
history thoroughly.

A landmark study in 2010 documented the 
differences between accidental and abusive bruis-
ing injuries in children less than 4 years of age. In 
it, the “T (torso) E (ear) N (neck)-4” mnemonic 
was derived to assist the practitioner in identify-
ing higher likelihood for abuse. Within the acci-
dent group, bruising within the torso, ear, and 
neck was absent or rare regardless of the cause 
and identified as common bruising sites for the 
abused in children less than 4  years of age. 
Bruises in pre-cruising infants are rare and when 
present occur as small bruises over the bony 
prominences (Fig. 33.8).

Fifty to seventy percent of abusive head 
trauma is caused by the patient’s father or father 
figure, but in general, perpetrators are more likely 
to be a mother 41% of the time, father 21% of the 
time, and both parents 21% of the time. The high-
est rate is not in young adults or teenage parents 
but those aged 25–34 years.

Low GCS score on initial evaluation, retinal 
hemorrhages, intracranial hemorrhage, and cere-
bral edema were all found to be independent fac-
tors for mortality in abusive head trauma. It was 
found that those with abusive head trauma and 
moderate traumatic brain injury had a similar 
mortality rate to those with severe traumatic brain 
injury due to accidental injuries.

 Unexplained Loss of Consciousness or 
Shock
Infants with abusive head trauma often present 
with sudden infant death syndrome (SIDS), sei-
zures, coma, or apnea.

 Retinal Hemorrhage
Retinal hemorrhage does not occur in mild or 
moderate TBI and rarely occurs (6%) in severe 
TBI but elicits 74% sensitivity and 94% specific-
ity for abusive head trauma. It is seen as more 
sensitive than retinal folds, traumatic retinoschi-
sis, and optic nerve sheath hemorrhages.

 Abdominal Injury
Abdominal injury in traumatic child abuse is less 
common than head trauma, musculoskeletal 
injury, or burns. It represents less than 1% of all 
pediatric trauma admissions. As with blunt 
abdominal injury, hemoperitoneum is the pri-
mary concern.

 Fractures
Patterns of bruising or burns as well as fractures 
can be elicited through careful soft tissue evalua-
tion. The identification of an identifiable fracture 
places the patient at risk for multiple fractures, 
and 80% of occult fractures found by skeletal 
survey occur in children under the age of two.

Fractures can be elucidated by direct physical 
exam and symptoms or incidental findings of 
fracture callus on specific radiographs or skeletal 
survey. Correlating fracture with developmental 
milestones is important to assist with diagnosis 
of child abuse. Stairway or low-level falls more 
commonly cause head, neck, and distal extremity 
injury in 70–90% of cases, while truncal injuries 
and femoral fractures are rare events. Although 

Risk Factors for Maltreatment - Child 
Emotional /behavioral difficulties 
chronic illness 
physical disabilities 
developmental disabilities 
preterm 
unwanted child 
unplanned pregnancy

Risk Factors for Maltreatment - Parent 
Low self esteem 
poor impulse control 
substance/alcohol abuse 
young maternal/paternal age 
parent abused as a child 
depression or mental illness 
lack of knowledge of child development 
unrealistic expectations 
negative perception of normal behavior

Risk Factors for Maltreatment - Environment 
social isolation 
poverty 
unemployment 
poor education 
single parent 
nonbiologically related male in the home 
family or intimate partner violence 

Fig. 33.8 Risk factors for maltreatment
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spiral fractures are pathognomonic of abuse in 
nonambulating children, transverse fractures 
were found in the majority of fractures in a study. 
Additionally, midshaft and metaphyseal humeral 
fractures are more likely due to child abuse, while 
supracondylar fractures are typically accidental. 
Rib fractures, the most commonly detected occult 
fracture in child abuse, require a high-energy 
mechanism in children and occur in 85–100% of 
child abuse. Fractures typically occur in the pos-
terior rib, although studies have also shown that 
the anterior and lateral ribs are affected as well.

 External and Soft Tissue Trauma
Sources of injuries can often be obvious such as 
branding injuries; however, bruising can be diffi-
cult at times. For this reason, patterns of bruises 

are important to recognize. Bruises of the but-
tocks, perineum, and abdomen, or bruises of dif-
ferent ages, or immersion burns which create a 
stocking distribution of the buttocks and lower 
extremities are highly suspicious for abuse.

 Diagnostics (Figs. 33.9 and 33.10)
There is a low threshold for head CT/MRI, espe-
cially when history is inconclusive or suspicious 
for abuse, as the need to rule out intracranial inju-
ries is imperative when there is altered mental 
status, vomiting, scalp injury, facial injury, and 
neck injury.

The skeletal survey is mandatory in all sus-
pected physical abuse in those under the age of 2. 
As high-quality skeletal surveys may not be avail-
able in the emergency department in the evening, 

Head Trauma Abdominal Trauma Fractures Bruises

Laboratory
CBC, Platelets
PT, INR, aPTT

Factor VIII Level
Factor IX Level

Fibrinogen
D-Dimer

Newborn Screen
consider Urine Organic Acids to

rule out Glutaric Aciduria-1

Laboratory
AST, ALT

Amylase, Lipase
Urinalysis

Laboratory
Calcium, Phosphorus
Alkaline phosphatase

consider 25-hydroxyvitamin D,
PTH level

rule out Scurvy and Copper
Deficiency: consider serum

copper, Vitamin C level
ceruloplasmin level

rule out Osteogenesis
Imperfecta: consider skin
biopsy for fibroblast culture +/-
venous blood for DNA
analysis

Radiology.

Radiology
CT Scan of Head

MRI of Head and Spine
Skeletal Survey

CT abdomen with contrast
Skeletal Survey if <2 years

Radiology
Skeletal survery

Laboratory
CBC, Platelets
PT, INR, aPTT
VWF antigen

VWF activity/Ristocetin
Cofactor

Factor VIII Level
Factor IX Level

Radiology
Skeletal survey for

nonambulatory infants or
infants/toddlers with
suspicious bruising
Brain Imaging for

suspicious bruising
CT abdomen with contrast
Skeletal Survey if <2 years

Fig. 33.9 Radiographic and laboratory testing for suspected non-accidental trauma

Indications for Skeletal Survey (sometimes referred to as “Kempe” Series)
- less than 2 years with obvious abusive injuries
- less than 2 years with any suspicious injury

Nonambulatory infants with bruises, skin injuries, oral injuries
Injuries not consistent with the history provided

- infants with unexplained, unexpected sudden death

- household contacts of an abused child less than 2 years 
- twins of abused infants and toddlers

- unexplained intracranial injuries, including hemorrhage and hypoxic-ischemic injury

Fig. 33.10 Indications for skeletal survey (sometimes referred to as “Kempe” series)
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the American Academy of Pediatrics recommends 
hospitalization. Although skeletal surveys are dif-
ficult to conduct on stabilized children on life sup-
port, efforts should be made to obtain the study in 
a timely fashion as results have a direct effect on 
any investigation. Due to the development of frac-
ture calluses, repeat imaging in 1–2 weeks is nec-
essary as injuries may not have been seen on 
initial radiologic exam.

 Submersion Injury

 Introduction

Although there has been significant decline in the 
rate of submersion hospitalizations, drowning is 
the second leading cause of unintentional injury 
death in children aged 1–19 with 91% uninten-
tional and not related to boating accidents. 
Female submersion rates peak at 1–2  years of 
age, while male submersion rates are bimodal in 
toddlers and adolescents.

The World Health Organization estimates 
400,000 drowning deaths each year worldwide. 
Seven percent of all human injury-related deaths 
are attributed to drowning. The First World 
Congress on Drowning defined drowning as a 
process of pulmonary impairment as a result of 
submersion in fluid and may be fatal or nonfatal.

Children less than 4 years of age have the 
highest mortality rate from drowning, most com-
monly in swimming pools or open water. 
Adolescents likely drown due to swimming or 
boating accidents and are unlikely to receive 
bystander resuscitation because they are often 
dead at the scene.

For every death, there are approximately two 
nonfatal drowning victims that are admitted to 
the hospital, and 20% of the survivors have 
severe sustained neurological disability.

Compared to non-epileptic children, epileptic 
pediatric patients are 4–14 times at risk of sub-
mersion. Recent evidence has associated swim-

ming lessons with an 88% reduction in the 
drowning events for children less than 4 years of 
age. However, some suggest that increased 
swimming proficiency increases exposure risk to 
water and submersion accidents. Pre-existing 
medical conditions, the initial ECG rhythm, the 
duration of suspension of cerebral flow, and the 
quality of life support are important factors that 
influence outcome. Immersion times greater 
than 25 minutes are associated with the highest 
mortality rates.

 Pathophysiology

Primary hypoxic ischemic injury to the brain is 
irreversible due to inadequate metabolic sub-
strate reserves, and the central tenet of resuscita-
tion is the prevention of secondary neuronal 
injury. The exact mechanism of human drown-
ings remains unclear. However, there is a consen-
sus belief that prolonged apnea and laryngospasm 
occur initially resulting in hypoxemia and hyper-
capnia. With progressive hypoxemia, laryngo-
spasm subsides predisposing the patient to 
aspiration of fluid causing acute lung injury and 
acute respiratory distress syndrome (ARDS).

Appropriate ventilator protective strategies 
can be implemented, such as tidal volumes of 
6 mL/kg or less with adequate positive end expi-
ratory pressure for alveolar recruitment, as large 
TV have been found to decrease cerebral venous 
flow and decrease cardiac output and mean arte-
rial pressure which would worsen CPP. Permissive 
hypercapnia is not encouraged without proper 
intracranial monitoring.

Submersion injuries can be differentiated 
from other cardiac arrests in that hypothermia 
decelerates neural tissue death and cerebral blood 
flow continues for a brief interval. Rapid cold 
water submersions, particularly less than 5  °C, 
have shown potential protective effects to cere-
bral organ function before hypoxia occurs due to 
decreased oxygen demand. Submersion duration 
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has been found to be a direct measure of cerebral 
anoxia with duration over 5–10 minutes worsen-
ing prognosis. In the retrospective study by 
Suominen et al., the median submersion time for 
deaths was 16 minutes, and survival with mini-
mal neurological dysfunction was 5 minutes.

 Patient Presentation

Drowning victims are often covered in wet cloth-
ing that will be removed by the rescue team. 
Cyanosis, tachypnea, and persistent tachycardia 
in combination with abnormal pulse oximetry are 
key indicators of respiratory distress. Severe 
signs and symptoms of submersion victims 
include abnormal lung auscultation, severe 
cough, frothy sputum, altered mentation, hypo-
tension, and tachycardia.

According to several retrospective submersion 
studies, unreactive pupils and a GCS score of 5 or 
less in the PICU were two strong independent 
factors that predicted poor neurological 
outcome.

There is no need to hospitalize submersion 
victims if there are no signs or symptoms of aspi-
ration (normal pulmonary examination and need 
for oxygen) after a 4–6 hour observation period.

 Diagnostics

The initial chest radiograph should be obtained 
however may not reflect acute lung injury until 
hours later. Normal initial head computed tomog-
raphy scan has no prognostic benefit in submer-
sion victims. If the patient is awake, alert, and 
oriented, head imaging is not recommended, 
unless there is known trauma or a change to clini-
cal status (Schmidt). Neurologic monitoring, 
including EEG and neuroimaging, and somato-
sensory evoked potentials, after submersion 
resuscitation, are helpful for prognostication but 
not required.

 Initial Stabilization

Prehospital management is to re-establish oxygen-
ation and ventilation before the development of car-
diac arrest. In the event of cardiac arrest, 
cardiopulmonary resuscitation (CPR) enacted by 
bystanders while awaiting EMS arrival has shown 
to increase the likelihood of neurological recovery.

Removal of wet clothing and warming with 
thick blankets are advised. Shivering has been 
found to be a positive prognostic sign. Core tem-
perature body temperature should be obtained 
upon initial resuscitation.

Immediate neurologic function is not a depend-
able predictor of outcome. If the child is sponta-
neously breathing, victims should be placed in the 
right lateral decubitus position with head down to 
prevent aspiration. If  bag-valve- mask resuscita-
tion is necessary, cricoid pressure is recommended 
as it may limit gastric aspiration. Continuous or 
bi-level positive airway pressure is required for 
treatment of hypoxia at times. Intubation may be 
required as supraglottic airway devices are not 
very effective.

Associated injuries such as fracture or dislo-
cation of the cervical spine and thoracic and 
intra-abdominal injuries in shallow water must be 
considered. Spinal stabilization with a cervical 
collar should be prioritized in the event of signifi-
cant mechanism for cervical spine injury, altered 
mental status, focal neural deficits, or a signifi-
cant injury. However, spinal immobilization 
should not be prioritized over resuscitation and 
preservation of the airway.

The Heimlich maneuver or abdominal com-
pressions have not been shown to be beneficial in 
drowning as they delay CPR and may lead to 
vomiting and aspiration. Electrocardiographic 
monitoring is recommended early on; however, 
defibrillation is often rendered ineffective with a 
hypothermic myocardium, particularly less than 
28  °C.  In these circumstances, chest compres-
sions support circulation until core temperature 
can be raised.
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The neurological admission on admission in 
the emergency department is not predictive of 
outcome. For this reason, serial examinations of 
consciousness, pupil size and reactivity, brain 
stem reflexes, and motor strength are integral to 
admission. Hemodynamic status in the emer-
gency department and neurologic status in the 
ICU are highly predictive of outcome. pH less 
than 7 is associated with poorer prognosis.

Pulmonary edema typically presents within 
4 hours. Clinical symptoms of hemoptysis, rales, 
abnormal radiography, and hypoxia are indica-
tive of aspiration and must be carefully moni-
tored. Continuous pulse oximetry and blood 
gases should be obtained with the intention of 
preventing hypoxia and secondary neurological 
injury.

Hypoxemia and respiratory and metabolic aci-
dosis must be aggressively treated with ventila-
tory support and hemodynamic support with 
isotonic crystalloids.

Target post-cardiac arrest patient’s core tem-
perature of 32–34 °C for 12–72 hours with slow 
rewarming at a rate of 0.5 °C per hour has shown 
higher rates of neurologic outcomes. Additionally, 
immediate treatment of hyperthermia is impera-
tive. Prophylactic antibiotics and corticosteroids 
are not beneficial, unless there is evidence of 
infection or sepsis. Seizures are common in 
hypoxic brain injuries, but unlike TBI, prophy-
lactic anticonvulsant medications and intracra-
nial monitoring are not always necessary. Better 
outcomes result from the avoidance of hypogly-
cemia, hyperglycemia, and large or rapid fluctua-
tions of glucose, so the goal should be to maintain 
it at 80–110 mg/dL.

 Severe Burns

 Introduction

The incidence of burns is higher in children than in 
adults with scald burns and then contact burns the 
most common etiologies. Advancements in burn 
management have reduced overall mortality.

 Pathophysiology

Burns are characterized as superficial (previously 
first degree), superficial partial, deep partial (pre-
viously second degree), and full thickness (previ-
ously third degree). Superficial burns are 
blanching and dry, have no blisters, and heal 
within 3–6  days without scarring. Superficial 
partial-thickness burns involve blanching, weep-
ing, and blisters and heal within 7–20 days with-
out scarring. Deep partial-thickness burns are 
non-blanching, weeping sites that require more 
than 21 days to heal and lead to scars and con-
tracture. Finally, full-thickness burns are typi-
cally dry, non-painful, and non-blanching which 
require prolonged duration of healing. Children 
tend to have thinner skin, which leads to deeper 
injuries.

Heat spreads rapidly in the oropharynx, and 
inhalational thermal injuries are commonly seen 
above the carina. Lower airway thermal injuries 
are typically secondary to steam exposure and 
only occur in 5% of patients. Thermal injuries 
release inflammatory mediators by the endothe-
lial and nerve cells such as complement, kinins, 
histamine, serotonin, prostaglandins, neuropep-
tides, and oxygen free radicals. Mediators allow 
for third spacing and increase capillary permea-
bility leading to pronounced volume deficits and 
additional tissue damage in large burns.

Chemical inhalation injuries occur due to 
combustion by-products that affect both the 
upper and lower respiratory tracts. Chemical 
inhalation injuries cause bronchoconstriction, 
increased vascular permeability, and ventilatory 
dysfunction. Protein leakage and alveolar col-
lapse evolve and cause significant airway com-
promise up to 48 hours after injury.

Carbon monoxide and cyanide are common 
toxicities in house fires and must be addressed 
immediately. Carbon monoxide (CO) is 200 times 
more potent than oxygen in binding to hemoglo-
bin, which displaces oxygen and increases car-
boxyhemoglobin. Additionally, CO and cyanide 
inhibit aerobic respiration through the mitochon-
drial electron transport chain. These agents not 
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only are commonly present in fire exposure but 
also act synergistically, thus only requiring 
smaller concentrations. If one is expected, both 
should be treated. Hypermetabolic responses lead 
to glycogen depletion and to eventual hypoglyce-
mia, hence the importance of dextrose in resusci-
tative fluids for younger burn victims.

 Patient Presentation

Frequent re-evaluation over the course of 
72  hours is important as inflammation evolves 
and partial-thickness burns can easily become 
full-thickness burns.

 Initial Stabilization

Emergency physicians should recognize criteria 
for referral to a burn center. These factors include 
any full-thickness burns; partial-thickness burns 
greater than 10% TBSA; burns to the face, hands, 
feet, genitourinary area, or major joints; electri-
cal or chemical burns; suspected inhalational 
injuries; burns with inhalational injury; comorbid 
conditions that can affect resuscitation and treat-
ment; significant associated traumatic injuries; 
injuries that exceed the hospital parameters; and 
cases requiring comprehensive social or rehabili-
tative needs.

Burn estimates at the scene or non-specialty 
centers overestimate the TBSA; therefore, initial 
hydration at 1.5 maintenance lactated Ringer is 
appropriate when transport time is short. Upon 
immediate stabilization, it is important to simul-
taneously contact the regional burn center to 
coordinate immediate transport and care.

Signs of airway compromise include facial 
burns, singed nasal hairs, carbon-laden sputum, 
stridor, work of breathing, and tachypnea. Direct 
evaluation of the supraglottic and oropharyn-
geal areas for burns or edema is required by a 
specialist via direct laryngoscopy. Severe full-
thickness burns to the neck are a high risk for 
airway compromise up to 36 hours later when 
edema is most severe. Routine bronchoscopy 

with lavage has been associated with decreased 
mortality due to prevention of atelectasis and 
reducing inflammation.

Primary survey requires supplemental oxy-
gen, and early intubation with the appropriately 
sized cuffed endotracheal tube must always be 
considered because of airway narrowing as chil-
dren have rapid decreases in cross-sectional areas 
to their airway. Tracheostomy is rarely indicated 
unless it is difficult to establish the airway and 
there are extensive burns. Poor chest wall com-
pliance from edema and eschars and the systemic 
inflammatory response syndrome (SIRS) directly 
contribute to impending respiratory failure, 
which requires up to 72 hours of close hospital 
observation.

Carbon monoxide exposure must be treated 
with 100% oxygen because it decreases the half- 
life of carboxyhemoglobin, while hydroxycobal-
amin binds cyanide and excretes it in the urine.

The delicate balance between providing ade-
quate perfusion, decreasing crystalloid fluids, 
and avoiding organ dysfunction from hypoperfu-
sion is imperative in burn victims.

Burn injuries in children that are less than 
10% TBSA should be repleted with oral rehydra-
tion therapy. However, enteral tube and oral rehy-
dration are not rapid methods in maintaining 
circulation for larger burns. For this reason, the 
Parkland formula was devised to provide ade-
quate oral, enteral, or intravenous hydration 
based on patient size and burn injury. The 
Parkland formula estimates 4  mL/kg/% TBSA 
resuscitation; however, the Shriners Burns 
Hospital-Galveston is more accurate in victims 
less than 23 kg. The Galveston formula provides 
maintenance and resuscitation requirements of 
5000  mL/m2 TBSA and 2000  mL/m2 
TBSA. There are no randomized controlled trials 
between the two formulas to date; however, these 
formulas underestimate volume in smaller burns 
and overestimate volume in larger burns. These 
formulas provide estimates for resuscitation over 
the first 24 hours of injury. Half of the volume 
should be administered within the first 8 hours of 
the burn injury with the second half volume 
administered over the subsequent 16 hours.
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Lactated Ringer is the initial resuscitative 
fluid. Dextrose is added for children less than 
30 kg and less than 5 years of age. The use of col-
loids (5% albumin) within 8–12 hours after injury 
decreases crystalloid volume requirements, 
decreases third spacing, and decreases length of 
stay. Frequent re-evaluation of end-organ perfu-
sion is imperative therefore hourly urine output 
goals of 1 mL/kg/h via indwelling urinary cathe-
ter. Overall, proper management of circulation in 
burn victims prevents acute renal failure, multi-
ple organ abnormalities, and mortality.

Urine output has been extensively studied and 
found to be the most cost-effective and least inva-
sive manner of evaluating burn resuscitation 
victims.

However, over-resuscitation has been docu-
mented to have caused abdominal compartment 
syndrome, need for extremity escharotomies, 
pericardial effusion, prolonged intubation from 
acute respiratory distress syndrome, multiple 
organ dysfunction, and death.

After airway, breathing, and circulation are 
addressed, the wound itself must be evaluated 
closely. Depth and size of the burn injury deter-
mine resuscitative efforts and determine transfer 
to a regional trauma burn center.

Many burn centers have adopted laser Doppler 
imaging (LDI) on the initial assessment of burn 
injuries to measure tissue perfusion in the dermal 
vasculature, as it increases the accuracy of burn 
depth assessment.

The surface of the victim’s palm and fingers is 
approximately 1% of total body surface area 
(TBSA) and is a technique utilized to quickly 
estimate affected burn areas. Additionally, the 
“rule of nines” has been a practical method in 
estimating TBSA affected in adults but is less 
dependable in children; and the Lund and 
Browder chart provides age-appropriate TBSA 
estimates.

Standard care involves daily dressing 
changes, debridement, and topical antimicro-
bials. Long- acting silver dressings as well as 

biosynthetic dressings may improve re-epithe-
lialization and decrease the amount of painful 
dressing changes.

Circumferential full-thickness injuries com-
promise both arterial and venous blood flow caus-
ing ischemic tissue loss; therefore, these injuries 
require immediate surgery consultation. When 
they occur to the chest, restrictive chest expansion 
will lead to hypoxia, hypercapnia, and impending 
respiratory failure. For this reason, escharotomy 
as deep as the hypodermis is promptly required, 
often by a surgeon. Linear incisions are typically 
made on opposite sides of the injury.

The standard of care for deep partial-thickness 
and full-thickness burns involves early excision 
and coverage using autologous or non- autologous 
skin grafts. The excision of necrotic or devital-
ized tissue reduces inflammatory mediators, 
decreases infection, preserves the dermis, and 
decreases scar formation. Split-thickness skin 
grafts are harvested to the superficial dermis and 
require 7–10 days.

Pain management cannot be understated and 
often requires potent, short-acting medications. 
Intranasal or IV fentanyl can often be used in the 
emergency department; however, extensive 
 injuries may require ketamine often in combina-
tion with a benzodiazepine or longer-acting opi-
ates. Low doses of ketamine are analgesic, and 
higher doses provide anesthesia. Benefits occur 
from prevention of narcotic use and the possibil-
ity of central respiratory depression. Additionally, 
nitrous oxide has been increasingly documented 
as safe and effective for children in the emer-
gency department.

The tetanus vaccine should be administered to 
children with burns deeper than superficial- 
thickness, who have not received booster immuni-
zations in more than 5 years. Additionally, those 
who have not received the immunization to date 
should also receive the tetanus immune globulin.

 Definitive Treatment (Fig. 33.11)
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Fluids and Vasoactive Agents

James Dargin

 Introduction

Fluids and vasoactive agents are the principal 
means of restoring tissue perfusion and oxygen 
delivery in patients with circulatory shock. A 
basic knowledge of the physiologic determi-
nants of arterial pressure is helpful in under-
standing the role of fluid resuscitation and 
vasoactive agents in the treatment of shock. 
Mean arterial pressure (MAP), the primary 
determinant of organ blood flow, is the product 
of cardiac output (CO) and systemic vascular 
resistance (SVR):

 MAP CO SVR� �  

CO is generated by both heart rate (HR) 
and stroke volume (SV). SV is determined by 

three factors: preload, afterload, and cardiac 
contractility.

CO = HR  x  SV 

preloadpreload contractilitycontractility

afterloadafterload  

In simplistic terms, the hypotensive patient 
can be thought of as having either insufficient SV 
or insufficient SVR. Low SV could be related to 
inadequate preload (hypovolemic shock) or a 
reduction in cardiac contractility (cardiogenic 
shock). At the bedside, SV can be estimated by 
measuring the pulse pressure:
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Pulse pressure Systolic blood pressure Diastolic blood pre� � sssure

Thus, a patient with hypotension and a nar-
row pulse pressure (e.g., 80/60  mmHg) likely 
has a reduced SV.  Patients with a reduced SV 
typically have cool extremities and delayed cap-
illary refill. Clinical evaluation of the patient can 
help to differentiate the causes of reduced SV 
(Fig. 34.1). Patients with low SVR (distributive 
shock) typically have warm extremities with 
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brisk capillary refill. Distributive shock is also 
characterized by a preserved or elevated SV but 
low resistance, resulting in a drop in diastolic 
blood pressure and a wide pulse pressure (e.g., 
85/25  mmHg). Determining the underlying 
pathophysiology of the patient’s shock state is 
fundamental to providing the proper treatment 
with either fluids or vasoactives (Fig. 34.1). For 
example, the patient with a reduction in preload 
(hypovolemic shock) will require aggressive 
fluid resuscitation, whereas the patient with a 
reduction in contractility may require inotropic 

support. The patient with a reduced SVR often 
requires vasoconstricting agents in addition to 
fluid resuscitation to achieve adequate perfusion 
pressure.

 Fluids

The primary determinant of cardiac output is pre-
load and, as Starling’s Law of the Heart demon-
strates, increasing preload with an intravenous 
fluid bolus will increase cardiac output (Fig. 34.2) 

Hypotension

Reduction in SVR
(wide PP, low DBP, brisk CR)

Reduction in SV
(narrow PP, preserved DBP, brisk CR)  

Distributive Shock
(sepsis, anaphylaxis, neurogenic shock)

Vasopressors

JVD?

No Yes

Hypovolemic Shock

Fluid

Pulmonary 
edema?

Cardiogenic

Shock

Tamponade, massive PE, or

tension pneumothorax

Treat Underlying cause Inotropes

No Yes

Fig. 34.1 Diagnostic approach to the patient with hypo-
tension to guide the use of fluids and vasoactive agents. 
The algorithm provides an illustrative framework for the 
use of fluids and vasoactives. Causes of shock may be 
multifactorial and require additional treatments (e.g., dis-

tributive shock may also require fluids). Abbreviations: 
JVD jugular vein distention, SV stoke volume, DBP dia-
stolic blood pressure, PP pulse pressure, SVR systemic 
vascular resistance, CR capillary refill, PE pulmonary 
embolus
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[1]. Thus, the fundamental reason for giving a 
patient a fluid bolus is to increase cardiac output, 
which will help to raise the blood pressure and 
improve tissue perfusion and oxygen delivery. An 
intravenous fluid bolus will not only improve car-
diac output in patients with hypovolemic shock, 
but often with other causes of shock as well (dis-
tributive, obstructive, and neurogenic) because 
the healthy, euvolemic heart operates on the 
ascending limb of the Starling curve. Moreover, 
certain kinds of distributive shock may have a 
component of hypovolemia, as is the case of sep-
sis where capillary leak causes effective hypovo-
lemia. Thus, in a patient presenting to ED with 
undifferentiated shock, augmenting preload with 
a fluid bolus will tend to improve cardiac output 
in most cases, except for the patient with a failing 
heart. As such, the vast majority of patients in the 
ED with shock tend to be fluid responsive at ini-
tial presentation, and a fluid challenge makes 
good sense as an early resuscitation effort.

Multiple studies have shown that early, 
aggressive fluid resuscitation improves outcomes 
in patients with shock, particularly in sepsis [2, 
3]. However, repeated fluid boluses in a patient 
who is no longer fluid responsive may simply 
precipitate pulmonary edema and hypoxemia, 
worsen cardiac output as the heart is pushed onto 

the descending portion of the Starling curve 
(Fig. 34.2), and cause tissue edema, all of which 
impair oxygen delivery to tissues. As critically ill 
patients are increasingly remaining in the ED for 
prolonged periods of time, the difficulty comes in 
predicting which patients are still fluid respon-
sive after the third, fourth, or fifth liter of fluid. In 
fact, only about half of ICU patients will increase 
their cardiac output when given an intravenous 
fluid bolus [4]. Furthermore, excessive fluid 
resuscitation has been associated with worse out-
comes in the critically ill [4–6]. Continuing to 
attempt fluid resuscitation in a hypotensive 
patient who is no longer fluid responsive is not 
only counterproductive, but simply delays the 
appropriate therapy, which is typically a vasoac-
tive agent. Thus, haphazardly fluid resuscitating 
patients in shock is not without risk, and careful 
consideration should be undertaken to determine 
if the patient is fluid responsive (i.e., will respond 
with an increase in CO when given additional 
preload).

 Determining Fluid Responsiveness

For many years, clinicians have relied upon the 
measurement of central venous pressure (CVP) to 
guide fluid resuscitation. The traditional teaching 
was that CVP can serve a surrogate measure of end 
diastolic volume (preload). It was assumed that if 
CVP was low, then the patient was on the ascend-
ing part of Starling’s curve and would respond to a 
fluid bolus with an increase in CO. Conversely, if 
the CVP was high, then the patient was no longer 
fluid responsive. However, multiple studies have 
shown CVP to be a poor predictor of fluid respon-
siveness [7]. In fact, CVP has been shown to be as 
accurate as a coin toss in determining if a patient is 
fluid responsive or not [8]. The poor predictive 
value of CVP may be due to a number of factors, 
including the fact that CVP is a poor surrogate 
measure of preload and that CVP is affected by 
other variables, such as positive end expiratory 
pressure (PEEP), left ventricular (LV) compliance, 
and cardiac contractility. Given the convincing evi-
dence that CVP does not accurately predict fluid 
responsiveness, CVP should not be used to guide 

(b)

(a)

(c)

Normal Heart

Failing HeartCardiac
output

End diastolic volume (preload)

Fig. 34.2 Relationship between preload and cardiac out-
put (Starling’s Law of the Heart).[1] On the steep portion 
of the Starling curve, volume expansion will increase car-
diac output (a). Once the heart is operating on the flat part 
of the curve, further fluid resuscitation will not improve 
cardiac output (b). Note that the slope of the curve (pre-
load vs. cardiac output) depends on the systolic function. 
Thus, a given value of preload may result an in increase in 
cardiac output for the normal heart, or no improvement in 
cardiac output for the failing heart (c)
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fluid resuscitation. In the ICU setting, more inva-
sive and complicated methods of measuring fluid 
responsiveness can be utilized, including pulse 
pressure variation (the reader is referred to refer-
ence [9] for a concise review of the topic). In the 
ED, a passive leg raise maneuver can be used as a 
quick and inexpensive technique to accurately 
determine fluid responsiveness. The maneuver 
involves laying the patient supine and then measur-
ing the blood pressure. The legs are then lifted to 45 
degrees for approximately 30  seconds and the 
blood pressure is measured again (Fig. 34.3). This 
maneuver equates to a “reversible fluid challenge” 
using venous blood from the legs. An increase in 
pulse pressure or systolic pressure indicates that the 
patient is fluid responsive. Passive leg raise has 
been shown to be highly accurate in predicting 
fluid responsiveness [10].

 Crystalloids Versus Colloids

Clinicians have a broad range of products to 
choose from when fluid resuscitating patients 
(Table  34.1). Fluids are typically categorized as 
crystalloid (normal saline, Ringer’s lactate) and 
colloid (hetastarch, albumin) solutions. The col-
loid solutions contain large molecules that tend not 
to cross a healthy, intact capillary membrane. 
Colloid solutions can be hypooncotic (e.g., 5% 
albumin) or hyperoncotic (e.g., 25% albumin, dex-
trans, and hydroxyethyl starches). The oncotic 
pressure helps to retain the fluid in the intravascu-
lar space. Although the osmotic pressure of crys-
talloid solutions can likewise help to expand the 
intravascular space, the ions in crystalloid solu-
tions are able to freely cross the capillary mem-
brane. In fact, only 25% of a normal saline bolus 

will remain in the intravascular space, and 75% 
will distribute into the extravascular space [13]. 
Because colloids are thought to more effectively 
maintain fluid in the intravascular space than crys-
talloids, less colloid fluid is required for the same 
degree of intravascular expansion as a crystalloid 
solution. There is no accepted standard volume 
that should be given for a fluid bolus. Most clinical 
studies use 500 cc of crystalloid (or slightly less if 
colloid is used) given rapidly over 15–30 minutes 
to assess whether or not a patient’s cardiac output 
increases with volume expansion [4].

Controversy has raged for decades regarding 
the choice of crystalloid versus colloid solutions 
for resuscitating patients with shock [14]. A num-
ber of large, high quality trials in recent years have 
shed light on the debate over crystalloids versus 
colloids. In general, there is little convincing evi-
dence to the clinical benefit of colloids over crys-
talloids. Furthermore, there is potential for harm in 
some cases with use of colloid solutions. In one of 
the largest trials examining crystalloids versus col-
loids for resuscitation from hypovolemic shock, 
there was no benefit to using one solution over the 
other in terms of mortality. However, the colloid 
group received less fluid, had more days without 
vasopressors, and fewer days without mechanical 
ventilation [15]. It bears mentioning that colloids 
are also significantly more expensive than crystal-
loid solutions (Table 34.1).

 Balanced Versus Unbalanced 
Crystalloid Solutions

The two most commonly used crystalloid solu-
tions for resuscitating the critically ill are isotonic 
saline and Ringer’s lactate. Ringer’s lactate is 

Step 1 Step 2

45°
45°

Fig. 34.3 The passive leg raise maneuver. Step 1. The 
patient is placed in the supine position and the blood pres-
sure and pulse pressure (systolic minus diastolic blood 
pressure) are measured. Step 2. The legs are then lifted to 

45 degrees for approximately 30  seconds and the blood 
pressure is measured again. An increase in pulse pressure 
or systolic pressure with passive leg raise indicates that 
the patient is fluid responsive
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considered a “balanced” solution with an electro-
lyte composition that closely resembles plasma 
(Table 34.1). In contrast, normal saline is not con-
sidered to be a balanced solution owing to its rela-
tively high chloride content compared to plasma. 
The use of normal saline for fluid resuscitation 
first appeared in the medical literature in the late 
1800s and has become the most commonly used 
crystalloid solution in the United States [16].

Normal saline has a sodium concentration that 
is similar to that of plasma, but the solution is not 
truly “normal” in that the chloride concentration 
is approximately 1.5 times that of plasma. High 
chloride concentration in the renal tubules during 
saline resuscitation causes afferent vasoconstric-
tion and reduced renal blood flow, a phenomenon 
that appears to be more pronounced during hypo-
volemia [17]. The high chloride levels resulting 
from resuscitation with normal saline also lead to 
a reduction in serum bicarbonate levels and a 
nonanion gap metabolic acidosis. In patients with 
renal failure, the acidosis may result in an 
increase in the serum potassium levels due to 
shifting of potassium out of the intracellular 
space. Other balanced solutions such as 
Plasmalyte and Ringer’s lactate may avoid the 
untoward biochemical effects of normal saline. In 
fact, the use of balanced solutions has been asso-
ciated with a lower postoperative mortality in 
surgical patients and lower rates of acute kidney 
injury and renal replacement therapy in ICU 
patients [18, 19]. There is also some evidence 
that resuscitation of critically ill patients with 
sepsis using balanced solutions may be associ-
ated with a lower mortality [20].

