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The initial management of shock in the real world, especially in the emer-
gency department, requires a thorough understanding of pathophysiology, 
rapid assessment of shock, and comprehensive and timely treatment. There 
are a number of excellent textbooks for shock management. A traditional and 
ideal textbook-based approach is helpful for the management of simple and 
typical shock. However, the initial management of shock in the real world is 
not straightforward. A textbook-based approach which is based on symp-
toms, signs, and hemodynamic and laboratory parameters of classified typi-
cal shock has difficulties in solving complicated shock, which is often seen in 
the emergency department or ICU.

A scenario-based approach to shock is a new approach to shock manage-
ment. In this approach, real shock cases which were seen in the emergency 
department are reconstructed into scenarios based on real-life experiences. It 
would be helpful to solve the complicated shock cases. In this respect, this 
book was written entirely by emergency physicians who have diverse experi-
ence in the management of the patients with different types of complicated 
shock in the emergency department.

This book is composed of three parts. The first part is the introduction which 
includes definition, classification, pathophysiology, diagnosis, and manage-
ment of shock. In the second part, introduction, pathophysiology, initial 
approach and diagnosis, initial management, and future investigation accord-
ing to the different types of shock—hemorrhagic, cardiogenic, obstructive, 
septic, and anaphylactic—are described. In the third part, a key part of this 
book, a scenario-based approach to a series of cases based on real-life experi-
ences is given. Here, a narrative style and Q&A form are employed to vividly 
convey scenarios that may be encountered in clinical practice and to elucidate 
decision making in complex circumstances. A storytelling form of scenario 
will be very interesting and realistic because clinical presentation, underlying 
disease, and laboratory and radiologic findings are obtained from real patients. 
When readers experience difficulty in answering the questions, the earlier sec-
tions (first and second parts) can be consulted to identify the correct response.

Although this book was written by emergency physicians, it will be of 
great value in resuscitation and critical care. In particular, it will be very help-
ful for a novice or inexperienced person in emergency medicine, critical care 
medicine, or traumatology.

Seoul, South Korea� Gil Joon Suh 

Preface
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Introduction of Shock

Gil Joon Suh and Hui Jai Lee

1.1	 �Introduction

1.1.1	 �Definition of Shock

Traditionally shock was defined as an arterial 
hypotension resulting from impaired cardiac out-
put, blood loss, or decreased vascular resistance. 
With development of the technology and the 
increase in understanding shock physiology, cell-
level definition has been introduced. In this 
respect, shock is a state of circulatory failure to 
deliver sufficient oxygen to meet the demands of 
the tissues, that is, the imbalance between oxy-
gen delivery and oxygen consumption in the tis-
sues, which results in cellular dysoxia. One 
recent consensus meeting defined shock as “a 
life-threatening, generalized form of acute circu-
latory failure associated with inadequate oxygen 
utilization by the cells” [1].

1.1.2	 �Cellular Oxygen Delivery 
and Utilization

Oxygen is crucial for ATP production to maintain 
cellular metabolic function and homeostasis. 
Inadequate oxygen supplement cannot meet the 
oxygen demand and causes cellular injury.

In shock state, oxygen delivery (DO2) is 
deceased and tissue oxygen consumption (VO2) 
is increased. Imbalance between DO2 and VO2 is 
a key mechanism of the shock.

Restoration of tissue perfusion, prevention of 
cell damage, and maintenance of organ function 
are basic principles of shock management [1–6].

1.1.2.1	 �Tissue Oxygen Delivery
Tissue oxygen delivery is defined as a process to 
deliver arterial oxygenated blood to tissue. 
Arterial oxygen content (CaO2) is determined by 
the amount of oxygen bound to hemoglobin 
(SaO2) and dissolved oxygen in plasma.

Arterial oxygen content is described as 
follows:

	

CaO
Hb SaO

Hemoglobin bound oxygen amount
P

2
21 34

0 0031

=
´ ´

( )
+

´

.

.
-

aaO

Dissolved oxygen to plasma
2

( ) 	
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Oxygen delivery to tissue (DO2) can be 
expressed as a product of arterial oxygen content 
and cardiac output (CO).

Therefore, the equation for DO2 is as follows:

	

DO CO CaO

CO Hb SaO PaO
2 2

2 21 34 0 0031

= ´
= ´ ´ ´ + ´( ). .

	

The amount of oxygen dissolved in plasma is 
so small relative to oxygen bound to hemoglobin 
that the dissolved oxygen in plasma has a limited 
role in tissue oxygen delivery.

Therefore, the equation for DO2 can be simpli-
fied [7]:

	
DO CO Hb SaO2 21 34= ´ ´ ´( ).

	

CO is the product of stroke volume (SV) and 
heart rate (HR).

SV is composed of three components: pre-
load, myocardial contractility, and afterload.

Therefore, adequate CO, hemoglobin 
level, and oxygen saturation are essential 
(Fig. 1.1).

Tissue Oxygen Uptake
Tissue oxygen uptake means the amount of oxy-
gen consumed by tissues and cannot be measured 
directly.

Instead, VO2 is calculated from difference 
between the amount of oxygen supplement (DO2) 
and amount of oxygen in returned venous blood 
(Fig. 1.2).

