
As the number of visits to emergency departments (EDs) con-
tinues to rise steadily across the nation, emergency physicians
(EPs) are confronted with the task of caring for a seemingly end-
less stream of patients. Con-
tributing to the challenge of
treating an increasing number
of patients is the proportionate
increase in the number of those
who present in shock. Treating
the patient in shock can be chal-
lenging, for nearly all require
rapid assessment simultaneous-
ly with multiple treatment inter-
ventions. Once proper ED stabi-
lization has been achieved,
these patients require prompt
transport to the intensive care
unit (ICU) or the operating
room (OR) for continued care.
Unfortunately, as evidenced by recent literature, timely transport
to the ICU or the OR has become progressively problematic. As a
result of the escalating epidemic of hospital and ICU congestion,
critically ill patients often remain in the ED for exceedingly long
times.1 During these initial hours of shock and resuscitation, the
detrimental effects of inadequate oxygen delivery begin to take
hold. If not detected and treated promptly, the disastrous sequence

of events that stems from prolonged cellular hypoxia ultimately
will overwhelm the patient. Therefore, given a potentially pro-
longed stay in the ED, it is essential that the EP not only initiate

appropriate resuscitation meas-
ures, but also remain vigilant
for evidence of continued cellu-
lar ischemia.

Within the past several years,
clinical researchers have shown
that ED detection and treatment
of patients in shock significantly
can influence outcome. One
study demonstrated that early
and aggressive ED treatment of
patients in septic shock resulted
in a significant reduction in
mortality.2 Although additional
clinical trials are needed to sup-
port this study, it suggests that

the EP may have the greatest impact on patient survival.
To improve patient survival, the EP must be knowledgeable

about current concepts and controversies in the management of
patients in shock. No longer can one simply rely on the presence
of traditional clinical markers of shock to make the diagnosis.
New and innovative monitoring techniques, as well as continual-
ly evolving treatment algorithms, are at the forefront of shock
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research. This article will educate and update the EP on current
and future trends in the management of patients in shock.
Equipped with this information, the EP more effectively can
identify patients in shock, administer the latest evidence-based
treatment, and ultimately improve patient outcome.

—The Editor

The Basic Principle of Shock
Simply stated, shock is the transition from illness to death.3

Ever since the English surgeon Guthrie coined the term in 1815,
scientists and clinicians have sought to accurately define shock.
One of the earliest definitions can be traced to the late 1800s,
when Warren described shock as “a momentary pause in the act
of death.”4 Shortly thereafter, Gross published his belief that
shock was “a rude unhinging of the machinery of life.”5 Since

then, numerous concepts and observations have been published in
an attempt to capture the fundamental principle of shock. It was
not until the 1940s, however, that the principle of irreversible cel-
lular dysfunction first was put forth.6 This proposal led
researchers to focus on the harmful effects of cellular hypoxia and
the disastrous cascade of events that results from disruption of
cellular homeostasis. Based on the past several decades of shock
research, the current understanding of the basic principle of shock
can be summarized as follows: shock is the inability of the circu-
latory system to deliver sufficient oxygen and other vital nutrients
to meet the normal or increased metabolic demands of the patient.

Etiology
The causes of shock are myriad. In many cases, the exact

cause of shock does not become evident until after the patient
has left the ED. Therefore, it seems impractical and unnecessary
for the EP to memorize a lengthy list of sources. Rather, the busy
EP should focus on recognizing broad categories of causes. One
historic classification system segregates the causes into hemor-
rhagic, cardiogenic, vasogenic, and neurogenic.3 Another com-
monly used system divides the etiologies of shock into hypo-
volemic, cardiogenic, distributive, and obstructive.7 Perhaps the
simplest system, and the one easiest to recall at the bedside of an
acutely ill patient, is represented by the mnemonic SHOCK. (See
Table 1.) For the purposes of this discussion, the etiologies of
shock are categorized into hemorrhagic, septic, cardiogenic, neu-
rogenic, and anaphylactic.

Epidemiology
The true incidence of shock is unknown. Some authors esti-

mate that more than 1 million patients in shock present to EDs
each year.7 Given the inconsistency of the traditional markers of
shock, its frequently subtle presentation, and the fact that some
patients die before reaching medical attention, the true incidence
of shock is likely to be much higher. Shock can afflict males and
females of every age, race, and socioeconomic class. Not surpris-
ingly, hemorrhagic/traumatic shock is more prevalent among per-
sons between the ages of 1 and 44, while septic shock is more
prevalent among persons older than 55.8 Recent literature indi-
cates that the incidence of septic shock is increasing, paralleling
the continued growth of the elderly population.12 Epidemiologic
data regarding cardiogenic shock continue to be imprecise. Cur-
rent estimates place the incidence of cardiogenic shock compli-
cating acute myocardial infarction at 6-8%.9 Since anaphylaxis is
not a reportable disease, data regarding its incidence are scarce.
The current estimate of the international annual incidence of fatal
anaphylaxis is 154 per 1 million.10 To date, no reliable data have
been published regarding the incidence of neurogenic shock.

Pathophysiology
Regardless of the etiology, several fundamental pathophysio-

logic mechanisms are universal in regard to shock. To gain a
more thorough understanding of shock pathophysiology, it is
helpful to organize these mechanisms into the following cate-
gories: the autonomic response to shock, the effects of cellular
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hypoxia, and the role of inflammatory mediators. Although
described below as separate entities, it is crucial to appreciate
that all of the following effects act in concert.

Autonomic Response. The initial insult that leads to the
development of shock is a decrease in oxygen delivery (DO

2
) to

the tissues. DO
2

is the product of the total arterial oxygen content
and the cardiac output (CO). To counteract the decrease in oxy-
gen delivery, the initial compensatory response is an increase in
cardiac output. This is accomplished through the release of epi-
nephrine and norepinephrine from the sympathetic nervous sys-
tem. These cardiopulmonary catecholamines increase heart rate
and contractility in an attempt to increase DO

2
. Additional effects

of epinephrine and norepinephrine include increased minute ven-
tilation and increased peripheral vasomotor tone.7 As the
decrease in DO

2
continues, blood is shunted away from the skin,

kidneys, muscles, and splanchnic beds.8 With the decrease in
effective arterial circulating volume, the kidneys release renin,
activating the renin-angiotensin-aldosterone axis. Additional
vasoactive substances released into the systemic circulation dur-
ing this initial phase of shock include dopamine, cortisol,
glucagon, growth hormone, and anti-diuretic hormone (ADH).
The net effect of the autonomic response to shock is to preserve
oxygen and nutrient delivery to the most critical organs: the brain
and heart. 