 Albumin

Albumin-containing solutions were first used as a 
resuscitation fluid on the battlefield in World War 
II [21]. Human albumin in saline is expensive to 
produce, and the solution can theoretically trans-
mit infection, although it is heat-treated to kill 
viruses. In the Saline versus Albumin Fluid 
Evaluation (SAFE) trial, almost 7000 ICU patients 
were randomized for resuscitation with normal 
saline or albumin [22]. The SAFE trial showed no 
difference in mortality or other outcomes with 
albumin versus normal saline even in patients with 
hypoalbuminemia [22]. Albumin is associated 
with a higher rate of mortality in traumatic brain 
injury patients and should probably be avoided in 
this population [23]. Given the cost of albumin 
compared to crystalloid solutions and the paucity 
of data showing clear benefit in patient outcomes, 
it is difficult to support the routine use of albumin 
for resuscitating patients with shock. However, 
several studies have shown potential mortality 
benefit specifically in patients with sepsis resusci-
tated with albumin [24, 25]. Current consensus 
guidelines recommend using crystalloids as the 
initial fluid of choice for patients with sepsis and to 
consider the use of albumin in patients who require 
“substantial amounts of crystalloids [26].”

 Hydroxyethyl Starches

Hydroxyethyl starches (HES), the most com-
monly used and best studied semisynthetic col-
loid solutions, are derived from hydroxyethyl 

Table 34.1 Properties of commonly used intravenous fluids

Plasma Normal saline Ringer’s lactate 5% Albumin Hetastarch 6%
Osmolality (mOsm/L) 290 308 273 309 310
Na (mEq/L) 140 154 130 130–160 154
Cl 100 154 109 130–160 154
K 4 0 4 0 0
Ca 2 0 3 0 0
Lactate 2 0 28 0 0
Potential side effects – Acidosis – Infection

Anaphylaxis
Pruritis
Hypersensitivity
Kidney injury
Coagulopathy

Cost – $1.46/L $1.48/L $91.54/250 mL [11] $29.69/500 mL [12]
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substitution of plant starches. The hydroxyethyl 
substitution prevents these molecules from being 
broken down by amylases in the blood, thus pro-
longing their oncotic effect in the blood and 
maintaining intravascular volume. However, this 
resistance to breakdown also tends to promote 
the accumulation of HES in the skin and kidney, 
causing pruritus and kidney injury, respectively. 
HES may also impair coagulation and can cause 
hypersensitivity reactions [27, 28]. The colloids 
are dissolved in a carrier solution, which is com-
monly isotonic saline. Most solutions used in the 
United States now contain 6% HES as higher 
concentrations have been associated with adverse 
effects. Four HES products are FDA approved for 
treatment of hypovolemia: HESPAN (6% HES 
450/0.7 in 0.9% sodium chloride; Braun Medical 
Inc), Hetastarch (6% in 0.9% sodium chloride, 
generic equivalent to Hespan; Teva 
Pharmaceuticals USA), HEXTEND (6% HES 
450/0.7  in physiologic solution; BioTime Inc), 
and Voluven (6% HES 130/0.40 in normal saline 
Fresenius Kabi USA, LLC). Multiple trials com-

paring hydroxyethyl starches to crystalloid solu-
tions in patients with sepsis showed that starches 
were associated with a higher rate of acute kid-
ney injury, renal replacement therapy, and possi-
bly mortality [27, 29, 30]. After a review of 
multiple randomized trials and meta-analyses, 
the FDA released a “black box warning” in 2013 
against the use of HES solutions in critically ill 
adult patients, including those with sepsis and in 
patients with preexisting renal dysfunction [31].

 Vasoactives

Vasoactive agents help to restore tissue perfusion 
in shock states by increasing cardiac contractility 
(inotropes) or by increasing vasomotor tone (vaso-
pressors). Most vasoactive agents exert their 
hemodynamic effects by acting on adrenergic 
receptors located within the heart and vascular 
smooth muscle (Table  34.2). Stimulation of 
alpha-1 subtype receptors located in vascular 
smooth muscle cells increases the production of 

Table 34.2 Pharmacologic properties of  commonly used vasoactive agents

Agent Receptor activity Indications IV dosing Side effects
β1 α Other

Dopaminec ++ ++ dopamine Shock with bradycardia 1–20 mcg/kg/
min

Tachyarrhythmias

Norepinephrine + +++ _________ First line for septic shock
Cardiogenic shock with 
hypotension

1–40 mcg/min Tachyarrhythmias

Phenylephrine 0 ++ _________ Shock with tachyarrhymias 20–200 mcg/
min

Bradycardia

Epinephrine +++ +++ _________ Anaphylactic shock
Septic shock with low 
cardiac output

1–20 mcg/min Tachyarrhythmias
Mesenteric and 
myocardial ischemia
Lactic acidosis

Dobutamine +++ 0 β2 Cardiogenic shock
Septic shock with low 
cardiac output

2–20 mcg/kg/
min

Tachyarrhythmias
Hypotension

Milrinonea 0 0 PDE 
inhibitor

Cardiogenic shock
RV failure

0.25–0.75 
mcg/kg/min

Tachyarrhythmias
Hypotension

Vasopressin 0 0 V1 Use with norepinephrine 
for septic shock

0.03 or 
0.04 U/min

Limb ischemiab

Mesenteric ischemiab

Bradycardia

+ Minimal stimulation, ++ moderate stimulation, +++ potent stimulation
Abbreviations: PDE phosphodiesterase, RV right ventricular, min minute
aSide effects may be more pronounced in patients with renal failure
bMore common at doses higher than 0.04 units/minute
cDopamine binds dopamine, alpha, β1 receptors in a dose-dependent fashion
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diacylglycerol and inositol triphosphate, resulting 
in an increase in intracellular calcium and vaso-
constriction of both arteries and veins. The beta-1 
receptor subtype is primarily located in the heart. 
Stimulation of this receptor increases intracellular 
cAMP, resulting in an influx of calcium into car-
diac myocytes, leading to enhanced cardiac con-
tractility. Although adrenergic agonists are 
primarily used for their vasoactive properties, 
some agents have beneficial effects outside of the 
cardiovascular system. For example, the beta-2 
receptor subtype is not only located in vascular 
smooth muscle where it causes vasodilation, but 
also in bronchioles where stimulation causes bron-
chodilation. The clinical effects of different vaso-
active agents depend on the relative affinity for 
different receptors and the dose of the agent used.

Vasoactive agents are generally short-acting 
and delivered as a continuous infusion, allowing 
for rapid titration based on the patient’s hemody-
namic response. Vasoactive medications should 
be administered through a central venous cathe-
ter as infiltration of the medications into the sub-
cutaneous tissue during peripheral intravenous 
administration can cause soft tissue necrosis. In 
the case of life-threatening hypotension, vasoac-
tive agents can be given temporarily through 
peripheral intravenous catheters or intraosseous 
access until central access is established. In the 
event that an adrenergic agent infiltrates subcuta-
neously, the adrenergic antagonist phentolamine 
can be administered subcutaneously directly into 
the site of extravasation to help prevent soft tissue 
necrosis.

 Phenylephrine

Phenylephrine is a synthetic adrenergic agent 
with pure alpha-1 activity and causes vasocon-
striction. Phenylephrine does not act directly on 
the heart, but the pure vasoconstricting effects 
can cause reflex bradycardia. Phenylephrine does 
not appear to be as potent a vasoconstrictor as 
other agents (e.g., norepinephrine), but may be a 
useful agent when tachyarrhythmias are of con-
cern. One must be careful using this agent in 
patients with impaired left ventricular function 

(cardiogenic shock or sepsis induced left ventric-
ular dysfunction), as the pure increase in after-
load and lack of beta-1 activity may adversely 
affect myocardial function [32].

 Norepinephrine

Norepinephrine is an endogenous neurotransmit-
ter released from postganglionic sympathetic 
nerves and has potent alpha-1 effects, resulting in 
vasoconstriction. Norepinephrine possesses 
beta-1 affinity as well and modestly increases 
heart rate and cardiac contractility. This agent 
can precipitate tachyarrhythmias, although less 
so than more potent beta-1 agonists, such as 
dopamine or epinephrine. Clinical trials have 
shown norepinephrine to be a more potent vaso-
pressor than dopamine with fewer tachyarrhyth-
mias [33]. Although the potent vasoconstricting 
effects of norepinephrine could theoretically 
impair blood flow to vital organs, animal models 
of sepsis have demonstrated improved renal 
blood flow as MAP increases with norepineph-
rine titration [34].

 Dopamine

Dopamine is an endogenous catecholamine pre-
cursor of norepinephrine and epinephrine. 
Dopamine binds dopamine, beta, and alpha 
receptors in a dose-dependent fashion. At low 
doses of <5 mcg/kg/minute, dopamine receptor 
activity results in dilation of renal, mesenteric, 
cerebral, and coronary vessels. Activation of 
dopamine receptors in the kidney also increases 
urinary sodium excretion. At moderate doses of 
5–10 mcg/kg/minute, beta-1 agonism predomi-
nates, resulting in an increase in heart rate and 
stroke volume. The inotropic effects of dopamine 
are fairly modest compared to other agents, such 
as dobutamine and epinephrine. At higher doses, 
above 10 mcg/kg/minute, alpha effects cause 
peripheral vasoconstriction. Although dopamine 
demonstrates dose-dependent receptor activity, 
the precise dosages at which particular clinical 
effects occur are less predictable in individual 
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patients and dopamine should be titrated based 
on the clinical response rather than theoretical 
dosing. The chronotropic effects make dopamine 
useful in patients with hypotension and relative 
bradycardia. Dopamine was once used at low 
doses (<5 mcg/kg/min) in an attempt to increase 
renal blood flow and urine output to prevent acute 
kidney injury. Large trials have shown no benefit 
to this practice in terms of renal outcomes and 
dopamine should not be used for this indication 
[35]. Although dopamine has the potential for 
vasodilating mesenteric vessels through dopami-
nergic activity, most studies show impaired gut 
mucosal perfusion with dopamine [36].

 Epinephrine

Epinephrine is a naturally occurring catechol-
amine released from the adrenal medulla. 
Epinephrine has strong affinity for alpha and 
beta receptors, has both inotropic and chrono-
tropic effects, and is the most potent vasocon-
strictor used in clinical practice. The potent 
beta-1 effects can precipitate tachyarrhythmias, 
which may limit its use in some patients. 
Although epinephrine can increase cardiac oxy-
gen demand and should be used cautiously in 
patients with coronary artery disease, this agent 
has not been associated with adverse cardiac 
effects when used to treat septic shock [37]. 
Epinephrine causes glycogenolysis in the liver, 
increased glucagon, and decreased insulin, 
resulting in hyperglycemia. Epinephrine causes 
increased serum lactate levels, which occurs as a 
result of increased glycolysis and glycogenoly-
sis in skeletal muscle rather than a result of 
global tissue hypoperfusion [38].

 Dobutamine

Dobutamine is synthetic catecholamine with 
potent beta-1 activity, resulting in an increase in 
heart rate and cardiac contractility. Dobutamine 
also possesses modest beta-2 activity, which 
causes peripheral vasodilation. In patients with 
decompensated heart failure and a preserved 

blood pressure, the beta-1 effect improves car-
diac output and the vasodilatory effect reduces 
afterload, thus “unloading” the failing heart. In 
patients without baseline hypotension, the blood 
pressure tends to remain normal despite the vaso-
dilatory effects of dobutamine. The inotropic 
effects of dobutamine can increase myocardial 
work and oxygen consumption and should be 
used with caution in patients with cardiac isch-
emia. This agent can also cause tachyarrhyth-
mias, which limits its use in some patients.

 Milrinone

Milrinone is a phosphodiesterase inhibitor that 
increases cyclic AMP. The effect on the heart is 
to increase heart rate and SV. Milrinone also acts 
in in vascular smooth muscle to cause vasodila-
tion, which may result in hypotension, particu-
larly in hypovolemic patients. Milrinone can 
cause tachyarrhythmias, but may cause less 
tachycardia than catecholamines, such as dobuta-
mine and epinephrine [39].

Milrinone has a relatively long half-life of 
approximately 2 hours compared to minutes for 
most other vasoactive agents. This agent is 
renally cleared and can cause hypotension and 
tachyarrhythmias in patients with renal failure. 
Although a loading dose can be used when start-
ing milrinone, most clinicians avoid this practice 
in the critically ill, as hypotension often occurs. 
Milrinone causes pulmonary vasodilation and 
can be particularly useful when treating right 
ventricular failure by reducing afterload for the 
failing right heart [40].

 Vasopressin

Vasopressin is an endogenous hormone released 
into the circulation from the pituitary in the set-
ting of hypotension. Vasopressin acts on V1 
receptors in smooth muscles cells to cause vaso-
constriction via phosphatidyl-inositol-calcium 
signaling pathway, as well as an increased sensi-
tivity to catecholamines. There is some evidence 
that vasopressin may cause more peripheral and 
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mesenteric ischemia than other vasoactive agents, 
particularly in the setting of hypovolemia, under-
scoring the importance of adequate fluid resusci-
tation prior to starting this medication [41]. The 
pure increase in afterload with vasopressin may 
be deleterious in patients with depressed left ven-
tricular function. Vasopressin can also cause bra-
dycardia via a baroreceptor mechanism. The 
adverse effects of vasopressin appear to be dose- 
dependent, and doses higher than 0.03–0.04 units/
minute are often avoided for this reason.

 Septic Shock

For many years, dopamine and norepinephrine 
were used interchangeably as first-line agents for 
the treatment of septic shock. However, multiple 
randomized trials have shed light on the use of 
these agents in the management of septic shock. 
Clinical trials suggest that dopamine may be asso-
ciated with an increased mortality when compared 
to norepinephrine [42]. Furthermore, dopamine 
appears to be less effective at restoring blood pres-
sure and more arrhythmogenic than norepineph-
rine [33]. As such, norepinephrine is currently 
recommended as the first-line vasoactive agent for 
septic shock [26]. Dopamine should be considered 
in patients with relative bradycardia, owing to its 
chronotropic effects. There are relatively few clini-
cal trials examining the role of phenylephrine in 
the treatment of septic shock [43]. Phenylephrine 
may be less potent than norepinephrine and there-
fore less effective at maintaining blood pressure. 
For these reasons, this agent is not routinely used 
in septic shock. However, the pure alpha effects 
make this agent a useful alternative to norepineph-
rine, dopamine, and epinephrine in patients with 
tachyarrhythmias.

Although sepsis is traditionally thought of as a 
“high cardiac output” shock state, sepsis-induced 
left ventricular dysfunction is not uncommon 
[44]. In patients with septic shock and evidence 
of a low cardiac output state (low central venous 
oxygen saturation despite adequate fluid resusci-
tation, cool extremities, and delayed capillary 
refill) agents with inotropic properties may be of 
utility [3]. For example, dobutamine is often used 

to augment cardiac output in patients with sepsis- 
related left ventricular dysfunction. When used in 
patients with septic shock, dobutamine is gener-
ally used in combination with norepinephrine to 
prevent hypotension from the vasodilatory effects 
of dobutamine. Epinephrine can also be used as a 
single agent for patients with septic shock and 
evidence of low cardiac output, owing to its com-
bination of inotropic and vasoconstricting prop-
erties. Studies examining epinephrine versus 
combination dobutamine–norepinephrine for 
sepsis have shown no difference in mortality 
between these agents [45]. Epinephrine was not 
associated with an increased risk of severe 
arrhythmias or myocardial or limb ischemia in 
these studies. However, epinephrine reduces gut 
mucosal perfusion in sepsis when compared to 
norepinephrine or combination norepinephrine–
dobutamine [46, 47]. Epinephrine increases lac-
tate levels, precluding the use of this laboratory 
study as an endpoint of resuscitation when using 
epinephrine infusions. Epinephrine can also be 
added to high-dose norepinephrine in patients 
with refractory septic shock.

Vasopressin levels initially increase manifold 
to supraphysiologic levels early in the setting of 
sepsis, and then decrease dramatically to inap-
propriately low levels [48]. Combination treat-
ment with vasopressin and norepinephrine in 
patients with septic shock results in lower norepi-
nephrine requirements without an increase in 
adverse events. Patients with less severe septic 
shock (those requiring 5–15 mcg/min of nor-
epineprhine) have a reduction in mortality when 
treated with combination vasopressin–norepi-
nephrine [49]. Vasopressin has been associated 
with a reduction in heart rate in septic shock and 
may be of use in patients experiencing to tachyar-
rhythmias from norepinephrine. Although vaso-
pressin is a potent vasoconstrictor, it does not 
appear particularly efficacious for septic shock 
when used as a single agent and is associated 
with increase complications and mortality com-
pared to norepinephrine [50]. In clinical practice, 
intravenous vasopressin is typically added at a 
low dose, fixed rate of 0.03 or 0.04 units/hour to 
moderate doses of norepinephrine (5–15 mcg/kg) 
in patients with septic shock.
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 Decompensated Heart Failure 
and Cardiogenic Shock

In patients with a low cardiac output state and 
evidence of inadequate tissue perfusion (oliguria, 
low central venous oxygen saturation, lactic aci-
dosis, etc.), inotropes are often used to augment 
cardiac contractility. Dobutamine and milrinone 
are commonly used in patients with preserved 
blood pressure. These medications augment car-
diac contractility and their vasodilating effects 
help to reduce afterload for the failing heart. 
Milrinone tends to cause more pulmonary vaso-
dilation than dobutamine and can be useful in 
patients with right ventricular failure, especially 
in the setting of pulmonary hypertension [40]. 
Milrinone also tends to cause less tachycardia 
than dobutamine. In patients with hypotension 
and a low output state, dobutamine or milrinone 
can still be used despite their vasodilatory effects. 
However, in the setting of hypotension these ino-
tropes must be administered in conjunction with 
a vasoconstricting agent, such as norepinephrine, 
in order to maintain blood pressure and coronary 
perfusion. It should be noted that milrinone has a 
relatively long half-life of hours, and unlike 
dobutamine, cannot be rapidly titrated down if 
the patient develops hypotension.

Dopamine is often used as a single agent for 
patients with cardiogenic shock and hypotension 
owing to its dual inotropic and vasoconstricting 
effects. However, in a large randomized trial 
comparing dopamine to norepinephrine for the 
treatment of shock, a subgroup analysis showed 
that patients with cardiogenic shock had a higher 
mortality and increased arrhythmias with the use 
of dopamine [42]. For this reason, norepineph-
rine may be a better first-line agent than dopa-
mine for cardiogenic shock and hypotension. 
Epinephrine has been compared to combination 
dobutamine–norepinephrine in patients with car-
diogenic shock and epinephrine was associated 
with a higher rate of tachyarrhythmias, lactic aci-
dosis, and impaired gastric mucosal perfusion 
[51]. Phenylephrine is generally avoided in car-
diogenic shock, as it adversely affects cardiac 
performance by increasing afterload without any 
favorable effects on cardiac contractility.

 Neurogenic Shock

Patients with neurogenic shock have lost sympa-
thetic input to the heart and vasculature as a result 
of a cervical spine injury. Vagal tone predomi-
nates, characteristically resulting in hypotension 
and bradycardia. For this reason, dopamine has 
been used as a first-line agent in light of its chro-
notropic and vasoconstricting properties [52]. 
There is some evidence that titrating vasopres-
sors to achieve a supraphysiologic MAP of 
85–90  mmHg may augment spinal cord perfu-
sion and improve neurologic outcome in neuro-
genic shock [53].

 Anaphylaxis

Epinephrine not only helps to restore hemody-
namic stability, but also reduces mucosal 
edema in the upper airway and causes broncho-
dilation in patients with anaphylaxis. Therefore, 
epinephrine remains the first-line agent for this 
condition, given that it can counteract all of the 
life- threatening effects of an allergic reaction, 
including shock, airway edema, and broncho-
spasm. Epinephrine should be administered 
intramuscularly in the lateral thigh at a dose of 
0.3–0.5 mg of 1:1000 (1 mg/mL) solution for 
initial treatment of anaphylaxis [54]. The intra-
muscular dose can be repeated one to two times 
every 5 minutes as necessary based on the clin-
ical response. In cases of impending circula-
tory  collapse or conditions refractory to 
intramuscular therapy, epinephrine should be 
administered with the 1:10,000 (0.1  mg/mL) 
solution intravenously at a rate of 1–20 mcg/
minute and titrated to achieve a normal blood 
pressure.

 Postintubation Hypotension

Hypotension occurs in up to a quarter of tracheal 
intubations performed in the ED [55]. Although 
hypotension can occur for a number of reasons, 
this complication frequently occurs as a result of 
vasodilation and sympatholysis from induction 
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agents. The vasodilating effects of induction 
agents can be counteracted with the use of a bolus 
dose of phenylephrine, a technique that has been 
described in the anesthesia literature for revers-
ing hypotension related to spinal anesthesia [56]. 
Bolus-dose phenylephrine can be prepared by 
mixing 2 mL of 10 mg/mL phenylephrine solu-
tion into a 250  mL bag of sterile D5W.  Then 
10 cc of this solution (80 mcg/mL) can be drawn 
up into a sterile syringe and administered in ali-
quots of 1–2 mL (80–160 mcg) as an intravenous 
bolus every few minutes as a need to stabilize the 
blood pressure. This technique is a good tempo-
rizing measuring following intubation until 
induction-related hypotension resolves or until a 
vasopressor infusion can be prepared and admin-
istered continuously.

 Titration of Vasoactive Agents

Blood pressure is the most commonly used end-
point for titration of vasopressor agents. Providing 
an exact blood pressure to target for all patients is 
difficult, and in reality, the proper target for blood 
pressure likely varies from patient to patient. For 
example, a patient with baseline poorly controlled 
hypertension may have signs of inadequate organ 
perfusion despite a “normal blood pressure.” The 
target blood pressure also may vary with the 
underlying shock state. For example, a higher end-
point blood pressure may improve neurologic out-
come for neurogenic shock [53]. Clinical signs of 
global tissue perfusion, such as urine output and 
mental status, can be helpful to determine if a tar-
get blood pressure is adequate for individual 
patients. Nevertheless, clinicians need some mini-
mum blood pressure to target while titrating vaso-
pressors. MAP, rather than systolic blood pressure, 
is the driving pressure for peripheral blood flow, 
and there is some evidence that MAP may be a 
more accurate measure of end-organ perfusion 
than systolic blood pressure [57, 58]. 
Autoregulation maintains blood flow to vital 
organs at a constant level despite changes in perfu-
sion pressure. However, below a MAP of 
60  mmHg, organ perfusion becomes pressure-
dependent. Thus, a MAP >65 mmHg is often cited 

as a minimum blood pressure target for titrating 
vasopressors in patients with shock [3, 59].
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Blood Products

Joseph R. Shiber

 Introduction

A total of 1.4 million units of red blood cell 
(RBC) concentrates, also known as packed 
RBCs, and 1.6 million units of platelets are trans-
fused in the United States each year [1]. The 
number of transfusions in ICUs declined slightly, 
as physicians adopted more conservative transfu-
sion policies despite the fact that the total number 
of transfusions increased by 6% during the past 
decade [2–4]. In this chapter, the indications for 
blood product administration  – whole blood, 
packed RBCs, platelets, fresh frozen plasma 
(FFP), cryoprecipitate, and albumin  – are 
reviewed and the procedures for safe and expedi-
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Critical Points
• The initial Hgb and Hct in acute blood 

loss do not reflect the actual extent of 
hemorrhage.

• Clinical evaluation is required to judge 
the degree of acute blood loss by vital 
signs and physical examination: tachy-
cardia, orthostasis, narrowed pulse pres-
sure, pallor, cool extremities, and 
delayed capillary refill.

• Even critically ill patients with chronic 
anemia can tolerate Hgb level of 7  g/
dL, except those with preexisting coro-
nary, pulmonary, or cerebrovascular 
disease.

• A 70-kg man has a circulating blood 
volume of ~5  L (70  cc/kg so 70 × 
70 = 4900), so 10u of whole blood.

• Transfusion of 10 or more units of RBC  
in 24  h meets criteria for mass 
transfusion.

• Risk factors that predict the need for 
massive transfusion include abnormal 
vital signs on presentation with tachy-
cardia (HR >120) and hypotension (SBP 

<90), pH below 7.25, initial Hct less 
than 32%, a penetrating mechanism of 
trauma, and a positive FAST.

• The platelet count should be kept higher 
than 50,000/μL in a patient who is actively 
bleeding and even higher (>100,000/μL) 
for microvascular bleeding involving the 
central nervous system.

• If signs or symptoms of a transfusion 
reaction emerge, the blood product 
should be halted immediately, while the 
patient is assessed and the blood bank is 
notified.
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ent transfusion are described, along with the 
potential adverse effects associated with blood 
product administration and the recommended 
treatment of these complications.

Transfusion of blood products are intended to 
prevent and treat shock, hypovolemia, and coag-
ulopathy; to maintain oxygen-carrying capacity; 
and to maintain vascular oncotic pressure with-
out causing adverse effects [5–8]. In the original 
era of transfusion medicine, whole blood was 
commonly given, with a preference for “fresh” 
whole blood (stored for less than 24 h at 22 °C). 
A unit of whole blood (450 mL at collection, with 
60 mL of anticoagulant added, for a total volume 
of 510 mL) has a shelf life of 35 days, but the 
platelet function and coagulant factor quickly 
degrade. Modern blood-banking practices, 
including the separation of whole blood into dis-
tinct components, increase the viability of blood 
products. For example, packed RBCs have a shelf 
life of 42  days, and frozen RBC concentrates, 
typically reserved for autologous donation or rare 
antibody cross-matched blood, can be kept for 
10 years, but must be used within 24 h of thawing 
[7]. Previously, whole blood transfusion was 
rarely given outside combat hospital situations, 
but it is now being used at some civilian trauma 
centers [7, 9].

A single unit of packed RBCs will raise the 
hemoglobin (Hgb) level by approximately 1 g/
dL and the hematocrit (Hct) by 3% in a 70-kg 
patient without ongoing blood loss [3, 7]. The 
average half-life of a transfused RBC is 57.7 days 
as compared to 120  days of a “native host” 
RBC. Patients with pure RBC aplasia typically 
require a two- unit transfusion approximately 
every 2 weeks [7].

For a critically ill or injured patient, “emer-
gency release” blood is type O, the universal 
RBC donor; O Rh-negative blood is a precious 
resource and is reserved for girls and women 
with childbearing potential in order to prevent Rh 
(D) antibody complications [1]. Type-specific 
blood, which can be given if necessary, for ongo-
ing hemorrhage or uncorrected shock after the 
emergency release blood, is usually available 
15 minutes after the specimen is received in the 
blood bank. Cross-matching will take 45–60 min-

utes if no antibodies are detected [1, 3]. Platelets, 
plasma, and cryoprecipitate must be ABO com-
patible but do not require cross-matching. AB 
plasma is the universal plasma donor since it does 
not contain anti-A or anti-B antibodies. Platelets 
are usually available in 5–15 minutes, and plasma 
and cryoprecipitate in 5–30  minutes, respec-
tively, due to their thawing of different volumes 
of frozen blood product [1, 9].

 Red Blood Cell Transfusion

Indications for RBC transfusion are listed in 
Table 35.1. RBC transfusion can increase oxy-
gen delivery, expand blood volume, alleviate 
symptoms of acute blood loss anemia, and 
relieve cardiac ischemia [10, 11]. A clear distinc-
tion needs to be made between chronic anemia, 
which can be well tolerated by otherwise healthy 
individuals, and acute hemorrhage, which repre-
sents loss of red cell mass and intravascular vol-
ume. The initial Hgb and Hct in acute blood loss 
do not reflect the actual extent of hemorrhage 
since the recruitment of interstitial and intracel-
lular fluid into the intravascular space is not 
immediate. Unless crystalloid or colloid is given 
to replace the blood volume lost, Hgb and Hct 
will significantly underestimate the hemorrhage 
[7, 12]. Clinical evaluation is required to judge 
the degree of acute blood loss by vital signs and 
physical examination findings such as tachycar-
dia, orthostasis, narrowed pulse pressure 
(decreased systolic pressure due to reduced car-
diac filling and output but increased diastolic 

Table 35.1 Indications for red blood cell transfusion

Evidence of class 3–4 hemorrhagic shock
Acute blood loss of >15–20% estimated blood volume
Symptomatic anemia in a euvolemic patient
Hgb <7 g/dL in a critically ill patient
Hgb <8 g/dL in a patient with an acute coronary 
syndrome or ischemic stroke
Hgb <9 g/dL preoperatively with expected blood loss 
of >500 mL
Hgb <10 g/dL in a possibly euvolemic patient with 
evidence of tissue hypoxemia
Sickle cell acute chest syndrome if Hgb <10 g/dL or 
Hgb-SS >30%
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pressure due to intense vasoconstriction), pallor, 
cool extremities, and delayed capillary refill. 
Frank arterial hypotension is a late finding in 
acute blood loss [3].

At rest, oxygen delivery is four times greater 
than tissue utilization in a healthy person. Even 
with an isolated decrease in Hgb to 10  g/dL, 
oxygen delivery will still be twice that needed 
for resting consumption [13]. Signs and symp-
toms of anemia are unlikely to be evident at Hgb 
values above 7 or 8  g/dL in healthy patients. 
Even critically ill patients with chronic anemia 
can tolerate an Hgb level of 7 g/dL, except those 
with preexisting coronary, pulmonary, or cere-
brovascular disease [5, 7, 11]. The anemic 
patient has a diminished arterial oxygen content 
but is able to increase oxygen delivery by 
increasing cardiac output and increasing coro-
nary blood flow through vasodilation. Myocardial 
oxygen extraction increases from 25% at base-
line up to approximately 50% where the anaero-
bic threshold is reached and myocardial lactate 
levels increase [7]. Therefore, the current recom-
mendations for packed RBC transfusions are 
more liberal in patients with coronary artery dis-
ease, particularly those with acute myocardial 
ischemia [1, 6, 13, 14]. Clinical judgment and 
data such as lactate levels and/or central venous 
oxygen saturation should be used to assess each 
case individually for the benefits and risks of 
transfusion versus the risks of ongoing anemia 
[1, 12, 14].

In a previously healthy patient with blood 
loss of less than 20–25% of blood volume with-
out ongoing blood loss, only volume restora-
tion with crystalloid or colloid is needed [3, 6]. 
If the total blood volume loss exceeds 20–25% 
(with a normal blood volume of 70  mL/kg), 
regardless of the presenting blood indices, RBC 
transfusion may be indicated. Transfusion can 
be indicated at even lower percentages of blood 
volume loss if there is a high risk of ongoing 
hemorrhage such as in a trauma patient, a 
woman with postpartum hemorrhage, or a 
patient with high-risk gastrointestinal bleeding, 
such as in end-stage liver disease. Patients with 
sickle cell anemia can require RBC transfusion 
to begin in the emergency department such as 

in acute chest syndrome where an Hct goal of 
30% and an Hgb-sickle of less than 30% should 
be targeted [8].

 Massive Transfusion

The term massive transfusion describes the 
administration of more than 10 units of blood, 
or an amount equal to the patient’s total blood 
volume (TBV), within 24  h [3]. Updated 
dynamic definitions also include replacement of 
>50% of TBV within 3 h, and transfusion of >4 
RBC units within 1 h with anticipated need for 
ongoing blood products [15–17]. Massive trans-
fusion is needed by 1–3% of civilian trauma 
patients as well as with gastrointestinal bleed-
ing, ruptured abdominal aortic aneurysm, rup-
tured ectopic pregnancy, and obstetric or 
postpartum hemorrhage [9, 18]. Risk factors 
that predict the need for massive transfusion 
include any of the following: abnormal vital 
signs on presentation (tachycardia and hypoten-
sion), pH below 7.25, Hct less than 32%, a pen-
etrating mechanism of trauma, and evidence of 
hemoperitoneum on bedside ultrasonography 
(FAST) [18]. Critically ill or injured patients 
who have sustained significant blood loss are 
likely to present with coagulopathy resulting 
from platelet and clotting factor consumption as 
well as tissue hypoperfusion, acidosis, and 
hypothermia, all causing dysfunction of the 
remaining coagulation factors and platelets [3, 
9, 18]. Resuscitation with crystalloid, colloid, or 
packed RBCs alone can cause further dilutional 
coagulopathy. Early trauma-induced coagulopa-
thy (ETIC) develops in up to 56% of severely 
injured patients within 30  minutes of injury, 
even prior to PRBC and fluid resuscitation. The 
mechanism of coagulopathy involves not only 
the factors mentioned above but also increased 
thrombomodulin expression on endothelial cells 
due to hypoperfusion, which leads to protein C 
activation and inhibition of factors V and 
VIII. Fibrinolysis is also enhanced by acceler-
ated plasmin formation and depletion of plas-
minogen activator inhibitor- 1 (PAI-1) leading 
to hyperfibrinolysis and subsequent fibrinogen 
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depletion. Development of ETIC is an indepen-
dent predictor of mortality separate from the 
injury severity [15, 19–21].

Hemostatic resuscitation (Table  35.2) des-
cribes the early use of all blood components in 
order to give the equivalent of whole blood in an 
effort to prevent or treat the coagulopathy associ-
ated with massive transfusions [15]. Using an 
equal ratio of packed RBC units, FFP, and plate-
let units (so-called 1:1:1 resuscitation) is the 
nearest substitute for whole blood and has been 
associated with decreased mortality in trauma 
patients receiving massive transfusion [3, 9, 18]. 
A transfusion made up of this 1:1:1 (one unit 
each of PRBC, FFP, and platelets) would be 
645  ml and have a Hct of 29–30%, a platelet 
count of 80–90 × 109/L, and approximately 
60–65% of coagulation factor activity, which is 
clearly not equal to whole blood [9]. For this rea-
son, crystalloid and colloid infusion should be 
limited in patients requiring massive transfusion 
to prevent further dilutional coagulopathy and 
thrombocytopenia, while allowing permissive 
hypotension without shock (lower than “normal” 
BP target but enough to support end-organ func-
tion) until definitive control of hemorrhage has 
been achieved. The strategy of hemostatic resus-
citation includes giving plasma and platelets 
early to limit ongoing hemorrhage requiring 
more blood products [9, 18].

Point-of-care testing of hemostasis using 
thromboelastography (TEG) may be helpful at 
identifying coagulopathy and guiding the blood 
products used during MTP [15, 16, 22]. 
Conventional coagulation assays, such as PT 

and aPTT, are not very useful in the prediction 
of the need for MTP nor for directing blood 
component therapy during the ongoing resusci-
tation due to their slow turnaround times. TEG 
can be available more rapidly and provide quan-
titative measurements of the individual compo-
nents involved in hemostasis. Unlike PT and 
aPTT which only measure secondary hemosta-
sis, TEG is able to measure all of the phases 
necessary for adequate clot formation such as 
platelet function in primary hemostasis, coagu-
lation factor activity (VII, VIII, and X), and 
cross-linking of the fibrin to strengthen the clot. 
TEG also detects hyperfibrinolysis, a main con-
tributor to ETIC which is not detected by con-
ventional coagulation assays. A critical usage 
for TEG is to help determine “medical” from 
“surgical” bleeding in a postoperative patient 
since if it is found that a bleeding patient has 
abnormalities on TEG (Figs.  35.1 and 35.2), 
then the appropriate component will be given 
and then a repeat TEG will be checked to verify 
correction; if the patient is still bleeding when 
all aspects of hemostasis are normal by TEG, 
then the bleeding is not due to coagulopathy, but 
instead a vascular source that requires a surgi-
cal/mechanical intervention. Use of TEG can be 
considered part of goal-directed hemostatic 
resuscitation, similar to serum lactate in a shock 
patient, since it is checked initially and then 
repeated after interventions until it normalizes 
and the patient has had clinical improvement. 
Using TEG to guide blood product administra-
tion has been shown to reduce the transfusion 
requirements and need for MTP activation but 
has not been found thus far to conclusively 
reduce mortality in these patients [15, 16, 21, 
23, 24].

Common Initial MTP “Package”: 6 PRBC 
units (O- for women and O+ for men), 4–6 
Plasma units (AB initially but A can be given 
safely), 1 Platelet apheresis with Cryoprecipitate 
given on an individual basis. Implementing a 
MTP is generally believed to improve the speed 
by which blood products are available by optimal 
coordination between the blood bank, laboratory 
services, and clinical team [25].