Venous oxygen content (CvO2) can be 
expressed similarly to arterial oxygen content:

DO2 = Arterial O2 content    x   Cardiac Output

SO2 Hb

Preload

Contractility

Afterload

Heart rate

Stroke Volume

Fig. 1.1  Determinants of oxygen delivery. DO2 oxygen 
delivery, SaO2 oxygen saturation, Hb hemoglobin
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Fig. 1.2  Tissue oxygen uptake is calculated by difference between arterial oxygen saturation and venous oxygen 
saturation
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CvO Hb SvO

VO CO CaO CvO

CO Hb SaO SvO

2 2

2 2 2
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SvO2 means mixed venous oxygen saturation. 
It can be measured with pulmonary artery cathe-
ter. Because pulmonary artery catheterization is 
an invasive procedure, central venous oxygen 
saturation (ScvO2) which can be drawn from cen-
tral venous catheter can be used as a surrogate 
marker for SvO2 [2]. However, substituting SvO2 
by ScvO2 may be inappropriate because the dif-
ference between SvO2 and ScvO2 is variable in 
some critically ill patients [8, 9].

1.1.3	 �Epidemiology

The presence of the shock is usually risk factors of 
poor prognosis. According to a European multi-
center trial, septic shock was the most common 
(62%) type of shock in the ICU, followed by cardio-
genic (16%), hypovolemic (16%), distributive other 
than septic (4%), and obstructive shock (2%) [10].

1.2	 �Classification of Shock

Shock has been traditionally classified into four 
types: hypovolemic, cardiogenic, obstructive, 
and distributive shock (Table 1.1) [6, 11].

Hypovolemic shock occurs when circulating 
blood volume is decreased such as bleeding, 
dehydration, and gastrointestinal loss. Decreased 
circulating blood causes deceased preload, stroke 
volume, and cardiac output. Reduced cardiac 
output causes a compensatory increase in sys-
temic vascular resistance.

Cardiogenic shock is caused by failure of cardiac 
pump function. Most common cause of cardiogenic 
shock is myocardial infarction. Other conditions 
including arrhythmia, cardiomyopathy, and valvular 
heart disease may decrease cardiac output.

Obstructive shock is caused by the anatomical 
or functional obstruction of cardiovascular flow 
system. It includes pulmonary embolism, peri-
cardial tamponade, tension pneumothorax, and 
systemic arterial obstruction (large embolus, 

tumor metastasis, direct compression by adjacent 
tumor, aortic dissection, etc.).

Systemic vasodilation and secondary effective 
intravascular volume depletion result in 
distributive shock. Septic shock, the most com-
mon type of shock, is a kind of distributive shock. 
Neurogenic shock and anaphylaxis are also 
included in distributive shock [11, 12].

Several types of shock can coexist in a patient. 
For example, a patient with septic shock may be 
complicated by cardiogenic shock, which is 
caused by stress-induced cardiomyopathy.

1.3	 �Pathophysiology of Shock

Although there are various kinds of shock with 
many different clinical conditions, shock is a cir-
culatory mismatch between tissue oxygen supply 
and tissue oxygen demand.

1.3.1	 �Vascular Response

For maintaining vital organ perfusion, several 
autonomic responses are activated.

Table 1.1  Type of shock

Type
Hemodynamic 
changes Etiologies

Hypovolemic Decreased 
preload
Increased SVR
Decreased CO

Hemorrhage, 
capillary leak, GI 
losses, burns

Cardiogenic Increased 
preload
Increased 
afterload
Increased SVR
Decreased CO

MI, dysrhythmia, 
heart failure, 
valvular disease

Obstructive Decreased 
preload
Increased SVR
Decreased CO

PE, pericardial 
tamponade, tension 
pneumothorax, LV 
outlet obstruction

Distributive Decreased 
preload
Increased SVR
Mixed CO

Septic shock, 
anaphylactic shock, 
neurogenic shock

CO cardiac output, GI gastrointestinal, SVR systemic vas-
cular resistance, MI myocardial infarction, PE pulmonary 
embolism, LV left ventricle

1  Introduction of Shock
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Stimulation of carotid baroreceptor stretch 
reflex activates the sympathetic nervous system.

The activation of sympathetic nervous system 
increases heart rate and myocardial contractility 
and redistributes the blood flow from skin, skel-
etal muscles, kidney, and splanchnic organs to 
vital organs. Dominant autoregulatory control of 
blood flow spares cerebral and cardiac blood 
supply.

Release of vasoactive hormones increases the 
vascular tones. Antidiuretic hormone and activa-
tion of renin-angiotensin axis inhibit renal loss of 
sodium and water and help to maintain intravas-
cular volume.

1.3.2	 �Microcirculatory Dysfunction

In normal condition, capillary perfusion is well 
maintained. In shock, however, reduced capillary 
density and perfusion are shown. Shock is also 
characterized by endothelial cell damage, glyco-
calyx alteration, activation of coagulation, micro-
thrombi formation, and leukocytes and red blood 
cell alteration, which lead to microcirculatory 
dysfunction [5, 13].

1.3.3	 �Cellular Injury

Under the normal condition, 38 adenosine tri-
phosphates (ATP) are produced via aerobic gly-
colysis and TCA cycle.

In shock, however, pyruvate cannot enter into 
the TCA cycle due to insufficient oxygen deliv-
ery (anaerobic glycolysis), which results in only 
two ATP production. In this process, pyruvate is 
converted into lactate in cell which is released 
into circulation (Fig. 1.3).

When cellular hypoperfusion persists, cellular 
energy stores are rapidly decreased due to inade-
quate ATP regeneration. After ATP depletion, 
energy-dependent cellular systems are impaired, 
cellular homeostasis is threatened, and the break-
down of ultrastructure occurs.

Inappropriate activation of systemic inflam-
mation also causes cellular injures, which leads 
to multiple organ dysfunction (Fig. 1.4).