Cellular Hypoxia. As stated above, shock begins when there
is an imbalance between tissue oxygen delivery and oxygen
demand, as measured by tissue oxygen consumption (VO

2
). VO

2

is the difference between oxygen delivered and that returning
from the tissues.7 Under normal physiologic conditions, cells
extract approximately 25% of available oxygen. Hence, venous
blood that returns to the heart from the periphery is normally 70-
75% saturated.8 This relatively constant fraction of oxygen extrac-
tion allows tissues to aerobically synthesize a sufficient quantity
of high-energy phosphate bonds (i.e., adenosine triphosphate
[ATP]) to maintain cellular homeostasis. When the increase in CO
is insufficient to restore adequate oxygen delivery, cells begin to
extract a higher percentage of available oxygen from the blood-
stream. If the underlying etiology is not corrected, the discrepancy
between oxygen delivery and consumption will continue to
widen, creating an oxygen debt. Eventually, the limit of increased
oxygen extraction is reached, resulting in cellular hypoxia.

As cellular hypoxia worsens and available ATP stores are
depleted, cells convert to anaerobic metabolism in an attempt to
maintain homeostasis. Anaerobic metabolism produces only one-
eighteenth of the energy that aerobic metabolism produces.8 As a
result, ion-pump disruption occurs, causing damaging influxes of
calcium, sodium, and water. Lysosomal enzymes are released,
leading to the denaturation of DNA, RNA, and phosphate esters.9

Lactate accumulation from continued anaerobic metabolism
results in both intracellular and extracellular acidosis. This acido-
sis, along with its unfavorable effects on the myocardium, ren-
ders cells less responsive to the autonomic changes discussed
above. Furthermore, cellular hypoxia causes the buildup of large
amounts of xanthine oxidase.8 Increased amounts of this enzyme
result in the formation of superoxide free radicals, which pro-
duce further DNA damage, protein denaturation, and lipid perox-
idation.8 Ultimately, the breakdown in cellular metabolism and
the accumulation of free radicals culminate in cell death.

Inflammatory Mediators. Although the adaptive responses of
the autonomic system may be beneficial initially, ongoing shock
creates an uneven distribution of blood flow, resulting in distinct
areas of tissue hypoxia. As evidenced above, the effects of tissue
hypoxia on cellular function can be catastrophic. Eventually,
hypoxic cells of the vascular endothelium activate tissue
macrophages and leukocytes, leading to the production of numer-
ous harmful inflammatory mediators.7 Mediators that have been
implicated in shock include tumor necrosis factor, interleukins 1
and 2, eicosanoids, interferon gamma, and platelet activating fac-
tor. With resuscitation, the hypoxic vascular beds are reperfused,
resulting in the delivery of these mediators to the systemic circu-
lation. It is this washout of inflammatory mediators that leads to
the development of the systemic inflammatory response syn-
drome (SIRS). SIRS is defined as the presence of two or more of
the following: temperature greater than 38° C or less than 36° C,
respiratory rate greater than 24 breaths/minute, heart rate greater
than 90 beats/minute, and a white blood cell count greater than
12,000 cells/microliter or less than 4000 cells/microliter. As SIRS
progresses, multi-organ dysfunction (MODS) develops, resulting
in acute renal failure, cardiac failure, adult respiratory distress
syndrome, gut dysfunction, and immunosuppression.6

Clinical Features
History. No single historical feature is diagnostic of shock.

Unfortunately, in only a few patients will the diagnosis of shock be
evident within the first several minutes of the encounter (e.g., in
those with hemorrhage from multisystem trauma). More often,
patients in shock will present with nonspecific complaints that eas-
ily can mislead even the seasoned EP. Some patients may report
nothing more than generalized lethargy or fatigue.9 Others may
arrive by ambulance, arrive in the custody of law enforcement, or
may be brought by family members for evaluation of bizarre
behavior. Additional nonspecific complaints may include subjec-
tive fevers, nausea, vomiting, diarrhea, or low back pain (ruptured
abdominal aortic aneurysm). Pertinent aspects of the medical his-
tory include any history of cardiovascular, pulmonary, renal, neu-
rologic, or immunosuppressive conditions. However, the absence
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Table 1. SHOCK Mnemonic

S Septic
Spinal

H Hypovolemic/Hemorrhagic

O Obstructive (pulmonary embolism, tamponade)

C Cardiogenic

K “K”ortisol (adrenal crisis)
AnaphylaKtic



of any previously known medical condition does not exclude the
possibility of cardiogenic, hypovolemic, or septic shock.

A recent medication list is imperative and may suggest the
possibility of toxicity from either accidental or intentional inges-
tion. Any new medications should raise suspicion for possible
adverse reactions, toxicity, or anaphylaxis. In addition to pre-
scribed medications, the EP should question the patient regarding
use of illicit substances.

For patients who arrive at the ED with a depressed mental sta-
tus, information obtained from emergency medical personnel, fam-
ily, or bystanders can be invaluable. Once again, no single histori-
cal feature is diagnostic of shock. Although the presence of any of
the above complaints or conditions is helpful, the EP cannot diag-
nose or exclude shock without additional objective information.

Physical Examination. No single vital sign abnormality is
diagnostic of shock. Traditionally, shock has been diagnosed
based on the presence of abnormal vital signs. Hypotension,
tachycardia, tachypnea, hypoxia, decreased urine output, periph-
eral hypothermia, and altered mental status have been the hall-
mark clinical indicators of shock. Unfortunately, there is an abun-
dance of data demonstrating that these findings are imprecise and
often subjective. Furthermore, they represent the secondary
effects of circulatory failure, not the principle pathophysiologic
problem.10 Due to compensatory mechanisms, the effects of age,
or the use of certain medications, a large percentage of patients in
shock will present with a normal blood pressure and heart rate.
Thus, normal vital signs cannot be used to exclude the presence of
shock. In fact, waiting for hypotension and tachycardia to develop
to make the diagnosis invariably will increase patient mortality.8

Some clinicians, in an attempt to improve the reliability of vital
signs, incorporate orthostatic blood pressure measurements and
calculation of the shock index (heart rate/systolic blood pressure)
into their armamentarium. Regrettably, these also have been
shown to be inconsistent indicators of shock.

No single physical exam finding is diagnostic of shock.
Notwithstanding, a complete physical examination must be per-
formed with the patient fully exposed. Essential components of the
physical exam include examination of the skin, the appearance of
the jugular veins, auscultation of the heart and lungs, examination
of the abdomen, and a complete neurologic exam. Any signs of
trauma, infection, or the presence of a characteristic odor (i.e., alco-
hol or ketones) can provide additional clues. Similar to the above
discussion regarding vital signs, physical exam findings have been
shown to be imprecise and often are observer-dependent. There-
fore, even in the presence of normal vital signs and an unremark-
able physical exam, the diagnosis of shock still must be considered. 