Table 35.2 Hemostatic resuscitation guidelines

Expedite control of hemorrhage to reduce the need for 
blood products and prevent consumptive coagulopathy 
and thrombocytopenia
Limit crystalloid infusion to prevent dilutional 
coagulopathy
Goal systolic blood pressure of 80–100 mm Hg until 
definitive hemorrhage control is achieved
Transfuse at 1:1:1 ratio of packed RBCs/FFP/platelets 
(1 apheresis unit = 5 platelet units)
Frequently monitor potassium, ionized calcium, lactate, 
and blood gas values
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 Platelet Transfusion

Platelet units are obtained by separating them 
from single-donor units of whole blood or, more 
commonly, by apheresis. An apheresis platelet 
unit, which contains 4.2 × 1011 platelets, is 
equivalent to four to six individual platelet units, 
each containing 8 × 1010 platelets [2, 12]. Each 

unit also contains approximately 50  mL of 
plasma [7]. Platelets are stored at room tempera-
ture (22 °C) for up to 5 days. Each platelet unit 
can be expected to increase the platelet count of 
a 75-kg patient by 5000–10,000/μL, and an 
apheresis unit will raise the count by 20,000–
40,000/μL [8, 16]. Approximately one-third of 
all circulating platelets, whether transfused or 
native ones released from the marrow, are pooled 
in the spleen; this number is larger in patients 
with splenomegaly. The in  vivo lifespan of a 
platelet is 9–10 days [26].

The indications for platelet transfusion in 
nonbleeding critically ill patient are different 
from the intent of transfusions to control bleed-
ing. To maintain the integrity of the vascular 
endothelium by filling the gaps in the junctions 
between endothelial cells requires 7000 platelets 
per microliter. When the number of circulating 
platelets falls below 7000, mucosal surfaces start 
to bleed and measured blood in the stool 
increases [7, 26]. The platelet count should be 
kept higher than 50,000/μL in a patient who is 
actively bleeding and even higher (>100,000/μL) 
if the patient has microvascular bleeding, par-
ticularly if it involves the central nervous system 

TEG: LY30

TEG: MA
ROTEM: MCF

Small? If Yes give platelets

High? If Yes consider
Anti-fibrinolytic

Low? If Yes 
Consider Anti-fibrinolytic

ROTEM: LI30

30 Min

ROTEM: A10

Small? If yes give
cryoprecipitate
fibrinogen

10 Min

TEG: ACT
ROTEM: CT

Prolonged?
If Yes give plasma

TEG: Angle

Shallow? If Yes give
cryoprecipitate/

fibrinogen

Fig. 35.1 Representative thromboelastogram tracing (Moore et al. [39])

Normal

Anticoagulants/hemophilia

Platelet blockers

Fibrinolysis

Hypercoagulability

Fig. 35.2 Examples of normal compared to abnormal 
TEG tracings (da Luz et al. [40])
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or retina [6, 7]. To decrease the chance of hemor-
rhage in a patient without recognized risk factors 
for bleeding, platelets should be transfused when 
the count is below 10,000/μL.  Platelet transfu-
sion thresholds for other clinical scenarios are 
listed in Table 35.3.

Platelet transfusion is contraindicated in cer-
tain groups of patients with thrombocytopenia 
such as thrombotic thrombocytopenic purpura, 
hemolytic uremic syndrome, or heparin-induced 
thrombocytopenia, as it will “add fuel to the fire” 
and worsen the microvascular thrombosis. 
Platelet transfusion may not be deleterious but is 
unlikely to be effective in patients with thrombo-
cytopenia caused by immune-mediated platelet 
destruction [6, 8, 26].

 Plasma Transfusion

One unit of plasma contains between 200 and 
280  mL of fluid volume. After separation from 
whole blood, it can be frozen for up to 1 year but 
must be used within 24 h after thawing [7]. Each 
milliliter of FFP contains approximately 1 unit of 
each coagulation factor and 2 mg of fibrinogen. 
One unit of FFP contains about 500 mg of fibrin-
ogen, twice as much as is in a unit of cryoprecipi-
tate but in a much larger volume, and should 
increase clotting factors by 5% [27]. A critically 
ill hemorrhaging patient should initially receive 
AB plasma, which is usually immediately avail-
able but in limited supply so that subsequent 
units can be group A if type type-specific plasma 
is not available and is well tolerated without com-
plications [7, 8]. Since it takes 25–30 minutes to 
thaw frozen plasma, it is necessary to keep some 

already thawed immediately available for critical 
patients [15, 17].

There is a difference between the use of 
plasma transfusion to prevent bleeding and to 
treat bleeding. Spontaneous bleeding does not 
usually occur until the prothrombin time (PT), 
partial thromboplastin time (PTT), or interna-
tional normalized ratio (INR) is more than 1.5 
times higher than normal; therefore, there is little 
benefit from plasma transfusion in a nonbleeding 
patient with coagulation function tests below 
these levels. The exception is patients in need of 
neurosurgical or ophthalmologic procedures, 
who may be at increased risk for devastating 
results of hemorrhage; in these situations, a value 
of 1.3 times higher than normal is the threshold 
for plasma transfusion [8]. The dose that will 
commonly achieve hemostasis is 10–20  mL/kg 
which would raise clotting factor levels by 
15–30%, but 30  mL/kg should be given if the 
patient is critically ill and bleeding [7, 8, 27]. 
This dose may be repeated in 4–6 h to maintain 
adequate factor levels, or a constant infusion may 
be given until hemostasis is achieved. 
Prothrombin complex concentrate (PCC) has 
been used for congenital bleeding disorders and 
for reversal of warfarin induced coagulopathy but 
has not been fully evaluated in critically hemor-
rhaging patients. It contains factors II, VII, IX, 
and X in varying amounts between different 
products. PCC provides similar effects as FFP 
but in a smaller volume that can be infused 
quickly and does not need to be thawed [15, 28].

The common clinical indications for plasma 
transfusion are listed in Table  35.4. It can take 

Table 35.3 Guidelines for platelet transfusions in vari-
ous clinical scenarios

Stable patient without increased bleeding risk: <10,000/
μL
Patient with increased bleeding risk: <20,000/μL
For bedside procedure: <20,000–30,000/μL
For most surgery: <40,000–50,000/μL (except 
neurologic/ ophthalmologic surgery: <100,000/μL)
For bleeding: <50,000/μL (except central nervous 
system or retinal bleeding: <100,000/μL)

Table 35.4 Indications for plasma transfusion

Massive transfusion protocol
Hemorrhage in liver disease
Disseminated intravascular coagulation
Multiple coagulation factor deficiency
Thrombotic thrombocytopenic purpura
Rapid reversal of warfarin effect
Prevention of bleeding if PT/PTT/INR >1.5 × normal 
(except for central nervous system or retinal bleeding, 
then >1.3 ×  normal)
Acute angioedema caused by C1 esterase inhibitor 
deficiency
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12–18 h for vitamin K to correct the factor defi-
ciency (II, VII, IX, and X) induced by warfarin, 
so in a symptomatic or high-risk patient, plasma 
transfusion is indicated for more rapid reversal. 
Vitamin K should still be given in order for the 
liver to make new host clotting factors as the 
transfused factors have a short half-life and 
although the PT/INR will drop initially it will rise 
again if Vitamin K is not given. If a single factor 
deficiency is known to be present, it is preferable 
to use specific replacement factors that are puri-
fied, that are standardized in activity, and that 
carry an extremely low risk of infectious disease 
transmission (or no risk if they are made by a 
recombinant process) [7, 8]. Plasma transfusion 
is also indicated for treatment of thrombotic 
thrombocytopenic purpura, hemolytic uremic 
syndrome, and the syndrome of hemolysis, ele-
vated liver enzymes, and low platelets. 
Plasmapheresis can also be required, but there 
can be a delay in obtaining vascular access and 
the staffing necessary for plasmapheresis, so 
early administration of plasma in the emergency 
department can be lifesaving [7, 8]. Acute angio-
edema, particularly if caused by C1 esterase 
inhibitor deficiency, is also an indication for 
plasma administration. Plasma transfusion may 
be necessary for disseminated intravascular 
coagulation if bleeding is the clinical feature 
causing the most concern.

A newly recognized but important benefit of 
plasma transfusion is the impact on endothelial 
cell function. By effects on the endothelial cells 
and the extracellular matrix, plasma reduces 
endothelial permeability, improves thrombin 
generation, and vascular vasomotor stability. 
These favorable effects decrease vascular space 
loss into the interstitial tissue, help maintain arte-
rial blood pressure, and support hemostasis [27].

 Cryoprecipitate Transfusion

Cryoprecipitate is obtained when a unit of frozen 
plasma is thawed at 4  °C.  The 10–15  mL of 
plasma that precipitates out of this thawing con-
tains fibrinogen, factor VIII, von Willebrand fac-

tor, and factor XIII. Each unit of cryoprecipitate 
contains 80–100 units of factor VIII activity and 
150–200  mg of fibrinogen [6, 8, 14]. This is a 
smaller amount of fibrinogen than is contained in 
plasma but it is more concentrated, so cryopre-
cipitate can be a better choice when volume over-
load is a concern. As with FFP, cryoprecipitate 
requires ABO compatibility but not 
cross-matching.

A dose of 2–4  units/kg can be expected to 
increase the fibrinogen level by 60–100  mg/dL 
[7]. A fibrinogen level above 150–200 mg/ dL is 
the goal of cryoprecipitate transfusion for any 
bleeding patient; below this level, PT and PTT 
values will be elevated despite sufficient clotting 
factors. Below 150–200 mg/dL level, periopera-
tive and postoperative bleeding increases [28]. 
Cryoprecipitate transfusion is indicated for any 
deficient fibrinogen state such as with massive 
transfusion, disseminated intravascular coagula-
tion, congenital hypofibrinogenemia, or reversal 
of thrombolytic therapy; it is also indicated for 
factor XIII deficiency [7, 8, 15]. Transfusion of 
cryoprecipitate is an option for factor VIII defi-
ciency and von Willebrand disease if the respec-
tive factor concentrates are unavailable. It has 
also been given for bleeding abnormalities asso-
ciated with uremia, but desmopressin is the pre-
ferred treatment for this disorder [7, 8].

 Albumin Transfusion

Albumin provides 80% of intravascular oncotic 
pressure so that patients with disease states asso-
ciated with low albumin levels such as cirrhosis 
and nephrotic syndrome can require albumin 
transfusion to aid in maintaining intravascular 
volume. Albumin is derived from human sources 
but is heat treated so that it is unable to transmit 
viruses. It is available as a 5% solution, which is 
oncotically equivalent to normal plasma, and a 
25% solution, which is hyperoncotic and able to 
pull three to four times the volume administered 
from the interstitial space into the vascular space 
[8]. The typical dose is 50–100  mL, but if the 
patient does not have adequate extravascular 
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hydration, then additional isotonic fluids should 
also be given. After 4 h, 50% of infused albumin 
is lost to the extravascular space. Indications for 
albumin transfusion are listed in Table 35.5.

 Adverse Effects of Transfusions

Complications from blood component therapy 
include acute immunologic transfusion reactions, 
allergic reactions, volume overload, viral or bac-
terial transmission, acute lung injury, and immu-
nomodulating effects associated with an increased 
risk of nosocomial infection and multiorgan fail-
ure (Table 35.6) [11, 14, 26, 29, 30]. The risk of a 
transfusion-related adverse event is 10%, and the 
risk of it being a serious event is 0.5% [1]. ABO 
incompatibility reactions, previously the leading 
cause of transfusion-related morbidity and mor-
tality, have decreased with improved clerical and 
nursing documentation and verification policies. 
Unfortunately, they have been replaced by 
transfusion- related acute lung injury (TRALI) 
[31]. The third most common cause of serious 
transfusion-related complications, including 
death, is bacterial contamination of blood prod-
ucts [1].

Hemolytic transfusion reactions occur when 
preformed IgM against ABO antigens causes 
complement activation and intravascular hemoly-
sis. Patients experience fever, chills, dyspnea, 
hypotension, tachycardia, and diffuse myalgias 
along with hemoglobinemia and hemoglobinuria. 
The haptoglobin level will fall and bilirubin will 
be elevated. The main causes of hemolytic trans-
fusion reactions are patient misidentification and 
clerical blood-banking errors.

Nonhemolytic transfusion reactions are 
caused by an amnestic response against non- 
ABO erythrocyte antigens that were not identi-

fied by the cross-match testing. Complement is 
not activated, but RBCs are cleared by the reticu-
loendothelial system 2–10 days later. The clinical 
picture is less severe than with hemolytic transfu-
sion reactions, and there is modest elevation of 
bilirubin without hemoglobinemia and hemoglo-
binuria [1, 8]. Allergic reactions are common, 
occurring in about 1% of all transfusions. Most 
are mild, consisting of pruritus and hives; frank 
anaphylaxis is rare.

The risk of disease transmission per unit of 
blood transfused is 1:2 million for HIV, 1:500,000 
for hepatitis B, and 1:2 million for hepatitis C [8, 
26]. The risk for bacterial infection transmission 
(which is highest for platelets, since they are 
stored at room temperature to keep their activity) 
is 1:2000–3000 platelet units. Fortunately, only 
1 in 5000 contaminated units causes sepsis [16, 
32]. Bacteria can be transferred if the skin prepa-
ration at the phlebotomy site was unsterile, if the 
donor had transient bacteremia, if a  blood- banking 
procedure was not sterile, or if the integrity of the 
bag or tubing was breeched. Gram-negative rods 
(Serratia, Pseudomonas, Yersinia, Enterobacter, 
and Salmonella) and gram-positive cocci 
(Staphylococcus and Streptococcus) are the most 
common organisms [7].

TRALI occurs after 1  in 1000–5000 units of 
blood products are transfused, the highest risk 
being associated with plasma-containing transfu-
sions [7, 33, 34]. It is caused by the transfusion 
recipient’s having neutrophils that are already 
“primed” by a prior stimulus (e.g., trauma, infec-

Table 35.5 Indications for albumin transfusion

Nephrotic syndrome resistant to diuretics
Volume replacement with plasmapheresis
Fluid resuscitation for sepsis or burns associated with 
interstitial edema
Prevention of vascular collapse after large-volume 
paracentesis

Table 35.6 Clinical presentation of the transfusion reac-
tion types

Acute 
hemolytic

Fever, chills, dyspnea, tachycardia, 
hypotension, back/flank pain

Febrile Fever, chills (patient not ill appearing)
Mild allergic Urticaria, pruritus
Anaphylactic Bronchospasm, dyspnea, angioedema, 

tachycardia, hypotension
TRALI Dyspnea, decreased arterial oxygen 

saturation, fever, hypotension, normal/
low central venous pressure

Hypervolemic Dyspnea, headache, tachycardia, 
hypertension, elevated central venous 
pressure

Septic Fever, chills, hypotension, tachycardia, 
vomiting
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tion, and malignancy) and adherent to the pulmo-
nary endothelium, which are then stimulated by 
donor antileukocyte antibodies in the blood prod-
uct [35]. The activated neutrophils cause diffuse 
pulmonary capillary leak, leading to noncardio-
genic pulmonary edema. Dyspnea, decreased 
oxygen saturation, and bilateral fluffy pulmonary 
infiltrates, with a normal left ventricular end- 
diastolic pressure, occur within 6 h after transfu-
sion. TRALI typically resolves within 72  h but 
has a mortality rate of up to 20% [36, 37].

Prevention of adverse effects is crucial and 
begins with scrupulous adherence to blood-bank 
policies to prevent incompatibility reactions. 
Irradiation of blood products, which prevents 
donor leukocytes from replicating, should be 
ordered for patients at risk for graft-versus-host 
disease as follows: severe cellular immunodefi-
ciency (but not AIDS), currently on potent che-
motherapeutic regimens, after bone marrow 
transplant, and those receiving transfusions from 
biologic relatives. Graft-versus-host disease has 
no effective treatment and a 90% mortality rate 
[6–8]. All blood products should be given with an 
isotonic non-calcium-containing solution such as 
normal saline to prevent hemolysis and clotting 
[8]. Unless the patient is in hemorrhagic shock, 
the transfusion should be started at a slow rate for 
the first 15 minutes while the patient is monitored 
closely for signs of a transfusion reaction since 
the main determinant of the severity of such a 
reaction is the volume of blood transfused [7].

If any signs or symptoms suggesting a transfu-
sion reaction emerge, the blood product should 
be halted immediately while the patient is 
assessed, and the blood bank is notified. If the 
allergic reaction is mild, the patient should be 
treated with acetaminophen and diphenhydr-
amine, and the transfusion can be continued 
safely. An anaphylactic reaction should be treated 
appropriately, and the patient should not be 
rechallenged by continuing the transfusion. 
Treatment for hemolytic transfusion reactions 
includes intravenous volume expansion and 
diuretics to maintain urine output at more than 
100 mL/h and bicarbonate to raise the urinary pH 
above 7.0. The treatment of TRALI is supportive: 
Oxygen and positive-pressure ventilation are 

effective, but there is no role for diuretics or ste-
roids [36, 37].

Each blood product should be given over a 
maximum of 4 h to decrease bacterial contamina-
tion [7, 8]. If the patient’s volume status is labile 
or if there is concern about congestive heart fail-
ure, each unit can be split by the blood bank so it 
can be given even more slowly and diuretics may 
be administered [24]. Rapid transfusion, as in a 
massive transfusion protocol, can be associated 
with hypothermia if more than 100  mL/min of 
volume is given for more than 30 minutes with-
out using a blood-warming device. Other compli-
cations of rapid transfusion include hypocalcemia 
due to citrate toxicity, alkalosis due to citrate con-
version, and hyperkalemia due to potassium 
release from stored erythrocytes [6–8]. Each 
1 mL of blood contains 1 mg of iron, so there are 
about 250 mg in a unit of packed RBCs [7]. This 
iron load can be helpful in a patient with iron 
deficiency, but it could be deleterious to a patient 
who requires frequent transfusions.

Transfusions activate an inflammatory cas-
cade and have immunomodulating effects that 
are associated with immunosuppression, 
increased risk of nosocomial infections, acute 
lung injury, and increased mortality [2, 14, 29]. 
An example of the importance of considering the 
risk versus the benefit of the transfusion is dem-
onstrated by one study that found that patients 
hospitalized for acute coronary syndrome had 
improved outcome if they received an RBC trans-
fusion for an Hgb of less than 8 g/dL, particularly 
if they were elderly, but they had a worse out-
come if they were transfused when their Hgb was 
above 8 g/dL [13].

 Adjunctive Therapies

Several nonblood products may be considered 
to augment or replace a transfusion strategy in 
specific situations. Recombinant activated fac-
tor VII (rFVIIa) initiates the extrinsic coagula-
tion pathway when complexed with tissue factor 
at sites of injury. Currently, rFVIIa is approved 
by the U.S.  Food and Drug Administration 
(FDA) only for the treatment of hemophilia and 
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factor VII deficiency; however, it has been used 
with some success in coagulopathic trauma 
patients, decreasing the need for massive trans-
fusion, the amount of total blood products trans-
fused, and the incidence of organ failure. An 
increase in vascular thromboembolic events in 
treated patients has been documented and over-
all has not been shown to improve outcomes in 
trauma or surgical patients [9, 18]. Desmopressin 
increases endothelial cell release of von 
Willebrand factor molecules. Desmopressin is 
FDA approved for the treatment of hemophilia 
A and von Willebrand disease type 1, but it is 
also used clinically for uremic bleeding at a 
dose of 0.3 ug/kg administered intravenously 
[27]. Aminocaproic acid inhibits plasmin, and is 
approved by the FDA for the enhancement of 
hemostasis in any hyperfibrinolytic state such as 
certain acute leukemias or after fibrinolytic 
therapy [9, 18]. Tranexamic acid (TXA), another 
antifibrinolytic, has been shown to reduce mor-
tality in military and civilian trauma patients, 
particularly if given early (<3 h from injury but 
preferably within the first hour) [38]. If ETIC is 
confirmed by hyperfibrinolysis on TEG, then 
TXA should be administered even if later than 
3 h from injury since it will still have benefits 
and appears to have minimal risk. Additionally, 
it should be given whenever an MTP is initiated; 
the dose is 1 g load and then 1 g infusion over 
8 h [15, 38].

 Conclusion

The transfusion of blood products is common 
practice in the management of critically ill 
patients. Critically ill patients often remain in 
the emergency department for exceedingly long 
periods awaiting an ICU bed; it is imperative that 
emergency physicians know the indications for 
transfusion of blood products as well as have the 
ability to recognize and manage complications 
of blood product transfusion, namely allergic 
reactions, hemolytic reactions, anaphylaxis, and 
TRALI. Blood and blood products can be life-
saving but can also have adverse effects, so that 

the benefit of transfusion should be clearly indi-
cated and outweigh the potential risks before 
being given.
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 Introduction

Although the initial resuscitation of a critically ill 
patient should be similar regardless of a hospi-
tal’s capabilities, unavailability of specialty 
resources may dictate that critically ill emergency 
department (ED) patients be transferred to other 
hospitals for definitive care. As recently as 2012, 
only 27% of US hospitals were capable of pro-
viding one of four defined specialized services: 
cardiac catheterization for percutaneous coro-
nary intervention (PCI), stroke care, trauma care, 
or pediatric critical care [1]. Furthermore, only 
53% of hospitals in the US have critical care units 
[2]. Critically ill patients frequently present to 
other hospitals, and inter-hospital transfer is a 
crucial part of their care. The 1986 Emergency 

Medical Treatment and Active Labor Act 
(EMTALA) defines globally how transfers occur 
and the requirements for a federally compliant 
transfer.

Resuscitation should not be delayed for trans-
fer, and the need for definitive therapy after 
transfer should be balanced carefully with the 
priorities of resuscitation. Transitioning a criti-
cally ill patient from the relative safety of an ED 
to the transport environment can be daunting. In 
this context, transferring a critically ill patient 
from one medical facility to another is perhaps 
one of the most common and risky procedures a 
physician performs. This chapter will present a 
history of inter-hospital transfer, discuss the 
evolving regionalization of tertiary care services, 
outline the legalities and requirements for trans-
ferring patients, and provide a framework for 
safely facilitating inter-hospital transfer of the 
critically ill.

 Regionalization

The Institute of Medicine (IOM) has described 
regionalization as the coordination of resources 
to optimize condition-specific care for patients 
across a geographic area [3, 4]. Citing multiple 
examples of improved outcomes, the 2006 IOM 
report on the Future of Emergency Care in the 
United States Health System recommended that 
the US further develop a “coordinated, 
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 regionalized, accountable system” for emergency 
medical care [4]. The evidence cited by the IOM 
focused on explicit, formalized networks for 
transferring patients with conditions including 
trauma, ST-elevation myocardial infarction 
(STEMI), postcardiac arrest care, and acute isch-
emic stroke. Although not included in the IOM 
report, explicit transfer would also apply to refer-
ral to a regional burn center.

Regionalization of trauma care in the US was 
first introduced after the 1973 Emergency 
Medical Systems Services Act. Since implemen-
tation, regionalized trauma care has improved 
mortality, functional outcomes, and cost- effective 
care [5–10]. Similarly, outcomes of patients with 
STEMI transferred to regional referral centers 
have decreased 30-day mortality, reinfarction, 
and stroke [11, 12]. Even patients with acute 
ischemic stroke who are treated at a regional 
stroke center have 11–38% decreased 1 year 
mortality [13–15].

Survival to hospital discharge for patients with 
nontraumatic out-of-hospital cardiac arrest of 
any rhythm is 10.4 % (95% CI, 9.7–11.2%) [16]. 
Regionalized systems of care for patients resusci-
tated from nontraumatic cardiac arrest have 
reported that neurologically intact survival 
approaches 43%, with no difference in outcome 
regardless of where the patient initially presented 
[17]. In 2010, the American Heart Association 
published a policy statement advocating for 
regionalized care of patients resuscitated from 
out-of-hospital cardiac arrest [18].

Please refer to chapters 8, 11, 21, 23, and 24 of 
this text for more detailed management of criti-
cally ill ED patients with acute coronary syn-
drome, cardiac arrest, stroke, and trauma, 
respectively. In many diseases with specific, spe-
cialized rescue treatments, however, hospital vol-
ume is associated with improved outcomes, and 
transferring patients to specialty care and decreas-
ing practice variability improves outcome.

Less formalized, implicit regionalized transfer 
networks have also evolved for specialized care 
of nonspecific critically ill patients, neurosurgi-
cal emergencies, toxicologic emergencies, and 
hand trauma [19]. These networks have largely 
developed as a result of inadequate distribution of 

specialists. For example, if a hand surgeon oper-
ates at only a single hospital in a region, that cen-
ter may become the de facto hand center, despite 
having no specific designation as such. Similarly, 
as only half of US hospitals have inpatient criti-
cal care units [2], centers with critical care units 
often become critical care specialty centers 
within that region.

 Knowing the Capabilities of Your 
Hospital

As a clinician, knowing the technical capabilities 
and human resources of your hospital is an essen-
tial component of the daily practice of medicine. 
Admitting a critically ill patient to a hospital that 
lacks the ability to treat him can place a patient at 
risk. Conversely, transferring a patient who could 
have been treated locally can jeopardize patient 
safety and stretch health care resources. It is the 
clinician’s duty to understand local and regional 
resources to find the hospital most appropriate 
for a patient’s health care. There are five main 
areas that must be assessed as part of understand-
ing the hospital environment in which one prac-
tices (Table 36.1).

First, the clinician should understand the phy-
sician and nursing care that a facility can offer. 
This includes the specialty affiliations, training, 
number of physicians, advanced practice provid-
ers, nurses, and support staff. The availability and 
willingness of these clinicians to provide critical 
care and perform life-saving procedures must 
also be considered. Included in this assessment is 
a review of prehospital provider staffing, skills, 
and comfort in caring for critically ill patients. 
Second, a review of physical resources is needed 
to include beds in the emergency department, 
hospital floors, step-down units, and the intensive 
care unit. In addition, it is important to assess the 
number and readiness of the operating rooms and 
availability of special procedural suites for car-
diac catheterization and interventional radiology. 
Third, evaluating the availability of specialized 
equipment (i.e., advanced airway equipment, 
ventilators, advanced monitoring devices, and 
transvenous pacemakers) needed for the provi-
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sion of critical care must be assessed. Fourth, the 
breadth and availability of laboratory and radio-
graphic testing modalities should be noted as this 
can affect the intensity of care provided. Finally, 
clinicians should review the drug formulary spe-
cific for critical care, including antibiotics, vaso-
active agents, anti-dysrhythmic agents, drug 
antidotes and anticoagulant reversal medications, 
as well as capabilities of transfusion and blood 
bank services. Understanding the local hospital 
environment is an important component of pro-
viding critical care, as inefficient processes or 
unavailable equipment can overshadow excellent 
clinical care and lead to crisis.

 The Emergency Medical Treatment 
and Active Labor Act (EMTALA)

The inter-hospital transfer of critically ill patients 
is largely defined by the 1986 Emergency Medical 
Treatment and Active Labor Act (EMTALA). 
This legislative mandate became known as the 
“anti-dumping” law, as it prohibited refusal of 
service to any patient presenting to an emergency 
department who receives federal payment 
through the Medicare program, regardless of a 
patient’s ability to pay for services. This legisla-
tion explicitly applies to patients without 
Medicare, making EMTALA nearly universally 

applicable. All patients are legally entitled to a 
screening examination for emergency medical 
conditions and, should an emergency medical 
condition be identified, to appropriate stabilizing 
therapy. Furthermore, if a patient requires inter-
ventions or therapies not available, it is the 
responsibility of the physician to transfer the 
patient to a facility capable of appropriately man-
aging his condition [20–22]. With passage of 
EMTALA, referral centers were also required to 
accept transfers of patients with life-threatening 
conditions without considering the patient’s abil-
ity to pay for services.

EMTALA involves several very specific defi-
nitions that influence the way clinicians interpret 
the law. Emergency physicians are trained to rec-
ognize an “emergency medical condition,” but 
EMTALA specifically defines this term 
(Table 36.2). EMTALA also defines an appropri-
ate, medically indicated transfer as a transfer to a 
facility that can provide a level of care necessary 
to treat a medical condition that is unavailable at 
the transferring facility (Table 36.3). The trans-
ferring facility is required to provide appropriate 
stabilization and resuscitation prior to transfer. 
“To stabilize” is defined as providing “medical 
treatment of the condition as may be necessary to 
assure, within reasonable medical probability 
that no material deterioration of the condition is 
likely to result from or occur during the transfer 

Table 36.1 Five areas of assessment for understanding local hospital environment capabilities

Category Description Examples
Personnel Number of physicians, advanced practice 

providers, nurses, support staff with 
specialty training

Intensivists, neurosurgeons, interventional 
radiologists, interventional cardiologists, 
hand surgeons, gastroenterologists, clinical 
pharmacists, respiratory therapists

Physical resources Number of ED beds, inpatient floor beds, 
ICU beds, operating rooms, procedural 
suites

Cardiac catheterization lab, interventional 
radiology suite, endoscopy suite

Specialized life 
sustaining equipment

Advanced equipment necessary for 
managing specific critical illnesses

Advanced airway equipment, ventilators, 
transvenous pacemakers, renal replacement 
therapies, intra-aortic balloon pump, 
extracorporeal membrane oxygenation

Specialized diagnostic 
equipment

Advanced radiologic and laboratory testing 
modalities

Magnetic resonance imaging, ventilation/
perfusion scanning, blood gas analyzer, 
mass spectrometry

Specialized 
therapeutics

Rapid availability of medications and 
products necessary for management of 
critically ill patients

Antibiotics, vasoactive medications, factor 
replacement therapies, anti-dysrhythmic 
agents, blood products
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of the individual from a facility.” [20] This man-
date does not preclude transferring unstable 
patients, provided that (a) benefits of transfer out-
weigh risks or (b) a patient or family requests 
transfer. For facilities that do not have a physi-
cian present, transfer of unstable patients to a 
more appropriate medical center can also be 
arranged after a qualified provider has discussed 
the case with the supervising physician at the 
sending facility. The sending clinician must 
arrange for the receiving hospital to accept the 
patient in transfer and provide appropriate medi-
cal data and records. Furthermore, the transfer-
ring clinician must certify that the benefits to the 
patient outweigh the risks of the transfer, 
informed consent of the patient or their family 
has been obtained, if possible, and an appropri-
ately trained, qualified provider accompanies the 
patient en-route [20].

Some authors continue to oppose EMTALA as 
it is an unfunded mandate, but penalties for viola-
tion are severe. Hospitals violating EMTALA 
may be fined up to $50,000 per occurrence. In 
addition, physicians who either knowingly mis-
represent the condition of the patient or who 
transfer a patient inappropriately accounting for 
risks and benefits can be subject to fines up to 
$50,000. Legally, the transferring physician is 
responsible for the well-being of the patient until 
arrival of the patient at the receiving facility, again 
reiterating the importance of following the 
EMTALA-delineated protocol. Inter-hospital 
transfer should be conducted in accordance with a 

well-defined institutional protocol that is defined 
well before an EMTALA-compliant transfer is 
requested.

 Timing in the Transfer Process

The timing of appropriate transfer is often a 
source of debate. In general, a patient who clearly 
will require tertiary transfer should be transferred 
early. An intubated patient in a hospital without 
an ICU does not derive any further value by con-
tinuing a workup in the referring hospital. Trauma 
patients who meet criteria for trauma center 
transfer, for instance, should have a basic evalua-
tion, specifically identifying life threats for which 
emergent ED intervention would be required 
prior to transfer. A comprehensive diagnostic 
workup should be deferred to the receiving hos-
pital. Patients who are more complicated or for 
whom the disposition is unclear should undergo 
more extensive ED workup, but in all cases, once 
the treating clinician has collected enough data to 
determine the appropriate disposition (e.g., trans-
fer decision and destination), inter-facility trans-
fer should be initiated, knowing that arranging 
transfer may take a considerable amount of time. 
Delays in initiating transfer can render safe trans-
port unattainable, as clinical decompensation can 
occur while transfer is arranged.

Additional factors that need to be considered 
in making the transfer timing decision include the 
clinical condition of the patient, distance and time 
to the receiving facility, mode of  transportation, 

Table 36.2 EMTALA-defined emergency medical con-
dition [20]

“A medical condition manifesting itself by acute 
symptoms of sufficient severity (including severe pain) 
such that the absence of immediate medical attention 
could reasonably be expected to result in: (i) placing 
the health of the individual (or, with respect to a 
pregnant woman, the health of the woman or her 
unborn child) in serious jeopardy, (ii) serious 
impairment to bodily functions, or (iii) serious 
dysfunction of any bodily organ or part.”
“With respect to a pregnant woman who is having 
contractions: (i) that there is inadequate time to effect a 
safe transfer to another hospital before delivery, or (ii) 
that transfer may pose a threat to the health or safety of 
the woman or the unborn child.” [20]

Table 36.3 EMTALA-defined appropriate transfer [20]

Transferring hospital provides stabilization of the 
patient and treatment, within the capacity of the 
sending facility to minimize morbidity and mortality
Receiving hospital must have capacity and qualified 
personnel to manage the patient and must agree to 
accept the patient in transfer
Transferring hospital must send all available, 
appropriate records and test results pertaining to the 
emergency medical condition; it is understood 
documentation may not be complete at the time of 
transfer
Transferring facility must select qualified personnel and 
appropriate equipment, capable of responding to 
foreseeable deterioration during transport
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the skill set of the transporting providers, and 
whether the transferring facility has the clinical 
and provider assets to continue adequately caring 
for the patient. The balance that the clinician must 
maintain is stabilizing the patient adequately 
without wasting time, while transferring patients 
who have been optimized for transfer.

 Transfer Procedures

Transferring emergent patients can be a compli-
cated procedure, but transfer itself should not be 
an emergency. Inter-hospital transfer requires 
coordination of two health-care systems, several 
health-care providers, and a transporting agency. 
The transfer should be conducted in accordance 
with guidance specified through federal regula-
tion and local custom. Most of the transfer nego-
tiation should be conducted prior to a transfer 
event through transfer agreements and standard-
ized transfer procedures.

 Identify Patient Appropriate 
for Transfer

The first step in initiating transfer of a critically 
ill patient is identifying a patient who would ben-
efit from care at another institution. The ideal 
transfer patient is one for whom the transferring 
institution is incapable of offering a specific pro-
cedure, consultant, or other capability that is nec-
essary for expeditious standard care, especially 
as it relates to improved survival free from dis-
ability. Often this decision is obvious, but occa-
sionally patients fall into a “gray area” where the 
capability of your inpatient facility to care for a 
critically ill patient is in question. In these sce-
narios, early consultation with local inpatient 
physicians can help to guide appropriate disposi-
tion. It is also critically important when new cli-
nicians begin working in an ED that the available 
inpatient services and capabilities of local inpa-
tient centers are elucidated, as described in 
“Knowing the capabilities of your hospital” 
above. Especially in rural areas, these transfer 
arrangements are often clear. Absent guidance 

from these two sources, experienced emergency 
department nursing staff can be a useful resource 
in guiding selection of a transfer destination.

In selecting patients appropriate for an 
EMTALA-compliant transfer, one must be 
explicit about the indication for transfer. For 
instance, a hospital without access to an intensive 
care unit must transfer patients requiring mechan-
ical ventilation. Hospitals without interventional 
cardiology services must transfer patients who 
require emergent cardiac catheterization. In addi-
tion, patients or families may request inter- 
hospital transfer at any time, regardless of the 
capabilities of the transferring center—these 
transfers are permissible outside of EMTALA 
mandates. Transferring a patient for a service 
available at the local hospital without this patient 
request, however, would be a violation of federal 
law.