Anaerobic
glycolysis

Aerobic
glycolysis

Pyruvate

Glucose

Lactate

Acetyl CoA

TCA
Cycle

2 ATP

38 ATP

mitochondria

cytosolPyruvate dehydrogenase

Fig. 1.3  Glycolysis 
pathway. Without 
oxygen, efficiency of 
ATP generation is 
markedly decreased. 
Lactate is a by-product 
of anaerobic glycolysis 
pathway. ATP adenosine 
triphosphate, TCA 
tricarboxylic acid

Shock

Impaired tissue perfusion

Tissue hypoxia

Cellular dysfunction

Circulatory 
redistribution

Ischemia/
Reperfusion

Anaerobic
metabolism

Acidosis

Systemic inflammatory response syndrome

Multiple organ dysfunction syndrome

Inflammatory 
mediators

Fig. 1.4  Pathophysiology of shock
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1.4	 �Diagnosis of Shock

Diagnosis of shock should be based on compre-
hensive considerations of clinical, hemodynamic, 
and biochemical features.

1.4.1	 �Clinical Features

Tissue hypoperfusion in shock state can cause 
various kinds of organ dysfunctions. A compre-
hensive and detailed clinical assessment for the 
early detection and acute management is required.

1.4.1.1	 �General Appearance
Shock is a life-threatening condition and stressful 
reactions such as anxiety, irritability, and agita-
tion can be observed. Diaphoresis, pale skin, and 
mottled skin suggesting tissue hypoperfusion 
may be present. Capillary refill time more than 
2 s can be used as a surrogate marker of tissue 
hypoperfusion.

1.4.1.2	 �Central Nerve System
Patients with shock often present with various 
symptoms of CNS dysfunction. Visual distur-
bance, dizziness, syncope, agitation, mental sta-
tus, delirium, or seizure can be present. Decreased 
mentality or presence of delirium is associated 
with increased mortality [14, 15].

1.4.1.3	 �Respiratory System
Tachypnea is a component of the systemic inflam-
matory response, and common symptom of 
shock. Medullary hypoperfusion stimulates 
respiratory center and augments respiratory 
effort. Increased workload of breathing com-
bined with persistent hypoperfusion to respira-
tory muscles eventually causes respiratory 
muscle fatigue and leads to early respiratory fail-
ure. ARDS can develop as a consequence of 
inflammatory responses induced by shock.

1.4.1.4	 �Kidney
Renal hypoperfusion and oliguria cause ischemic 
renal damage. The extent of acute kidney injury 
is variable in shock. There are a number of clini-
cal tools for the assessment of acute kidney 

injury. Among them, RIFLE criteria and KIDIGO 
definition are most commonly used (Tables 1.2 
and 1.3) [16, 17].

1.4.1.5	 �Gastrointestinal Tract
Bowel mucosa is injured by hypoperfusion, 
splanchnic vasoconstriction caused by the redis-
tribution of blood, and inflammatory insult. 
Bowel injury causes the destruction of mucosal 

Table 1.2  RIFLE criteria [16]

GFR criteria
Urine output 
criteria

Risk Increased serum creatinine 
× 1.5 or GFR decrease 
>25%

UO < 0.5 mL/
kg/h × 6 h

Injury Increased serum creatinine 
× 2 or GFR decrease 
>50%

UO < 0.5 mL/
kg/h × 12 h

Failure Increased serum creatinine 
× 3 or GFR decrease 
>70% or serum creatinine 
4 mg/dL
(acute rise 0.5 mg/dL)

UO < 0.3 mL/
kg/h × 24 h or 
anuria × 12 h

Loss Persistent AKI
Complete loss of kidney function >4 weeks

ESRD End-stage kidney disease (>3 months)

GFR glomerular filtration rate, UO urine output

Table 1.3  KIDIGO definition of AKI [17]

AKI is defined as any of the following:
- Increase in SCr by ≥0.3 mg/dL within 48 h
- �Increase in SCr to ≥1.5 times baseline, which is 

known or presumed to have occurred within the  
prior 7 days

- Urine volume <0.5 mL/kg/h for 6 h
Stage 1
- Increase in SCr by 1.5–1.9 times baseline
- Increase in sSCr by ≥0.3 mg/dL
- Urine output <0.5 mL/kg/h for 6–12 h
Stage 2
- Increase in SCr by 2.0–2.9 times baseline OR
- Urine output <0.5 mL/kg/h for ≥12 h
Stage 3
- Increase in SCr by 3.0 times baseline
- Increase in SCr to 4.0 mg/dL
- Initiation of renal replacement therapy
- �In patients <18 years, decrease in eGFR to 35 mL/

min/1.73 m2

- Urine output <0.3 mL/kg/h for ≥24 h
- Anuria for ≥12 h

AKI acute kidney injury, SCr serum creatinine, eGFR 
estimated glomerular filtration rate

1  Introduction of Shock
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integrity, leading to bacterial translocation and 
inflammation-mediated injury [18].

1.4.1.6	 �Liver
Liver is vulnerable to hypoperfusion and tissue 
hypoxia. Increase in hepatic enzymes including 
transaminase and lactate dehydrogenase is com-
mon. The synthesis of coagulation factors is 
impaired by hepatic dysfunction.

1.4.1.7	 �Hematologic Disorder
Anemia can develop due to direct blood loss 
(e.g., hemorrhagic shock, acute gastric mucosal 
bleeding), myelosuppression, and hemolysis. 
Thrombocytopenia, coagulopathy, and dissemi-
nated intravascular coagulation (DIC) can 
develop. As mentioned above, hepatic injury can 
worsen the coagulation dysfunction.