Ancillary Studies
Laboratory Data. No single laboratory value is diagnostic of

shock. Nonetheless, a variety of laboratory data can provide the
EP with invaluable information when confronted with a critically
ill patient. A complete blood count may demonstrate an elevated,
or even low, white blood cell (WBC) count, suggesting the possi-
bility of sepsis. A manual differential of the WBC count should
be ordered. The presence of greater than 10% bands, even in the

face of a normal WBC count, suggests the presence of an infec-
tion. Serial hemoglobin or hematocrit levels are crucial when
managing the patient suspected of suffering from hemorrhagic
shock. A basic electrolyte panel will not only provide informa-
tion about the patient’s renal function, but also may indicate the
presence of an acid-base disturbance. An elevated anion gap sug-
gests either continued anaerobic metabolism or the presence of
an ingested toxin. Additional labs that may be useful depending
on the patient’s presentation include an arterial blood gas; car-
diac enzymes, including troponins; urinalysis; coagulation pro-
file; toxicologic screens; hepatic enzymes; and a urine pregnancy
test.  In patients with hemorrhagic or hypovolemic shock, blood
transfusions may be required. Therefore, some authors argue that
the most important laboratory test to order in the critically ill
patient is a blood type and screen.8

Electrocardiogram (ECG). An ECG should be obtained in
every patient with suspected shock. Any abnormality consistent
with myocardial ischemia or infarction suggests the possibility of
cardiogenic shock. Although obtained primarily to detect the occur-
rence of an acute coronary syndrome, the ECG also can provide the
EP with insightful clues to the presence of alternative diagnoses.
Detection of right heart strain, as evidenced by right axis deviation,
incomplete or complete right bundle-branch block, or the character-
istic S1Q3T3 pattern suggests the possibility of pulmonary
embolism. The diagnosis of cardiac tamponade is implied by the
findings of low-voltage QRS complexes and electrical alternans.
The presence of U waves can indicate profound electrolyte distur-
bances such as hypokalemia or central nervous system abnormali-
ties such as subarachnoid hemorrhage. In addition to the above
findings, the EP also should examine the ECG for characteristic
signs of drug toxicity (i.e., digoxin or tricyclic antidepressants).

Radiologic Studies
Radiographic evaluation of the patient in shock usually begins

with the portable chest film. In most cases, it can be obtained quick-
ly and can diagnose, or at least suggest, the etiology of shock. A
widened mediastinum in the patient with chest pain or recent trau-
ma indicates aortic dissection. Similarly, a new pleural effusion in
the patient with chest pain suggests aortic dissection, pulmonary
embolism, or esophageal rupture. The finding of a water-bottle-
shaped cardiac silhouette implies pericardial effusion and the possi-
bility of cardiac tamponade. In a patient with acute abdominal pain,
detection of free air confirms a hollow viscus perforation. Addition-
al diagnoses that can be made by chest film include congestive
heart failure, pneumonia, and pneumothorax. Of note, tension
pneumothorax never should be diagnosed by chest film. It must be
detected during the primary survey and decompressed long before
the radiology technician can arrive at the bedside.

Although a chest film eventually is obtained on every patient
in shock, there often can be many unforeseen delays. An imaging
modality that quickly is gaining popularity in the ED is ultra-
sonography. By virtue of its design and versatility, ultrasound is
safe and can be performed on any patient in the ED. Further-
more, it allows the EP to confirm a clinical suspicion virtually
within seconds of considering a diagnosis.  
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The usefulness of ultrasonography in the evaluation of blunt
abdominal trauma is well documented.32 Patients with blunt
abdominal trauma who are hypotensive and have intraperitoneal
fluid on ultrasound should be taken immediately to the OR. In
addition to the focused abdominal survey performed on the trauma
patient, ultrasound can provide invaluable information regarding
other abdominal catastrophes. In the geriatric patient with
hypotension, visualizing the abdominal aorta and measuring its
diameter is crucial. Furthermore, in any elderly or immunocom-
promised patient who presents in shock with right upper quadrant
abdominal pain, ultrasound can be used to detect the presence of
emphysematous cholecystitis or ascending cholangitis. Ultra-
sonography is essential in the evaluation of the female patient with
abdominal pain and a positive pregnancy test. The presence of a
complex adnexal mass and free fluid in the cul-de-sac on pelvic
ultrasound makes the diagnosis of ectopic pregnancy more likely.

In addition to identifying abdominal emergencies, ultra-
sonography can be used to evaluate the patient for the presence
of other life-threatening etiologies of shock. In patients who are
hypotensive and have evidence of right heart failure despite a
normal lung exam, identification of a pericardial effusion can
be lifesaving. In patients with suspected pulmonary embolism,
demonstration of a deep venous thrombosis in the lower
extremities clinches the diagnosis. Finally, ultrasound can be
used to secure central venous access in those patients for whom
peripheral access is unobtainable. As more EPs receive formal
training, ultrasound undoubtedly will become an integral com-
ponent in the evaluation and management of the critically ill.

Additional radiologic studies performed on critically ill
patients include computed tomography (CT), magnetic reso-
nance imaging (MRI), and angiography. Many patients with
equivocal results from physical exam and/or chest film require
further imaging. If the patient is hemodynamically stable, CT is
the modality most often chosen. In fact, CT has become the
preferred imaging method for the evaluation of pulmonary
embolism, aortic dissection, pulmonary parenchymal abnor-
malities, and intra-abdominal pathology. Due to the prolonged
imaging time and relative inaccessibility of the patient during
imaging, MRI almost never is obtained during the early man-
agement of the critically ill patient. Angiography of the patient
in shock usually is reserved for those in hemorrhagic shock
secondary to trauma, when localization and embolization of
bleeding vessels is required.

Treatment
When managing the patient in shock, the primary objective is to

restore normal aerobic metabolism. To accomplish this goal, the EP
should focus on optimizing oxygen delivery to the tissues.  This
may require the initiation of mechanical ventilation to improve arte-
rial oxygen saturation, transfusion of blood to improve oxygen-car-
rying capacity, administration of intravenous fluids to improve left
ventricular filling and cardiac output, or administration of vasopres-
sor agents to augment or even maintain hemodynamic parameters.
These, along with many other aspects of treating the critically ill,
are addressed in the subsequent sections.

Initial Approach. As previously stated, the etiology of shock
may not be evident during the initial primary and secondary sur-
veys. Therefore, it is crucial that the EP follow a systematic
approach to all critically ill patients until further data can be
obtained to direct disease-specific therapy.

For any patient who passes through the doors of the ED, the ini-
tial evaluation begins with assessment of the airway. For those
with obvious clinical signs of shock (i.e., unstable vital signs, car-
diopulmonary arrest, severely depressed mental status), airway
control is best established through endotracheal intubation. Many
of the drugs used to facilitate intubation may further exacerbate
cardiovascular instability. For this reason, some authors suggest
that, because of their minimal effects on the myocardium and vas-
culature, etomidate and ketamine be used as first-line agents in the
critically ill.3 Of the patients who have a more subtle presentation,
many will not require immediate intubation. Notwithstanding, the
EP always should anticipate the need for airway control and have
the necessary equipment at the bedside. For patients not initially
intubated, frequent re-assessment of the airway is essential.