 Obtain Consent for Transfer

The next step in the transfer process is obtaining 
the consent of the patient or family. As with any 
medical procedure, transfer offers a patient ben-
efits, but it also places them at unique risks. These 
risks may be higher in critically ill patients, and 
can include risks of clinical deterioration, a lack 
of adequate transfer medical resources, delays in 
time-sensitive care, risks of transport itself, inad-
equate handoff communication, and neglected 
patient preferences. Patients who are unable to 
make their own medical decisions (e.g., uncon-
scious patients, intubated patients receiving 
chemical sedation, patients with illness that pre-
vents them from having the capacity to make 
their own decisions) rely on the experience and 
knowledge of their medical providers to advocate 
on their behalf. Such advocacy may require the 
independent practitioner to initiate transfer with-
out patient or family consent.

Most hospitals have a packet of forms that 
must be completed for a patient who will be 
transferred to another hospital. That documenta-
tion is mostly required by federal regulation, and 
includes a transfer consent document. Although 
this document is used to illustrate a patient’s 
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informed consent, the document alone is insuffi-
cient – this is only the documentation of a con-
versation between a provider and a patient that 
the risks and benefits of transfer have been dis-
cussed and the patient agrees with transfer. A 
portion of the form typically allows the provider 
to indicate when patients are unable to consent 
for themselves.

 Identify Receiving Facility 
and Discuss Case with Accepting 
Physician

Once a consenting patient has been identified for 
transfer, the next step is identifying a receiving 
clinician. This is one scenario where an experi-
enced colleague can be a useful consultant, 
because local transfer patterns and transfer agree-
ments often dictate the recipient of a critically ill 
transfer patient. Some centers accept transfers 
directly for admission to an ICU (preferable for a 
patient with a clear diagnosis and treatment plan), 
while others request transfer to the emergency 
department for further evaluation and ultimate 
inpatient disposition. Your local transfer center 
will have a protocol that it uses to guide the ulti-
mate transfer recipient.

Most tertiary referral centers have a central 
telephone number that connect referring physi-
cians to tertiary accepting physicians. In some 
systems, ED nursing staff or unit clerks can initi-
ate the early steps of inter-hospital transfer (e.g., 
faxing patient information, requesting a specialty 
clinician, evaluating tertiary center bed availabil-
ity). The goal of the initial contact with the 
accepting hospital is to (1) screen for the capacity 
to care for your patient (e.g., available ICU beds) 
and (2) request consultation with the accepting 
clinician. In some centers, this accepting clini-
cian is an intensivist or other specialty physician, 
and in other centers, this clinician is an emer-
gency physician.

Once the capacity and capability of a center to 
care for your patient is established, you will be 
connected with an accepting clinician. That clini-
cian is talking with you to screen for (1) the abil-
ity of his institution to care for your patient’s 

problem and (2) your compliance with EMTALA 
mandates. Preparing well for the telephone inter-
action is one successful strategy for simplifying 
the transfer process. Using a checklist to guide 
your oral presentation may provide additional 
structure and help to ease the acceptance of your 
transfer patient (Table  36.4). Some centers that 
participate in telemedicine networks conduct 
transfer through a telemedicine connection, 
which may allow for more comprehensive shar-
ing of patient data.

While it is always important to share informa-
tion that will aid the accepting clinician in provid-
ing ongoing care, it is prudent to avoid discussing 
your patient’s insurance status or ability to pay for 
care. Focusing on medical care alone avoids the 
impression that your patient’s transfer is noncom-
pliant with EMTALA mandates.

 Identify Appropriate Transfer Crew

The next step in safely transporting a critically ill 
patient to a receiving facility is identifying the 
appropriate level of training for the crew to 
accompany the patient, which is often closely 
associated with the mode of transport. The crew 
training component of the inter-facility transfer 
cannot be underestimated. A retrospective cohort 
of more than 5000 urgent ground transports 
revealed that a critical event associated with 
mechanical ventilation, hemodynamic instability, 
or transport duration occurred in nearly 1  in 15 
transports [23]. An important factor in predicting 
decompensation was the level of training of the 
transport crew, with significantly higher odds of 
decompensation among patients transferred by 
paramedics as compared to critical care paramed-
ics (OR 1.6, 95% CI 1.1 to 2.2) [23].

The transferring clinician bears the obligation 
to select the team appropriate for the transfer. In 
order to properly evaluate the options available, it 
is very important that one understands the capa-
bilities and scope of practice of the various out- 
of- hospital medical professionals. There is a 
wide degree of variation in title and capabilities 
of providers between countries, so practitioners 
should familiarize themselves with local conven-
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tions. Within the United States, the clinician may 
refer to the National EMS Scope of Practice 
Model, which is a component of the National 
Highway Traffic Safety Administration’s EMS 
Agenda for the Future [24]. The National EMS 
Scope of Practice model defines four levels of 
EMS licensure for out-of-hospital providers.

The Emergency Medical Responder (EMR) is 
the first level of trained care above the average 
layperson, and EMR is tasked with initiating 
immediate lifesaving care to critically ill patients. 
These first responders are not meant to be the 
sole provider during field care and transport, but 
rather function to allow faster access to the sick 
and injured. Many law enforcement officers and 
most firefighters will be trained to the level of the 
EMR. Their scope of practice includes the use of 
automated external defibrillators, limited airway 

devices such as bag valve masks, the use of auto 
injectors for peer or self-care, and basic trauma 
care. EMRs spend 48–60 hours in initial training 
and must participate in continuing education. 
Very rarely will an EMR participate in the inter- 
hospital transport of a critically ill patient as part 
of the core team, but depending on location and 
circumstances, may serve an adjunctive role.

The Emergency Medical Technician (EMT) is 
the next level of trained provider and is capable 
of providing basic emergency care and transpor-
tation of critically ill patients. The EMT can pro-
vide care independently or may work alongside 
providers with more advanced training and certi-
fication. The EMT has built upon the skills of the 
EMR with added qualifications in the use of air-
way devices such as oral and nasal airways as 
well as assisting the patient with a limited num-

Table 36.4 Structured oral presentation for transfer consultation

Checklist Example Presentation
1.  Introduce yourself, your location, 

and your role in your medical 
center

1.  Good afternoon, I’m Dr. McGillicutty, an emergency physician at St. 
Mary’s Hospital in Springfield

2.  Introduce your patient, with 
relevant identifiers

2. I’m calling you about Bart Michaels. Would you like a birth date?

3.  Explicitly state your request 3. I would like to transfer him to your facility for ongoing ICU care . . .
4.  List the most important diagnosis 

and the reason for transfer, along 
with the service you are unable to 
provide

4.  . . . because he has pneumonia and I have intubated him. I don’t have an 
ICU that can care for an intubated patient

5.  Present a brief synopsis of the case, 
including relevant vital signs and 
laboratory data. Detail 
interventions you have performed 
and the patient’s current status

5.  He is a 74-year-old patient from a local nursing home with a history of 
diabetes mellitus who came in with a 5-day history of progressive cough 
and progressive altered mental status. On arrival, he was febrile to 39.1° 
and hypoxic to 78%. I tried oxygen by facemask, but he continued to have 
a respiratory rate into the 40s and was altered, so I just finished 
intubating him. His laboratory tests are remarkable for a white blood cell 
count of 18,000 and a creatinine of 3.1, but his lactate is normal at 1.4 
and the remainder of his labs are unremarkable. He has a right lower 
lobe infiltrate on his chest X-ray, and he is doing well on the ventilator 
with an FiO2 of 60%. I’ve given him 2 liters of normal saline and a dose 
of cefepime and vancomycin. After intubation, his vital signs have 
normalized, and he is stable for transfer.

6.  Summarize the proposed method of 
transport and any additional 
information that will be sent with 
your patient.

6.  I will plan to send his laboratory studies, his EKG, and a summary of his 
ED care with him, and I will burn his two chest X-rays to a CD for you, 
too. He’ll be coming by ground ambulance, and I think he is ready for 
admission to the ICU

7. Invite questions or clarifications 7. Is there any additional information that I can get for you?
8. Thank the accepting clinician 8.  Thank you for your time, and let me know if there is anything else I 

can do!
9.  Record the name of the accepting 

physician (for the transfer 
document)

9. Can I get your name please as the accepting clinician?
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ber of a patient’s medications (i.e., albuterol and 
nitroglycerin). The EMT may also administer 
certain over-the-counter medications as approved 
by the EMS medical director. There is also a 
higher level of trauma training including the use 
of spinal immobilization devices, traction 
devices, and advanced hemorrhage control. The 
EMT will spend 150–190 hours in training and 
must participate in continuing education. An 
EMT can provide a basic level of care which may 
be appropriate to transfer a psychiatric patient or 
a patient with an isolated extremity fracture that 
needs monitoring alone, but these types of situa-
tions are not usually applicable to critically ill 
patients.

The Advanced Emergency Medical Technician 
(AEMT) is the next higher level of trained pro-
vider, capable of providing basic and some 
advanced level of patient care and transportation. 
The AEMT is able to use esophageal/tracheal 
devices including the King LT® and LMA® as 
well as the ability to monitor blood glucose lev-
els. The number and range of medications avail-
able also increase. The AEMT can start IVs, 
deliver medications via the intramuscular, subcu-
taneous, and sublingual routes, as well as by 
aerosol. They can administer narcotic antago-
nists, nitroglycerin, epinephrine, glucagon, and 
albuterol. Intravenous fluids and D50 are avail-
able to the AEMT but all other IV medications 
are reserved for providers with additional train-
ing and certification. Training for the AEMT 
requires 150–250  hours beyond EMT, and 
AEMTs must participate in continuing educa-
tion. An AEMT may participate in the transport 
of a critically ill or injured patient mainly as a 
secondary care provider based on location and 
circumstances.

The Paramedic provides the most advanced 
level of EMS care and is heavily involved in the 
transport of critically ill patients. They may 
employ a wide range of life-saving skills (based 
on their respective protocols) including needle 
cricothyrotomy, needle decompression of a pneu-
mothorax, rapid sequence intubation (RSI), 
advanced cardiac life support, and administration 
of a variety of medications as determined by the 
EMS medical director. Paramedic training can 

require 1000–2000  hours beyond that required 
for the EMT, and some paramedic programs 
allow students to complete an associate’s or 
bachelor’s degree with their paramedic training.

Some paramedics will obtain additional edu-
cation to become certified as Critical Care 
Paramedics, which better prepares them to pro-
vide advanced critical care transport mainly in 
the inter-hospital environment. Critical Care 
Paramedics have enhanced training in noninva-
sive ventilation, advanced airway and ventilation 
management including surgical airways and ven-
tilators, chest tube maintenance, central venous 
line maintenance, expanded pharmacologic for-
mulary usage, interpretation of laboratory data, 
12-lead ECG interpretation, monitoring and 
maintaining intra-aortic balloon counterpulsation 
pumps, and invasive hemodynamic monitoring. 
Critical Care Paramedics also have specific edu-
cation in flight physiology and transfer consider-
ations such as safety, patient packaging, and 
practice in a closely confined space.

Critical Care Transport Nurses are not defined 
in National EMS Scope of Practice Model but are 
essential to the critical care transport team, espe-
cially in the air medical environment. These 
nurses often come from an emergency medicine 
and/or critical care background and have focused 
their careers on out-of-hospital care. They are 
experienced and knowledgeable in the realm of 
advanced life support to include airway, ventila-
tion, and hemodynamic management as well as 
the delivery of basic and advanced pharmaceuti-
cals. In addition, critical care transport nurses 
may be able to provide RSI as well as surgical 
airways as part of their scope of practice as 
defined by their medical director. Some nurses 
may possess EMT or paramedic training as well, 
and may also have undertaken out-of-hospital 
transport training similar to the Critical Care 
Paramedic.

In some cases, a specialty team may be 
employed to conduct the transport. Examples of 
specialty transport teams include neonatal or 
pediatric transport teams, extracorporeal mem-
brane oxygenation (ECMO) teams, and high-risk 
OB teams who maintain advanced levels of skill 
and experience with their specific patient popula-
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tion. Often these teams must be dispatched from 
a referral center, which will likely delay arrival of 
the team to the patient. A transferring clinician 
must balance the time factors with training fac-
tors for a specialty transport team.

 Identify Appropriate Transfer Mode

Multiple factors must be taken into consideration 
when deciding how to transfer a critically ill 
patient between hospitals. Selecting the most 
appropriate mode of transport requires consider-
ation of the acuity of illness, expected clinical 
course and interventions that will be required en 
route, local EMS resources, the desired speed 
and distance of transit (time out of a hospital), 
and the prevailing weather conditions. While 
patients may be transported by aircraft (rotor 
wing or fixed wing), ambulance (advanced life 
support or basic life support crew), or by private 
vehicle, this chapter will only focus on the former 
two in our treatment of transferring critically ill 
patients.

Intimately related to mode of transfer is the 
level of training of the crew. Some ground ambu-
lance systems operate with paramedics at all 
times while others adjust the crew makeup based 
on the patient’s condition and transfer request. It 
therefore behooves the physician transferring a 
critically ill patient to understand local practice. 
Paramedic ground services are highly capable of 
transporting the majority of patients, but there are 
important limitations to understand.

Traditionally, ground ambulance services 
(even with advanced training and protocols) may 
not possess the level of clinical experience and/or 
scope of practice that air ambulance can provide. 
This difference is a reflection of the very narrow 
practice niche for air ambulances, which were 
created to transport the most critical patients with 
time-sensitive conditions. Air ambulances are 
almost universally staffed with a combination of 
Critical Care Paramedics, Critical Care 
Transport Nurses, and occasionally physicians. 
These crew members can therefore provide a 
higher level of critical care intervention during 
transit and prior to departure than most ground- 

based crew, although the specifics of training and 
crew resources vary for each transport service.

The most common modality for air-medical 
transport is rotor wing aircraft (e.g., helicopters), 
which allow for easy access to hospitals and can 
be deployed quickly and efficiently. Helicopters 
range from single engine, single pilot helicopters 
to multi-engine, two pilot aircraft with the capa-
bility to fly in poor weather conditions. Fixed 
wing aircraft are also used for transfers, espe-
cially in remote areas far from referral centers as 
this allows for a rapid transfer over long dis-
tances. Because of the necessity of a runway, 
ground ambulances are used to transport patients 
to and from airports/airstrips.

Another limitation of ground ambulances is 
speed, which equates to time out of the hospital. 
Ground ambulances are slower than air ambu-
lances, but they often are stationed near the point 
of departure, so out-of-hospital time is only mini-
mized on longer transfers. Air ambulances can 
travel more quickly than ground ambulances, and 
their ability to access remote locations where 
road access is difficult can be a significant 
advantage.

The largest limitation of either ground or air 
transportation is weather. Ground ambulances are 
susceptible to road conditions such as icy roads 
or floods while air ambulance transport can be 
cancelled by fog or high winds. If poor weather 
conditions preclude air transportation, a coherent 
backup plan must be available to activate ground- 
based backup transportation.

Other limitations on helicopter transport 
include large patient size, as helicopter capabili-
ties may limit the weight of patients that can be 
safely transported. Patients who are physically 
and/or emotionally volatile can place the heli-
copter and crew at risk. Should a potentially 
volatile patient require helicopter transport, 
sedation, and possible endotracheal intubation 
should be strongly considered versus transport-
ing by ground with a critical care transport team. 
In addition, women in active labor most likely 
will not be able to be transported by air safely, 
as patient and provider position in the aircraft 
may be suboptimal; there may be inadequate 
lighting and the inability to turn the patient most 
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certainly exists. Also, patients exposed to haz-
ardous chemicals may not be able to be trans-
ported safely as they risk contaminating the 
cabin space, which can potentially incapacitate 
the pilot and/or the medical crew. Patients who 
have been properly decontaminated may be 
safely transported by air ambulance. Finally, 
patients with a small pneumothorax can safely 
be transported by air at nonmountainous alti-
tudes, as tube thoracostomy may not be rou-
tinely necessary [25].

Finally, the rate of fatal crashes for rotor wing 
air ambulances is higher than in all sectors of 
aviation, and 1993–2002 saw an increase in the 
number of accidents [26]. This risk is sobering, 
and should be considered when deciding on 
whether air medical transport is necessary.

Despite seemingly significant advantages, the 
list of conditions for which air-based transport 
has demonstrated improved patient outcome is 
very short. Some suggest that air ambulances are 
overutilized, especially in patients who do not 
require specific time-sensitive interventions [27]. 
For many conditions (even for critically ill and 
injured patients), ground transport offers a level 
of care and time-to-destination that equals that of 
air transport [28–30].

Moving critically ill patients is not without 
risk, but dangers can be minimized through care-
fully matching patient characteristics with an 
appropriate transport mode and optimally trained 
crew [31]. Familiarity with out-of-hospital sys-
tems of care is essential for caring for critically ill 
patients.

 “Package” Patient 
and Documentation for Transfer

Once a patient has been accepted for transfer and 
a mode of transport has been defined, the astute 
clinician should prepare or “package” the patient 
for transit. This includes both clinical stabiliza-
tion and preparation of transfer documentation. 
EMTALA and good medical practice dictate that 
patients being transferred are stabilized within 
the transferring center’s capabilities. This may 
require endotracheal intubation, initiation of 

vasopressor therapy, volume resuscitation, blood 
transfusion, initiation of transcutaneous pacing, 
or other life-saving procedures tailored to a 
patient’s medical condition. One challenge for a 
transferring clinician can be anticipating the 
interventions that might be required prior to 
arrival in the accepting center, but one should 
avoid delaying stabilizing interventions solely for 
transfer.

In general, ED-based interventions are safer 
than interventions during transit. For a patient 
not protecting his airway, for instance, a con-
trolled intubation in the ED is usually safer than 
intubation during flight or in an ambulance. 
Patients who have been hypotensive will be 
much safer in transit if vasopressor therapy is 
initiated prior to departure. Patients with tension 
pneumothorax should have tube thoracostomy 
performed prior to transport, balancing the risks 
and benefits of additional procedures to maxi-
mize a patient’s safety. A transferring clinician’s 
objective is to make transit itself as safe as pos-
sible by anticipating clinical decompensation 
and emergencies prior to departure. An experi-
enced and knowledgeable transfer crew can also 
help anticipate potential decompensation and 
recommend predeparture interventions.

Adequate vascular access should also be 
assured prior to the initiation of a transfer. For 
most patients, high quality peripheral intrave-
nous catheters will be adequate, but if the patient 
requires significant resuscitation or vasopres-
sors, central access should be considered. If 
venous access is difficult, intraosseous access 
for transport is acceptable for patients in 
extremis.

Preparing documentation for transfer requires 
completing the EMTALA-compliant transfer 
form, the patient’s consent for transfer, any certi-
fications for ambulance transfer required by your 
institution, and providing records to accepting 
clinicians. Figure 36.1 shows an example of an 
EMTALA-compliant transfer form.

Compiling records to accompany a patient is 
often completed in concert with nursing and 
clerical staff. The transferring clinician should 
carefully consider the data that will be required 
to continue caring for a patient. Often, the chart 
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is not complete at the time of transfer, so one 
should carefully select the documents that will 
enhance the care that a patient will receive. In 
most locations, it is acceptable to fax or send 
electronic records to the receiving facility. For 
instance, awaiting final laboratory studies 
before initiation the transfer is not necessary. 
The patient can be transferred if a mechanism 
exists to transmit the data as it becomes avail-
able. In general, this documentation should 
include:

 1. A narrative summary of the presentation, 
including events that occurred in the ED. This 
narrative summary could be satisfied by the 
ED chart, but if the chart is not complete, a 
separate short narration that includes the his-
tory and events should be included. This doc-
umentation is especially important for 
patients who are unable to provide their own 
history, or where additional history has been 
obtained from corroborating sources (e.g., 
care facility, EMS, family, etc.).

 2. Documentation from previous encounters 
(primarily for patients transferred from a 
care facility, another hospital, or where EMS 
provided relevant historical data).

 3. Medications administered in the emergency 
department prior to transfer.

 4. Laboratory studies.
 5. Radiology studies (including both the offi-

cial narrative reading and the original digital 
images).

 6. Relevant historical data from the transferring 
medical system – this may not always be rel-
evant, but for patients being transferred to a 
new medical system, records pertaining to 
diagnostics or therapeutics could be useful 
(e.g., historical cardiac catheterization 
reports, surgical procedure notes).

 7. Current medication and allergy list (if 
available).

 8. Contact information for family or next of 
kin.

 9. Name of transferring clinician with contact 
information for further contact.

 10. Transfer form and informed consent 
document.

 Handoff to Transfer Crew

The final aspect to the transfer is the information 
provided to the transport personnel. The consci-
entious provider will directly provide a verbal 
report to the crew assuming care of a critically ill 
patient prior to transfer. This task should not be 
delegated exclusively to nursing staff, especially 
for critically ill patients. Establish clearly who is 
providing medical control for the patient en route 
(e.g., transferring provider, accepting provider, 
EMS medical director), and your expectation for 
potential changes of condition during transit. 
Often medical providers can anticipate clinical 
decompensation, so discussing expectations and 
potential solutions with the transport personnel 
can provide some additional guidance. The expe-
rienced transfer crew can also raise their con-
cerns for stability of the patient during the 
transport, and collaborative discussions regard-
ing measures to improve stability, such as endo-
tracheal intubation, which can be more safely 
performed in the ED prior to departure, may fur-
ther prevent decompensation. Providing this 
comprehensive handoff is a respectful way to 
ensure continuity of care.

 Timing of Departure

Ultimately, the exact time of departure from the 
sending facility to the receiving hospital is a 
nuanced decision that should be arrived at as a 
team, but it is the sending clinician who is respon-
sible for the care and safety of the patient until 
arrival at the receiving hospital. Clear communi-
cation between hospital-based providers and out- 
of- hospital providers is essential to successful 
transfer, as mistiming or mismanaging the trans-
fer of care can lead to disastrous consequences.

 Transitions of Care

One significant risk of inter-hospital transfer is 
the discontinuity of care between providers. 
Patient handoff is a recognized opportunity for 
error, and inter-hospital transfer constitutes 
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 several critical patient handoffs. Often, a brief 
telephone conversation is unable to fully relay 
the details of care to the accepting clinician, and 
most providers feel that transfer handoff commu-
nication is inadequate [32, 33].

Transitions are a dangerous time for patients, 
too. Not only is it inconvenient for one’s provider 
to feel uncomfortable with the details of transfer, 
but this represents a period of vulnerability dur-
ing which medical error is common and the con-
sequences of error are more significant [34, 35]. 
Critically ill patients have a large database of 
information that accompanies their transfer, and 
much of this information is vitally important for 
the receiving clinician. Providers on both sides of 
the transfer may be busy and distracted during 
the transfer telephone call, and critical details 
may be neglected for brevity.

It is imperative that transferring and receiving 
clinicians dedicate appropriate time and attention 
to the transfer handoff to minimize handoff risks 
for patients. Using a standardized communica-
tion tool may improve handoff communication 
[36–38] and a checklist can assure that appropri-
ate written documentation accompanies the 
patient during transfer. This rigor is especially 
important for patients who are being transported 
to an intermediate location (e.g., emergency 
department) prior to an ultimate inpatient 
destination.

Establishing standing transfer agreements 
with local tertiary centers and standardized hand-
off communication are two strategies that trans-
ferring emergency providers can use to alleviate 
some of the barriers to effective transfer 
communication.

 Quality Assurance and Quality 
Improvement

As part of clinical operations, facilities that trans-
fer patients with critical illness should engage in 
mechanisms to evaluate transfer quality and 
safety. After transport occurs, most clinicians 
will be distracted by competing clinical demands. 
Contacting the accepting clinician 1–3 days after 
the transfer can be a constructive way to provide 

internal follow-up and share patient progress 
with the team who helped care for a critically ill 
patient. Establishing mechanisms with accepting 
centers to receive this information effectively can 
be one strategy to strengthen the transfer relation-
ship between transferring EDs and tertiary refer-
ral centers.

Often, transports involving an unexpected 
decompensation or complication are peer- 
reviewed, but a system should exist where a rep-
resentative sample of transports are examined on 
a routine basis. A transferring emergency depart-
ment’s clinical medical director often conducts 
these reviews, and multidisciplinary representa-
tion may provide additional insight into transfer 
procedures. Performance indicators must be spe-
cific, measurable, action-oriented, relevant, and 
timely in order for them to be impactful [39]. 
Particular attention should be focused on ensur-
ing compliance with patient care protocols, trans-
port times, patient turnaround times, patient 
deterioration, medical control utilization, and 
additional metrics that can be tailored to the 
needs of the involved hospitals. Having a clear 
mechanism for follow up regarding quality and 
safety practices is essential for an efficient, effec-
tive, and safe transfer network.

 Futility Decisions

Some patients benefit little from inter-hospital 
transfer. These patients should be identified early 
in their course and resources should be sought to 
provide care locally, avoiding the cost and poten-
tial harm of inter-hospital transfer. In general, 
these patients should be treated locally through 
established policies and systems of care, either 
through protocol or through consultation with 
physicians at a local referral center.

Patients persistently in cardiopulmonary 
arrest, for instance, have very low survival. Data 
suggest that high quality cardiopulmonary resus-
citation (CPR) and rapid reversal of underlying 
causes of cardiac arrest offer patients the greatest 
likelihood of survival. Patients who achieve 
return of spontaneous circulation may benefit 
from regionalized care in high volume cardiac 
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arrest centers [17], but patients currently requir-
ing CPR are unlikely to benefit from immediate 
transfer. The one exception to this premise may 
be for referral centers that offer emergency extra-
corporeal cardiopulmonary resuscitation 
(E-CPR) life support, although patient survival is 
likely enhanced primarily through detailed trans-
fer protocols that include EMS transport directly 
to an E-CPR capable center.

Other patients unlikely to benefit from transfer 
are critically ill patients with rapidly progressive, 
life-limiting conditions who have expressed their 
intention to limit interventions for their comfort. 
These patients could present with a variety of con-
ditions (e.g., septic shock, intracerebral hemor-
rhage, postcardiac arrest), but the expected clinical 
outcome is death regardless of transfer. Many 
patients prefer to die near their home and their 
family [40]. While these conditions may be man-
aged locally, successfully caring for these patients 
requires coordination and prior planning. It may 
also require mechanisms for tertiary specialist 
consultation for discussion about prognosis and 
treatment options. Admitting these critically ill 
patients locally to a hospital unprepared to manage 
them should rarely occur; rather, it should be con-
sidered as part of a palliative care effort to provide 
services for patients close to their homes

 Conclusions

Emergency physicians are capable of caring for a 
vast array of patients with medical and surgical 
emergencies, but when the severity of illness or 
injury exceeds the capabilities of a local hospital, 
transfer to a referral center is indicated. Complex 
critically ill or injured patients often require spe-
cialty services, and patients require transfer to 
other medical facilities for definitive care. The 
process guiding acute medical transfers is legis-
lated by EMTALA, which dictates requirements 
that a transferring physician must meet. Inter- 
hospital transfer is a common but risky proce-
dure, and only by understanding the resources, 
priorities, mechanisms, and prior planning of 
transfer networks can clinicians align with 
patients in achieving optimal regionalized medi-
cal treatment.
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 Introduction

Critical care ultrasonography is a new discipline 
with real-time adaptation to the critically ill 
patient. These patients’ main adversary is time to 
diagnosis or treatment of condition causing mor-
bidity and/or mortality. Speed of decision- making 
is very important in this population and the abil-
ity to perform serial bedside limited ultrasound 
examinations to answer specific emergent condi-
tions can be lifesaving and help confirm correct 
treatment. The use of ultrasound in critical care 
settings has been shown to be safe, accurate, and 
repeatable and provides data that may not be 
found with other routine methods of physical 
examination [1]. Quality of care is also improved 
by the use of ultrasound in many emergency and 
intensive care unit applications. The use of real- 
time ultrasound guidance during central line 
insertion to prevent complications is one of the 
Agency for Healthcare Research and Quality’s 
highly rated patient safety practices designed to 
decrease medical errors [2]. This has also been 
shown in many other procedures performed in 
the critically ill patient such as arterial line 
access, thoracentesis, pericardiocentesis, para-

centesis, and even peripheral line access [3]. The 
healthcare provider must be able to acquire and 
interpret the images, make the bedside clinical 
decision, and use it in real-time to implement and 
monitor changes in management. When a brief 
echocardiographic examination is added to the 
physical exam, diagnostic accuracy can be 
increased [4, 5]. In the following sections, point 
of care ultrasound applications are discussed 
individually; then we will show how you can put 
the individual applications together to evaluate 
shock and hypoxia in the resuscitation of a criti-
cally ill patient.

 Training

Healthcare providers who take care of critically 
ill patients manage conditions that relate to all 
anatomical regions. Management consists of 
evaluations of multisystem disease states and 
performing various high-risk procedures. 
Ultrasound training standards are required for 
developing clinical care providers and physi-
cians with skills to perform ultrasound enhanced 
point of care applications that involve many 
regions of the body [6–8]. The American College 
of Chest Physicians has suggested that ultra-
sound competency for critical care includes 
modules in the following areas: pleural, vascu-
lar, thoracic, and cardiac. The purpose of their 
document was to describe the components of 
competence so that healthcare providers can 
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have specific goals of training while they develop 
their skills. Competence is distinguished from 
certification, which is defined as the process by 
which competence is recognized by an external 
agency [9]. As ultrasound grows in each spe-
cialty, we will begin to see more competence-
based training during residency or fellowship 
training [10]. In fact, many medical schools are 
now incorporating ultrasound in the preclinical 
years in order to help students grasp anatomy 
through visualization of ultrasound, and as a 
result this training should become easier for the 
individual throughout their graduate training 
years in all different specialties that are incorpo-
rating ultrasound into their curriculum [11].

Simulation of point of care ultrasound appli-
cations is very straightforward. Many applica-
tions can be practiced on “phantom” models or 
even more sophisticated computer-based models 
used frequently in echocardiogram applications. 
There has been a shift in medical procedural 
training from experience based (where training 
experience is defined by number of procedures 
performed) to competency based (which involves 
development of models specifically designed to 
assess procedural skill). It is well known that 
individuals acquire skills at different rates and 
therefore require different durations of training to 
become competent [12, 13]. The societal views 
of physician or healthcare provider practice to 
provide objective evidence of acquired skill have 
changed to assure accountability to the general 
public to improve quality of care, and therefore 
many of the applications we will discuss have 
many studies to assess competence [14]. One 
must understand that these applications are meant 
to answer specific bedside questions, and many 
of these “limited” or “focused” exams are meant 
to be adjuncts to other clinical indicators for 
management (e.g., urine output, central venous 
pressure, etc.). More complex measurements or 
evaluations should be reserved for formal ultra-
sound examinations performed by trained ultra-
sound specialists and interpreted by radiologists 
or cardiologists. For this reason, in each applica-
tion we describe below, we will clarify the lim-
ited or focused question to be answered by the 
critical care healthcare provider at the bedside 
who will subsequently make immediate and 
patient care changing decisions.

 Cardiac

Background Critical care echocardiography 
(CCE) is a broad and dynamic topic. The focus of 
CCE should be goal oriented or problem focused. 
Specifically for emergency medicine (EM) CCE, 
questions might include: Is the patient volume 
responsive? Will the patient benefit from an ino-
trope? Does the patient have acute right heart strain 
or failure? In this section, we will address basic 
CCE, beginning with practical ultrasound skills, 
image acquisition and adequacy, and what mea-
surements or functional questions can be obtained 
in each view. Then, we will address practical spe-
cific emergency medicine critical care scenarios.

We will focus on basic CCE and only mention 
advanced CCE applications. Though there is not 
an official flow through the basic CCE exam, the 
following progression is most common. The 
transducer of choice for CCE is the phased array 
transducer  – it provides appropriate footprint, 
frequency, and resolution for cardiac imaging.

Probe Type Cardiac (phased array) transducer: 
2–5 MhZ

 Basic Echocardiography and Views

Probe Type Cardiac (phased array) transducer: 
2–5 MhZ

 Parasternal Long-Axis View (PSL)
While standing on the patient’s left, with the 
phased array transducer in the sonographer’s left 
hand, the transducer is placed in the left third, 
fourth, or fifth intercostal space, just lateral to the 
patient’s sternum. The machine should be in car-
diac presets and the index marker should be 
pointed towards the patient’s right shoulder, such 
that the left ventricular (LV) cavity is on the left of 
the screen. Manipulations (angulation, tilting, and 
rotation) of the transducer will be made until the 
ideal parasternal long view is achieved. This 
includes bisection of the mitral valve (MV) and 
aortic valve (AV) and should include the LV cham-
ber in its longest dimension. The apex of the LV 
will not be in view. Depth should be set such that 
the posterior pericardium and descending aorta are 
in the view (Figs. 37.1, 37.2, 37.3, and 37.4).
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 Parasternal Short-Axis (PSS) View
The PSS view is obtained after the PSL by rotating 
the transducer 90° clockwise (now towards the 
patient’s left shoulder) – no further manipulation of 
the transducer should be necessary. Some sonogra-
phers find it easier to keep the transducer steady in 
the left hand and rotate the transducer with the right 
hand from the base of the transducer. This prevents 
unintended movements, other than the 90° rotation 
to the cross-sectional view of the LV.

There are three typical levels of the PSS: aor-
tic valve, mitral valve, and mid-papillary. By 
angling towards the right shoulder, one can see 
the base of the heart, AV, and tricuspid valve 
(TV), and angling towards the left hip, one can 
see the apex of the LV. In the mid-papillary view, 
which most frequently used for assessing LV sys-
tolic function, the RV will still be seen at the top 
of the screen and is crescent-shaped in a normal 
exam (Figs. 37.5, 37.6, 37.7, and 37.8).

Fig. 37.1 Probe location and orientation for a parasternal 
long-axis view. Index marker is pointed towards the 
patient’s right shoulder

a b

Fig. 37.2 (a, b) PSL view in diastole. Note that the MV is still open, while the AV is closed

Fig. 37.3 PSL view at end systole. AV has just closed, 
and MV yet to open. Note the septum and LV free wall are 
thickened compared to diastole and the LV chamber size 
is decreased

Basic Advanced
LV systolic function – visual, EPSS, FS LVEF

LV size and preload Aortic valve

Pericardial effusion Mitral valve

Pleural effusion LVOT diameter and aortic root

LV/RV wall thickness

Fig. 37.4 Assessments 
in parasternal long-axis 
view
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 Apical Four-Chamber (A4C) View
With the index marker continuing to point 
towards the 2–3 o’clock position, the trans-
ducer should be placed at the apex of the heart, 
which is best localized at the point of maximal 
impulse. This can be difficult to find. In older 
and larger patients with cardiomyopathy, the 
apex will be located quite laterally (anterior to 
midaxillary line) and LV oriented more hori-
zontally. In young, slender patients, the apex 
will be more medial, and LV oriented more 

vertically. Although not always feasible, plac-
ing the patient, at least partially, in the left lat-
eral decubitus position may help optimize the 
view by bringing the heart in direct contact 
with the chest wall. The depth must also be 
increased, especially if the apex is located 
laterally.

The ideal image for the A4C can be quite dif-
ficult, especially in the critically ill patient. In 
patients with hyperinflation from asthma and 
COPD or in patients with high PEEP or APRV, 

Fig. 37.5 The index marker has been rotated approxi-
mately 90° clockwise and is now pointed towards the 
patient’s left shoulder

a b

Fig. 37.6 (a, b) PSS view at the mid-papillary level. RV is normal sized and crescent shaped, and LV has normal filling 
volume and is round

Fig.37.7 PSS view at AV level. Note that all three valves 
can be visualized. TV not seen

Basic Advanced

LV systolic function LV wall thickness and segmental wall motion

RV size and septal flattening Tricuspid valve

Pericardial effusion Pulmonic valve
Pulmonary arteries

Fig. 37.8 Assessments 
in parasternal short-axis 
view
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the heart may be pushing inferiorly or the apex 
may be obscured by lung tissue. However, this 
view is also frequently the most useful and pro-
vides nearly all the required information to ade-
quately assess RV and LV function in the 
critically ill patient.