1.4.1.8	 �Metabolic Disorder
Circulatory shock is a stressful event and sympa-
thetic activity is stimulated in the early phase. An 
increase in release of catecholamine, cortisol, 
and glucagon and decrease in insulin release can 
be shown. As a result, hyperglycemia can be 
shown in the early phase of shock. In advanced 
stage of shock, hypoglycemia can be present due 

to glycogen depletion or failure of hepatic glu-
cose synthesis.

Fatty acids are increased early in shock period. 
However, fatty acids are decreased in the late 
phase due to hypoperfusion to adipose tissue.

1.4.1.9	 �Clinical Scoring Systems
Several clinical scoring systems can be used for 
the assessment of circulatory shock for critically 
ill patients. Acute Physiology and Chronic Health 
Evaluation (APACHE) scores (II, III, IV), 
Simplified Acute Physiology Score (SAPS II), and 
Sequential Organ Failure Assessment (SOFA) 
score are commonly used and can be applied to the 
circulatory shock patients (Table 1.4) [19–23].

1.4.2	 �Hemodynamic Features

1.4.2.1	 �Blood Pressure and Heart Rate 
Monitoring

Blood Pressure
A decrease in cardiac output causes vasocon-
striction, leading to decreased peripheral perfu-
sion to maintain arterial pressure. However, 
preserved blood pressure due to vasoconstric-

Table 1.4  Sequential Organ Failure Assessment (SOFA) score

0 1 2 3 4
Respiratory
PaO2/FiO2 
(mmHg)

>400 ≤400 ≤300 ≤200
and mechanically 
ventilated

≤100
and mechanically 
ventilated

Coagulation
Platelet (×103/μL)

>150 ≤150 ≤100 ≤50 ≤20

Liver
Bilirubin (μmol/L)

1.2 1.2–1.9 2.0–5.9 6.0–11.9 >12.0

Cardiovascular
Hypotension

No 
hypotension

MAP 
<70 mmHg

Dopamine <5 
or dobutamine 
(any)

Dopamine >5, 
epinephrine ≤0.1, or 
norepinephrine ≤0.1

Dopamine >15, 
epinephrine >0.1, or 
norepinephrine >0.1

Central nerve 
system
GCS scale

15 13–14 10–12 6–9 <6

Renal
Creatinine 
(μmol/L) or urine 
output (mL/d)

<1.2 1.2–1.9 2.0–3.4 3.5–4.9
or <500

>5.0
or <200

Catecholamine doses = μg/kg/min
FiO2 fraction of inspired oxygen, MAP mean arterial pressure, GCS Glasgow coma score

G. J. Suh and H. J. Lee
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tion may be associated with inadequate tissue 
perfusion, such as decreased central venous 
oxygen saturation (ScvO2) and increase in blood 
lactate. Although the presence of hypotension is 
essential in the diagnosis of septic shock, it is 
not necessary to define the other types of shock 
[1, 5, 6].

Indirect measurement of blood pressure is 
often inaccurate in severe shock status and inser-
tion of arterial catheter should be considered. 
Mean arterial pressure (MAP) reflects cardiac 
output better than systolic or diastolic pressure, 
and is often used as the guidance of shock treat-
ment. The radial artery is commonly used. 
Femoral, brachial, axillary, or dorsalis artery can 
be used [7, 24, 25].

Heart Rate
Heart rate is the vital component of the cardiac 
output. According to the ATLS classification, 
class II hemorrhage (estimated blood loss 
15–30%) showed a tachycardia of >100 beats/
min, but normal systolic blood pressure. It means 
that heart rate is a more sensitive indicator than 
blood pressure in the early phase of hemorrhage 
shock [26].

Shock Index
Shock index is HR/systolic BP ratio. It reflects 
better circulatory status than heart rate or blood 
pressure alone. Normal ratio is between 0.5 and 
0.8. Increased shock index is related with poor 
outcomes of traumatic or septic shock [27, 28]. 
Shock index also has predictive value for cardio-
genic shock [29, 30].

1.4.2.2	 �Central Venous Pressure (CVP)
CVP, a direct right atrial pressure, is an indicator 
of blood volume status. Low CVP (<4 mmHg) in 
critically ill patient indicates severe volume 
depletion such as dehydration or acute blood loss 
requiring volume resuscitation (Table  1.4). 
However, because CVP is affected by multiple 
factors including venous tone, intravascular vol-
ume, right ventricular contractility, or pulmonary 
hypertension, CVP-guided shock treatment is no 
longer recommended. CVP should be interpreted 
together with other hemodynamic parameters 
[25, 31].

1.4.2.3	 �Cardiac Output

Pulmonary Artery Catheter
Pulmonary artery catheter is a flow-directed cath-
eter with balloon tip. It is inserted through the 
jugular, subclavian, or femoral vein and advanced 
to the right atrium, right ventricle, and pulmonary 
artery. It measures cardiac output with thermodi-
lution method and has been the reference method 
for measuring cardiac output in shock states. 
However, no randomized trial showed benefit of 
pulmonary artery catheter placement in critically 
ill patients [32–37]. Because of its invasiveness, 
routine placement of pulmonary artery catheter is 
not recommended. However, pulmonary artery 
catheter can measure accurate right atrial pres-
sure and pulmonary artery pressure; it may be 
particularly useful in cases of shock associated 
with the right-sided heart failure, pulmonary 
hypertension, and/or difficult ARDS (Tables 1.5 
and 1.6) [24].