Following confirmation of airway patency, the EP must evalu-
ate the adequacy of ventilation. This often is a challenging task.
Frequently, the EP must rely on arterial blood gas analysis when
making decisions regarding the need for assisted ventilation.
Continued hypoxia and worsening hypercapnia are indications to
initiate mechanical ventilatory support. The respiratory muscles
are avid consumers of oxygen and can produce large quantities
of lactic acid.7 In fact, strenuous accessory muscle use can
increase consumption anywhere from 50% to 100%, leading to a
decrease in cerebral blood flow by as much as 50%.3 Thus, the
tachypneic patient in shock ultimately may require mechanical
ventilation as respiratory muscles fatigue, hypercapnia increases,
and acidosis worsens. Advantages to mechanical ventilation
include improved oxygen delivery to the alveoli, correction of
hypercapnia, and, most importantly, a decrease in oxygen con-
sumption by the respiratory muscles.

After ensuring proper airway control and assessing adequacy
of ventilations, the EP must focus on verifying circulatory stabili-
ty. Similar to the evaluation of breathing, determining sufficient
circulatory stability can be problematic. As demonstrated above,
relying on normal values for blood pressure and heart rate can be
misleading. Patients in shock from hemorrhage or hypovolemia
demonstrate profound vasoconstriction, providing inaccurate
blood pressure readings. Conversely, patients in septic shock have
warm extremities, leading to the false assumption of adequate
perfusion. Nevertheless, initial assessment of the circulation
should include the establishment of adequate intravenous (IV)
access. Two large-bore peripheral IV lines are preferred, especial-
ly in cases of trauma. However, if these cannot be established, a
central venous line should be placed. If a central line is required,
cannulation of either the internal jugular or subclavian vein is pre-
ferred. Standard practice dictates the use of crystalloid fluid as the
initial resuscitative fluid in the hypotensive patient. However,
recent literature questions not only the choice of fluid, but also the
timing of its administration. The subject of fluid resuscitation is
addressed in the section on the treatment of hemorrhagic shock.
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Patient Monitoring. Traditional ED monitoring of the acute-
ly ill patient begins with use of a cardiac monitor and continuous
pulse oximetry. In the majority of patients, a Foley catheter
should be placed so that the EP accurately can follow urine out-
put. Serial blood pressure measurements usually are obtained
every 2-5 minutes.3 Arterial blood pressure readings obtained by
cuff sphygmomanometry tend to underestimate true arterial pres-
sures. Therefore, a radial arterial line should be placed in patients
who have inconsistent, or persistently low, cuff pressures. An
arterial line also is indicated when the EP is initiating, and titrat-
ing, vasopressor agents. Unfortunately, these traditional methods
of monitoring the critically ill patient, while necessary, have been
shown to be insensitive and inconsistent indicators of hypoperfu-
sion and ongoing shock.11 Thus, the EP must rely on other
adjuncts when attempting to assess the adequacy of resuscitation
and restoration of normal tissue perfusion. 

Pulmonary Artery (PA) Catheter. The PA catheter (Swan-
Ganz catheter) long has been considered the gold standard for
differentiating between the various categories of shock. Informa-
tion obtained from the PA catheter includes the pulmonary capil-
lary wedge pressure (PCWP), pulmonary artery pressure (PAP),
right ventricular and central venous pressures (CVP), mixed
venous oxygen saturation (SmvO

2
), cardiac output (CO), and cal-

culation of the systemic vascular resistance (SVR). By determin-
ing the PCWP, CVP, CO, and SVR, one can determine if a
patient has hypovolemic, septic, or cardiogenic shock. Equally as
important as these values is the SmvO

2
. As oxygen delivery to

the tissues decreases, cells begin to extract a larger percentage of
available oxygen, resulting in a lower SmvO

2
. Hence, an SmvO

2

less than 70-75% indicates ongoing hypoperfusion and the need
to continue aggressive resuscitation. The PA catheter is inserted
through a 7-French catheter placed in the internal jugular or sub-
clavian veins. Complications of placing a PA catheter include
cardiac perforation with subsequent tamponade, atrial and ven-
tricular arrhythmias, and pulmonary artery rupture. Given these
potentially disastrous complications, combined with prolonged
time required to insert the device, placement of a PA catheter in
the busy ED usually is not feasible or routinely recommended.

Central Venous Oxygen Saturation (ScvO
2
). As discussed

above, patients may have ongoing tissue hypoxia despite a nor-
mal blood pressure, pulse, oxygen saturation, mental status, and
urine output. One way to detect ongoing cellular hypoxia is to
measure SmvO

2
. However, placement of a PA catheter and meas-

urement of SmvO
2

are not performed routinely in the ED. What
can be measured in the ED is the ScvO

2
. This usually is obtained

through a central line placed in either the internal jugular or sub-
clavian vein. Numerous studies have demonstrated that ScvO

2

correlates well with SmvO
2

in shock states.12 Therefore, serial
measurements of ScvO

2
can provide the EP with objective evi-

dence of the effectiveness of resuscitation, as well as aid in deter-
mining the need for additional interventions.

Central Venous Pressure (CVP). Monitoring CVP can be
helpful in the volume-depleted patient who initially presents with
low CVP.8 Unfortunately, this seems to be the only scenario in
which serial CVP measurements are useful. A normal, or even

elevated, initial CVP can be misleading. In the acutely ill patient,
several conditions falsely will elevate the CVP (e.g., cardiac tam-
ponade, pulmonary embolism, and right ventricular infarction).
Therefore, the EP should not mistakenly infer a normal volume
status based on a normal, or elevated, CVP.

Lactate. Another laboratory value that can be useful in moni-
toring the critically ill patient is the arterial (or venous) lactate
level. As mentioned previously, cells convert to anaerobic metab-
olism if the body’s compensatory mechanisms fail to deliver
enough oxygen to maintain aerobic metabolism. The predomi-
nant by-product of anaerobic metabolism is lactic acid. Persis-
tently elevated blood lactate levels (> 4 mM) can signify contin-
ued cellular hypoxia. In fact, the severity of lactic acidosis corre-
lates with the oxygen debt and, ultimately, with patient survival.8

Several studies demonstrate mortality in excess of 50% for those
with persistently elevated levels.13 It is important for the EP to
realize that a single lactate level has no value in predicting mor-
bidity or mortality. Rather, the trend in serial measurements pro-
vides the most valuable prognostic information.

Additional Monitoring Methods. New methods to monitor
the acutely ill patient continue to be put forth in an attempt to
find the holy grail for detecting shock. Most have been studied
for several years and continue to be the focus of new research
endeavors, yet few have been implemented in the everyday man-
agement of the critically ill. Nonetheless, the EP should be famil-
iar with emerging concepts that soon may complement, or even
replace, existing monitoring modalities.