An ideal A4C view is comprised of three 
components:

 1. The septum should be in the center of the 
screen and oriented vertically on the screen.

 2. The apex, MV, and TV should all be bisected – 
this gives maximal cavity size to the LV.

 3. The RV should be in maximal diameter, best 
achieved by transducer rotation (Figs.  37.9, 
37.10, and 37.11).

 Subcostal (Subxiphoid) View
The transducer should be placed just below the 
xiphoid process, pointed towards the left shoul-
der, with a fair amount of downward pressure 
and a flattened angle to the skin. Switching from 
a pencil to overhand grip may be necessary to 
achieve the appropriate angle. The probe marker 
should be directed towards the 3 o’clock posi-
tion. The ideal image will be a four-chamber 
view, with the right side of the heart at the top of 
the screen, left heart at the bottom, and the apex 
on the right of the screen (Figs.  37.12, 37.13, 
and 37.14).

Fig.37.9 Transducer location for A4C view, index marker 
remains pointed to the patient’s left shoulder

a b

Fig. 37.10 (a, b) A4C view at end diastole. Note the size relationship between the RV and LV

Basic Advanced
LV size and systolic function Aortic valve
RV size and function Mitral valve
TAPSE Tricuspid valve
Pericardial effusion LV diastolic function

Velocity-time integral

Fig. 37.11 Assessments 
in apical four-chamber 
view

Fig. 37.12 Transducer moved to the epigastrium with the 
index marker to the patient’s left. Note the overhand grip 
on the transducer and shallow angle with the abdomen
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Chart 4
Assessments in SC:

• Basic ➔ LV systolic function, RV size and 
function, pericardial effusion

• Advanced ➔ Aortic valve, mitral valve, tricus-
pid valve

 Inferior Vena Cava (IVC)
Coming from the subcostal view, and keeping 
focused on the cavoatrial junction, the IVC 
can be most easily imaged by rotating the 
transducer counterclockwise until the index 
mark is oriented towards the 12 o’clock posi-
tion. Now, the IVC can be seen in its longitu-
dinal orientation. The IVC can also be viewed 
from a lateral position at the midaxillary line 
with the index marker at the 12 o’clock posi-
tion, giving a sagittal view, using the liver as 
an acoustic window.

By following the cavoatrial junction through-
out the rotation from the subcostal view, one 
ensures that the structure in question is indeed the 
IVC and not the aorta. Recognizing the spatial 
relationship between the two structures is impor-
tant, as are pulsatility, wall thickness, and color 
Doppler flow. Visualization of the IVC draining 

into the RA is 100% specific for identification of 
the IVC.  IVC collapsibility index (IVC-CI) can 
be assessed in this view (Fig. 37.15).

 LV Systolic Function

Emergency Question My patient is hypotensive 
or in a shock state, what is their left ventricular 
function? Would my patient benefit from an 
inotrope?

a b

Fig. 37.13 (a, b) Subxiphoid view at end diastole. Note how the liver is used as an acoustic window

Basic Advanced
LV size and systolic function Aortic valve
RV size and function Mitral valve
Pericardial effusion Tricuspid valve

Fig. 37.14 Assessments 
in subxiphoid view

Fig. 37.15 IVC draining into the RA
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Probe Type Cardiac (phased array) transducer: 
2–5 MhZ

Clinical Scenario Approximately 1/3 of criti-
cally ill patients have left ventricular systolic 
dysfunction during their ICU stay, whether it be 
preexisting, from acute ischemia or from a sec-
ondary cause such as sepsis. In patients with 
shock, LV systolic function must be assessed, 
because the treatment for LV systolic dysfunction 
is much different from other shock states.

Further, LV systolic function is relative to the 
clinical situation. Numerically quantifying LVEF 
is frequently unnecessary in the acute setting, as 
the clinical scenario may only query whether or 
not the patient would benefit from an inotrope. 
The ACCP suggests that basic competence of this 
skill should only distinguish between hyperdy-
namic function, normal function, mild-moderate 
dysfunction, and severe dysfunction [15]. 
Therefore, time-consuming quantitative and 
semiquantitative measures should not be rou-
tinely used for determining LV systolic function, 
but only used to support clinical decision-making 
or in unclear clinical scenarios.

Scanning Technique

Qualitative Assessment of LV Systolic 
Function
The left ventricle should contract symmetrically, 
and the LV cavity should reduce in size approxi-
mately 40% on bedside echocardiography – this 
is true for all four main cardiac views. 
Determinations of dysfunction or hyperdynamic 
function are relative to normal function.

Assessment of LV systolic function can be dif-
ficult to the novice sonographer, as there is no 
single objective measure that definitively quanti-
fies function. Most experts agree that LV systolic 
function determination on echocardiography is 
multifactorial determination, using multiple 
views, modes, and measurements, and ultimately 
is a composite decision of the interpreting physi-
cian [16, 17] (Figs. 37.16 and 37.17).

When assessing for a hyperdynamic states, the 
interpreting physician must be careful to assess 

LV preload. LV systolic function may be 
 artificially increased when the LV preload is 
decreased (Figs. 37.18 and 37.19).

The term “underfilled” most accurately 
describes LV preload and can be quantified using 
LV end-diastolic diameter (LVIDd). If the patient 
is severely hypovolemic, the LV does not have 
time to fill, or there is decreased LV preload from 
RV dysfunction, and then the LVIDd may be 
decreased. If there is decreased LV filling, the 
LVEF will be artificially increased, though the 
actual stroke volume and cardiac output may be 
normal or decreased. If LVIDd is normal or 
increased, this may be a marker of LV dilation 
cardiomyopathy, and its value must be used with 
caution. One must distinguish between a hyper-
dynamic LV that has normal and abnormal pre-

Fig. 37.16 PSL view at end diastole with a measurement 
of the LVIDd

Fig. 37.17 PSL view at end systole. Note the difference 
in LV wall thickening and LV chamber size
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load because the treatments are different [18] 
(Figs. 37.20 and 37.21).

Quantitative and Semiquantitative 
Assessments
The American Society of Echocardiography rec-
ommends the modified Simpson’s method to 
quantify the LVEF. Although this method may be 
accurate, it is complex, time-consuming, and not 
appropriate in point-of-care CCE [18].

Again, there is no single quantitative value 
that determines LVEF.  These measures may 
help to assist the inexperienced sonographer in 
making an overall assessment, but their clinical 
utility is limited.

E-Point Septal Separation (EPSS)
EPSS is a quantitative measure of LV systolic 
function that is obtained in the parasternal long 

view. It is limited in scenarios of mitral stenosis 
and aortic regurgitation. During early diastole, 
mitral inflow is the greatest, and the anterior 
 leaflet of the mitral valve swings open, coming in 
close proximity to the intraventricular septum in 
normal, healthy patients. When LV systolic func-
tion is decreased and very little of the blood in the 
LV is ejected, very little blood flows through the 
mitral valve during diastole. Thus, the anterior 
leaflet of the MV does not come as close to the 
septum, and the EPSS is reduced [19–21].

To measure EPSS, the M-mode cursor is 
placed through the tip of the anterior mitral leaf-
let, and the distance between the tip of the mitral 
leaflet and the intraventricular septum is mea-
sured. The closer the anterior mitral leaflet is to 
the septum, the greater the mitral inflow to the 

Fig. 37.19 PSL view at end systole with hyperdynamic 
function

Fig. 37.20 PSL view with severe LV compression from 
RV dilation. Note the very small LVIDd

Fig. 37.18 PSL view at end diastole with normal LV 
preload

Fig. 37.21 PSL with “kissing” left ventricle. The LV 
ejects most of its volume, but the actual stroke volume is 
likely diminished
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left ventricle and, thus, the better the LVEF 
(Figs. 37.22, 37.23, and 37.24).

EPSS can be performed successfully by emer-
gency physicians and, with the low incidence of 
mitral stenosis, should be fairly reliable [20]. 
Because it looks at filling of the LV, it does not 

look at specific segments of LV contractility, but 
rather at global systolic function of left ventricle. 
However, if EPSS is not measured at the tip of the 
mitral leaflet, EPSS will be overestimated.

Fractional Shortening (FS) (Fig. 37.25)

 

Fractional Shortening
LVend-diastolic diameter LVend-sys

:
( ) − ttolic diameter

LVend-diastolic diameter

( ) 
( )  

Fractional shortening assumes symmetric 
contractile function throughout the LV – i.e., the 
base and apex are contracting similarly and there 
are no focal segmental wall abnormalities. This 
is a key reason that FS measurements can often 
be misleading  – it only assesses function at a 
single point.

Most sonographers who choose to use frac-
tional shortening use M-mode for their mea-
surements. It ensures the measurements are in 
the same axis, which can be helpful. Further, 
another view to assess function may be helpful 
in the overall assessment. Fractional shortening 
can be done in both the parasternal long- and 

Fig. 37.22 EPSS of 0.3 cm, suggesting normal LV 
function

Fig. 37.23 EPSS of 0.9 cm in same patient when cursor 
not aligned properly. LV function would be underesti-
mated with this image

EPSS Value LV function estimation

</= 0.7 cm Normal LV function

0.8–1.6 cm Mild-moderate LV dysfunction

>/= 1.7 cm Severe LV dysfunction

Fig. 37.24 Suggested 
values for E-point septal 
separation (EPSS). 
Reference values for 
EPSS are not well 
validated and are variable 
throughout the literature

Fractional Shortnening  % LV function estimation

>45% Hyperdynamic LV function

30–45% Normal LV function

15–30% Mild-moderate LV dysfunction

<15% Severe LV dysfunction

Fig. 37.25 Suggested 
values for fractional 
shortening (FS)
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parasternal short-axis views [22] (Figs.  37.26, 
37.27, and 37.28).

 RV Function

Emergency Question Does the patient have 
acute right heart strain or failure?

Probe Type Cardiac (phased array) transducer: 
2–5 MhZ

Clinical Scenario RV dysfunction is a complex 
disease and has a wide variety of causes (e.g., 
massive pulmonary embolism, RV infarction, 
acute respiratory distress syndrome, sepsis, 
hypoxia, acidosis). In patients with shock, the RV 

should be routinely evaluated because it is an 
underdiagnosed contributor to shock.

Distinguishing between acute and chronic RV 
dysfunction using echocardiography can be chal-
lenging, but is important in clinical management 
of patients. While the general principles of acute 
and chronic right heart failure are similar (vol-
ume and pressure reduction), clinical manage-
ment depends on the etiology of the RV 
dysfunction.

For instance, acute massive PE might get 
thrombolytics and inotropic support, acute RV 
ischemic might get reperfusion therapy and pos-
sibly mechanical support (e.g., RVAD), and 
ARDS or severe hypoxia-induced RV failure 
may get an inhaled vasodilator such as nitric 
oxide or epoprostenol. In patients with long- 
standing pulmonary hypertension, focus is more 
on pulmonary vasodilators and preload reduc-
tion, depending on the WHO classification of 
pulmonary hypertension.

RV anatomy and function is more complex 
than the LV and is more difficult to visualize with 
echocardiography than the LV. Whereas systolic 
and diastolic function of the LV are quite distinct, 
there are less so in the RV because the RV free 
wall is less muscular and more compliant; thus 
acute volume and pressure overload are intri-
cately related.

Understanding RV physiology is critical to 
echocardiographic assessment of the RV. The RV 

Fig. 37.26 PSL view with FS measurements. FS is 44%, 
suggesting normal LV function

Fig. 37.27 PSS view with FS in same patient. FS is 43%, 
supporting normal LV function

Fig. 37.28 PSS view with FS of 29%, suggesting mild-
moderate LV dysfunction
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does not have circumferential myocardial fibers 
causing symmetric contraction. Instead, the RV 
gains the majority of its systolic function from 
the longitudinal contraction of the RV cavity, 
resulting in a bellows-like action. RV free wall 
contraction and LV contraction contribute a 
smaller portion to RV systolic function [23–25].

Scanning Technique Assessment of RV func-
tion should be a routine part of echocardiogra-
phy. The RV can be assessed in all views, though 
the apical four-chamber and subxiphoid views 
provide the most reliable and useful information. 
Though no measurements or true qualitative 
assessments of the RV are done in the parasternal 
long view, the sonographer may note an abnor-
mally large RV in this view. In severe RV failure, 
LV compression may be noted in the parasternal 
long-axis view.

In the parasternal short-axis view, the RV is at 
the top of the screen and crescent-shaped and 
typically isn’t significantly noticed by the sonog-
rapher. When failed, the RV is enlarged and the 
increased pressure causes intraventricular septal 
flattening towards the LV.  This finding is fre-
quently called the “D-sign” because the LV cav-
ity in cross section has changes from its typical 
circular appearance to a “D-shaped” appearance 
(Fig. 37.29).

On the apical four-chamber view, the RV 
should be no greater than 1/2 to 2/3 the size of 
the LV and should be triangular in shape. In 

failure, the RV free wall dilates outward and the 
RV can appear equal in size or even larger than 
the LV. “McConnell’s sign” is frequently used 
to describe RV dilation and hypokinesis with 
apical sparing. When observed, McConnell’s 
sign suggests acute RV failure and is frequently 
seen with massive pulmonary embolism [26] 
(Figs. 37.30 and 37.31).

Tricuspid annular plane systolic excursion 
(TAPSE) is a reliable quantitative measure of RV 
function. After obtaining an adequate apical 
four- chamber view, the M-mode cursor is placed 
through the lateral tricuspid annulus, and the 
longitudinal movement of the annulus is mea-
sured. Measuring TAPSE does not require visu-
alization of the RV free wall, which is often quite 
challenging.

Fig. 37.29 PSS view with significant septal flattening 
from RV dilation

Fig. 37.30 A4C with severe RV dilation. RV is actually 
larger than the LV

Fig. 37.31 A4C with normal LV/RV size ratio of approx-
imately 0.6:1
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The subxiphoid view also allows for side-by- 
side size assessment of the RV/LV ratio. The RV 
and LV cavities should be in the longest diameter, 
and the TV and MV should be in view to accu-
rately assess the size ratio (Fig. 37.32).

Supporting Literature While a few semiquan-
titative measures of RV function do exist, the 
most well-validated, reproducible, and prog-
nostic is tricuspid annular plane systolic excur-
sion (TAPSE). After obtaining an adequate 
A4C view, the M-mode cursor is placed 
through the lateral tricuspid annulus, and the 
longitudinal movement of the annulus is mea-
sured. Measuring TAPSE does not require 
visualization of the RV free wall, which is 
often quite challenging [27, 28] (Figs.  37.33, 
37.34, and 37.35).

A 2014 multicenter, observation cohort study 
of patients with symptomatic, but without 
hemodynamic, instability showed that patients 
with TAPSE <1.6 cm had greater all-cause mor-
tality at 30 days. A decreased TAPSE was also 
associated with most other markers of RV fail-
ure (i.e., RV end-diastolic diameter, RV/LV end-
diastolic diameter, systolic pulmonary artery 
pressures). TAPSE does have limitations, spe-

cifically in patients with LV systolic dysfunc-
tion, as reduced LV function has been shown to 
affect TAPSE [29].

Other quantitative measures of RV/LV size 
ratio and RV systolic function do exist and are 
accurate, but are more time-consuming and 
complex measurements outside the scope of 
the emergency department intensivist. And, as 
has been shown with many other assessment, 
experienced echocardiographer assessments 
are as reliable and accurate as quantitative 
measures [30–32].

Fig. 37.32 Subxiphoid view with RV dilation and wall 
thickening

TAPSE measurement RV function estimation
>1.6 cm Normal RV function
1.0–1.6 cm Mild-moderate RV dysfunction
<1.0 cm Severe RV dysfunction

Fig. 37.33 TAPSE 
values and RV function

Fig. 37.34 M-mode cursor through lateral tricuspid 
annulus with normal function

Fig. 37.35 TAPSE 1.3 cm, suggesting mild-moderate 
RV dysfunction
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 Pericardial Effusion and Cardiac 
Tamponade

Emergency Question Does the patient have a 
pericardial effusion? If so, is it causing cardiac 
tamponade?

Probe Type Cardiac (phased array) transducer: 
2–5 MhZ

Clinical Scenario Patients can have pericar-
dial effusion for a variety of reasons – trauma, 
post- cardiac surgery, malignancy, uremia, etc. 
The presence of a pericardial effusion can be 
easily assessed by bedside ultrasound by novice 
sonographers. However, the presence of cardiac 
 tamponade is a bit more difficult to assess, and 
the sonographer must use clinical findings to 
make the diagnosis.

The most common symptom of pericardial 
tamponade is dyspnea. Physical exam findings 
may include Beck’s triad of muffled heart tones, 
elevated jugular venous pressure, and hypoten-
sion, but are not required for diagnosis. Pulsus 
paradoxus (a drop in systolic blood pressure 
>10  mmHg during inspiration) is useful when 
present, as are low-voltage QRS complexes or 
electrical alternans on EKG. However, these sub-
tle findings are rarely present and may not be 
identified in the emergent situation [33].

As pericardial fluid accumulates, the 
increased pressure overcomes the filling pres-
sure of the right atrium. Decreased venous return 
and right heart filling may cause arterial hypo-
tension and global hypoperfusion. The pericar-
dial effusion may continue to increase pericardial 
pressure, eventually causing diastolic collapse of 
the right ventricle, which results in hemody-
namic collapse [34].

In patients who have chronic pericardial effu-
sions, the fibrous pericardium can stretch over 
time, allowing for a large volume of fluid to accu-
mulate prior to hemodynamic compromise. 
Pericardial effusions from trauma, cardiac sur-
gery, or even infection may accumulate more 
quickly, causing cardiac tamponade physiology 
from a relatively smaller volume of fluid [34, 35].

Bedside echosonography is the most useful 
tool in diagnosis pericardial tamponade. Early 
findings will include a pericardial effusion and 
diastolic collapse of the right atrium, as it is under 
the lowest pressure. As tamponade progresses, 
early diastolic collapse of the right ventricle 
occurs, followed by late diastolic collapse, which 
is a premorbid condition, requiring immediate 
intervention. Placing M-mode through the right 
ventricular free wall and correlating diastole with 
the EKG lead is most helpful in discerning right 
ventricular diastolic collapse [36–38].

Scanning Technique With the patient in the 
supine or semirecumbent position, the phased 
array transducer should be used to obtain a para-
sternal long view. In this view, pericardial fluid is 
most frequently seen posterior to the left ventri-
cle and atrium. In large effusions, it may be seen 
anterior to the right ventricle, but this is often dif-
ficult to visualize, due to the smaller footprint of 
the phased array transducer. The effusion may 
also be visualized in parasternal short view, but 
provides less diagnostic information (Fig. 37.36).

The subxiphoid and apical four-chamber 
views allow for optimal visualization of the right 
atrium and ventricle  – it is in these views that 
tamponade will be diagnosed. Because the right 
atrium is under the lowest pressure, its collapse 
during diastole is the most sensitive for diagnos-
ing cardiac tamponade [34–36]. Diastolic col-
lapse can be seen on 2D imaging by correlating 

Fig. 37.36 PSL view demonstrating a posterior pericar-
dial effusion
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the image to the EKG and valve opening (recall 
that diastole occurs between the T wave and QRS 
complex on EKG, on echo, and the mitral and 
tricuspid valves will be open, but the aortic valve 
closed). Diastolic collapse of the right ventricular 
free wall may also be diagnosed using M-mode 
imaging. Again, correlation to the EKG tracing is 
crucial in diagnosing tamponade (Figs.  37.37, 
37.38, 37.39, and 37.40)

In patients with large pericardial effusions or 
in those that have a “swinging heart,” it may be 
difficult to assess diastolic collapse because the 
heart may move in and out of view.

Other echocardiographic findings of patients 
with tamponade physiology should include a 

dilated, non-collapsing IVC [38]. This is due to 
the decreased filling of the right atrium and ven-
tricle from increased pericardial pressures. Left 
ventricular diastolic volumes may be decreased 
as well, causing the LV to appear hyperdynamic 
and underfilled [35, 37].

It is important to distinguish between a peri-
cardial effusion and pleural effusion, as the man-
agement strategies are quite different. This is best 
done in the parasternal long view, where a peri-
cardial effusion is visualized behind the left 
atrium, but anterior to the descending aorta. 
Pleural effusions are located posterior to the 
descending aorta (Figs. 37.41 and 37.42).

Fig. 37.37 A4C view demonstrating pericardial effusion. 
The RV/RA is difficult to visualize

Fig. 37.38 Subxiphoid view with a pericardial effusion 
at end diastole. RV is full and does not demonstrate tam-
ponade. Also demonstrates appropriate M-mode cursor 
alignment for tamponade assessment

Fig. 37.39 Subxiphoid view with collapsed RV, demon-
strating evidence of cardiac tamponade

Fig. 37.40 PSL view with pericardial effusion and RV 
collapse. Note the large pericardial clot. Patient was a type 
A aortic dissection with retrograde dissection into the 
pericardium. Patient also has significant left ventricular 
hypertrophy
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Supporting Literature After the diagnosis of 
cardiac tamponade has been established, volume 
resuscitation should be initiated immediately. 
Reversing any hypovolemia is critical, and 
increased right atrial and ventricular filling 
 pressures with volume repletion may temporize 
the tamponade physiology, allowing for drainage 
of the effusion – either by pericardiocentesis or 
pericardiotomy by a surgeon [34, 35].

 IVC Collapsibility 
and Echocardiographic Measures 
of Fluid Responsiveness

Emergent Question(s) Would my patient bene-
fit from a fluid bolus or is their shock “volume 

responsive”? What echocardiographic measures 
predict fluid responsiveness?

Probe Type Cardiac (phased array) or abdomi-
nal (curvilinear) probe: 2–5 MhZ

Clinical Scenario Many patients who are hypo-
tensive or in a shock state will benefit from IV 
fluid administration. However, in those patients 
with volume overload or in those that have 
already received significant fluid resuscitation, 
additional IV fluids may be harmful.

Scanning Technique Recall that the IVC can be 
identified by starting in the subcostal cardiac 
view and rotating the transducer counterclock-
wise until the index marker is oriented towards 
the 12 o’clock position. Now, the IVC can be 
seen in its longitudinal orientation (see section 
“Basic Echocardiography and Views” for further 
details regarding general IVC scanning tech-
niques and identification) (Fig. 37.43).

The IVC size is usually measured 1–2 cm distal 
to the hepatic vein, and collapsibility is visually 
measured (greater than or less than 50%) or actu-
ally measured by using the M-mode during inspi-
ration. If an epigastric approach is difficult due to 
bowel gas, abdominal wounds, or surgical dress-
ing, the IVC can also be viewed from a lateral 
position at the midaxillary line with the index 
marker at the 12 o’clock position, giving a sagit-
tal view, using the liver as an acoustic window 
(Fig. 37.44).

Fig. 37.41 PSL view with pleural effusion. Note that the 
effusion is posterior to the descending thoracic aorta

Fig. 37.42 PSL view with both a pericardial and pleural 
effusion. Again, note the relationships to the aorta

Fig. 37.43 Longitudinal view of the IVC draining into 
the RA
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Assessment of IVC collapsibility can be 
done in a variety of ways, but typically M-mode 
is used in the longitudinal view of the IVC. As 
the diaphragm moves inferiorly during inspira-
tion, the IVC may move in and out of plane and 
can often be mistaken for complete collapsibil-
ity. The walls of the IVC must remain distinct 
throughout respirations to be an adequate 
exam. Also in longitudinal view, the plane may 
also be off-axis and not at its maximal diame-
ter throughout the respiratory cycle [39]. Thus, 
it is recommended that a combination of trans-
verse and longitudinal views and B-mode 
visual assessment and M-mode quantification 
be used to completely assess IVC collapsibility 
(Figs. 37.45, 37.46, and 37.47).

Supporting Literature Risk of organ failure 
and mortality is influenced by systemic perfu-
sion, but positive fluid balance may worsen 
patient outcomes [40, 41]. Evaluation of the 
inferior vena cava size and collapsibility is a 
potential method of noninvasive adjunct to esti-
mate central venous pressure. Bedside ultra-
sound evaluation of the inferior vena cava can 
estimate central venous pressure with accept-
able predictive value and reliability between 
operators [42, 43]. The size and collapsibility of 
the inferior vena cava has been used in the non-
acute settings for estimation of right atrial pres-
sures. IVC diameters less than 2  cm in many 
studies have been shown as a great predictor of 
low CVP. IVC diameters greater than 2 cm are 

Fig. 37.44 IVC in longitudinal view. The M-mode cur-
sor is place 1–2 cm left of the hepatic vein

Fig. 37.45 IVC in M-mode with minimal collapsibility

Fig. 37.46 IVC in M-mode with an IVC-CI of 30%

Fig.37.47 IVC in M-mode with an IVC-CI of 100%
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less predictive and in some studies have found 
that 25% of patients with IVC diameters greater 
than 2 cm have correlations with central venous 
pressure less than 10 mm HG [44–46]. However, 
IVC diameter may correlate well with CVP; 
CVP is unlikely an accurate predictor of volume 
responsiveness [47].

IVC-CI also correlates with CVP [48, 49], 
but more importantly has been shown to pre-
dict volume responsiveness, in both intubated 
and non- intubated patients [50–52]. PEEP and 
spontaneous breathing change intrathoracic 
pressure dynamics and greatly affect venous 
return and preload responsiveness. Assessment 
for preload responsiveness has only been stud-
ied in flow-limited, volume-cycled ventilation 
in patients who aren’t spontaneously breathing 
above the set ventilator rate. Other caveats 
include presumption of normal sinus rhythm, 
normal intra-abdominal pressure, and absence 
of RV dysfunction. So, while IVC-CI is a good 
predictor of volume responsiveness, its gener-
alizability to all critically ill patients is likely 
limited.

IVC-CI is the most heavily studied surrogate 
of volume responsiveness, but other measures 
include subclavian, internal jugular, and femoral 
collapsibility. These have yet to be completely 
validated and their usefulness is currently lim-
ited [53, 54].

Bedside echocardiography can also be used to 
assess stroke volume variation (SVV) by using 
pulsed wave Doppler measurements of flow 
through the aortic valve. Cardiac output (CO) can 
also be assessed through measurements of LVOT 
diameter and velocity time integral (VTI). These 
measurements are somewhat advanced, and sin-
gle values of cardiac output may not be particu-
larly helpful. However, when measured serially 
in response to interventions such as passive leg 
raise (PLR), they are quite accurate in predicting 
volume responsiveness [55]. While technically 
more advanced than IVC-CI, they are accurate 
and clinically useful to the experienced sonogra-
pher [56] (Figs. 37.48, 37.49, and 37.50)

Fig. 37.48 PSL view during systole demonstrating how 
to measure LVOT

Fig. 37.49 A4C with pulsed-wave Doppler through the 
aortic valve demonstrating LVOT-VTI tracing

Fig. 37.50 SVV can be calculated using stroke volume 
assessments on echo
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 Vascular

 Aorta

Emergent Question Is the aorta enlarged?

Probe Type Cardiac (phased array) or abdomi-
nal (curvilinear) probe: 2–5 MhZ

Critical Care Scenario Patients who are hypo-
tensive should be evaluated for aortic aneurysm 
and possible dissection. If an abnormally high 
aorta size is found in a patient who is hypoten-
sive, the clinician should consider aortic dissec-
tion as a possible cause of the hypotension. The 
ability for limited exam to detect aortic dissection 
is not accurate, and the limited exam must be 
used to help provide guidance for further defini-
tive imaging or treatment in case the patient is 
unstable for transfer to radiological suite.

Scanning technique The patient should be in the 
supine position. The probe marker is towards the 
patient’s right side for obtaining transverse views 
of the aorta and towards the patient’s head for the 
longitudinal views. Gentle pressure is applied in 
the epigastric region to push bowel gas out of the 
way (Fig.  37.54). The aorta should be imaged 
from the proximal celiac trunk to the distal bifur-
cation. It’s usually visualized as the circular ves-
sel immediately anterior to the vertebral body 
(Fig.  37.51). Both transverse and longitudinal 
planes should be measured at its maximal diame-
ter from outside wall to outside wall. A measure-
ment should be made near the celiac trunk and 
another measurement distal to the iliac bifurca-

tion. The transverse measurement is preferred due 
to “cylinder” effect and underestimation of aortic 
size in the longitudinal measurements (Fig. 37.52). 
Abdominal aorta size greater than 3 cm and iliac 
arteries size greater than 1.5 cm are an indication 
of abnormal size (Fig. 37.53). Another common 
challenge is ensuring the aorta is imaged and not 
the inferior vena cava. The inferior vena cava has 
both sides bordered by the liver, whereas the aorta 
does not. Other landmarks such as the spinal 
shadow and celiac takeoffs should be used to con-
firm appropriate vessel is evaluated (Fig. 37.54).

a b

Fig. 37.51 (a) Aorta in transverse view. (b) Aorta in longitudinal view

Center of vessel 
= maximal length

Side of vessel 
= not accurate for
maximal length

Fig. 37.52 Cylinder effect showing underestimation of 
size in longitudinal view. (Source: Ma OJ, Mateer JR, 
Reardon RF, Joing SA. Ma and Mateer’s emergency ultra-
sound, Third Edition. www.accessemergencymedicine.
com. Copyright © The McGraw-Hill Companies, Inc)
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Supporting Literature Imaging of the aorta is 
becoming applicable for many situations. A 
class B recommendation was given by the US 
Preventive Services Task Force for one time 
ultrasound screening for abdominal aortic 
aneurysms in men between ages of 65 and 75 
who had ever smoked. This led to the addition 
of screening for abdominal aortic aneurysms 
into Medicare reimbursement [57, 58]. Also 
there have been many studies that have shown 
that emergency physicians are able to obtain 
these views comparable to computed tomogra-
phy scans [59–61].

 Deep Vein Evaluation (Deep Femoral 
Vein, Superficial Femoral Vein, 
Popliteal Vein)

Emergent Question Is the common femoral or 
popliteal vein fully compressible?

Probe Type Vascular probe (linear array, high 
frequency): 7.5–10 MhZ

Critical Care Scenario Patients who are unable 
to be transferred to radiological suites for evalua-
tion of pulmonary embolism may benefit from 
evaluation of lower extremity deep veins. Also in 
patients who are in acute resuscitation, finding a 
deep vein thrombosis may provide the clinician 
with more confidence in making the decision for 
heparin or intra-arrest thrombolytic agents.

Scanning Technique Most patients in the emer-
gent setting will be unable to sit in the best posi-
tion to evaluate the lower extremity veins (with 
legs hanging off the bed). Most patients are 
supine and the visualization of the deep veins of 
the lower extremity can be improved by exter-
nally rotating the leg. The probe marker should 
be directed towards the patient’s right side. If the 
veins are collapsible with pressure, the vein is 
patent and there is no clot present. If the veins do 
not collapse with pressure, there may be a clot 
within the lumen of the vessel preventing 
 collapse. If the artery is seen in relationship to the 
vein (which is preferred), the amount of pressure 
applied should be even and just enough show 
some small deformity in the artery visualized. 
The strength and direction of compression is 
important since if not done strong enough, one 
might think there is a thrombus when there is not, 
and if done too aggressively one might miss early 
thrombi formation that is not clearly seen in the 
lumen of the vessel. Also, the pressure should be 
applied evenly and perpendicular to the skin, if 
pressure applied at angle, the vessel may appear 
not to collapse. The most common examinations 
are the “two-point” and the “three-point” studies, 
where two-point examination studies the com-
mon femoral vein and the popliteal vein and the 
three-point examination adds the superficial fem-
oral vein. The two-point examination has been 
well validated in the outpatient population [62–
64]. The three-point examination is recom-
mended as there have been studies that show 
higher incidence of clots isolated to the superfi-
cial femoral vein in asymptomatic patients [65, 
66]. In a study by Kory et  al., they found their 

Fig. 37.54 Probe location-transverse view

Fig. 37.53 Aortic aneurysm
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sensitivity would have decreased from 88% to 
82% if the superficial femoral vein was not 
included; and as a result they recommend a three- 
point protocol [67]. The common femoral vein 
should compress fully and done at the greater 
saphenous takeoff (Fig.  37.55). Then you can 
move just a bit distal to image the deep/superfi-
cial femoral vein junction. The last location to 
evaluate is the popliteal vein behind the knee. In 
the supine patient, the operator can lift the leg 
and place the probe behind the knee. One must 
not mistake the lymph node for a clotted femoral 
vein and can be best prevented by scanning prox-
imal and distal or turning your probe to the longi-
tudinal axis, as a lymph node will not continue in 
either direction more than a few centimeters and 
appears as a circular structure in longitudinal 
views (Fig. 37.56).

Supporting Literature Venous thromboembo-
lism has been shown to lead to significant mor-
bidity and mortality when undiagnosed in the 
emergently ill patient [68–70]. It has also been 
shown that clinicians with focused training in 
ultrasound can perform accurate proximal 
lower extremity deep vein studies, with a study 
from Blaivas et  al. showing that emergency 
medicine physicians with 5  hours of training 
achieved a 98% agreement with formal ultra-
sound [71–73]. Most studies done on this topic 
had examinations that were limited to the prox-
imal veins secondary to the undefined clinical 
relevance of calf vein thrombosis in the inten-
sive care units, the much lower sensitivity of 
ultrasound to diagnose calf deep vein thrombo-
sis, and the increased time this would require 
[63, 74].

a

c

b

Fig. 37.55 Common femoral at greater saphenous (a), superficial femoral (b), popliteal (c)
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 Lung

General Information Many specialties are now 
incorporating lung ultrasound into specific sce-
narios faced by each one in routine basis. Several 
new studies over the past 10 years with growing 
terminologies with differences in evaluation, 
approach, nomenclature, and techniques of eval-
uation have led to international evidence-based 
recommendations for point of care lung ultra-
sound [75]. Many times transportation of emer-
gently ill patients is impossible and the ability to 
evaluate the lung at bedside can be very helpful 
in decision-making for the treatment plan. Each 
of the individual applications below will be dis-
cussed and then combined to form the basis of 
evaluation of patients in shock from hypoxia or 
respiratory failure. The “BLUE” protocol and 
“ICU-sound” protocol both found that diagnostic 
accuracy of lung ultrasound to differentiate dys-
pneic patients is increased greatly [76, 77].

 Pneumothorax

Emergent Question(s) Is a lung point present? Do 
I have absence of lung sliding? Do I have absence 
of B lines? Do I have absence of a lung pulse?

Probe Type Vascular (linear array) probe: 5–10 
MhZ preferred for evaluation of pleural interface, 
but can use curvilinear (2–5 MhZ) probe in resus-
citation/trauma-type situations where other lung 
abnormalities are being evaluated. The high- 
frequency linear array probe can be better when 
analyzing lung sliding or teaching a novice.

Clinical Scenario The patient who cannot be 
easily transported to radiological suite or arrest 
patient who has ongoing resuscitation efforts so 
that portable imaging cannot be performed. Also, 
acute trauma situations where patient is decom-
pensating and concern for pneumothorax as a 
potential cause.

Scanning Technique The patient usually is in 
the supine position, so most of the studies per-
formed have evaluated for pneumothorax in the 
supine position. The sonographer’s hand must 
remain stabilized to prevent artifact, which may 
make it more difficult to evaluate the sonographic 
signs of pneumothorax. The probe marker is 
placed towards the patient’s head. The probe is 
first placed on the sternum in which the operator 
will see an ultrasound image with large shadow-
ing artifact from the sternum. First move laterally 
towards the right chest and identify the pleural 

a b

Fig. 37.56 Lymph node (a) and deep vein thrombosis (b) in comparison
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line between two rib interfaces (Fig.  37.57). 
Evaluation consists of identifying “lung sliding” 
which is the side to side movement of the pleural 
line with breathing. Lung sliding is the regular 
rhythmic movements synchronized with respira-
tion that occur between the parietal and visceral 
pleura that are in direct contact (without air 
between them). Once air is between the two 
 layers, the movement seen is absent. If you see 
lung sliding, there is no pneumothorax in that 
part of the chest wall examined. The exam can 
continue laterally towards the mid axillary line. 
The same is repeated on the left side (may need to 
go more towards the head due to the cardiac 
chambers obscuring the lung views). The evalua-
tion for pneumothorax entails the search for a 
lung point, which is the point where the visceral 
pleura and parietal pleura are against each other 
without air interposition and slides with respira-
tion and corresponds to the lateral edge of the 
pneumothorax [78]. This can be seen between 
two ribs as part of the interface with sliding pres-
ent (representing the parietal and visceral pleural 
without air between them) and the other part 
without sliding present (representing air between 
the parietal and visceral pleura). The more lateral 
on the chest wall this lung point manifests, the 
larger the pneumothorax in supine patients. This 

may be useful since size of the lung collapse usu-
ally determines treatment and establishes the 
prognosis for the pneumothorax [79, 80].