Table 1.5  Hemodynamic characteristics of the shock

Preload

Cardiac output
Systemic vascular 
resistance

Pulmonary capillary 
wedge pressure

Central venous 
pressure

Hypovolemic Decreased Decreased Decreased Increased
Cardiogenic Increased Increased Decreased Increased
Obstructive Decreased Decreased Decreased Increased
Distributive
Early Decreased Decreased Increased Decreased
Late Increased Increased Decreased Increased

1  Introduction of Shock
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Transpulmonary Thermodilution
Although less invasive than pulmonary artery 
catheter, transpulmonary thermodilution method 
also requires the insertion of central venous 
catheter and arterial catheter for the measure-
ment of cardiac output. This method has been 
shown to be equivalent in accuracy to invasive 
pulmonary artery thermodilution technique [24]. 
Cardiac output is intermittently measured via the 
thermodilution technique using cold saline infu-
sion. Compared to pulmonary artery catheter, the 
difference is that cold saline is injected not into 
the right atrium but into a central vein and 
changes of the blood temperature are detected 
not in the pulmonary artery but in a systemic 
artery. Cardiac output measured by this tech-
nique has shown a good agreement with that 
using pulmonary artery catheter in critically ill 
patients [38].

Continuous cardiac output is measured by the 
arterial pulse contour analysis. Global end dia-
stolic volume, intrathoracic blood volume, extra-
vascular lung water volume, pulmonary blood 
volume, pulmonary vascular permeability index, 
global ejection fraction, contractility, and sys-
temic vascular resistance can also be measured or 
calculated with this device. Currently commer-
cially available devices are PiCCO and 
VolumeView/EV1000 system [29].

Transpulmonary Dye Dilution
In this method, lithium, instead of saline, is 
injected through vein (central or peripheral) 
and measures changes of the blood temperature 
in a peripheral artery using specialized sensor 
probe [39].

LiDCO system is a commercially available 
transpulmonary dye dilution device.

Ultrasound Flow Dilution (The Costatus 
System)
After cold saline infusion, this method mea-
sures cardiac output with ultrasound velocity 
and blood flow change instead of thermodilu-
tion. It requires a primed extracorporeal arterio-
venous tube set (AV loop). Two ultrasound 
flow-dilution sensors are placed on the arterial 
and venous ends and provide ultrasound dilu-
tion curve through which cardiac output can be 
calculated [40].

Echocardiography
Echocardiography is an important diagnostic 
method for evaluation of cardiac status. 
Nowadays its use is increasing for the manage-
ment of acute and critically ill patients using bed-
side sonographic devices [41].

Cardiac output can be measured using pulsed-
wave Doppler velocity in the left ventricular out-
flow tract. Comprehensive sonographic approach 
can help differential diagnosis of shock. It can 
help rapidly recognize the physical status of 
patients, and select therapeutic options [42–44]. 
Moreover, repeated evaluations can be done eas-
ily and help evaluating response to the treatment 
and help.

Pulse Contour and Pulse Pressure Analysis
Several kinds of devices are developed to esti-
mate cardiac output from an arterial pressure 
waveform signal. This method reflects changes of 
cardiac output well in stable patients. However, 
accuracy is not guaranteed if vascular tone 
change occurs, which is common in the shock 
state or when vasoactive drugs are used [45]. 
Several devices including FloTrac/Vigileo and 
LiDCOrapid/pulseCO are available.

Table 1.6  Hemodynamic monitoring of shock

Preload Cardiac contractility Afterload Cardiac output Cellular oxygenation
Pulmonary artery 
catheter
CVP
Echocardiography
Transpulmonary 
thermodilution systems

Echocardiography
Transpulmonary 
thermodilution systems

Transpulmonary 
thermodilution 
systems

Pulmonary artery 
catheter
Transpulmonary 
thermodilution 
systems
Bioimpedance

NIRS
Videomicroscopy 
techniques
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Bioimpedance
Blood has a relatively low electrical resistance 
and intrathoracic blood volume change causes 
significant impedance changes of thoracic cavity. 
This method detects voltage changes using skin 
electrode and postulates blood volume changes 
during cardiac cycle and cardiac output. Any con-
ditions which can affect intrathoracic fluid, such 
as pleural effusion or lung edema, influence the 
result of bioimpedance method. This is not a cali-
brated method and accuracy in measuring cardiac 
output is questionable [24].

1.4.2.4	 �Microcirculatory and Tissue 
Perfusion Monitoring

Near-Infrared Spectroscopy
Near-infrared spectroscopy (NIRS) is a noninva-
sive technique used for observing real-time 
changes in tissue oxygenation. Several studies 
showed prognostic ability of NIRS in septic 
shock [46–48].

Videomicroscopy Techniques
These handheld microscopic camera devices can 
visualize capillaries, venules, and even move-
ment of erythrocyte. These methods can help 
evaluating microcirculatory status. Sublingual 
microcirculation is usually evaluated in humans. 
Vessel perfusion status, quality of capillary flow, 
and presence of non-perfused area are often eval-
uated [49].

Sidestream dark-field (SDF) or incident dark-
field (IDF) technique is used. The orthogonal 
polarization spectral (OPS) imaging device has 
been replaced by newer devices based on SDF or 
IDF imaging [49].

1.4.2.5	 �Other Indirect Methods

Gastric Tonometry
Tissue hypoxia causes lactate production and 
metabolic acidosis. Gastrointestinal mucosa is 
vulnerable to hypoxic injury, easily influenced by 
remote organ injuries. Stomach can be easily 
assessed with nasogastric tube. Gastric tonome-
try measures gastric mucosal CO2 and calculates 
gastric mucosal pH assuming that arterial bicar-

bonate and mucosal bicarbonate are equal. Tissue 
hypoperfusion results in reduction of gastric 
mucosal pH.  However, this assumption is not 
correct and mucosal bicarbonate and pH are 
influenced by various conditions; results should 
be interpreted with caution [50].