One modality that has practical application in the ED is the
measurement of end-tidal carbon dioxide (etCO

2
). During shock

(or any low-flow state), etCO
2

frequently is low. This reflects the
impaired venous return of metabolic by-products caused directly
by the global decrease in perfusion. As resuscitation proceeds,
previously hypoxic regions regain adequate perfusion, resulting
in a return of CO

2
to the central circulation. Hence, etCO

2

increases. By following continuous etCO
2

measurements, the EP
can make educated inferences regarding the overall success of
resuscitation. With the appropriate equipment, etCO

2
can be

measured and monitored from an endotracheal tube, face mask,
or nasal cannula.

Using the same principle of detecting changes in the partial
pressure of CO

2
(pCO

2
), sublingual capnometry recently has

emerged as a promising method of monitoring the acutely ill.
Infrared biosensors placed under the tongue detect changes in
pCO

2
. Although it currently is used only in research protocols, sub-

lingual capnometry has shown excellent correlation compared with
the above-mentioned methods of monitoring patients in shock.14

Gastric tonometry and transcutaneous oxygen monitoring
were introduced more than 20 years ago. During early stages of
shock, compensatory vasoconstriction preferentially shunts blood
away from the splanchnic circulation, the skin, and skeletal mus-
cle. Not only are these vascular beds the first to demonstrate
reduced blood flow, they are the last to regain normal perfusion
when resuscitation has been successful. Therefore, one conceiv-
ably could identify shock at earlier stages, or identify ongoing
subclinical shock, by following the respective changes in the gas-
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tric mucosal pH and tissue oxygen tension. An unfortunate prob-
lem with both of these methods is that normal and critically
abnormal values have not been established.15 Furthermore, the
optimal site for monitoring tissue oxygen tension continues to be
debated. Thus, gastric tonometry and transcutaneous oxygen
monitoring remain investigational and primarily are limited to
academic research centers.

A final adjunct useful in assessing overall tissue perfusion is
optical spectroscopy. This method allows the EP to directly
measure the oxygen saturation of the retinal vein. Numerous
studies8 have demonstrated good correlation with the SmvO

2

obtained by PA catheter. As is true for most of the above-men-
tioned new monitoring methods, it is not readily available in
most EDs.

The Geriatric Patient
The geriatric patient in shock deserves special attention.

Elderly patients have decreased physiologic reserves, an
increased incidence of shock, and a greater mortality rate com-
pared to younger patients. The older patient is more likely to
have preexisting organ dysfunction. In addition, the elderly are
more likely to be taking medications that alter the physiologic
response to decreased oxygen delivery. The presentation of shock
in the elderly may take the form of an alteration in mental status,
syncope, or unresponsiveness. Management of the geriatric
patient in shock can be challenging, especially in the patient with
cardiovascular disease. The EP undoubtedly will have to rely on
many of the monitoring methods discussed above to effectively
treat the elderly patient in shock.

Cause-Specific Management and Current 
Controversies

Hemorrhagic Shock. In patients suffering from traumatic
shock, the cornerstone of treatment rests in getting the patient to
the OR as expeditiously as possible. Except for rare occurrences,
patients usually are not taken directly from the ambulance bay into
the OR. Rather, patients are triaged to a designated resuscitation
area, where they are evaluated and resuscitation is initiated. During
the past several years, a multitude of questions has been raised
regarding proper resuscitation of the patient in traumatic shock.
Although many of these questions continue to be investigated,
recent literature has provided the EP with invaluable information.

Perhaps the most widely debated topic regarding the trauma
patient is fluid resuscitation. Since 1918, when the administration
of intravenous fluids was reported to improve outcome in
patients with hemorrhagic shock,16 debate has raged over not
only the proper timing, but also the type of fluid administered.
Traditional teaching during the past 40 years has been to infuse
large volumes of isotonic fluid as quickly as possible. Recent lit-
erature, however, questions this dogmatic approach. In fact, data
from numerous recent animal trials and one human clinical trial
suggest that mortality rates may be higher among patients resus-
citated using the traditional method.17 Current literature suggests
that patients with traumatic shock who have the potential for
ongoing hemorrhage be resuscitated to modest degrees of

hypotension until repair of the culprit vessel is accomplished.
Unfortunately, there are no published clinical guidelines that
define a target blood pressure. Most authorities in trauma man-
agement suggest resuscitating this select group of patients to a
systolic blood pressure of 70 mmHg. This value, however, is
based on ongoing research and must be validated by randomized,
prospective trials.

In addition to the timing and amount of fluid resuscitation,
there is as much debate over the type of fluid used. EPs are famil-
iar with the long-standing debate over crystalloid vs. colloid flu-
ids. A recent evidence-based review of studies comparing crystal-
loid and colloid fluids concluded there was no overall difference
in mortality, except in the subgroup analysis pertaining to trau-
matic injury.18 Trauma patients appeared to have a slightly
increased relative risk of death when resuscitated with colloid flu-
ids. Based on this association, a higher cost, relatively short half-
life, and the risk of disease transmission, colloid fluids are not
recommended routinely in the care of patients with traumatic
shock. Although crystalloid fluids frequently are administered,
recent data indicate they may not be as benign as was once
thought. Isotonic crystalloid resuscitation increases neutrophil
activation and adhesion following hemorrhage.19 Neutrophils may
play an important role in the release of the inflammatory media-
tors implicated in the pathogenesis of shock. Further research is
required to determine the clinical significance of this discovery.

It is well known that blood is the ideal isotonic resuscitative
fluid. Conventional wisdom teaches that when a patient in hem-
orrhagic shock remains hypotensive despite two liters of crystal-
loid fluid, blood transfusion should be initiated. Unfortunately,
there are recognized risks associated with receiving large quanti-
ties of transfused packed red blood cells. Because of the potential
complications associated with blood transfusion, other modalities
of fluid replacement are being investigated. In fact, millions of
dollars of research funds have been spent in an attempt to find an
acceptable blood substitute. One modality of interest is hemoglo-
bin-based oxygen carriers (HBOC). Currently, there are four
HBOCs undergoing clinical investigation.20 Clinical application
has been limited, however, secondary to documented toxic
effects on the cardiovascular system, kidney, gastrointestinal sys-
tem, and the coagulation cascade. Research continues on the use
of these products.

Along with research into blood substitutes, there also has
been renewed interest in hypertonic saline as a possible resuscita-
tive fluid. The use of hypertonic saline traditionally has been
reserved for the treatment of life-threatening hyponatremia or in
patients with traumatic brain injury.11 In patients with traumatic
shock, hypertonic saline has the theoretical benefit of increasing
intravascular volume with smaller quantities of fluid.11,16,21 Cur-
rent literature proposes that the combination of hypertonic saline
and dextran may be useful in situations where larger quantities of
fluid may be harmful (e.g., elderly patients with impaired cardiac
function). Additional randomized, prospective trials are required
before this combination can be added to the treatment regimen
for patients with hemorrhagic shock.