Other sonographic signs of pneumothorax 
besides absence of lung sliding described above 
include absence of B lines and absence of lung 
pulse. B lines are artifacts found that originate 
from the visceral pleura (B lines discussed fur-
ther in section “Pulmonary Edema or Interstitial 
Syndrome”), and their presence proves that the 
visceral pleura is opposing the parietal and there-
fore excludes pneumothorax at that point in the 
chest wall (Fig. 37.58). B lines can be present in 
other processes such as pneumonia, pulmonary 
contusion, pulmonary fibrosis, or aspiration. 
Last, if a lung pulse is found, there is no pneumo-
thorax. The lung pulse refers to the rhythmic 
movements of the visceral upon the parietal due 
to the cardiac oscillations [81]. One must be care-
ful not to use only lung sliding as a determinant 
of pneumothorax, as this sign is also found in 
apneic patients, “mainstem intubations” where 
one lung is ventilated, acute lung injury (ALI), 
lung fibrosis, pneumonia, blebs, and various 
other lung disease processes. In the emergent set-
ting, the absence of any movement of the pleural 
line, either horizontal (lung sliding) or vertical 

a b

Fig. 37.57 (a) Rib shadows with pleural line (linear array probe); (b) rib shadows with pleural line and A lines (phased 
array probe)
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(lung pulse), coupled with absence of B lines 
allows for diagnosis of pneumothorax without 
searching for the lung point [82].

Supporting Literature Supine chest radiography 
is not sensitive for diagnosis of pneumothorax 
[83, 84]. Lung ultrasound is more accurate than 
chest radiography in ruling out pneumothorax and 
can benefit evaluation in cardiac arrest or unstable 
patients [85–87]. According to the international 
recommendations, lung ultrasound more accu-
rately rules out the diagnosis of pneumothorax 
than supine anterior chest radiography. Although 
mentioned that the lung point can be used to 
determine size of pneumothorax, the international 
point of care recommendations also state that due 
to controversy over the pathophysiology of expan-
sion of pneumothorax, and lack of evidence in 
human studies, ultrasound is not a reliable method 
to assess the volume of pneumothorax as com-
pared to computed tomography and concluded the 
need for additional evidence [88]. Also the treat-
ment may depend on many other clinical factors 
that are out of the scope of this text.

 Pleural Effusion

Emergent Question Do I have a moderate or 
large pleural effusion that the patient might 
benefit from acute drainage, either improving 
oxygenation, alleviating dyspnea, or improving 
ventilation?

Probe Type Cardiac (phased array) or abdomi-
nal (curvilinear) probe: 2–5 MhZ

Clinical Scenario Patients who have acute 
respiratory failure, hypoxia, or increased work of 
breathing on the ventilator may benefit from 
evacuation of pleural fluid. Patients in the acute 
trauma bay also can benefit from this by using as 
part of the extended FAST exam to identify 
hemothorax.

Scanning Technique Small effusions may be 
better visualized with patient sitting in the upright 
position, but of interest to us in the emergent set-
ting are the moderate to large effusions. Most of 
these patients will be limited to the supine posi-
tion. The probe marker is positioned towards the 
patient’s right and placed in the midaxillary line. 
The diaphragm is a very important structure to 
identify and so the exam is best to start with iden-
tification of the renal and liver interface, since 
this is an easily identifiable structure in most 
patients. Once this location is identified, the 
probe is moved towards the patient’s head along 
the midaxillary line and the liver/diaphragm 
interface should be noted and recorded. This is 
very important in that many patients with pleural 
effusions may also have ascites. The diaphragm 
must be visualized in relationship in order to cor-
rectly identify pleural fluid (Fig. 37.59). Once the 
area visualized is confirmed to be above the dia-
phragm, the probe can be angled slightly towards 

Fig. 37.58 B lines

Fig. 37.59 Diaphragm with ascites and pleural fluid
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the bed to better visualize the whole lung field. 
An anechoic space between the parietal and vis-
ceral pleura and respiratory movement of the 
lung within the effusion (sinusoid sign) is present 
in almost all free effusions (Fig. 37.60). This sign 
is a dynamic sign showing variation of interpleu-
ral distance during respiration. This can be visu-
alized in M-mode as a sine wave when the 
M-mode line is positioned over the visceral 
pleura through the effusion [89, 90]. If the lung is 
not freely moving, the lung is sometimes referred 
to as “trapped.” This might be an indicator that 
removal of fluid may “un-trap” the lung so that 
oxygenation can be improved. An effusion with 
internal echoes (mobile particles or septa) sug-
gests an exudate or hemorrhage. While most tran-
sudates are anechoic, some exudates can also be 
anechoic and therefore thoracentesis may be 
needed to further classify [91, 92]. This tech-
nique can be done on the side of interest to the 
clinician or in part of an acute respiratory failure 
algorithm done on both sides.

Supporting Literature In the evaluation of pleu-
ral effusion, ultrasound is more accurate than 
supine radiography and is as accurate as com-
puted tomography. Also, in opacifications seen on 
chest radiography, lung ultrasound should be used 
to distinguish between effusions and consolida-
tions [93]. Balik et al. have shown that you can 
estimate the drainage that can be done with a for-

mula, although it is not used frequently due to 
underestimation of volume [94, 95]. Also if one is 
attempting to reduce the work of breathing and 
increase respiratory muscle efficiency, the consid-
eration of removal of pleural fluid should be made 
even though there have not been validated criteria 
for decision-making process [96]. Many times the 
decision to drain can be made on clinical param-
eters such as reduced chest wall compliance, dif-
ficulty weaning, refractory hypotension or when 
ultrasound suggests, and infectious effusion 
(homogenous echogenicity, septation, fibrin 
strands, nodular pleural changes) [97].

 Pneumonia or Lung Consolidation

Emergent Question Do I see a lung consolida-
tion with air bronchograms?

Probe Type Cardiac (phased array) or abdomi-
nal (curvilinear) probe: 2–5 MhZ

Clinical Scenario Patients who are in respira-
tory failure with unknown etiology and unstable 
for transfer to radiological suite might benefit 
from evaluation of the lung fields for large con-
solidations that might be the etiology. This exam-
ination can also be helpful in differentiating 
consolidation from pleural effusions in the 
acutely hypoxic patient.

a b

Fig. 37.60 (a) Moderate to large effusion, with split screen showing sine wave “sinusoid” sign; (b) moderate to large 
effusion with no sinusoid sign

D. Haase and R. Patel



661

Scanning Technique The acutely ill patient is 
usually in the supine position. The probe marker 
is towards the patient’s head and the operator 
should start the exam with the probe on the ster-
num. The image obtained will be a shadow arti-
fact from bony sternum. First move towards the 
right anterior chest and then move laterally 
towards the posterior thorax. Multiple areas can 
be studied and the various types of pneumonias 
produce abnormalities at many locations on the 
chest wall (Fig. 37.61). The sonographic sign we 
are looking for is a subpleural echo-poor region 
or one with a tissue-like echo texture (“tissue-like 
sign”) (Fig. 37.62). Also, one of the most impor-
tant criteria is a positive air bronchogram within 
the tissue-like sign and has been shown to be 
found in 70–97% of cases [98–100] (Fig. 37.63a). 
Atelectasis has to be differentiated from pneumo-
nia. Atelectasis is normal due to large pleural 
effusion and moves within an effusion; it is mod-
erately echoic and sharply demarcated. Air bron-
chograms indicating pneumonia can sometimes 

be seen as moving to and fro with respirations or 
ventilator breaths and are referred to as “dynamic” 
air bronchograms and mean bronchial patency 
and rule out obstructive atelectasis [101]. 
Pneumonia appears as a hypoechogenic area with 
poorly defined borders and presence of B lines 
with lung sliding reduced or absent. Multiple len-
ticular echoes, representing air trapped in the 
smaller airways, are also frequently observed 
(Fig. 37.63b).

Supporting Literature Lung ultrasound should 
be considered an accurate tool in ruling in lung 
consolidations when compared to chest radiogra-
phy. In mechanically ventilated patients, lung 
ultrasound should be considered because it is 
more accurate than chest radiography in differen-
tial diagnosis of consolidation which includes 

Fig. 37.61 Chest zones for evaluation of pneumonia Fig. 37.62 Tissue-like sign

a b

Fig. 37.63 (a) Air bronchogram; (b) lenticular echoes with abscess
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pneumonia, atelectasis, or pulmonary embolism 
[102]. In many recent studies it has been shown 
that lung ultrasound can be highly effective in 
evaluating pulmonary conditions such as pneu-
monia [103, 104]. High diagnostic accuracy was 
found in multiple studies where CT scan alone 
was the gold standard [105–107]. Bedetti et  al. 
have shown that clinicians are able to detect pres-
ence of pulmonary interstitial syndrome after 
fewer than 10 examinations and total training 
time of 30 minutes [108] (Fig. 37.64).

 Pulmonary Edema or Interstitial 
Syndrome

Emergent Question(s) Is my patient in a fluid 
overload state? Are B lines with lung sliding 
present?

Probe Type Cardiac (phased array) or abdomi-
nal (curvilinear) probe: 2–5 MhZ

Clinical Scenario In patients who present with 
severe dyspnea or acute respiratory failure  requiring 
noninvasive ventilation or endotracheal intubation, 
evaluation for pulmonary edema can be performed. 
States such as hypertensive emergency, cardio-
genic shock, or neurogenic pulmonary vasodilation 
can all cause similar lung patterns.

Scanning Technique The acutely ill patient is 
usually in the supine position. The probe marker is 
towards the patient’s head and the operator should 

start the exam with the probe on the sternum. The 
image obtained will be a shadow artifact from 
bony sternum. First move towards the right ante-
rior chest and then move laterally towards the pos-
terior thorax. Multiple areas can be studied and the 
various types of pneumonias produce abnormali-
ties at many locations on the chest wall (Fig. 37.65). 
A more rapid two-region scan may be sufficient in 
some cases (anterior chest in the supine patient). B 
lines are vertical hyperechoic reverberation arti-
facts that arise from the pleural line and extend to 
the bottom of the ultrasound screen without fad-
ing. These lines can either be associated with lung 
sliding or not associated with lung sliding. The 
anatomic and physical basis of B lines is not clear 
at this time and could be related to alveolar wall 
thickening. Multiples of these lines are the sono-
graphic sign of lung interstitial syndrome. A posi-
tive region is defined by the presence of more than 
3 B lines in a longitudinal plane between the ribs 
(Fig. 37.66). Focal B lines can be present in nor-
mal lung. In cardiogenic pulmonary edema, these 
B lines are associated with lung sliding, with 
homogenous distribution in anterior bilateral chest 
exam, and “spared” areas are not observed, and the 
pleural line is rarely involved [109]. Pulmonary 
edema produces a transudate in this scenario, 
which is not supposed to generate inflammatory 
adherences (a factor that may affect lung sliding). 
In contrast, the findings in diffuse parenchymal 
lung disease include: pleural line abnormalities 
(irregular, fragmented pleural line), subpleural 
abnormalities (small echo-poor areas), and nonho-
mogenous distribution of B lines. In acute respira-
tory distress syndrome (ARDS), anterior 
subpleural consolidations, absence of lung sliding, 
“spared” areas of normal parenchyma, pleural line 
abnormalities (irregular fragmented pleural line), 

Fig. 37.64 Shredded lung sign

Fig. 37.65 Areas of chest to examine
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and nonhomogenous distribution of B lines can be 
found [110]. Evaluation of B lines allows monitor-
ing of response to therapy in cardiogenic pulmo-
nary edema.

Supporting Literature Chest radiography can 
be used to diagnose pulmonary edema, but over-
all accuracy may be as low as 69% and findings 
of pulmonary edema can lag behind clinical 
changes [111, 112]. Many studies have now 
shown that lung ultrasound can be used to distin-
guish between cardiogenic and non-cardiogenic 
causes of dyspnea [113, 114]. Also B lines have 
been shown to correlate with more recognized 
methods of identifying pulmonary edema. Chest 
radiography [115], computed tomography [116], 
pulmonary capillary wedge pressure, quantitative 
measurements of extravascular lung water, and 
natriuretic peptide levels have all been correlated 
to B lines using lung ultrasound [117, 118]. The 
presence of B lines has also been shown to be 
dynamic, disappearing in patients undergoing 
hemodialysis [119].

 Abdomen

 Extended Focused Assessment 
with Sonography in Trauma (EFAST)

Background The focused assessment with 
sonography for trauma (FAST) was first described 
in Europe in the 1980s, with the first US studies 
in the 1990s, resulting in the subsequent replace-

ment of diagnostic peritoneal lavage at most cen-
ters by the turn of the century [120–122].

The concept of ultrasonographic assessment 
of hemothorax was introduced in the late 1990s 
[123]. The extended FAST (EFAST) which first 
included ultrasonographic assessment of the 
pneumothorax was introduced in the 2000s [124–
126]. The FAST is now the standard of care, 
endorsed by the American College of Surgeons in 
its Advanced Trauma Life Support (ATLS) 
course and by the American College of 
Emergency Physicians [127, 128].

Probe Type Abdominal (curvilinear) transducer 
(2–5 MhZ) is suggested for the abdominal por-
tion of the EFAST and for assessment of hemo-
thorax. It can also be used for xiphoid cardiac 
view, but we recommend switching to the cardiac 
(phased array) transducer (2–5 MhZ) if obtaining 
an adequate view is difficult. Finally, the vascular 
(linear array) transducer (5–10 MhZ) is best for 
evaluation of lung sliding, but this can also be 
done with the curvilinear transducer. The entire 
EFAST can be performed with the curvilinear 
transducer, but the sonographer should switch to 
the ideal transducer if time permits or if views are 
inadequate or indeterminate.

Scanning Technique The traditional FAST exam 
assesses four different areas – hepatorenal space, 
splenorenal space, pelvis, and pericardium. The 
extended FAST (EFAST) includes assessment of 
the thorax for pneumothorax and hemothorax.

Fig. 37.66 B lines
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Hepatorenal Space Morrison’s pouch RUQ – In 
blunt trauma, most sonographers start their FAST 
assessment in the RUQ, as Morrison’s pouch is 
the most sensitive location for the presence of 
peritoneal free fluid [120, 121]. Placing the 
patient in Trendelenburg position may help to 
increase that sensitivity even more [129].

With the index marker towards the patient’s 
head, the sonographer should use the liver as an 
acoustic window, assessing the hepatorenal 
space. If positive, anechoic fluid will appear 
between the liver and kidney, frequently accumu-
lating near the caudal tip of the liver. The sonog-
rapher should visualize the entire interface 
between the two organs, as small amounts of free 
fluid may not be visible in a single view 
(Figs. 37.67, 37.68, and 37.69).

Continuing to use the liver as a window, the 
transducer should now be directed upwards 
towards the right hemidiaphragm. The dia-
phragm appears as a thick, hyperechoic line at 
the top border of the liver on the left of the 
screen. When present, anechoic blood will 
denote a hemothorax on the other side of the dia-
phragm (see section “Pleural Effusion” for fur-
ther details regarding scanning technique).

Splenorenal Space or LUQ With the index 
marker pointed towards the patient’s head, the 
spleen should be used as an acoustic window to 
assess the splenorenal space. In comparison to 

the RUQ, the ideal acoustic window for the 
LUQ is typically somewhat higher and more 
posterior. Again, the entire interface between 
the spleen and kidney should be visualized. It is 
common that free fluid accumulates above the 
spleen, just below the diaphragm due to the liga-
mentous anatomy, so one must be sure to 
observe the interface between the left hemidia-
phragm and spleen. The left hemothorax should 
also be assessed in this view, looking for hemo-
thorax above the diaphragm (Figs. 37.70, 37.71, 
and 37.72).

Pelvis or Pouch of Douglass The pelvis should 
be assessed using a transverse view of the uri-
nary bladder by placing the transducer just 
above the pubic symphysis with the index 

Fig. 37.68 RUQ FAST with a moderate amount of free 
fluid

Fig. 37.69 RUQ FAST with a small amount of free fluid 
at the caudal tip of the liver

Fig. 37.67 Normal RUQ FAST.  Note the hyperechoic 
fascial line between the liver and kidney
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marker pointed towards the patient’s right and 
aiming inferiorly. Rotating the transducer 90° 
clockwise will obtain longitudinal views of pel-
vis. A full urinary bladder is useful as an acous-

tic window and may help to distinguish pelvic 
structures. In males, free fluid will appear poste-
rior to the bladder, and in females, fluid will ini-
tially accumulate posterior to the uterus in the 
cul-de-sac, and as large amounts accumulate, 
fluid may be seen anterior to the uterus 
(Figs. 37.73, 37.74, and 37.75).

Pericardium On the FAST, pericardial fluid is 
typically assessed from the subxiphoid approach. 
The sonographer may have difficulty in obese 
patients or those with abdominal distension. 
Switching to a phased array (or cardiac) trans-
ducer may be helpful. Parasternal views should be 
attempted if subxiphoid views are inadequate or 
indeterminate (see section “Pericardial Effusion 

Fig. 37.70 Normal LUQ FAST

Fig. 37.71 Positive LUQ FAST with fluid above the 
spleen

Fig. 37.72 LUQ FAST demonstrating hemothorax

Fig. 37.74 Negative longitudinal view of the pelvis. The 
pubic symphysis is on the right of the image causing 
shadowing

Fig. 37.73 Negative transverse view of the pelvis
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and Cardiac Tamponade” on pericardial effusion 
for further details regarding scanning technique) 
(Figs. 37.76 and 37.77).

Thorax Each hemothorax should be assessed 
for pneumothorax with both B-mode and 
M-mode. Since most patients will be supine, air 
typically accumulates in the anterior chest, 
making assessment of the lung via an anterior 
approach more sensitive. A complete thoracic 
exam would include multiple assessments on 
each side [130], though most trauma studies 
look at two sites on each hemithorax [125] (see 
section “Pneumothorax” on assessment of pneu-
mothorax for further details regarding scanning 
technique) (Figs. 37.78 and 37.79).

In cases of penetrating chest trauma, many 
sonographers will assess the pericardium first, 
though there are no regulations dictating the 
order of the EFAST.

Fig. 37.76 Negative pericardial FAST

Fig. 37.77 Positive pericardial FAST

Fig. 37.78 Normal M-mode for pneumothorax
Fig. 37.75 Positive transverse view in a female. Free 
fluid initially accumulates posterior to the uterus

Fig. 37.79 EFAST of the thorax demonstrating pneumo-
thorax on M-mode
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Supporting Literature

FAST
Bedside ultrasound is inferior to CT for the detec-
tion of any peritoneal free fluid or parenchymal 
injury of abdominal solid organs. However, 
recent studies suggest that sensitivity of the FAST 
in blunt trauma was 85% with specificity of 98%, 
giving an overall accuracy of 95% [131]. This 
study did not control for blood pressure. In hypo-
tensive patients, the FAST may be 100% sensi-
tive [121], making it a crucial test in bedside 
decision-making during trauma. Patients with a 
positive abdominal FAST and hypotension 
should undergo exploratory laparotomy [121, 
132–134].

Ultrasound is unable to distinguish between 
different types of intra-abdominal fluid. CT scan 
may be able to distinguish simple fluid (i.e., asci-
tes or urine) from blood using Hounsfield units, 
but all fluid appears anechoic on ultrasound. If 
clinical suspicion warrants, DPL or diagnostic 
peritoneal aspiration (DPA) will discern between 
different types of fluid.

The FAST is not a replacement for CT scan in 
patients with stable hemodynamics, because it is 
not effective at assessing retroperitoneal injuries 
or bleeding [135, 136], which may lead to a nega-
tive FAST in pelvic fractures. And similarly to 
CT scan, the FAST is unreliable in detecting hol-
low viscous injury without significant bleeding.

In penetrating chest trauma, the FAST exam 
is quite useful in helping surgeons with opera-
tive planning, and a positive pericardial FAST 
greatly predicts the need for the operating room 
[121, 137, 138]. In abdominal trauma, most 
patients with positive FAST should get explor-
atory laparotomy.

The role of the FAST has been criticizing in 
hemodynamically stable blunt trauma patients 
[139]. Again, a positive FAST greatly predicts 
the need for operative intervention [134], and 
in appropriate patients, observation may be 
able to replace CT scan as a second FAST 
improves accuracy from 92% to almost 97%. 
In this study, there was no significant hemo-
peritoneum in patients with negative FAST at 
4 hours [140].

EFAST
Ultrasound sensitivity has been reported from 
approximately 50% [125] to as high as 98% [141, 
142]. One must also consider the time spent on 
the thoracic portion of the EFAST (including the 
number of rib spaces assessed), the size of the 
pneumothorax, and whether or not the patient got 
a chest tube for the pneumothorax when consid-
ering the sensitivity of any given study. A recent 
meta-analysis suggests that ultrasound is 91% 
sensitive and 98% specific compared to supine 
AP chest x-ray, which was 50% sensitive and 
99% specific [143].

Ultrasound for hemothorax may not be sig-
nificantly better at detecting hemothorax than AP 
CXR [126, 144], but it is probably as sensitive, 
and may be quicker at identifying large hemotho-
races in hemodynamically unstable patients.

 Resuscitation Protocols

 Hypoxia

Acute respiratory failure is encountered very 
frequently for any healthcare provider taking 
care of critically ill patients. The differential 
diagnosis of respiratory failure is broad, and one 
can use ultrasound to help rationalize diagnoses 
and treatment plans for patients. Lung ultra-
sound is becoming a valuable tool in critical 
care to help accurate bedside detection of tho-
racic disorders [145, 146]. We also know physi-
cal exam and chest radiography have limitations, 
resulting in need for more comprehensive exams 
that might delay diagnosis and treatment plans 
[147, 148]. Along with studies that show high 
interobserver agreement and equivalency to 
computed tomography in detecting most disor-
ders, using lung ultrasound has been shown to 
save time and decrease the need for computed 
tomography [149–151].

In a study by Lichtenstein, an algorithm 
approach to evaluate the patient with respiratory 
failure (“BLUE” protocol), lung ultrasound 
found a correct diagnosis in 90.5% of cases. 
Using the previous signs discussed in this chap-
ter, the clinician can use this algorithmic 
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approach to evaluate and help with diagnosis and 
treatment plans (Fig. 37.80). In this study it was 
useful to assign profiles to the different signs 
evaluated [152]:

• A profile  =  anterior predominant bilateral A 
lines associated with lung sliding (with possi-
ble focal B lines)

• A’ profile = A profile with absent lung sliding
• B profile  =  anterior predominant bilateral B 

lines associated with lung sliding (with possi-
ble focalized A lines)

• B′ profile = B profile without lung sliding
• A/B profile = anterior predominant B lines on 

one side and predominant A lines on the other 
side

• C profile = anterior alveolar consolidations
• PLAPS profile = pleural effusion or consoli-

dation in posterior exam

Pulmonary edema (cardiogenic): The B pro-
file is seen. The transudate is pushed against 
gravity up to the anterior wall, with symmetrical 
patterns.

Chronic obstructive lung disease, asthma: The 
A profile is seen. These are bronchial disease and 
should give us a normal lung surface.

Pulmonary embolism: The A profile with 
lower extremity venous thrombosis is seen. 
This should not show us an interstitial change, 
and a normal anterior lung surface with addi-
tion of lower extremity ultrasound might help 
diagnose.

Pneumothorax: The A’ profile is seen. Lung 
sliding is absent. No B lines, no lung pulse. A 
lung point should be searched for and if found 
can be sure pneumothorax is present (also can be 
mistaken with blebs).

Pneumonia: A/B profile, B′ profile, and C pro-
file are the main ones seen. Due to many different 
types of pneumonias, the signs seen on lung 
ultrasound are various. The loss of lung sliding is 
due to inflammatory adherences due to exudate. 
They usually present with asymmetric patterns.

Pleural effusion: PLAPS point is seen with 
anechoic space in the midaxillary or posterior 
thorax regions.

 Hypotension

The FAST has been used in trauma for decades, 
primarily focused at the trauma patient in 
shock [153].

Lung sliding

present any

B profile

PULMONARY
EDEMA

Venous analysis

Stage 3

PLAPS no PLAPS

PNEUMONIA

PULMONARY
EMBOLISM

PNEUMONIA COPED or
ASTHMA

PNEUMONIA

A profile A/B or
C profile

B’ profile A lines

plus
lung point

Thrombosed vein Free veins

PNEUMOTHORAX
Need for other
diagnosis
modalities

This decision tree does not
aim at providing the diagnosis.
it indicates a way for reaching
a 90.5% accuracy when using
lung ultrasound

without
lung point

abolished

The
BLUE

protocol

Fig. 37.80 Algorithm for BLUE protocol
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However, only recently have ultrasound 
shock protocols been developed to assess medi-
cal causes of shock [154–170]. These are inher-
ently more complex because of the many causes 
of medical shock. Many different ultrasound 
protocols for diagnosis and management of 
medical causes of shock currently exist, with 
some being more thorough than others. One of 
the more complete shock protocols is the rapid 
ultrasound in shock and hypotension (RUSH) 
exam [166, 167]. Regardless of the specific pro-
tocol, they all essentially combine a bedside 
ultrasound exam with a clinical picture to help 
better diagnose a cause of shock in real time. 
When choosing a shock protocol or developing 
one’s own technique, the ultrasound exam 
should address all the causes of shock – obstruc-
tive, cardiogenic, hypovolemic/hemorrhagic, 
and septic/distributive [154].

RUSH: Rapid Ultrasound in Shock and 
Hypotension (Pump/Tank/Pipes) [166, 167]
• PUMP – What is the cardiac function?

 – Cardiac tamponade
 – LV hypokinesis
 – RV dilation, hypokinesis

• TANK – What is the fluid status and preload 
of the heart? Is the tank obstructed?
 – IVC and IJ collapsibility and fullness
 – Pneumothorax

• PIPES  – Are the pipes leaking or bleeding? 
Are the pipes obstructed?
 – Hemothorax and abdominal FAST
 – AAA or aortic dissection
 – Lower extremity DVT

Shock protocols can always be abbreviated 
and adjusted based on clinical suspicions [154], 
but frequently patients have multiple factors con-
tributing to their shock or hypotension. Spending 
the extra few moments performing a complete 
exam may help identify the septic patient with 
myocardial dysfunction that might benefit from 
the inotrope, or it may identify the postoperative 
patient with sepsis and acute RV failure from his 
pulmonary embolism.

In patients with cardiac arrest, PEA or asys-
tolic arrest specifically, utilizing ultrasound in 

patients with cardiac arrest may be helpful by 
adding a few other pieces of information [170, 
171]. Bedside ultrasound is also reliable for 
endotracheal tube placement during cardiac 
arrest [172]. Otherwise, a focused ultrasound 
shock exam should be performed in addition to 
clinical exam to rule out intervenable causes of 
cardiac arrest.

 Critical Care Procedures: 
Ultrasound Guidance

 Vascular Access

Over 5 million central venous catheters are 
placed in the United States in the internal jugular, 
subclavian, and femoral veins [173]. Ultrasound 
guidance for vascular access (venous and arte-
rial) has been a landmark change in management 
of the critically ill patient over the last 10 years. 
Quality of care and reduction of complications 
has encouraged many organizations to publish 
documents making it standard of care to use 
ultrasound guidance in these procedures. Most of 
the evidence is for internal jugular vein for access 
[174]. Discussed below are general scanning 
techniques for the cannulation of vessel (arterial 
and venous) and afterwards with specific vessels 
that have growing literature supporting their use 
(subclavian vein, arterial access, peripheral vein, 
femoral vein).

 Central Venous: Internal Jugular, 
Femoral, Subclavian
Probe Type Vascular (linear array) high fre-
quency: 5–10 MhZ

Scanning Techniques The ultrasound should be 
used to identify the location of the vessel prior to 
the procedure and utilize external landmarks dur-
ing the procedure itself (static technique) or use 
the ultrasound to visualize cannulation during the 
procedure (dynamic technique). The dynamic 
technique is the preferred technique. The vein 
and artery couple should be seen and clarification 
of a vein by its collapsibility should be obtained 
to confirm appropriate vascular structure and to 
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confirm patency. Multiple points should be evalu-
ated to make sure patency is not compromised 
more proximal to the entry site so that difficulty 
with wire placement will not occur due to clot. 
Once collapsible and appropriate structure for 
cannulation has been identified, follow sterile 
procedure precautions and place sterile ultra-
sound probe cover before proceeding with can-
nulation. The static view has the advantage in 
that the ultrasound transducer is not needed dur-
ing the sterile portion of the procedure, but it 
does not allow for direct visual confirmation of 
the cannulation during the procedure. The 
dynamic technique allows for direct visualization 
throughout the procedure, but requires more 
experience in the technique and requires use of 
the transducer during the sterile portion of the 
procedure. The dynamic technique can be used in 
either the long axis or the short axis (Fig. 37.81). 
The short axis is easier for novice operators due 
to increased ability to see the artery and vein but 
has higher risk of posterior perforation if the nee-
dle tip is not visualized well. Once the short axis 
is used to find the vein, turning the probe 90° 
clockwise allows the operator to see the vein in 
long axis. In patients with short necks, it may be 
difficult to obtain the long-axis view and needle 
insertion in the limited space. The long-axis view 
allows for full visualization of the needle through-
out the procedure and allows for better visualiza-
tion and adjustment of needle depth. It is more 
technically difficult and key point is once a good 
section of the vein is obtained, the ultrasound 
probe should not be moved to find the hyper-
echoic needle; the needle trajectory should be 

adjusted into the ultrasound view. Make sure to 
visualize the vessel with the ultrasound such that 
you can see the greatest diameter of the vessel 
along the entire length of the ultrasound probe. 
Keep the ultrasound steady during the procedure 
and insert the needle at an angle at the lateral 
edge of the ultrasound probe. Using this tech-
nique, the clinician can visualize the entire length 
of the needle. Once the vein is cannulated, and 
wire introduced, the ultrasound can be used again 
to confirm wire placement into the vessel (prefer-
ence is long axis). Using ultrasound to confirm 
guidewire placement can add an additional safety 
measure [175].

Supporting Literature The use of ultrasound to 
guide central venous access has been shown to 
reduce the failure rate, the risk of complications, 
and the number of attempts, as compared with 
the landmark technique, especially in the less 
experienced users or patients with more complex 
conditions [176, 177].

 Ultrasound Guidance: Femoral Vein, 
Subclavian Vein, Arterial Access, 
Peripheral Veins
Femoral Vein There are several clinical situa-
tions when emergent femoral vein cannulation 
may be preferred. During cardiac or respiratory 
arrest, the femoral veins offer easy access and 
free of chest compressions. Coagulopathy can be 
a good site to use while anticoagulant agents are 
being reversed since this is an easily compress-
ible site. It also eliminates the risk of pneumotho-
rax in patients who have bilateral thoracic disease 

Fig. 37.81 Short- and long-axis view of internal jugular
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processes. Unlike literature for internal jugular 
access, femoral vein ultrasound access support is 
scarce. A meta-analysis in 2011 showed that real- 
time ultrasound guidance for hemodialysis cath-
eters decreased arterial punctures, risk of 
placement failure, and risk of failed first time 
access. This analysis however only included one 
study from India that showed improved first 
attempt success and decreased complications 
[178, 179]. As mentioned earlier, posterior wall 
penetration is common in short-axis view. In a 
study published by Blaivas and Adhikari in 2009, 
they showed a high incidence of posterior wall 
penetration and therefore recommendations in 
current literature are to use a long-axis view to 
guide central venous placement, even in the fem-
oral region [180].

Subclavian Vein This is the site that has the 
most mechanical complications compared with 
internal jugular and femoral sites. Real-time 
ultrasound guidance has resulted in lower techni-
cal failures and faster access. However most of 
these studies have occurred evaluating the inter-
nal jugular site [181, 182]. In a recent study, the 
ultrasound technique was confirmed to decrease 
access time and number of attempts and reduc-
tion in complications such as arterial puncture, 
hematoma, pneumothorax, and hemothorax 
[183]. Scanning of the vessels prior to the proce-
dure should be performed by obtaining appropri-
ate infraclavicular views, and depth and caliber 
of the axillary vein and subclavian vein as well as 
patency should be evaluated. In anatomic terms, 
the axillary vein continues medially until it 
reaches the first rib when it becomes the subcla-
vian vein. The probe marker can be placed 
towards the head of the patient and probe placed 
on the mid clavicle. The image seen should be the 
acoustic shadowing of the clavicle (Fig. 37.82). 
The probe can be moved laterally and the clini-
cian will see the vein appear just below the clavi-
cle. This is not easily found in every patient, but 
when it is gives opportunity to use ultrasound to 
cannulate the vessel. The probe can be moved a 
few more centimeters laterally and the vein and 
artery couple can be visualized. Once the axis is 
visualized in short axis, the probe can be turned 

90° clockwise to image the long axis of the vein 
(Fig.  37.83). Clinicians can use the acoustic 
shadow of the first thoracic rib and sternum to 
select as a site for access. The needle can be 
advanced slowly so that its trajectory is towards 
the lumen of the vein and purposefully directed 
towards the acoustic shadow of the thoracic rib 
underneath to minimize the risk of hitting the 
pleura.

Arterial Access Arterial access for hemody-
namic monitoring has traditionally done by pal-
pation techniques. Recently, ultrasound use has 
increased for access of sites such as radial, axil-
lary, and femoral. The ultrasound techniques 
explained above for central venous catheteriza-
tion can be used for arterial access, with increased 
success, decreased time to cannulation, and 
decreased risk of complications and should be 
considered as a first-line method of cannulation 
[184–186].

Peripheral Vein Access Peripheral vein cannula-
tion using ultrasound has also grown over the 
past 10 years. Clinicians and nursing staff have 
started to use in increasing amounts in difficult 
venous access patients. In recent study by Gregg 
et al., it was shown that in critically ill patients, 
placement of peripheral vein ultrasound guided 
has reduced the amount of central line place-
ments [187]. The methods used are similar to the 
central venous catheter technique explained 

Fig. 37.82 Acoustic shadow of clavicle
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above. One significant difference is that in 
peripheral lines, the operator can follow the nee-
dle tip in the lumen of the vessel for longer dis-
tances. The author’s success rate increased 
significantly for cannulation once the whole nee-
dle/catheter was advanced into the vessel and 
then needle removed. This can be done in short or 
long axis. Short axis seems to be easier since 
small movements of the ultrasound hand do not 
cause a loss of image and so is easier to start 
teaching novices with this technique. The tech-
nique involves obtaining a “bull’s eye target”-
type view with the needle tip in the center of the 
lumen (Fig. 37.84). Once this is achieved, after 
following the needle tip into the vessel from the 
skin surface, the needle and catheter combo is 
continuously advanced as the ultrasound probe is 
moved more proximally, always showing a 
“bull’s eye target” view and adjusting the direc-
tion of the needle/catheter to remain in the center 
of the vessel. In order to remain in the vessel 
lumen, the operator usually has to get the needle/

catheter combination parallel with the skin sur-
face; otherwise the needle would puncture 
through the posterior wall.

 Pericardiocentesis

Medical cardiac tamponade is a rare, but fatal, 
diagnosis that requires expeditious diagnosis and 
treatment. Most emergency and critical care phy-
sicians rarely perform emergent pericardiocente-
sis, and the prospect of performing one may 
cause anxiety, given that the complication rate is 
thought to be relatively high at 5% in elective 
pericardiocentesis and likely higher in emergent 
pericardiocentesis by inexperienced providers 
[188]. However, with the utilization of bedside 
ultrasound, the emergent pericardiocentesis can 
be performed efficiently and safely [189, 190].