1.5	 �Management of Shock

1.5.1	 �Initial Management

1.5.1.1	 �Airway and Breathing
Airway management is important in patients with 
shock. Early intubation should be considered in 
case of respiratory distress, hypoxemia, severe 
acidosis, and decreased mentality and when air-
way protection is threatened.

Increased work of breathing increases the 
oxygen consumption of the respiratory muscles. 
Decreased work of breathing with intubation and 
adequate sedation can help improve the tissue 
oxygen delivery.

Positive pressure ventilation can reduce pre-
load and worsen the hypotension or cause cardio-
vascular collapse. Volume resuscitation and 
vasopressor support (if indicated) should be per-
formed before positive ventilation.

1.5.1.2	 �Fluid Resuscitation
Fluid resuscitation should be started for restoring 
microvascular circulation when there is evidence 
of shock.

Initial fluid should be started with isotonic 
crystalloid. However endovascular permeability 
is increased in shock state; risk of acute edema 
with unwanted consequence is high when exces-
sive fluid is infused. Careful monitoring of fluid 
responsiveness is required. Volume status, car-
diac output, blood pressure, and tissue perfusion 
status should be evaluated repeatedly [6, 25].

1.5.1.3	 �Fluid Responsiveness
Although adequate volume restoration is a key to 
the treatment of the shock, excessive fluid resus-
citation causes tissue edema, endothelial injury, 
and impairment of tissue perfusion. Volume over-
load is related with the poor prognosis of shock 
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patients. Static parameters such as CVP or PAWP 
or global end diastolic volume is no longer use-
ful, and they alone should not be used for predict-
ing fluid responsiveness. Dynamic parameters 
such as pulse pressure variation (PPV), stroke 
volume variation (SVV), or velocity time integral 
(VTI) are better than static variables to predict 
fluid responsiveness (Table 1.7) [1, 51].

Pulse Pressure or Stroke Volume Variation
In case of volume depletion, the cardiac output is 
influenced by the change of the thoracic pressure. 
During inspiration period, the thoracic pressure 
rises and right ventricular and left ventricular 
preload decrease.

These parameters are usually checked during 
mechanical ventilation and adequate amount of 
tidal volume (≥7–8 mL/kg). In cases of sponta-
neous breathing, low tidal volume, or cardiac 
arrhythmia, pulse pressure or stroke volume vari-
ations cannot be assessed accurately. Changes 
more than 12% are considered as volume-
sensitive status (sensitivity 79–84%, specificity 
84%) [52].

Passive Leg Raising
Passive leg raising causes movement of blood pooled 
in the lower extremity to the central circulation. 
Maximizing the response, the patient has semire-
cumbent position and change to leg-raising position 
(Fig.  1.5). During the procedure, direct measure-
ment of cardiac output should be performed.

Positive fluid balance can be expected with 
10% or more changes in cardiac output (sensitiv-
ity 88%, specificity 92%) [51, 52].

1.5.1.4	 �Vasopressor
Vasopressor should be started after adequate fluid 
resuscitation except anaphylactic shock (epineph-
rine should be injected first) or cardiac arrest. 
There is no universal optimal target blood pres-
sure. In hemorrhagic shock, hypotensive resusci-
tation is recommended before definite bleeding 
control. However, blood pressure target in trau-
matic brain injury should be higher for maintain-
ing cerebral perfusion pressure [1, 6, 25].

Most vasopressors improve the blood pressure 
by increasing the vascular resistance and can 
result in decrease in the capillary perfusion.

1.5.2	 �Restoring Tissue Perfusion

1.5.2.1	 �Lactate
Lactate is the product of tissue anaerobic metab-
olism. Increased blood level reflects the tissue 
hypoxia and hypoperfusion, and is particularly a 
useful tool to identify patients with septic shock. 
If the lactate level has not decreased by 10–20% 

Table 1.7  Methods for evaluating fluid responsiveness

Static parameter Dynamic parameter
Central venous 
pressure
Pulmonary 
capillary wedge 
pressure

Pulse pressure variation
Stroke volume variation
Inferior vena cava variation
Response to passive leg raising
Changes in cardiac output 
following passive leg raising

Static parameters no longer recommended for evaluation 
of fluid responsiveness

45° 45°

10% changes
30~90 seconds 

Dynamic monitoring
(CO or SV)

Fig. 1.5  Passive 
leg-raising test
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within 2 h after resuscitation, additional interven-
tions to improve tissue oxygenation should be 
implemented [1, 25].

1.5.2.2	 �Specific Treatment of Causes 
of Shock

Etiology of shock is various and accurate meth-
ods to maintain tissue perfusion can be different 
according to the etiology of shock. Causes of 
shock should be sought aggressively and 
etiology-specific treatment should be started 
promptly. These will be discussed in later parts of 
this book.

1.6	 �Summary

–– Shock is an imbalance between tissue oxygen 
supplement and utilization, not just a state of 
low blood pressure.

–– Fundamental of shock treatment is restoration 
of tissue oxygenation and tissue function.

–– Close monitoring of perfusion status and sup-
portive care for organ dysfunctions is 
important.