One final controversy in the treatment of patients in hemor-
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rhagic shock is the addition of antioxidants and/or free radical
scavengers to resuscitative fluids. Hemorrhagic shock impairs
antioxidant defense mechanisms and increases free radical pro-
duction.22 As discussed in detail above, free radical formation
plays a key role in the pathogenesis of shock and subsequent
MODS. To date, the results of studies involving superoxide dis-
mutase, N-acetylcysteine, ascorbic acid, vitamin E, and even
deferoxamine have been published.23 Preliminary data imply that
the inflammatory response to shock is somewhat mitigated by
the addition of an antioxidant to the resuscitation fluid.19 Given
the small number of patients enrolled in the above studies, addi-
tional trials clearly are needed to determine clinical significance.

Septic Shock. More than 380,000 patients are admitted
through EDs each year with the diagnosis of severe sepsis or sep-
tic shock.12 Sepsis is the most common cause of hypotension
requiring emergent care.24 The initial insult leading to septic
shock is the formation of an infectious nidus. The goal of treat-
ment is to eradicate the area of infection through the administra-
tion of intravenous antibiotics and/or surgical drainage. Antibiot-
ic selection in the ED usually is empiric. Selection should be
based on the suspected site of infection, the suspected organism,
whether the organism was acquired in the community or hospi-
tal, and on host factors such as the degree of immunodeficiency.
Furthermore, the EP should consider local resistance patterns
when choosing among the plethora of antibiotics. Table 2 pro-
vides general guidelines for empiric antibiotic treatment based
on the source of sepsis and the potential pathogens.

Resuscitation of the hypotensive septic patient begins with the

administration of intravenous fluids. A systematic review of the
clinical trials comparing crystalloid and colloid fluids demonstrat-
ed no difference in mortality, pulmonary edema, or length of stay.18

However, given the potential complications and cost of colloid
fluid (see above), isotonic crystalloid fluid is the resuscitative fluid
of choice. In a large percentage of patients, hypotension will per-
sist despite the administration of large volumes of isotonic fluid.
These patients require vasopressor therapy. The vasopressor agent
of choice heavily has been debated during the past several years.
Traditional teaching recommended dopamine as the first-line vaso-
pressor agent for septic patients. This recommendation, however,
was based solely on expert opinion, not the results of well-
designed, randomized, controlled trials.25 More recently, norepi-
nephrine has gained favor as the vasopressor agent of choice in
septic shock. Once thought to have deleterious effects on end-
organ perfusion, norepinephrine has been shown to achieve more
reliable, rapid, and effective blood pressure control than
dopamine.26 Added benefits of norepinephrine include improved
splanchnic flow, and improved renal flow with subsequent increas-
es in urine output.24 In addition to single vasopressor agents,
numerous combinations of agents have been studied. To date, the
combination of dobutamine with either norepinephrine or epineph-
rine appears to have the most promising results. Randomized, con-
trolled trials are required to confirm any superior benefit.

Aside from the debate over vasopressor agents, there is ongo-
ing controversy about the use of steroids in septic shock. It is
known that a large percentage of patients with confirmed septic
shock have a relative state of adrenal insufficiency. Therefore, will
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Table 2. Empiric Antibiotic Selection for Patients with Suspected Septic Shock

LUNG ABDOMEN SKIN/SOFT TISSUE URINARY TRACT

Major community- S. pneumoniae E. coli Group A Streptococcus E. coli
acquired pathogens H. influenzae Bacteroides fragilis S. aureus Klebsiella species

Legionella species Clostridium species Proteus species
Chlamydia pneumoniae Enterobacter species
Pneumocystis carinii

Empiric antibiotic Macrolide and third- Piperacillin-tazobactam Vancomycin + Imipenem- Ciprofloxacin +/- 
coverage generation cephalosporin + aminoglycoside OR cilastatin OR aminoglycoside

or fluoroquinolone Imipenem-cilastatin Piperacilin-tazobactam

Major nosocomial Aerobic gram-negative Aerobic gram-negative S. aureus Aerobic gram-negative
acquired pathogens bacilli rods Aerobic gram-negative rods

Candida species rods Enterrococcus species
Anaerobes

Empiric antibiotic Cefepime OR Imipenem-cilastatin +/- Vancomycin + Vancomycin +
coverage Imipenem-cilastatin +/- aminoglycoside cefepime cefepime

aminoglycoside OR
Piperacillin-
tazobactam +/- 
amphotericin B

Reprinted with permission from: Simon D, Trenholme G. Antibiotic selection for patients with septic shock. Crit Care Clin 2000;16:
215-231.



the physiologic replacement of steroids have any effect on mortal-
ity? The most recent data indicate that a short course of treatment
with low-dose hydrocortisone and fludrocortisone reduces the risk
of death in septic patients with relative adrenal insufficiency.27

Unfortunately, the results of this study are mainly applicable to
septic patients who remain vasopressor dependent. Thus, the
administration of steroids is not considered until several days into
the ICU course. Routine ED administration of steroids to patients
in septic shock cannot be recommended. Further research will
elucidate the role of steroids in the treatment of sepsis.

Finally, an exciting area of research in sepsis involves antago-
nizing the deleterious effects of cytokines. As previously men-
tioned, cytokines have a large role in the pathogenesis of sepsis
and septic shock. In general, cytokines can be divided into a pro-
inflammatory arm and an anti-inflammatory arm. The two most
well-known pro-inflammatory cytokines are TNF-alpha and IL-1.
The most recognized anti-inflammatory cytokine is IL-10. These
cytokines, as well as many others, interact in a complex network
in which they influence each other’s production and activity. 

In 1987, a monoclonal antibody to TNF was reported to pro-
tect baboons against lethal gram-negative bacteremia.33 Since
then, there has been an explosion of research pertaining to the
immunotherapy of sepsis. To date, there have been trials examin-
ing the effects of endotoxin monoclonal antibodies, glucocorti-
coids, ibuprofen, TNF-alpha antibodies, soluble TNF receptors,
IL-1 receptor antagonists, platelet activating factor antagonists,
granulocyte colony stimulating factor, intravenous immunoglob-
ulins, antithrombin III, and activated protein C. Unfortunately,
many of the earlier studies did not demonstrate marked improve-
ment in patient mortality. Notwithstanding, Marshall, combining
all studies of monoclonal antibodies against TNF, found an
absolute risk reduction of 3.5%34 Additional trials have demon-
strated similar results to this composite reduction in mortality.35

Recently, therapy with recombinant human activated protein C
has received much attention in the medical literature. This stems
from the study by Bernard et al, in which the authors found a
19.4% reduction in the relative risk of death in patients with
severe sepsis.36 Although the immunotherapy of sepsis still is
investigational and not immediately applicable to the ED, it is
likely to be at the forefront of the battle against sepsis in the
coming years. Thus, EPs should be familiar with its principles.