Probe Type Cardiac (phased array) transducer: 
2–5 MhZ

Fig. 37.83 Subclavian vein, axillary vein short, first rib relationship

a b

Fig. 37.84 (a) Bull’s eye target view, (b) long-axis needle view
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Indications
• Pericardial tamponade
• Relative: Consider in PEA cardiac arrest

Contraindications

• Absolute: None
• Relative: Anticoagulant or antiplatelet ther-

apy, coagulopathy, thrombocytopenia, aortic 
dissection, or traumatic tamponade (can be 
considered if surgical therapy is not immedi-
ately available).

Procedure Technique Pericardiocentesis is a 
sterile procedure, and full barrier precautions 
should be used if time allows. However, given 
the true emergent nature of the procedure, this 
may not be possible. Skin prep and sterile gloves 
should always be used to help prevent infection. 
A pericardiocentesis kit may be available in 
your ED or ICU and may have all the necessary 
procedural equipment. Also, a central venous 
catheter kit will have the necessary equipment.  
A standard 18 g IV catheter or needle is unlikely 
long enough to drain an effusion, but an 18 g 
cutting or Quincke spinal needle would be 
sufficient.

The patient should be in the semirecumbent 
position, with the head of bed at 30–45°, if the 
clinical situation allows. Full barrier precau-
tions should be used to create a sterile proce-
dure, including chest prep, drapes, sterile gown 
and gloves, hat and mask, and sterile probe 
cover and gel.

There are three approaches to the emergency 
pericardiocentesis – subxiphoid, apical, and para-
sternal. The choice of approach should be based 
on which one allows for the largest pocket of 
fluid that is most accessible through a percutane-
ous approach. If cardiac tamponade does exist, 
the view obtained will not be an ideal view, dem-
onstrating perfect cardiac anatomy. Note the 
depth of the fluid and use that as a guide when 
inserting the needle [189, 191].

First, from the subxiphoid approach, the nee-
dle should be inserted just below the xiphoid 
process at a 30–45° angle towards the left shoul-
der. Negative pressure should be held until peri-
cardial fluid is aspirated. In this approach, the 

needle will likely pass through the liver and dia-
phragm into pericardial space to drain the effu-
sive tamponade. While this approach should be 
used with ultrasound guidance, the subxiphoid 
view is the classic blind approach of choice. The 
needle tip should remain in view throughout the 
procedure by utilizing a longitudinal approach or 
following the needle tip in a transverse view 
[189, 191].

The apical approach can be attempted after the 
apical four-chamber view of the heart can be 
obtained on bedside echo. Once again, the trans-
ducer will be placed at the PMI and the effusion 
visualized. The needle will be inserted just infe-
rior and lateral to the transducer, following the 
angle of the transducer towards the patient’s right 
shoulder. Pericardiocentesis utilizing this 
approach has a higher risk of pneumothorax, but 
according to one review article, the apical four- 
chamber view provides the best approach in 80% 
of patients, although this was not in emergent 
situations [188, 192].

Last, a parasternal approach can be performed. 
Obtain an adequate parasternal long view, and the 
needle will be inserted almost perpendicular to 
the skin, following the angle of the transducer. 
His approach risks injury to the left internal 
mammary artery, which sits vertically in the ante-
rior chest wall, 3–4 cm lateral to the sternal bor-
der [189, 193].

Regardless of approach, the general princi-
ples of the procedure remain the same – find the 
area with the largest fluid collection that is most 
accessible through a percutaneous approach. 
Needle insertion angle should follow that of the 
transducer when the initial view is obtained. 
After puncturing the skin, the needle tip should 
remain in view by using a longitudinal view or 
by following the needle tip in a transverse view 
[189, 191].

Confirmation of needle location is multifacto-
rial. First, real-time confirmation with ultrasound 
is reliable, especially when confirmed with an 
agitated saline study. A small amount of agitated 
saline may be injected into the pericardial space, 
with care not to inject an air bolus, and confirmed 
with ultrasound by visualization of “bubbling” in 
the pericardium.
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Classic methods of confirmation of pericardial 
versus intracardiac blood, such as assessment of 
clotting and EKG observation, are unreliable and 
more time-consuming than ultrasound 
confirmation.

Finally, the intensivist may choose to leave a 
catheter continuously drain the effusion. The 
remainder of the procedure is performed using 
Seldinger technique with a pericardiocentesis 
catheter, small pigtail catheter, or small gauge 
central venous catheter.

Complications Dysrhythmia, coronary vessel 
injury, myocardial injury, intercostal artery 
injury, and hemothorax likely have a similar 
incidence in all three approaches. LIMA injury 
is likely more common in a parasternal 
approach, liver and diaphragm injury more 
common in a subxiphoid approach, and pneu-
mothorax more common in an apical approach. 
While this is a high-risk procedure with signifi-
cant and fairly frequent complications, pericar-
dial tamponade is a life-threatening and 
time-sensitive diagnosis, and pericardiocente-
sis is potentially lifesaving.

 Thoracentesis

Probe Type Cardiac (phased array) or abdomi-
nal (curvilinear) probe: 2–5 MhZ; also can use 
the vascular (linear array) high-frequency 5–10 
MhZ probe after appropriate location has been 
identified to better visualize the rib interspaces.

Scanning Techniques The critically ill patient 
most likely is in the supine position during thora-
centesis for fluid analysis or chest tube place-
ment. The patient’s arms are usually placed 
superiorly over the head, or if more emergent 
move the upper arms more laterally to allow 
space to place the chest tube (Fig.  37.85). The 
author initially uses the curvilinear probe to iden-
tify the optimal site of entry for thoracentesis or 
thoracostomy tube placement and then switches 
to a high-frequency vascular probe to identify the 
rib spaces more clearly. The needle entry should 
be on the superior aspect of the rib to avoid any 
vascular injury. The probe marker is towards the 

patient’s head or right side. See the scanning tips 
in section “Pleural Effusion” describing the best 
way to approach the space after identification of 
the diaphragm. Ultrasound use for guidance dur-
ing thoracentesis and chest tube insertion has 
shown to increase success and safety, and inter-
national guidelines now recommend its manda-
tory use to guide all pleural drainage procedures 
[194–196]. Always identify the diaphragm. 
Hypoechoic fluid surrounding the liver or spleen 
can appear as a pleural effusion and must not be 
mistaken as such. In addition, lung tissue may 
mimic hepatic tissue in certain diseases such as 
dense consolidations termed “hepatization” of 
the lung. Proper probe positioning, clear identifi-
cation of the diaphragm, subdiaphragmatic struc-
tures, and lung are crucial. This is a common 
error in novice operators due to the confusion of 
the hepatorenal or splenorenal recess for the dia-
phragm. Identifying the diaphragm can be techni-
cally difficult depending on patient position, size, 
and clinical condition. It may be useful to start 
below the diaphragm, identifying first the hepa-
torenal recess (liver and kidney view on FAST 
examination) and moving cephalad until you 
begin to see the lung and diaphragm. In addition 
as ribs change their orientation anatomically, the 
probe may need to be adjusted while still in the 
longitudinal axis. Moving the probe clockwise 
and counterclockwise may be of benefit to bring 
into view the lung, the diaphragm, and the sub-
diaphragmatic structures. Exudates, empyemas, 
and hemothoraces may appear more echogenic, 
unlike, for example, a transudative effusion that 
could be anechoic. Complex effusions can appear 
also as heterogeneous and echogenic. The consis-
tency of the effusion can make identification 
technically difficult, as this can limit lung motion. 
Sometimes the operator may think there is no 

Fig. 37.85 Arm position for chest tube placement
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effusion when there is an echo-dense effusion. 
The lung may slide into the effusion during the 
respiratory cycle and can be problematic during 
needle insertion, causing pneumothorax or 
abnormal wire placement during performance of 
pigtail chest tube catheters. This is called a “cur-
tain sign.” Once the optimal site is visualized, the 
patient should not be moved and the procedure 
should be performed immediately. For the 
Seldinger technique of placement of chest tube or 
catheter placement for drainage of effusion, the 
clinician can use the ultrasound for wire confir-
mation in pleural effusion prior to dilation and 
placement of chest tube (Fig. 37.86).

Complications The complication of pneumo-
thorax related to thoracentesis can occur with 
atmospheric air introduction with the catheter 
removal or aspiration of fluid, needle injury to 
the visceral pleura, permitting air into the alve-
oli, or rapid decrease in pleural pressure from 
aspiration resulting in visceral pleura rupture 
[197]. In the past there have been concerns of 
higher pneumothorax rates in mechanical venti-
lation, but a large study by Mayo et al. has shown 
that the risk of complication is no higher in 
patients requiring ventilation than in nonme-
chanically ventilated patients. It is important to 
note that the benefit of ultrasound use for site 
selection in decreasing complications such as 
pneumothorax occurs only when real-time or 
immediate pre-procedure marking occurs [198]. 

Another important complication is bleeding due 
to the neurovascular bundle at the inferior aspect 
of the rib on the subcostal groove. The variabil-
ity in the course of the intercostal artery, espe-
cially in elderly patients, must be recognized. 
The collateral intercostal artery that usually runs 
on the superior border of the inferior rib can be 
lacerated during the procedure with the needle or 
during catheter insertion. Studies have shown 
that the intercostal artery is more exposed in the 
center of the interspace in positions more poste-
riorly on the chest wall [199–201].

Supporting Literature Thoracentesis may be 
needed to further classify a pleural effusion as an 
exudate or transudate. An anechoic effusion can 
be either transudate or exudate and can be differ-
entiated through thoracentesis [202]. The optimal 
site to view a non-loculated pleural effusion is at 
the posterior axillary line above the diaphragm, 
but in the patient with a clinically significant 
pleural effusion, the midaxillary line may be an 
appropriate location to start. Estimation of the 
drainage amount has been reported in many stud-
ies, but has been shown to underestimate fluid 
quantity [203, 204]. Also clinical significance of 
fluid removal may depend on other physiological 
factors such as lung aeration prior to and after 
removal of fluid, work of breathing changes prior 
to and after removal, chest wall compliance, and 
hypodynamic cardiovascular state [205, 206].

 Paracentesis

Intra-abdominal free fluid can be rapidly assessed 
with beside ultrasound. The etiology of ascites is 
most frequently due to liver disease, but other 
diseases include malignancy, heart failure, pan-
creatic disease, or renal failure. Not infrequently, 
intra-abdominal fluid is an iatrogenic process, 
secondary to aggressive fluid resuscitation in 
hypotensive, hypovolemic patients [207].

Diagnosis
Bedside paracentesis can be performed for both 
diagnostic and therapeutic reasons. In the ED or 
ICU, providers most frequently perform a diag-
nostic paracentesis on patients in whom sponta-

Fig. 37.86 Wire in pleural space
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neous bacterial peritonitis (SBP) is suspected. 
In the ICU, therapeutic paracentesis may be per-
formed in patients with tense ascites or in 
patients that have dyspnea, are difficult to venti-
late, or have suspected abdominal compartment 
syndrome [208].

Physical exam may help in diagnosis of asci-
tes, but is not sensitive. While CT may be the 
gold standard for diagnosis ascites, bedside ultra-
sonography is excellent in identifying patients 
with clinically significant intra-abdominal free 
fluid [209, 210].

Indications
• Diagnosis of ascites etiology or spontaneous 

bacterial peritonitis
• Fluid removal in patients with discomfort or 

pain, dyspnea, and abdominal compartment 
syndrome

Contraindications
• Absolute: None
• Relative: Coagulopathy, thrombocytopenia, 

anticoagulant or antiplatelet therapy, overly-
ing cellulitis, or abscess

Materials
• Skin antiseptic, sterile gown, gloves and 

drapes, hat and mask, 18-gauge needle at least 
1.5 inches long, sterile Luer-lock syringes, 
drainage bags, or containers

• Ultrasound machine with curvilinear trans-
ducer, sterile probe cover, and sterile gel

• If the patient is awake and alert, 1% or 2% 
lidocaine without epinephrine and a 25-gauge 
needle for local anesthesia

• A paracentesis kit may be available in your ED 
or ICU and may have all the necessary proce-
dural equipment. Also, a central venous cathe-
ter kit will have the necessary equipment.

Procedure Technique The patient should be in 
the supine position, with the head of bed slightly 
elevated to 15–30°. This will help the ascites 
accumulate in the lower, more dependent por-
tions of the abdominal cavity. The patient’s blad-
der should also be empty, as not to misidentify 
urine in the bladder as ascites.

Identifying a pocket prior to skin sterilization 
and drape placement is recommended. It may be 
helpful to bump or boost a patient slightly on to 
one side if identification of a fluid pocket is not 
immediate.

Full barrier precautions should be used to cre-
ate a sterile procedure, including chest prep, 
drapes, sterile gown and gloves, hat and mask, 
and sterile probe cover and gel.

Typically, fluid is located in either of the bilat-
eral lower quadrants. The inferior epigastric arter-
ies lie in the rectus muscle, and care to stay lateral 
to these structures is crucial. Ascites fluid will 
appear anechoic, and bowel loops will likely be 
visible, floating in the fluid. After identification of 
fluid, decrease the depth on the ultrasound machine, 
and use color Doppler to assure that there are no 
blood vessels in the abdominal wall that might be 
punctured [209, 210] (Figs. 37.87 and 37.88).

Fig. 37.87 A pocket of abdominal ascites with floating 
small bowel

Fig. 37.88 Color Doppler demonstrating blood vessels 
over a pocket of ascites
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Use of a Z-tract technique may help with leak-
age of ascites fluid after the procedure. Apply 
approximately 2  cm downward traction on the 
skin, puncture the skin, release traction, and then 
advance the needle through the remaining subcu-
taneous tissues and peritoneum. The skin and peri-
toneal puncture sites will not directly overlap, and 
post-procedural leakage of ascites may be reduced.

Finally, the intensivist may choose to leave a 
catheter continuously drain the ascites if the 
patient’s hemodynamics will not tolerate large- 
volume paracentesis. The remainder of the proce-
dure is performed using Seldinger technique with 
a pericardiocentesis catheter, small pigtail cathe-
ter, or small gauge central venous catheter.

Complications Small amounts of bleeding can 
be common after abdominal paracentesis, but 
significant bleeding is relatively uncommon, 
even in coagulopathic patients [211, 212]. 
Infection is uncommon if full barrier precautions 
are taken, and if a drainage catheter is left, it 
should be removed less than 72 hours after inser-
tion due to increased infection rate [213]. Post- 
procedure ascites leakage can be mitigated by the 
Z-tract technique, though it does not eliminate 
the complication. Epigastric artery injury, bowel 
perforation, and bladder perforation are all sig-
nificant complications that should be completely 
eliminated with the use of bedside ultrasound.

Supporting Literature Newer literature sug-
gests that in large-volume paracentesis, wall suc-
tion can be used, reducing costs and time [214]. 
In hemodynamically unstable patients, or in 
large-volume therapeutic paracentesis, albumin 
replacement should be considered [215]. In 
patients with ascites and suspected SBP, consider 
albumin replacement as well [216].
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 Introduction

Case vignette Mrs. Smith is a 75-year old 
woman with metastatic squamous cell lung can-
cer who presents to the Emergency Department 
(ED) for cough, fevers, and chills. Her vital signs 
include oxygen saturation (SpO2) on a nonre-
breather mask of 88%, blood pressure of 100/50, 
pulse of 120, and temperature of 101.4F. A chest 
radiograph shows diffuse multifocal infiltrates. 
On chart review, it is discovered that this is her 
third visit to the hospital, having been discharged 
3 days ago to a skilled nursing facility. She does 
not have a Physician’s Orders for Life Sustaining 
Treatment or advanced directive. While calculat-
ing her weight-based antibiotic orders, you begin 
to ponder how to approach a discussion with this 
patient and her family in the ED setting.

The role of the Emergency Provider (EP) is to 
appropriately diagnose and stabilize acute life- 
threatening injuries and illnesses. Despite good 
intentions and optimal medical therapies, some 
patients will not survive their ED course; others 
will die in the hospital, usually in the intensive 
care unit (ICU) days after admission. Medicare 
data shows that over one-third of patients who die 
receive medical care in the ED and ICU during 
their last 6 months of life [1]. Patients over-
whelmingly prefer to die at home [2]. 
Unfortunately, studies show that 38% of people 
die in the hospital, specifically 22% occur in the 
ICU, often times while receiving maximum lev-
els of care [3]. Since many of these patients are 
admitted through the ED, it is essential for an EP 
to be proficient with end-of-life (EOL) care.

The American Academy of Hospice and 
Palliative Medicine describes that the goal of 
Palliative Care (PC) is to “prevent and relieve 
suffering and to support the best possible quality 
of life for patients, facing life-threatening or 
debilitating illness, and their families, regardless 
of the stage of the disease or the need for other 
therapies [4].” PC is not the same as hospice care. 
Hospice care is a subset of PC focusing on 
patients with terminal illness and a predicted life 
expectancy of 6 months or less who forego thera-
peutic medical interventions in favor of comfort 
and quality of life.

In 2014, the American College of Emergency 
Physicians (ACEP), as part of the Choosing 
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Wisely campaign, recommended that EPs “(d)
on’t delay engaging palliative and hospice care 
services in the Emergency Department for 
patients likely to benefit.” A recent study of 
ED-initiated PC in advanced cancer patients 
demonstrated improved quality of life (QOL) 
with no negative effect on survival [5]. Despite 
these recommendations and findings, only 18% 
of residents and medical students receive formal 
training in EOL care [6]. The goals of this chap-
ter are to review medical ethics, discuss the con-
cept of shared decision-making and goals of care, 
explore communication strategies for EPs, and 
examine the concept of medical futility.

 Medical Ethics

The four pillars of medical ethics include auton-
omy, beneficence, nonmaleficence, and justice 
(see Box 38.1). Patients with decision-making 
capacity possess autonomy, the ability to make 
self-focused choices about their medical treat-
ment. The patient may accept or reject any medi-
cal care and/or interventions according to their 
personal preferences and beliefs. The EP should 
fully explain, without bias, options for treatment 
and help patients make decisions that align with 
their own values. When the patient makes a deci-
sion, the EP, regardless of their personal prefer-
ence or opinion, should honor it.

Beneficence is acting in the best interest of the 
patient. This could mean respecting a patient’s 
prior stated wishes, written or verbal, regarding 

life-sustaining treatment or other medical inter-
ventions (dialysis, artificial nutrition, intubation, 
etc.).

Primum non nocere, meaning, “First, do no 
harm,” is the basis of nonmaleficence. Many 
medical students are familiar with this principle 
from the Hippocratic Oath, a historical pledge 
taken by physicians. Procedures and medications 
all possess the possibility of both benefit and 
harm to the patient. EPs must weigh these harms 
with the patient’s disease and care trajectory. If 
one intubates the patient with end-stage chronic 
obstructive pulmonary disease (COPD) and met-
astatic lung cancer, will they ever be liberated 
from the ventilator? Do intubation and mechani-
cal ventilation align with the patient’s values and 
wishes?

Justice refers to the equitable, fair treatment of 
all patients regardless of race, sex, color, creed, 
nationality, or socioeconomic status. Healthcare 
resources are limited. Every decision by the EP 
affects multiple other patients due to resource 
constraints. Medical actions will also impact the 
surrounding family members (i.e., emotional, 
financial, physical, etc.).

These four pillars serve as the foundation for 
ethical medical practice and decision-making. 
Returning to this solid ethical base will always 
help the EP when faced with a challenging EOL 
case [7].

 Establishing Goals of Care

The ED is not the ideal setting for a GOC conver-
sation. It is loud, chaotic, and frantic with little 
privacy. Interruptions are frequent. Providers 
regularly treat patients with minimal historical 
information. Acknowledging these limitations, it 
is the EP’s duty to provide the best care possible 
to patients with terminal and chronic conditions. 
Many of these patients with chronic health condi-
tions may benefit from early GOC discussions. 
The purpose of this conversation is to discuss 
realistic treatment options available and how they 
align with the patient’s personal preferences 
regarding QOL [8]. This creates an “individual-
ized roadmap” for future health care. Educating 

Box 38.1 Four Traditional Pillars of Medical 
Ethics

 1. Autonomy  – The ability to determine 
self-focused decisions and actions.

 2. Beneficence  – Promoting what is best 
for the patient.

 3. Nonmaleficence – Do no harm.
 4. Justice – Using resources in an efficient, 

equitable manner. Patients should 
receive the same high-quality care.
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the patient and their family on the concept of 
QUALITY of life versus the concept of QUANTITY 
of life can be helpful to put future potential out-
come pathways in perspective. Nonverbal com-
ponents of communication are essential to the 
GOC conversation. Sitting down, making eye 
contact, turning off pagers/cell phone ringers, 
and showing empathy demonstrate compassion 
and respect to the patient and their family. Similar 

to the procedural skills of central venous cannu-
lation or bronchoscopy, communication skills 
must be honed with practice. (See Box 38.2 for a 
GOC discussion primer.)

Some patients arrive to the ED with an 
advanced directive (AD), living will, appointed 
durable power of attorney (DPA), and/or a 
Provider Order for Life Sustaining Treatment 
(POLST) (see Box 38.3). A POLST is a physician- 

Box 38.2 Goals of Care Discussion

 1. Communicating prognosis
 (a) Answer two key questions: “What is wrong with patient? What will happen to him/her?”
 (b) Describe what could be the best and worst outcome for the patient.
 (c) Discuss the most likely scenario.

 2. Eliciting patient values
 (a) “What is most important to you in your life right now?”
 (b) If the patient is unable to participate, discuss the decisions the patient makes, if 

present.
 (c) Consider any statements made by the patient regarding end-of-life care.

 3. Using appropriate language
 (a) Avoid negative statements (“Do you want us to stop aggressive care?”)
 (b) Avoid the phrase “do everything” when discussing curative versus palliative care.

 4. Reconciling goals of care
 (a) Sometimes a time-limited trial of therapy is needed to elucidate the patient’s course or 

facilitate decision-making.
 (b) Set a plan of action based on decisions.
 (c) Determine the time and location of a follow-up discussion, if applicable.

 5. Recommending a care plan based on the established goals
 (a) Discontinue any medications or therapies not consistent with the GOC.

Adapted from Rosenberg M, Lamba S, Misra S. Palliative medicine and geriatric emergency 
care – challenges, opportunities, and basic principles. Clin Geriatr Med. 2013;29:1–29

Box 38.3 Important Goals of Care Definitions

 1. Advanced Directive – Documents stating a patient’s desire for future care in the event of 
serious illness or incapacity.

 2. Physicians Order for Life-Sustaining Treatment (POLST) – A standardized form document-
ing a patient–physician discussion regarding a patient’s desired future medical care and 
interventions.

 3. Durable Power of Attorney – Designated individual acting as a surrogate or proxy for the 
patient; makes treatment decisions for an incapacitated patient.
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signed document of a prior EOL discussion with 
the patient or their surrogate decision-maker. 
These documents state a patient’s desires for care 
in certain medical situations (cardiopulmonary 
resuscitation (CPR), intubation, mechanical ven-
tilation, artificial nutrition, etc.). If present, these 
documents should be honored, though subse-
quent discussions with the patient and/or their 
appointed decision should still remain part of the 
communication process.

Unfortunately, most patients arrive at the ED 
without any of the above documents. A 2017 sys-
tematic review reported that only 38% of patients 
with chronic illnesses and 33% of healthy adults 
complete any form of AD [9]. In the event of an 
absent AD, the provider should clarify GOC with 
the patient or a surrogate medical decision-maker. 
It is imperative that the EP offers accurate prog-
nostic information while making clear the unpre-
dictability of illnesses and the progression of 
disease. Prior to the discussion, a phone call to 
the primary care doctor, oncologist, or other 
involved physician may help clarify patient pref-
erences and prognostic information.

Basic, evidence-based principles of EOL 
communication are shown in Box 38.4 [10]. 
When conducting a GOC conversation, remem-
ber to avoid negative phrases (“will not do every-
thing,” “will not give antibiotics for the 
infection”). Instead employ phrases that focus on 

the treatment and care you will offer to the 
patient: “WILL provide pain medications,” 
“WILL ensure complete comfort.” Use direct 
phrases such as “death” instead of “passing on” 
or other euphemistic phrases. Do not rush the 
family into a decision, but conduct the discussion 
from an information-sharing perspective. 
Usually, in the ED setting, patients and their fam-
ily are suffering an acute change in condition, 
necessitating deliberation between the patient 
and/or their family members.

 Shared and Surrogate 
Decision-Making

The widespread adoption of shared decision- 
making (SDM) instituted a fundamental change 
in the practice of medicine. Instead of paternalis-
tic physicians dictating the care plan for a patient 
and their family, the responsibility for patient 
care decisions is shared between the medical 
team and the patient/surrogate. Physicians pro-
vide medical expertise and experience and sur-
rogates provide their personal knowledge of the 
patient [11]. Together, the two parties develop a 
patient-centered medical plan. SDM is character-
ized by active patient/surrogate involvement, a 
sharing of information between parties, consen-
sus building, and agreement on which treatments 
to implement [12].

Studies have evaluated SDM in various dis-
ease processes, including pediatric lacerations 
and rehydration options, pediatric fever, and low- 
risk chest pain. A systematic review of SDM 
involving these disease processes showed 
improvement in patient knowledge and satisfac-
tion with the explanation of their care [13].

In the event of incapacity, the patient needs a 
surrogate decision-maker. If the patient has an 
appointed DPA for Health Care, that individual 
should be used. In the majority of cases, there is 
no appointed surrogate. Many, but not all, states 
have a legal order of surrogacy (i.e., spouse or 
offspring). There are currently two types of 
default surrogate consent laws: (1) hierarchy sur-
rogate consent laws and (2) consensus surrogate 
consent laws. In states with hierarchy surrogate 

Box 38.4 Basic Principles for End-of-Life 
Communication

 1. Be truthful regarding prognosis.
 2. Do not delay discussions of end-of-life 

goals with patients.
 3. Anxiety is normal for both patient and 

clinician during these discussions.
 4. Patients have unique goals and desires 

about their care.
 5. Encourage patient and family discus-

sion on medical and nonmedical goals 
of care.

Adapted from Bernacki et al. [10]
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consent laws, the decision falls to family mem-
bers or offspring close with the patient. A few 
states have consensus statues requiring all “inter-
ested persons” come to a consensus to name a 
surrogate [14]. The EP should be familiar with 
their state laws when identifying a surrogate.

The surrogate’s job is to act as the voice for 
the patient through the substituted judgment stan-
dard. They should decide what the patient would 
want, if they were present. The surrogate should 
not inject their own values and wishes when mak-
ing medical decisions for the patient even if they 
have different values. Even with the best inten-
tions, surrogate decision-makers have been found 
to follow patient treatment preferences only 68% 
of the time [15].

 Withdrawing/Withholding Medical 
Treatment

Once the decision is made to allow natural death, 
how should the imminently dying patient be 
managed in the ED? If the patient or surrogate 
decides to pursue strictly comfort care, certain 
invasive or potential harmful medical treatments 
will need to be withdrawn. Focus should be 
placed on the comfort of the patient and the fam-
ily. The patient should be moved to a private 
room, if possible, and offered all privacy mea-
sures available (corner area, curtains drawn) [16]. 
Many articles suggest relaxing visitor limitations 
if it does not interfere with the care of other ED 
patients.

Some patients will need prior interventions 
withdrawn. Consider a patient, not unlike the ini-
tial case vignette, arriving to the ED in a critically-
ill unstable state. An acutely ill patient may be 
immediately intubated and started on vasopres-
sors if they arrive without a documented AD. Later 
in their ED course, their family arrives and pro-
duces a signed DNR/DNI document. How does 
one proceed? What factors are associated with 
withdrawal of life-sustaining measures?

Usually, withdrawal of life support is equated 
to withdrawal of mechanical ventilation. 
However, other life supportive measures such as 
vasopressors, artificial nutrition, dialysis, and/or 

antibiotics also fall into this category. Prior to 
withdrawal, it is important to explain the dying 
process to the family. Thoroughly describe signs 
and symptoms such as “agonal” and noisy breath-
ing from airway secretions (“death rattle”). 
Acknowledge the unpredictability of death; for 
example, consider saying, “It could be minutes to 
hours before your loved one dies, one is unable to 
predict the exact time frame.” A spiritual care 
provider service, such as the hospital chaplain is 
a great resource to help guide and support the 
family.

Mechanical ventilation can be removed in 
one step or a graded fashion. There are no con-
sensus guidelines for withdrawal of mechanical 
ventilation. Some providers argue that a terminal 
wean prolongs the dying process while others 
believe that it improves patient comfort. The 
authors of this chapter recommend following 
your hospital guidelines for terminal extubation. 
If no protocols exist, ensure that the patient is 
free of pain, using narcotics if necessary and dis-
continue the endotracheal tube while frequently 
reevaluating the patient for signs of dyspnea or 
discomfort [17].

Comfort measures include pain, delirium, and 
anxiety control (see Box 38.5). For pain, opioids 
are the preferred therapy. No evidence exists to 
support one pain regimen or opioid over another. 
Many providers and ICUs use opioid drips to 
control pain, allowing easy titration to patient 
symptoms. Benzodiazepines are the preferred 
treatment for anxiety and agitation. Similar to 
opioids, there is no evidence to support one 
agent over another. Attention to the patient’s 
comfort is necessary when withdrawing life-sus-
taining treatment. Remember there is no maxi-
mum dose for medications when providing 
comfort care. There is ethical and legal consen-
sus that although respiratory depression or hypo-
tension may be a foreseeable consequence of 
these medications, if the intent is to relieve spe-
cific symptoms such as pain or dyspnea, it is 
essential to treat in adequate doses despite the 
possibility that death may be hastened. The con-
cept of providing preemptive deep sedation to 
avoid patient suffering at the end-of-life is 
termed palliative sedation.
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Adjunctive medications for comfort include 
antipsychotics (such as haloperidol) for symp-
toms of agitated delirium, and anticholinergics 
(such as glycopyrrolate or scopolamine) to 
decrease secretions.

 Futility

“Futility” stems from the Latin word futilis, 
meaning leaky. The concept of futility originates 
from Greek mythology and the tale of the daugh-
ters of Danaus, who were condemned in the 
underworld to repeatedly fill a bathtub with leaky 
buckets. Schneiderman et  al. defined futility as 
quantitative or qualitative. Quantitative futility is 
any intervention to produce an effect which “rea-
soning or experience suggest is highly improba-
ble and cannot be systematically produced” with 
a 1% probability of improvement suggested. 
Qualitative futility is any therapy that does not 
change the patient’s condition and/or complete 
dependence on intensive medical care [18].

Throughout the course of a career, EPs face 
numerous instances of presumed futility. For 
example, if our patient at the beginning of the 
chapter were to become asystolic, would cardio-
pulmonary resuscitation provide any benefit? 
Simon et al. described “bridge to nowhere” thera-
pies in the ED when there is no survivable clini-

cal endpoint. Examples include providing CPR 
on patients with metastatic cancer or imminent 
death from brain herniation, offering intubation 
on a patient unlikely to be liberated from the ven-
tilator, or performing recurrent procedures or 
invasive interventions on chronically critically ill 
patients.

Regardless of the EP’s personal views, it is 
essential to speak with the patient or their surro-
gate decision-maker about their personal prefer-
ences and values. Early and open communication 
can help align the medical treatment with the 
patient’s personal GOC.  Additionally, some 
patients and families may not reach a clear con-
sensus in the ED, but the initiation of open and 
honest dialogue from the ED setting may help a 
family during future GOC discussions.

 Conclusion

Let us return to Mrs. Smith from our case 
vignette at the start of the chapter. You join the 
family in the pre-identified ED family consulta-
tion room sit down, and ask open-ended ques-
tions about her life. You find out that prior to her 
cancer diagnosis, she gardened every day and 
retired 5 years ago from the public school sys-
tem after more than 40 years as a science 
teacher. She has three living daughters, a hus-

Box 38.5 Pharmacology of palliative sedation agents

Opioid IV Push dose Infusion dose
Half- 
life Metabolism

Morphine 2–4 mg IV q1–2h 2–30 mg/h 3–4 h Glucuronidation
Hydromorphone 0.2–0.6 mg IV q1–2 h 0.5–3 mg/h 2–3 h Glucuronidation
Fentanyl 0.35–0.5 mcg/kg IV q0.5–1 h 0.7–10 mcg/kg/h 2–4 h CYP3A4/5
Benzodiazepine
Midazolam 0.01–0.05 mg/kg 0.02–0.1 mg/kg/h 3–11 h Hepatic
Lorazepam 0.02–0.04 mg/kg (≤0.02 0.02–0.06 mg/kg q2-6h prn or 

0.01–0.1 mg/kg/h. (≤ 10 mg/h)
8–15 h Hepatic

Antipsychotic
Haloperidol 0.5–10 mg N/A 14–

26 h
Hepatic

Anticholinergic
Glycopyrrolate

0.2 mg SC Q4 h
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band, and multiple grandchildren. Her husband 
is the designated POA. There is no AD currently 
because the family was waiting for a time every-
one could decide together. The daughters and 
husband note a precipitous decline over the past 
2 months and acknowledge that Mrs. Smith 
would never want to be dependent on anyone for 
her care or live in a nursing home for a pro-
longed period of time. You state that intubation 
would likely not change her ultimate course but 
instead simply “prolong her dying process.” The 
family and patient agree that CPR or intubation 
would not get Mrs. Smith the QOL she wishes. 
The patient is admitted to the medical floor, so 
loved ones may visit overnight. The next day, 
she is placed in inpatient hospice and dies with 
her family at her bedside.
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Chapter Summary “CRITICAL POINTS”
 1. Discuss end-of-life care with appropri-
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ended questions (2) make eye contact 
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 6. Opioids are the treatment of choice for 

pain and discomfort at the EOL.

38 End-of-Life Care in the Emergency Department

http://www.chcr.brown.edu/dying/2001DATA.HTM>
http://www.chcr.brown.edu/dying/2001DATA.HTM>
http://www.aahpm.org/about/college.html
https://doi.org/10.1001/jamainternmed.2014.5271
https://doi.org/10.1001/jamainternmed.2014.5271
https://www.americanbar.org/publications/bifocal/vol_36/issue_1_october2014/default_surrogate_consent_statutes.html
https://www.americanbar.org/publications/bifocal/vol_36/issue_1_october2014/default_surrogate_consent_statutes.html
https://www.americanbar.org/publications/bifocal/vol_36/issue_1_october2014/default_surrogate_consent_statutes.html
https://www.americanbar.org/publications/bifocal/vol_36/issue_1_october2014/default_surrogate_consent_statutes.html
https://doi.org/10.1001/archinte.166.5.493
https://doi.org/10.1001/archinte.166.5.493


694

 16. Hunter JK, Dean T, Gowan J.  Death with dignity: 
devising a withdrawal of treatment process. Br J Nurs. 
2006;15(3):138–40.

 17. Cook D, Rocker G, Marshall J, Sjokvist P, Dodek P, 
Griffith L, Freitag A, Varon J, Bradley C, Levy M, 
Finfer S, Hamielec C, McMullin J, Weaver B, Walter 

S, Guyatt G. Withdrawal of mechanical ventilation in 
anticipation of death in the intensive care unit. N Engl 
J Med. 2003;349:1123–32.

 18. Schneiderman LJ, Jecker NS, Jonsen AR.  Medical 
futility: its meaning and ethical implications. Ann 
Intern Med. 1990;112:949–54.