–– Find specific etiologies of shock and treat 
them.
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Hemorrhagic Shock

You Hwan Jo and Sung-Hyuk Choi

2.1	 �Introduction

Hypovolemic shock is defined as a life-
threatening, generalized form of acute circula-
tory failure associated with inadequate oxygen 
utilization by the cells due to hemorrhage, dehy-
dration, and so on. Hypovolemic shock is the 
second most common shock and mortality rate 
is still high [1]. Hemorrhagic shock is the most 
serious type of hypovolemic shock and we are 
focusing on the hemorrhagic shock, especially 
traumatic shock, in this chapter. Trauma 
accounts for 10% of deaths worldwide, and the 
most common cause of death between 1 and 
44 years [2].

2.2	 �Pathophysiology

Hemorrhagic shock is a state in which the circu-
lation is unable to deliver sufficient oxygen to 
meet the demands of the tissues, resulting in cel-
lular dysfunction that leads to organ dysfunction 
and death. Hypovolemia by blood loss stimu-

lates the compensatory responses for barorecep-
tor which detects volume loss, and chemoreceptor 
which detects hypoxia to maintain blood pres-
sure and cardiac output [3]. In addition, it causes 
the immune responses from the production of a 
protein and nonprotein mediators at the site of 
injury [4].

The compensatory reactions such as the car-
diovascular response, the neuroendocrine 
response, and the immunologic and inflamma-
tory response happen variously. Changes in car-
diovascular function cause vasoconstriction and 
increase of myocardial contractility due to 
increases in α1, β1-adrenegic receptors to stimula-
tion of sympathetic nerves. In the neuroendocrine 
responses, hemorrhage increases cortisol and 
vasopressin, resulting in hyperglycemia and 
intestinal ischemia due to mesenteric vasocon-
striction. However, persistent hemorrhage stops 
the compensatory reactions and causes uptake of 
interstitial volume to intercellular space due to 
cell membrane dysfunction, resulting in the cell 
edema.

The function of the host immune system after 
hypovolemic shock is related to alterations in 
the production of mediators, such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-1, 
IL-2, PGE2 (prostaglandin), and IL-6, consid-
ered part of body’s response to inflammation. In 
the cellular aspects of hemorrhagic shock, poly-
morphonuclear neutrophils (PMNs) play an 
important role in host defense response to the 
initial reaction of the inflammatory reaction, but 
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also result in an adverse effect due to production 
of the reactive oxygen radicals (ROS), such as 
superoxide-, hydrogen peroxide, and production 
of proteolytic enzymes. This PMN acts with 
vascular endothelial cells to increase the vascu-
lar permeability and reduce oxidative phosphor-
ylation by mitochondria and loss of adenosine 
triphosphate (ATP) due to the hypoxic respira-
tion of the cells, resulting in interruption of 
exchange in cell membrane, cell edema, and cell 
death. The T lymphocyte is most important in 
the role of the immune response to the mecha-
nism of multiple-organ failure. In the event of a 
shock, the function of the lymphocytes is known 
to be related to the reduction in the decrease in 
IL-2. These cellular and microcirculatory 
changes have significant physiologic impor-
tance in the ability of the organism to recover 
from hemorrhagic shock.

The lethal triad of acidosis, hypothermia, 
and coagulopathy is commonly seen in patients 
with severe hemorrhagic shock (Fig. 2.1 [5]). 
Each factor in triad influences the other fac-
tors, and the patients with this lethal triad show 
high mortality in spite of aggressive 
management.

Hemorrhage induces tissue hypoperfusion and 
increased production of lactic acid which results 
in metabolic acidosis. In addition, aggressive fluid 
resuscitation with unbalanced crystalloid such as 
0.9% sodium chloride solution could also induce 
hyperchloremic acidosis. Acidosis induces 
impairment of coagulation cascade characterized 
by prolongation of clot formation time and reduc-
tion of clot strength and decreased myocardial 
performance, resulting in tissue hypoperfusion 
and acidosis [6]. Hypothermia is induced by envi-

ronmental exposure, massive bleeding, fluid 
resuscitation, and administration of sedative 
drugs. Hypothermia could induce platelet dys-
function, destabilization of coagulation factors, 
and increase in fibrinolytic activity [7].

The importance of the early diagnosis and pre-
vention of coagulopathy has increased signifi-
cantly in recent years. Endogenous factors related 
with coagulopathy are endogenous anticoagula-
tion, fibrinogen depletion, hyperfibrinolysis and 
fibrinolytic shutdown, platelet dysfunction, and 
endothelial dysfunction [8]. Coagulopathy could 
be worsened by several factors such as acidosis, 
hypothermia, anemia, and anticoagulants/
antiplatelets.

2.3	 �Initial Approach 
and Diagnosis

Initial assessment of the severity of the patient 
and identification of the source of bleeding are 
crucial for the patient with hemorrhagic shock. 
Several classifications of hemorrhagic shock, 
imaging techniques, and laboratory tests are cur-
rently used for this purpose.

2.3.1	 �Clinical Assessment

The clinical manifestation of hemorrhagic 
shock is variable. It depends on the source of 
bleeding, rate, and volume of bleeding as well 
as the patient’s physiologic status, underlying 
diseases, and medications being taken. 
Although traditional hemodynamic response to 
hemorrhage includes hypotension, tachycar-
dia, and narrow pulse pressure, it varies 
between the patients and there are no absolute 
criteria reflecting the severity of hemorrhagic 
shock.

2.3.1.1	 �Classification of Hemorrhagic 
Shock

The classification of hemorrhage into four 
classes based on the initial clinical signs such 
as vital signs, mental status, and urine output 
was traditionally introduced and a useful 
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Fig. 2.1  Lethal triad of hemorrhagic shock
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method for estimating the percentage of blood 
volume loss [9]. The estimated blood volume 
of normal adults is approximately 7% of body 
weight, and a 70 kg male has approximately 
5  L of circulating blood volume (Table  2.1). 
There is variability in estimating blood vol-
ume, the blood volume of obese adult calcu-
lated based on the ideal body weight not on 
the actual body weight to prevent 
overestimation.