Cardiogenic Shock. The most common cause of cardiogenic
shock is acute myocardial infarction (AMI). For shock to occur
after an AMI, at least 40% of the myocardium must be involved.
Shock occurs as a complication in 5-10% of patients with AMI.28

Despite important advances in the care of the patient with AMI
(i.e., aspirin, beta-blockers, angiotensin-converting enzyme
inhibitors, thrombolytics, percutaneous transluminal coronary
angioplasty [PTCA], and intra-aortic balloon pump counterpul-
sation), the mortality rate from cardiogenic shock remains high.

Like other etiologies of shock, initial management of the
patient in cardiogenic shock begins with fluid resuscitation. For
reasons discussed above, isotonic crystalloid fluid is the initial
fluid of choice. When administering fluids to patients with pro-
found left ventricular failure, frequent re-assessment is necessary

to detect the presence of pulmonary edema. Most patients with
cardiogenic shock have existing coronary artery disease and/or
left ventricular dysfunction. Often these patients are on medica-
tions such as nitrates, beta-blockers, and angiotensin converting
enzyme inhibitors. These medications should be withheld until
the patient’s hemodynamic status improves.

For patients who remain hypotensive despite fluid therapy, or
who develop pulmonary edema, vasopressor support is required.
Current recommendations for vasopressor therapy are based on
the systolic blood pressure. For systolic blood pressures greater
than 80 mmHg, dobutamine is the agent of choice.29 Dobutamine
improves contractility and increases cardiac output. It also can
exacerbate hypotension and precipitate arrhythmias. For systolic
blood pressures of 70-80 mmHg, dopamine is the recommended
vasopressor.29 When blood pressure is below 70 mmHg, norepi-
nephrine is the agent of choice. The phosphodiesterase inhibitors,
amrinone and milrinone, have been studied extensively. They
may be used in combination with one of the above agents but are
not recommended as single-line therapy.

The cornerstone of therapy for the patient in cardiogenic shock
is the re-establishment of perfusion to ischemic myocardium. To
accomplish this, three treatment modalities are available: throm-
bolytics, PTCA, and coronary artery bypass grafting (CABG). The
introduction of thrombolytic therapy greatly has advanced the care
of the patient with AMI. Unfortunately, the benefits of lytic thera-
py are less clear once cardiogenic shock has developed. In fact, no
clinical trial has demonstrated reduced mortality when thrombolyt-
ics are administered to patients in shock.9 Reasons for this
decreased efficacy are unclear and continue to be investigated.

Given the relative inefficacy of lytics, the remaining modali-
ties are PTCA and CABG. When appropriate facilities are avail-
able, PTCA is superior to the use of lytics alone in patients pre-
senting with AMI. Unfortunately, there is a paucity of data
regarding the use of PTCA in patients with cardiogenic shock. To
date, just one randomized, controlled, prospective trial has
assessed the efficacy of these revascularization strategies in the
setting of shock. The results of this ongoing trial continue to be
debated. Preliminary conclusions support the use of PTCA in
patients presenting with cardiogenic shock. Indications for
CABG include left main disease and severe three-vessel disease.

For EPs working in facilities without the resources to perform
PTCA or CABG, intra-aortic balloon pump counterpulsation
(IABCP) can be helpful. Essentially, IABCP reduces systolic after-
load and augments coronary perfusion during diastole.9 Regret-
tably, the use of IABCP has not been shown to reduce mortality. It
does appear, however, that IABCP is helpful in stabilizing patients
while the EP arranges for transfer to a tertiary care facility.

Neurogenic Shock. The most common cause of neurogenic
shock is trauma to the spinal cord. For lesions above T1, sympa-
thetic tone is lost, producing hypotension and bradycardia, the
hallmarks of neurogenic shock. The goal of therapy is to main-
tain adequate perfusion pressure to prevent further ischemic
injury to the spinal cord, brain, heart, and kidneys. Atropine usu-
ally is given in the acute setting to combat unopposed vagal tone.
Frequently, vasopressor support is required. Unfortunately, there
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Figure 1. Diagnostic Approach to Patients with Suspected Sepsis
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2.  ECG
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is no consensus or evidence-based medicine to recommend the
ideal vasopressor.24 Furthermore, the optimal target mean arterial
pressure has not been defined. Older texts have recommended
the use of phenylephrine or ephedrine. Recent literature suggests
dopamine as the vasopressor of choice in neurogenic shock.24

Dopamine not only increases peripheral vascular resistance, it
also has chronotropic effects that increase heart rate.

Anaphylactic Shock. The presentation of patients with ana-
phylaxis can be dramatic. Intense bronchospasm, laryngeal
edema, cardiac arrhythmias, hypotension, urticaria, and altered
mental status are a few of the manifestations of anaphylaxis.
Treatment is aimed at reversing the effects of the various media-
tors that are released when the patient is re-exposed to an anti-
gen. Although debate continues about the ideal dose, epinephrine
is the drug of choice in the treatment of anaphylactic shock. Its
beta-1 and beta-2 stimulating effects reverse bronchoconstriction
and increase cardiac contractility and heart rate. Additional med-
ications given in anaphylaxis include steroids, antihistamines
(both H

1
and H

2
blockers), and intravenous fluids. Table 3 lists

the common medications used in anaphylaxis. Unlike the treat-
ment of shock of other etiologies, in the treatment of anaphylac-
tic, shock fluids are considered adjunctive therapy.

Conclusion
As hospitals combat the growing problem of overcrowding,

EPs are confronted with the daunting task of caring for critically
ill patients for longer periods of time. The EP no longer can resus-
citate a hypotensive patient and expeditiously transport him either
to the ICU or OR. In fact, EPs can expect to care for critically ill
patients long after the “golden hour”30,31 has elapsed. Therefore, it
is imperative that the EP resist the temptation to rely on the pres-
ence, or absence, of traditional clinical markers of shock. Rather,
the EP must use objective information obtained from current
monitoring methods to determine which patients require further
resuscitation. By identifying patients who continue to exhibit evi-
dence of ongoing cellular hypoxia, the EP can continue aggres-

sive treatment and ultimately improve patient survival.
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Table 3. Medications Used for Patients 
with Anaphylactic Shock

Epinephrine 0.01 mg/kg SC q10-15 minutes of 
1:1000 solution

Alternative: 0.01 mg/kg IV over 
5-10 minutes of 1:10,000 solution

Methylprednisolone 125 mg IV/IM q 4-6 hours
(Solumedrol) Alternative: Dexamethasone 

1-6 mg/kg IV q 2-6 hours

Diphenhydramine 25-50 mg PO/IM/IV q 6-8 hours
(Benadryl)

Nizatidine 150 mg PO q 12 hours
(Axid) Alternative: Ranitidine 150 mg PO 

q 12 hours
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Physician CME Questions

251. Which of the following terms is used to classify the etiologies of

shock?