A. T. Manasco and B. T. Wessman



695© Springer Nature Switzerland AG 2020 
J. R. Shiber, S. D. Weingart (eds.), Emergency Department Critical Care, 
https://doi.org/10.1007/978-3-030-28794-8

A
Abdomen/pelvis

blunt, 414–417
penetrating, 417, 418

Abdominal (curvilinear) transducer  
(2-5 MhZ), 663

Abdominal aortic aneurysms  
(AAA) repair, 270

definitive treatment, 277
diagnostics

imaging, 272, 273
laboratory tests, 273

IAA and, 276
novel interventions, 276

initial stabilization, 273–275
pathophysiology, 270, 271
patient presentation, 271
risk factors, 271
signs of, 274

Abdominal compartment syndrome  
(ACS), 262, 264

Abscess, 351
Accidental hypothermia

environmental emergencies, 455–457
airway rewarming, 459
approach, 458
extracorporeal, 460
presentation, 457, 458
rewarming, 458
warmed infusion, 459
warmed internal lavage, 459

passive re-warming methods for, 459
ACE-I, 209
Acetaminophen (APAP), 245, 474, 475
Acetylcysteine regimen, 475
Acid–base balance

acid-base disorders, diagnosis of, 303
AG rise to HCO3 drop, 308
anion gap, calculation, 305–307
arterial blood gas, analysis of, 303–305

osmolar gap calculation, 308, 309
serum bicarbonate and respiratory compensation, 

analysis of, 305
acid-base disturbances, differential  

diagnosis of, 309
hypercalcemia, 322, 323
hyperkalemia, 319–321
hypernatremia, 317, 318
hypocalcemia, 321, 322
hypokalemia, 318, 319
hyponatremia, 314–316
magnesium, disorders of, 323, 324
permissive hypercapnia, tight pH control  

versus, 310, 311
phosphorus, disorders of, 324, 325
physiology and definitions, 301–303
renal emergencies, 284, 285
resuscitation fluid, choice of, 311
sodium and water homeostasis, 312, 314
sodium bicarbonate, 311, 312

Acid-base disorders, 304
AG rise to HCO3 drop, 308
compensatory changes in, 302
diagnosis of, 303

anion gap, calculation, 305–307
arterial blood gas, analysis of, 303–305
serum bicarbonate and respiratory compensation, 

analysis of, 305
osmolar gap calculation, 308, 309
treatment for, 310

Acid-base disturbances
physiologic effects of, 302
differential diagnosis of, 309

Acidemia, physiologic effects of, 302, 303
Acquired von Willebrand syndrome  

(aVWS), 174
Acute alcoholic hepatitis, ACLF and cirrhosis, 255
Acute appendicitis, 519
Acute blood loss anemia, 229
Acute bronchiolitis, 558, 559

Index

https://doi.org/10.1007/978-3-030-28794-8#ESM


696

Acute coronary syndrome (ACS), 131, 507
diagnosis

cardiac imaging, 133, 134
electrocardiography, 132
serum biomarkers, 133

disposition, 137, 138
epidemiology, 131, 132
pathophysiology, 132
treatment

anticoagulation, 136
anti-ischemic therapy, 136
antiplatelet agents, 135, 136
ß-blockers, 137
fibrinolytic therapy, 134, 135
morphine, 136
nitrates, 137
STEMI, 134

Acute fatty liver of pregnancy (AFLP), 523–525
Acute heart failure (AHF), 201, 202

chest radiography and electrocardiography for, 204, 
206

clinical characteristics and treatment approaches, 207
definitive treatment, 206–209

ACE-I, 209
beta blocker, 210
calcium sensitizers, 210
disposition, 210
hydralazine, 210
inotropes, 209
ultrafiltration, 210

diagnostics, 203–205
initial stabilization, 205, 206
medications, 208
pathophysiology, 202
patient presentation, 202, 203

Acute kidney injury (AKI), 173, 174, 287, 453, 481, 484, 
525

Acute limb ischemia (ALI), 265
algorithm, management of, 267
definitive therapy, 268, 269
diagnostics

electrocardiogram, 268
imaging, 267, 268
laboratory work, 268

incidence, 266
initial stabilization, 268
pathophysiology, 266
patient presentation, 266, 267

Acute liver failure (ALF)
biochemical evidence, 245
classification systems, 245
coagulopathy, 251, 252
definitive treatment, 252
diagnostics, 247, 248
epidemiology, 245
etiology-specific treatment, 252
hypoglycemia, 251
infections, 251
metabolic diseases, 245
morbidity and mortality, 246
pathophysiology, 246

prognostic criteria for, 249
renal failure, 252
time critical resuscitation

ABC, 248
cerebral edema, 249–251

typical complaints, signs/symptoms, physical 
examination findings, 246, 247

Acute mesenteric ischemia (AMI), 261
characteristics of, 263
definitive treatment, 265
diagnostics

imaging, 264
laboratory testing, 263, 264

initial stabilization, 264, 265
pathophysiology, 261, 262
patient presentation, 262, 263

Acute myeloid leukemia (AML), 493
Acute myocardial infarctions (AMI), 133, 507
Acute renal failure, 286

CRRT, 296
definition, 286, 287
diagnostic, 291

biochemical analysis, 292
biomarkers, 292, 293
creatinine clearance and serum creatinine, 291
urea/BUN, 291
urine analysis, 292
urine output, 291

dialysis, 293, 294
epidemiology, 287, 288
ethylene glycol, 295, 296
hemodialysis, 296
hyperkalemia, 294
intoxications, 295
mechanistic pathways

intrinsic renal disease, 290, 291
postrenal failure, 291
prerenal AKI, 289, 290

metabolic acidosis, 294
methanol, 295
pathophysiology, 288, 289
peritoneal dialysis, 296, 297
RRT, 296
salicylate, 296
uremia, 294
volume overload, 294

Acute respiratory distress syndrome  
(ARDS), 59, 81, 82, 103, 409, 586, 662

definition, 103, 104
diagnosis, 105, 106
Berlin definition, 104
Berlin severity categories, 104
epidemiology, 104
landmark trials in, 110
life after, 110
pathophysiology, 104

three-phase model, 104, 105
ventilator-induced lung injury, 105

treatment
advanced ventilatory modes, 107, 108
ECMO, 109, 110
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intravenous fluids, 108
invasive ventilation, 106, 107
nutritional support, 109
pharmacotherapy, 108, 109
prone positioning, 109
recruitment maneuvers, 107

Acute respiratory failure, 55, 56
diagnostics, 59
hypercapenic, 58
hypoxemic, 57, 58
hypoxemic respiratory failure, 61, 62
initial stabilization and treatment, 59
pathophysiology, 56, 57
patient presentation, 58, 59
secondary to shock, 62
ventilatory failure, 59, 61

Acute-on-chronic liver failure (ACLF)
definitions, 253
definitive treatment, 257
pathophysiology, 253
presentation, work-up, emergency, and definitive 

treatment, 253
acute alcoholic hepatitis, 255
bacterial infections, 254
hepatic encephalopathy, 256, 257
hepatic hydrothorax, 255
hepatopulmonary syndrome, 257
hyponatremia, 257
portal vein thrombosis, 255
renal failure, 256
SBP, 254
variceal bleed, 255, 256

Adenosine, 149, 157
Adequate sedation, 250
Adrenal crisis, management of, 432
Adrenal emergencies

adrenal insufficiency, 427, 428
clinical symptoms and signs of, 429
diagnosis, 431
laboratory findings, 429
management, 431

thyroid storm, 431, 432
clinical symptoms and signs, 432
diagnosis, 433
laboratory findings, 433
management, 433, 434

Adrenal gland, 430
Adrenal insufficiency, 254, 427, 428

causes of, 428, 429
clinical symptoms and signs of, 429
diagnosis, 431
laboratory findings, 429
management, 431
symptoms and signs of, 430

Advanced Emergency Medical Technician (AEMT), 628
Advanced Trauma Life Support (ATLS), 409, 663
Afterload reduction, 203, 206
AIMS65 scoring, 240
Air trapping, 84
Air-Q, 47, 48
Airway

anesthesia, 33, 34
environmental emergencies, 449
gastrointestinal hemorrhage, 228
TBI, 400, 401

Airway equipment, 29
Airway exchange catheter (AEC), 51
Airway management (AM), 21, 516

airway anesthesia via topicalization, 33, 34
algorithms, 22
assessment

airway exam, 23, 26, 27
anesthetic history, 27
clinical situation, 25
labs and ancillary tests, 28
medical and surgical history, 23, 28, 29
physical exam, 27, 28

awake vs. asleep, 23
complication, 25
difficult airways, predictors of, 22, 23
direct/video laryngoscopy, 24
equipment, 29, 34, 35

advanced, 31–33
basic, 29–31

indications, 22
initial and backup plan, 24
medications, 33
muscle relaxants, use of, 23, 24
patient preparation, 24
techniques

Bougie stylet, 38, 39
C-MAC, 41
direct laryngoscopy, 37, 38
endotracheal tube exchange, 51, 52
FOB, 41–44
mask ventilation, 35–37
McGrath, 40, 41
NPA, 37
OPA, 37
supraglottic airway devices, 44–49
LMA, 44, 45
surgical airway, 49, 50
surgical cricothyrotomy, 50, 51
video laryngoscopy, 39, 40

timeout, 24, 25
Airway pressure release ventilation (APRV), 78, 79
Airway protection, 71
Airway rewarming, 459
Alanine aminotransferase (ALT), 453
Alarms, 85
Albumin transfusion, 615–616
Albumin-containing solutions, 599
Albuterol, 91
Alkalemia, physiologic effects of, 302, 303
Alkalinization, 285
Allergic asthma, 89
Alpha-fetoprotein (AFP), 478
Alveolar hypoventilation, 301
American College of Emergency Physicians (ACEP), 687
American Spinal Injury Association Impairment (ASIA) 

Scale, 384
American Thoracic Society (ATS), 511
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Amiodarone, 150, 152, 157, 158
Amlodipine, 466
Amniotic fluid embolism (AFE), 511, 512
Amphetamines, 471
Analphylaxis, intramuscular epinephrine for, 449
Anaphylactoid, 447, 448, 451
Anaphylaxis, 447, 448

antihistamine, 450
bronchodilators, 450
cardiac drugs, 450, 451
diagnosis, 451
epinephrine, 449, 450
follow-up, 451
intravenous fluids, 450
steroids, 450

Angiotensin-converting-enzyme (ACE) inhibitors, 507
Anion gap, 306, 309

calculation, 305, 307
causes of, 307

Ankle–brachial indices (ABI), 268
Antepartum hemorrhage, 521
Anterior cerebral artery strokes, 361
Antibiotics

COPD, acute exacerbation treatment, 98
gastrointestinal hemorrhage, 232

Anticholinergic drugs, 93, 472
Anticholinesterase (AChE) inhibitors, 472
Anticipated clinical course, 71, 72
Anticoagulants, reversal of

ACS and MI, 136
hemorrhagic stroke, 366, 367
TBI, 403, 404

Antidysrhythmic therapy, 150
Antihistamine, 450
Antihypercalcemic agents, 483
Anti-ischemic therapy, 136
Antitachycardia pacing, 182
Aortic aneurysm, 272
Aortic dissection, 217, 218

definition, 217
definitive treatment, 220
initial stabilization, 219, 220
pathophysiology, 217, 218
presentation, 218, 219
Stanford (bold letter) and Debakey (Roman numerical 

system) classification for, 219
Aortic valve degeneration, 172
Apixaban, 404
Apnea, 542, 552
ARDS Network (ARDSNet), 106, 108
ARDSnet protocol, 81
Arrhythmias, 172, 512
Arterial blood gas (ABG), 28, 304

analysis of, 303–305
Arterial emboli, 261
Arterial pulses, 114
Arteriovenous malformations (AVMs), 523
Asleep AM, 23
Aspartate aminotransferase (AST), 453
Aspirin, 135
Assembled Minnesota tube, 235

Assist control (AC), 73, 77
Asthma, 58, 89, 92–93, 513, 514, 559

diagnosis, 91
disposition, 95
epidemiology, 89
pathophysiology, 89, 90
populations

pregnancy, 90
work related asthma, 90, 91

treatment, 91, 93, 94
Asthma-COPD overlap syndrome, 99
Atrial electrogram (AEG), 190
Atrial fibrillation (AF), 150

diagnostic studies, 151
initial assessment, 151
pathophysiology, 150
rate control, 152
rhythm control, 152, 153
stable patient, 152
thromboembolic risk, 153
treatment, 151

Atrial flutter, 147, 187
Atrial tracking, 181
Automatic implanted cardioverted defibrillator (AICD), 172
Auto-PEEP, 82–84
AV interval pacemakers, 180
AV junctional tachycardia, 187
AV nodal reentry tachycardia (AVNRT), 146
AV reentry tachycardia (AVRT), 146, 147
Awake AM, 23
Axial pump, 166

B
Bacterial infections, 254
Bag valve mask (BVM), 29, 30, 562
Balloon tamponade devices, 234, 235, 238

gastrointestinal hemorrhage, 233, 234
protocol, insertion of, 236
securing, 238

Barbiturates, 250
Benzodiazepines, 375, 377, 379
Beta blockers, 143, 152, 466

AHF, 210
Beta-adrenergic blockade, 150
Bi-level positive airway pressure (BIPAP), 67
Bipolar pacemakers, 184
Blended oxygen, 543
Blood pressure management, 1

hemorrhagic stroke, 366
ischemic stroke, 363, 364
SCI, 388, 389

Blood products
adjunctive therapies, 618
albumin transfusion, 615–616
cryoprecipitate transfusion, 615
“emergency release” blood, 610
massive transfusion, 611, 612
modern blood-banking practices, 610
plasma transfusion, 614–615
platelet transfusion, 613–614
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RBC transfusion, 610, 611
transfusion medicine, 610
transfusion of, 610, 616, 617

Blood transfusion, sepsis, 341
Bloodstream infections, 175
Blood-warming device, 617
Blunt, 414–417
Blunt abdominal trauma, 415
Blunt cardiac injury (BCI), 412, 413
Blunt splenic injury, algorithm for, 416
Blunt trauma, 526
Blunt vascular injury, 420
Body water compartments, 313
Bolus-dose phenylephrine, 605
Boney pelvic trauma, 418, 419
Bougie, 32
Bougie stylet, 38, 39
Bradycardia, 11, 150
Bradydysrhythmias, 141

definitions of, 142
diagnostic studies, 142
differential diagnosis and management of, 144
initial assessment, 141, 142
medical management, 143
pacing, 142, 143
pathophysiology, 141
treatment, 142

Breathing, TBI, 401
Bronchodilators, 450
Broselow color system, 573
B-type natriuretic peptide (BNP), 204
Burkitt’s lymphoma, 484
Burst fracture

C7, 386
T7, 386

C
Calcitriol, 480
Calcium channel blockers (CCBs), 466
Calcium gluconate, 320
Calcium sensitizers, 210
Camphor, 466, 467
Cannula, 175
Cannula obstruction, 172, 173
Capnography, 7
Capsule endoscopy, 227, 228
Capture, 176
Carbohydrate antigens, 478
Carbon monoxide (CO), 588
Carbonic anhydrase, 301
Carbuncle, 351
Carcinoembryonic antigen (CEA), 478
Cardiac arrest

algorithm, 196
initial diagnostics, 194, 195
intra-arrest management, 195
pathophysiology, 194
patient presentation, 194
postarrest diagnostics, 195
postarrest management, 198

cardiovascular, 195, 197
disposition, 198
neurological, 195
prognosis, 198
respiratory, 197, 198

symptom-guided diagnostic evaluation, 197
Cardiac arrests, 175
Cardiac arrhythmia, 370, 456
Cardiac drugs, environmental emergencies, 450, 451
Cardiac dysrhythmias, 141

atrial fibrillation, 150
diagnostic studies, 151
initial assessment, 151
pathophysiology, 150
rate control, 152
rhythm control, 152, 153
stable patient, 152
thromboembolic risk, 153
treatment, 151

bradydysrhythmias, 141
diagnostic studies, 142
initial assessment, 141, 142
medical management, 143
pacing, 142, 143
pathophysiology, 141
treatment, 142

tachydysrhythmias, 143
antidysrhythmic therapy, 150
atrial flutter with fixed conduction, 147, 148
AV nodal blockade, 148–150
AVNRT, 146
AVRT, 146, 147
DC cardioversion, 150
junctional tachycardia, 147
MAT, 147
sinus tachycardia, 145
SNRT, 146
SVT, 146
UAT, 147

WCT, 154
pacemaker, 154–156
preexcitation tachycardia, 154
toxic and metabolic causes, 154
treatment, 156–158
ventricular tachycardia, 154

Cardiac output (CO), 3, 305, 595
Cardiac transplantation, 165
Cardiac ultrasonography, 204
Cardiogenic pulmonary edema, 59
Cardiogenic shock, 10, 17, 171, 203, 566–568, 604
Cardiopulmonary arrest, 512, 513
Cardiopulmonary bypass, 460
Cardiopulmonary resuscitation (CPR), 587, 633, 690
Cardiovascular system, 55
Catheter directed fibrinolysis, 126
Central access, 229
Central diabetes insipidus, causes of, 443
Central pontine myelinolysis (CPM), 314
Central venous oxygen saturation, sepsis, 342
Central venous pressure (CVP), 15, 597
Centrifugal pump, 166
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Cerebellar hemorrhage, 369
Cerebral venous thrombosis (CVT), 522–523
Cerebrospinal fluid (CSF) protein, 488
Cerebrovascular autoregulation, 456
Chagas disease, 202
Chandy maneuver, 46
Chest trauma, 410–413
Chest compressions, newborn care, 547
Chest injury, risk factors for, 411
Chest radiographs (CXR), 28, 203, 204
Chest wall, 55
Child Protective Service (CPS), 583
Chorioamnionitis, 519
Chronic kidney disease, 525
Chronic liver failure, 253
Chronic obstructive pulmonary disease (COPD), 58, 

92–93, 95
acute exacerbation treatment, 96

antibiotics, 98
corticosteroids, 97, 98
invasive mechanical ventilation, 97
oxygen, 96
short acting bronchodilators, 97
ventilatory support, 96, 97

asthma-COPD overlap syndrome, 99
diagnosis, 96
disposition

discharge, indications for, 98, 99
hospital/ ICU admission, indications for, 98

epidemiology, 95
pathophysiology, 95, 96

Circulation, TBI, 402
Circulatory shock, 3
Cirrhosis

definitive treatment, 257
presentation, work-up, emergency, and definitive 

treatment
hepatic encephalopathy, 256, 257
hepatic hydrothorax, 255
hepatopulmonary syndrome, 257
hyponatremia, 257
renal failure, 256
variceal bleed, 255, 256

Clopidogrel, 135
Clostridial myonecrosis, 351, 354
Clot extraction, 126
Clot management, pulmonary embolism, 124–126
Clot propagation, into CMV, 115
C-MAC, 41
Coagulopathy, 245, 250
Coarctation of the aorta (CoA), 563
Cocaine, 471
Cognitive state, 374
Cold injury, 455
Combitube, 48
Common femoral vein (CMV), 115
Compartment syndrome (CS), 419, 421, 582
Competition, 189
Complicated soft tissue infections

clostridial myonecrosis, 351

Fournier’s gangrene, 350
GAS necrotizing fasciitis, 350
necrotizing cellulitis, 351
necrotizing myositis, 350
patient management

antibiotics, 352
diagnostic imaging, 352
early recognition, 351
HBOT, 353
IVIG, 353
labs, 351, 352
LRINEC, 352
surgical intervention, 352, 353

type I, 350
type II, 350

Conduction abnormality, 176
Congenital heart disease (CHD), 563
Continuous mandatory ventilation (CMV), 73, 77
Continuous positive airway pressure (CPAP), 67, 546, 550
Continuous renal replacement therapy (CRRT), 296
Continuous SE, 376
Continuous-flow VAD, 165
Contrast-enhanced computed tomography (CT), 491
Contrast-enhanced magnetic resonance angiography 

(CE-MRI), 268
Cortical neuronal networks, 375
Corticosteroids, 323, 488

acute exacerbation treatment, 97, 98
sepsis, 341

Creatinine clearance and serum creatinine, 291
Crich kit, 51
Cricoid pressure, 36
Cricothyroid membrane (CTM), 26
Critical care echocardiography (CCE), 638
Critical Care Paramedics, 628
Critical Care Transport Nurses, 628
Critical care ultrasonography

abdomen
EFAST, 663, 664
pelvis/pouch of douglass, 664, 665
pericardial fluid, 665
splenorenal space, 664
thorax, 666, 667

cardiac
apical four-chamber (A4C), 640, 641
CCE, 638
IVC, 642
IVC collapsibility and echocardiographic 

measures, 651–653
LV systolic function (see Left ventricular (LV) 

systolic function)
parasternal long-axis view, 638, 639
parasternal short-axis, 639, 640
pericardial effusion and cardiac tamponade, 

649–651
RV function (see Right ventricular (RV) function)
subcostal (subxiphoid) viex, 641, 642

echocardiographic examination, 637
lung

“ICU Sound” protocol, 657
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pleural effusion, 659–660
pneumonia/lung consolidation, 660–662
pneumothorax, 657–659
pulmonary edema/interstitial syndrome, 662, 663

paracentesis, 675–677
pericardiocentesis, 672–674
quality of care, 637
resuscitation protocols

hypotension, 668–669
hypoxia, 667–668

thoracentesis, 674–675
training, 637, 638
vascular

aorta, 654, 655
deep vein evaluation, 655–656

vascular access, 669–672
Critical illness management, in pregnancy

antibiotics, 515
arterial blood gas values, 513
cardiovascular problems

ACS, 507
AFE, 511, 512
cardiopulmonary arrest, 512, 513
cardiovascular adaptations, 504
causes of, 512
clinical implications, 506
differential diagnosis, 507
eclampsia, 508–509
hypertension, 507, 508
initial evaluation and management, 507
life-threatening arrhythmias, 512
maternal cardiovascular system, 506
PPCM, 509, 510
preeclampsia, 508, 509
pre-existing heart disease, 506–507
pulmonary embolism, 510–511
residual disease, 506
signs and symptoms, 506

CXR, 503
diagnostic imaging, 528
ECMO, 505
endocrine problems

DKA, 525, 526
thyroid disorders, 526
thyroid storm, 526

epidemiology, 505
fetal physiology, 505–506
gastrointestinal disease

AFLP, 524, 525
gastrointestinal physiology, 523
HELLP syndrome, 523, 524
renal/urinary system problems, 525

infections
acute appendicitis, 519
chorioamnionitis, 519
HIV infection, 520
postpartum endometritis, 518–519
pyelonephritis, 518
sepsis, 517, 518
septic pelvic thrombophlebitis, 519

intubation in, 513
maternal positioning, 503
neurologic emergencies

CVT, 522, 523
intracranial hemorrhage, 523
seizures, 522

normal pregnancy
cardiac drugs, 506
hematologic changes, 504
lab values, 504
pulmonary adaptations, 505

obstetric hemorrhage
antepartum hemorrhage, 521
PPH, 520, 521

obstetric population, 503
respiratory problems

airway management, 516
ARDS, 516
asthma, 513, 514
H1N1 influenza, 514–516
maternal respiratory insufficiency, 513
mechanical ventilation, 517
pneumonia, 514

trauma, 526–528
Critically ill child

anatomical and physiological differences, 555
bradycardia, 555
cardiac emergencies

cardiogenic shock, 566, 567
HLHS/CoA, 563
SVT, 563

initial assessment
behavior, 557
cardiovascular, 558
DIRECT, 556
initial impression, 557
respiratory emergencies, 557

life-threatening diseases, 555
respiratory failure

acute bronchiolitis, 558, 559
diagnosis, 558
etiology, 558
management, 558
status asthmaticus, 559–561
upper airway obstruction, 561, 562

seizures and status epilepticus
simple febrile seizure, 568, 569
status epilepticus, 569–571

Critmeter hypothesis, 286
Cross-talk, 189
Cryoprecipitate, 251
Cryoprecipitate transfusion, 615
Crystalloid, 248, 409
Crystalloid resuscitation, 229
Crystalloid solution, 410
CT angiography (CTA)

AAA, 273
SAH, 370

Curved laryngoscope blades, 32
Cycle, 73
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D
Dabigatran, 367, 404
Dantrolene, 455
DC cardioversion, 150
Dead space, 70
DeBakey system, 217
Deep vein thrombosis (DVT), 113
Defibrillation, 458
Dehydration, 313, 453
Delayed cerebral ischemia (DCI), 370
Delayed Sequence Intubation (DSI), 24
Delirium, 220
Demand (synchronous) mode, 177
Denosumab, 483
Desmopressin (DDAVP), 231, 274, 444
Destination therapy, 165
Device failure, 168
Diabetes insipidus (DI), 317, 443

clinical symptoms and signs, 443
drug therapy for, 445
management, 444, 445
polyuria, diagnostic evaluation of, 444

Diabetic ketoacidosis (DKA), 435, 436, 525–526
diagnosis, 437, 438
hyperglycemia, 436
laboratory studies, 437
management, 438, 439
pathophysiology of, 436
precipitating factors, 437
subcutaneous insulin regimen for, 439

Diagnostic peritoneal aspiration (DPA), 667
Diagnostic peritoneal lavage (DPL), 414, 582
Dialysis, 293, 294
Diaphragm, 55
Diffuse alveolar damage (DAD), 104
Diffuse axonal injury (DAI), 396
Digital subtraction angiography (DSA), 267
Digoxin, 152
Diltiazem, 149, 466
Direct laryngoscopy, 37, 38
Direct/video laryngoscopy, 24
Disposable plastic stylet, 32
Disposition, TBI, 405
Distributive shock, 10, 11, 596
Diuretics, 207, 215
Dobutamine, 123, 341, 601–604
Dopamine, 460, 601–603
Driveline infections, 174
Drug elimination, renal emergencies, 285
D-sign, 647
Dual mode ventilation, 79
Dyspnea, 649

E
Early trauma-induced coagulopathy (ETIC), 611
Eastern Association for the Surgery of Trauma (EAST) 

guidelines, 413, 580
Echocardiography, 121
Eclampsia, 508–509

Eisenmenger syndrome, 506
Electrocardiogram (ECG), 28, 132, 268, 478
Elevated osmolar gap, 309
Embolic strokes, 359
Emergency department thoracotomy (EDT), 413
Emergency extracorporeal life support (E-CPR), 634
Emergency Medical Responder (EMR), 627
Emergency Medical Technician (EMT), 627, 628
Emergency Medical Treatment and Active Labor Act 

(EMTALA), 621, 623–624
Emergency Provider (EP), 687
Emergency pump drill, 168
Emergent exploratory laparotomy, 265
Encephalopathy, 245
End tidal carbon dioxide (ETCO2) device, 34
Endocarditis, 175
End-of-life (EOL) care

EP, role of, 687
establishing GOC, 688–690
futility, 692
medical ethics, 688
palliative care, 687
SDM, 690, 691
withdrawing/withholding medical treatment, 691–692

End-of-life communication, 690
Endoscopy, gastrointestinal hemorrhage, 232, 233
Endothelial dysfunction, 288
Endotracheal intubation, 228, 387, 460, 546
Endotracheal tube exchange, 32, 51, 52
End-tidal carbon dioxide (ETCO2), 545
Enoxaperin, 136
Environmental emergencies

accidental hypothermia, 455–457
airway rewarming, 459
approach, 458
extracorporeal, 460
presentation, 457, 458
rewarming, 458
warmed infusion, 459
warmed internal lavage, 459

anaphylaxis, 447, 448
airway, 449
antihistamine, 450
approach, 448, 449
bronchodilators, 450
cardiac drugs, 450, 451
diagnosis, 451
epinephrine, 449, 450
follow-up, 451
intravenous fluids, 450
presentation, 448
steroids, 450

heat related injuries, 451, 452
cooling type, 454
medication management, 454, 455
presentation, 452–454

Epicardial pacing wires, 183, 184
Epicardial wires, removal of, 190
Epiglottis, 45
Epinephrine, 17, 93, 123, 143, 547, 602, 604
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environmental emergencies, 449, 450
newborn care, 548

E-point septal separation (EPSS), 644, 645
Erythropoietin (EPO), 285, 286
Eschmann Stylet, 32
Ethylene glycol, 295, 296, 473
Exertional Heatstroke (EHS), 452
Exhalation, 73
Extracorporeal accidental hypothermia, 460
Extracorporeal membrane oxygenation (ECMO), 109, 

110, 505, 628
Extraperitoneal bladder injuries, 416
Extremity trauma, 419–422

F
Facilitated intubation, 24
Factor V Leiden, 118
Fetal circulation, 535
Fever, 364
Fiberoptic scope, 42
Fibrinolytic therapy, 134, 135, 364, 365
Fibroblast growth factor 23 (FGF23), 284
Fibrotic phase, 105
Fingerstick glucometer test, 195
Fixed (asynchronous) mode, 177
Fixed airflow limitation, 90
Flash pulmonary edema, 221
Fleischner sign, 120
Flexible fiberoptic bronchoscope (FOB), 41–44
Flow, 167
Fluid-resuscitation

CVP, 15
fluid responsiveness, 15

Fluids, 410
ischemic stroke, 364
responsiveness, 15
resuscitation, 13, 14, 459
types of, 14, 15
and vasoactive agents

albumin-containing solutions, 599
anaphylaxis, 604
balanced vs. unbalanced crystalloid solutions, 

598–599
CO, 595
crystalloids vs. colloids, 598
CVP, 597, 598
distributive shock, 596, 597
dobutamine, 602
dopamine, 601, 602
epinephrine, 602
heart failure and cardiogenic shock, 604
HES, 600
intravenous fluid bolus, 597
milrinone, 602
neurogenic shock, 604
norepinephrine, 601
pharmacologic properties of, 600
phenylephrine, 601
post-intubation hypotension, 604–605

properties of, 599
septic shock, 603
titration of vasoactive agents, 605
vasoactive agents, 600, 601
vasoconstricting agents, 596
vasopressin, 602, 603

Focused Assessment with Sonography for Trauma 
(FAST), 527, 663, 664

Fondaparinux, 136
Fournier’s gangrene, 350
Fractional excretion of sodium (FENa), 292
Fresh frozen plasma (FFP), 609
Full outline of unresponsiveness (FOUR) score, 197
Fungal IAAs, 276
Furnacle, 351
Furosemide, 323
Fusion beats, 189
Futility, 692

G
Gallium nitrate, 483
Gamma-aminobutyric acid type A (GABAA) receptors, 

376
Gas delivery, 68
GAS necrotizing fasciitis, 350
Gastroesophageal varices, 255
Gastrointestinal (GI) bleeding, 173
Gastrointestinal (GI) hemorrhage, 223, 224

balloon tamponade device, securing, 238
disposition and risk stratification, 239, 240
transfer, 238

clinical scoring criteria for risk assessment in, 239
definitive therapy

balloon tamponade devices, 233, 234
endoscopy, 232, 233
interventional radiology, 233
surgery, 233

diagnosis and testing
airway, 228
antibiotics, 232
capsule endoscopy, 227, 228
desmopressin, 231
laboratory and ancillary studies, 227
nasogastric lavage, 226
nuclear medicine, 227
pharmacotherapy, 230
physical examination, 226
proton pump inhibitors, 230
somatostatin analogs, 230, 231
terlipressin, 232
TXA, 231
vascular access, 228, 229
vasoactive substances, 231
vasopressin, 231, 232
volume resuscitation and transfusion, 229

epidemiology, 224, 226
insertion technique, 235–238
low-risk criteria, patients with, 240
pharmacotherapy of, 230
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Gastrointestinal decontamination, 471
Genetic thrombophilias, 118
Genitourinary injuries, 415
Glasgow coma scale (GCS), 361, 579
GlideRite rigid stylet, 40
Glidescope (GS), 39, 40
Glidescope proprietary stylet, 40
Glidescope video laryngoscope, 40
Glomerulonephritides, 290
Glossopharyngeal nerve (GPN), 33
Glucose-6-phosphate dehydrogenase (G6PD) deficiency, 

486
Glutamate receptors, 375
Gluthathione (GSH), 474
Goals of care (GOC), 688–690
GRACE score, 135
Grave’s disease, 432
Guideline-based model, 138
Gum elastic bougie, 32

H
H1N1 influenza, 514–516
HeartMate II device, 167, 168
HeartWare, 167
Heat exhaustion, 452
Heat related injuries, 451, 452

cooling type, 454
medication management, 454, 455
presentation, 452–454

Heatstroke, 452
Hematemesis, 228
Hematochezia, 226
Hemodialysis, 295, 296

emergencies, 286
definition, 286, 287
epidemiology, 287, 288
pathophysiology, 288, 289

Hemodynamic stabilization, 248
Hemodynamically unstable blunt chest trauma, 411
Hemodynamically unstable patients, 420, 421
Hemolysis, elevated liver enzymes, and low platelets 

(HELLP), 509, 523–525
Hemolytic uremic syndrome (HUS), 509, 615
Hemorrhage, 240
Hemorrhagic stroke

definitive treatment, 366
anticoagulants, reversal of, 366, 367
blood pressure management, 366
intracerebral pressures, 368
seizures and seizure prophylaxis, 367
surgical interventions, 369

pathophysiology, 360
Hemostatic resuscitation, 612
Hemothorax, 414
Hepatic encephalopathy (HE), 246, 247, 256, 257
Hepatic hydrothorax, 255
Hepatic infarction, 509
Hepatitis A, 245
Hepatitis E, 245

Hepatitis vaccination, 245
Hepatopulmonary syndrome, 257
Hepatorenal syndrome (HRS), 256
High frequency oscillation ventilation (HFOV), 107
High sensitivity troponin (hST), 133
High-flow nasal cannula (HFNC), 559
HIV infection, 520
HONK, 438
Horner’s syndrome, 491
Humoral hypercalcemia, 480
Hydroxyethyl starches (HES), 599
Hydroxyurea, 494
Hyperbaric oxygen therapy (HBOT), 353
Hypercalcemia, 322, 323
Hypercapenic (type II) respiratory failure, 58
Hypergammaglobulinemias, 493
Hyperglycemia

ischemic stroke, 364
of DKA, 436

Hyperkalemia, 154, 319–321, 457, 485
acute renal failure, 294
causes of, 320
ECG changes of, 320
treatments for, 321

Hypermagnesemia, 323, 324
Hypernatremia, 317, 318
Hyperosmolar hyperglycemic states (HHS), 436, 437

diagnosis, 437, 438
management, 438, 439
pathophysiology of, 436

Hyperosmolar therapy, 404, 405
Hyperphosphatemia, 325
Hyper-reflexia, 457
Hypertension, 213, 214, 507, 508
Hypertensive crisis, 213–215
Hypertensive emergencies, 216

crisis, 214
definition, 214
definitive treatment, 217
diagnostics, 215
emergency, 214
initial stabilization, 215
pathophysiology, 214
presentation, 214, 215
urgency, 214

Hypertensive encephalopathy, 220
Hyperthermia, 471
Hyperthyroidism, 432
Hypertonic saline, 368
Hyperuricemia, 485
Hyperventilation, 250
Hypocalcemia, 321, 322, 453, 485
Hypoglycemia, 439

biochemical tests for, 442
clinical manifestation of, 440
clinical pathway, diagnostic evaluation, 441
conditions and drugs associated with, 440
diagnosis, 440–442
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Hyponatremia, 314–316

ACLF and cirrhosis, 257
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Meconium-aspiration syndrome (MAS), 538
Medical ethics, 688
Medtronic temporary pacemaker, 179
Melena, 226
Melker cricothyrotomy kit, 51
Metabolic acidosis, 7, 294

Index



707

Metabolic alkalosis, 310
Metastatic spinal cord compression (MSCC), 486, 491
Metastatic squamous cell lung cancer, 687
Methanol, 295, 472
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Neuromuscular blocking agents (NMBAs), 108
New LV dysfunction, 171
Newborn care

definitions, 536
equipment sizes, 546
initial stabilization, 537, 538

airway, clearing, 538, 542
apnea, 552
assessing respirations and heart rate, 542
chest compressions, 547
CPAP, 546, 550
drying, suctioning and stimulation, 542
endotracheal intubation, 546
epinephrine, 548
intravenous access, 547, 548
laboratory studies, 551
laryngeal mask airway, 546
oxygen administration, 543, 544
pneumothorax, 551
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malignant pericardial disease
clinical management, 478–479
clinical presentation, 478
epidemiology and pathophysiology, 477, 478

metastatic spinal cord compression, 486
MSCC

clinical management, 488–490
clinical presentation, 487–488
epidemiology and pathophysiology, 486–487

SVC syndrome
clinical management, 492–493
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