A. Cardiogenic

B. Septic

C. Hemorrhagic

D. Neurogenic

E. All of the above

252. All of the following statements regarding the epidemiology of shock

are true except:

A. Cardiogenic shock complicates 6-8% of acute myocardial

infarctions.

B. The true incidence of shock is unknown.

C. The incidence of septic shock is decreasing.

D. Shock affects males and females of every age, race, and socio-

economic class.

253. Which of the following is the initial compensatory response to a

decrease in oxygen delivery?

A. Increase in cardiac output

B. Shunting of blood to the skin, muscle, and splanchnic vascular

beds

C. Release of dopamine, cortisol, and glucagon into the systemic

circulation

D. Decrease in minute ventilation

254. What percentage of available oxygen do cells extract under normal

physiologic conditions?

A. 10%

B. 25%

C. 35%

D. 50%

E. 75%

255. Which one of the following inflammatory mediators has been impli-

cated in the pathogenesis of shock?

A. Tumor necrosis factor

B. Platelet activating factor

C. Eicosanoids

D. Interferon gamma

E. All of the above

256. Which of the following vital sign abnormalities has been shown to

reliably diagnose shock?

A. Hypotension

B. Tachycardia

C. Tachypnea

D. Altered mental status

E. None of the above

257. Arguably, the single most important lab test to obtain on a patient in

shock is:

A. complete blood count.

B. cardiac enzymes.

C. blood type and screen.

D. urine pregnancy.

E. basic electrolyte panel.

258. All of the following statements regarding hemorrhagic shock are 

correct except:

A. Colloid is the resuscitative fluid of choice.

B. Patients should be resuscitated to modest degrees of 

hypotension.

C. Hypertonic saline may be useful in the patient with traumatic

brain injury.

D. Widespread use of HBOCs has been limited secondary to their

toxic effects.

259. Which of the following vasopressors has gained favor as the first-line

agent for septic shock?

A. Dopamine

B. Dobutamine

C. Phenylephrine

D. Norepinephrine

260. The initial drug of choice for patients presenting in anaphylactic

shock is:

A. intravenous fluids.

B. diphenhydramine.

C. prednisone.

D. epinephrine.
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CME Answer Key
251. E; 252. C; 253. A; 254. B; 255. E; 256. E; 257. C; 258. A;

259. D; 260. D

In Future Issues: Noninvasive 
Ventilation in the ED
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Diagnostic Approach to Patients with Suspected Sepsis

PATIENT ARRIVES IN EMERGENCY
ROOM SUSPECTED OF 

BEING SEPTIC.

1.  Secure airway.

2.  Ensure adequate ventilation.

3.  Establish adequate IV access and begin fluid resus-
citation with crystalloid. 

1.  Labs: CBC, CMP, UA, HCG 
Type/screen
Consider cardiac enzymes, toxicology panel, ABG

2.  ECG

3.  Chest film

4.  If unstable, consider sonography 

OBTAIN ANCILLARY DATA BASED ON PRESENTATION

Maintain high index of suspicion and identify
patient’s risk of sepsis.

Based on initial signs and appearance:
UNSTABLE OR STABLE?

ASSESSMENT

UNSTABLE OR STABLE?

REASSESS

STABLEUNSTABLE

STABLEUNSTABLE

1.  Continue crystalloid fluid resuscitation

2.  Initiate vasopressor treatment
—Norepinephrine

3.  Initiate broad-spectrum antibiotics

4.  Consider surgical consult

(Future trend: empiric administration of anti-
TNF, activated protein C, or cytokine treatment)

ADMIT TO ICU

Consider imaging based on clinical 
presentation - CT/MRI

If results of imaging yield source of infec-
tion, begin appropriate anti-microbial

treatment.

Consider adjunctive monitoring methods

•  Lactate •  CVP
•  ScvO2 •  ETCO2

(Future: esophageal Doppler, sublingual CO2)

EVIDENCE OF ONGOING CELLULAR
HYPOXIA?

CONSIDER ICU ADMISSION

YES NO

DISPOSITION: HOME WITH
FOLLOW-UP OR ADMISSION

FOR OBSERVATION

Key:
CBC = complete blood cell count; CMP = comprehen-
sive metabolic panel; UA = urinalysis; HCG = human
chorionic gonadotropin; ABG = arterial blood gas; CVP
= central venous pressure

SHOCK Mnemonic

S Septic
Spinal

H Hypovolemic/Hemorrhagic

O Obstructive (pulmonary embolism, tamponade)

C Cardiogenic

K “K”ortisol (adrenal crisis)
AnaphylaKtic

Medications Used for Patients 
with Anaphylactic Shock

Epinephrine 0.01 mg/kg SC q10-15 minutes of 
1:1000 solution

Alternative: 0.01 mg/kg IV over 
5-10 minutes of 1:10,000 solution

Methylprednisolone 125 mg IV/IM q 4-6 hours
(Solumedrol) Alternative: Dexamethasone 

1-6 mg/kg IV q 2-6 hours

Diphenhydramine 25-50 mg PO/IM/IV q 6-8 hours
(Benadryl)

Nizatidine 150 mg PO q 12 hours
(Axid) Alternative: Ranitidine 150 mg PO 

q 12 hours
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Empiric Antibiotic Selection in Patients with Suspected Septic Shock

LUNG ABDOMEN SKIN/SOFT TISSUE URINARY TRACT

Major community- S. pneumoniae E. coli Group A Streptococcus E. coli
acquired pathogens H. influenzae Bacteroides fragilis S. aureus Klebsiella species

Legionella species Clostridium species Proteus species
Chlamydia pneumoniae Enterobacter species
Pneumocystis carinii

Empiric antibiotic Macrolide and third- Piperacillin-tazobactam Vancomycin + Imipenem- Ciprofloxacin +/- 
coverage generation cephalosporin + aminoglycoside OR cilastatin OR aminoglycoside

or fluoroquinolone Imipenem-cilastatin Piperacilin-tazobactam

Major nosocomial Aerobic gram-negative Aerobic gram-negative S. aureus Aerobic gram-negative
acquired pathogens bacilli rods Aerobic gram-negative rods

Candida species rods Enterrococcus species
Anaerobes

Empiric antibiotic Cefepime OR Imipenem-cilastatin +/- Vancomycin + Vancomycin +
coverage Imipenem-cilastatin +/- aminoglycoside cefepime cefepime

aminoglycoside OR
Piperacillin-
tazobactam +/- 
amphotericin B

Reprinted with permission from: Simon D, Trenholme G. Antibiotic selection for patients with septic shock. Crit Care Clin 2000;16:
215-231.