2.3.1.2	 �Responses to Initial Fluid 
Resuscitation

Patient’s response to fluid resuscitation is an 
important factor for determination of subsequent 
treatment such as blood transfusion and interven-
tion. Therefore, another classification was based 
on the patient’s response to initial fluid resuscita-
tion [9] (Table 2.2).

2.3.1.3	 �Score Systems
Several score systems have been introduced to 
predict the risk of hemorrhagic shock and the 
probability of massive transfusion. For exam-
ple, the shock index is calculated as heart rate 
divided by systolic blood pressure and the 
TASH score (Trauma Associated Severe 
Hemorrhage) included seven parameters such 
as systolic blood pressure, hemoglobin, intra-
abdominal fluid, complex long bone and/or 
pelvic fractures, heart rate, base excess, and 
gender [10]. However, these scores have not 
been validated well and have not been widely 
used yet.

2.3.2	 �Assessment of the Source 
of Bleeding

2.3.2.1	 �Identified Source of Bleeding
The source of bleeding in hemorrhagic shock 
may be sometimes obvious. In traumatic shock, 
penetrating trauma such as stab wounds or gun-
shot wounds usually has more obvious source of 
bleeding than blunt trauma and requires surgical 
bleeding control. In nontraumatic hemorrhagic 
shock, the approximate source of bleeding could 

Table 2.1  Estimated blood loss based on the clinical signs

Class I Class II Class III Class IV
Blood loss (mL) Up to 750 750–1500 1500–2000 >2000
Blood loss (%)a Up to 15 15–30 30–40 >40
Pulse rate (beat/min) <100 100–120 120–140 >140
Blood pressure Normal Normal Decreased Decreased
Pulse pressure Normal or increased Decreased Decreased Decreased
Respiratory rate 
(breath/min)

14–20 20–30 30–40 >35

Urine output (mL/h) >30 20–30 5–15 Negligible
Mental status Slightly anxious Mildly anxious Anxious, confused Confused, lethargic
Fluid replacement Crystalloid Crystalloid Crystalloid and blood Crystalloid and blood

aFor a 70 kg male patients

Table 2.2  Responses to initial fluid resuscitation in 
trauma patients

Rapid 
response

Transient 
response

Minimal to 
no response

Vital signs Return to 
normal

Transient 
improvement

Remain 
abnormal

Estimated 
blood loss

Minimal 
(10–20%)

Moderate 
and ongoing 
(20–40%)

Severe 
(>40%)

Need for 
more 
crystalloid

Low Low to 
moderate

Moderate 
as bridge to 
transfusion

Need for 
blood

Low Moderate to 
high

Immediate

Blood 
preparation

Type and 
cross-
match

Type specific Emergency 
blood 
release

Need for 
operative 
intervention

Possibly Likely Highly 
likely

Early 
presence of 
surgeon

Yes Yes Yes

aIsotonic crystalloid solution, 2000  mL in adults and 
20 mL/kg in children

2  Hemorrhagic Shock



22

be determined by the patient’s symptoms such as 
hematemesis, hematuria, and vaginal bleeding. If 
a source of bleeding is identified, immediate pro-
cedures for bleeding control should be consid-
ered unless initial resuscitation is successful.

2.3.2.2	 �Unidentified Source of Bleeding
In contrast, a patient without obvious source of 
bleeding should undergo further investigation. In 
traumatic shock, early diagnostic imaging tech-
niques such as ultrasonography or contrast-
enhanced computed tomography (CT) are 
recommended for the detection of free fluid in 
patients with torso trauma [11].

Ultrasonography is a rapid, noninvasive imag-
ing technique for detection of intra-abdominal 
fluid and can be performed in bedside without 
moving the patients. Extended focused assess-
ment with sonography for trauma (eFAST) was 
introduced for trauma as a screening test for 
blood in the pericardium, abdominal cavity, or 
pleural space, and also for a pneumothorax. The 
six areas that are examined are subcostal (subxi-
phoid), RUQ (hepatorenal recess), LUQ (peri-
splenic space), pelvis, and thorax (Fig. 2.2).

Ultrasonography has been reported to have 
high specificity but relatively low sensitivity for 

the detection of intra-abdominal fluid [12–14]. 
Therefore, a positive finding in the ultrasonogra-
phy suggests hemoperitoneum, but an initial 
negative finding cannot exclude hemoperito-
neum and should perform serial ultrasonography 
or further imaging technique such as CT scan. 
The CT scan has been widely used to detect the 
source of bleeding in patients with hemorrhagic 
shock in both trauma and non-trauma, and the 
usefulness of the CT scan has been well known. 
Recently, multi-detector CT (MDCT) may 
require less than 30  s for scanning the whole 
body, and the usefulness of the CT scan has been 
well known [15, 16]. In addition, contrast-
enhanced CT scan could detect active bleeding 
more accurately than non-enhanced CT scan [17, 
18]. In contrast, diagnostic peritoneal lavage, 
one of the traditional diagnostic techniques, is 
rarely used when ultrasonography or CT is 
available.

In summary, if a patient has an obvious 
source of bleeding, immediate procedures for 
bleeding control should be performed, while if 
the source of bleeding is unidentified, further 
diagnostic techniques such as ultrasonography 
and contrast-enhanced MDCT should be 
performed.
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2.3.3	 �Laboratory Tests

Laboratory tests are a part of diagnostic workup 
for patients with hemorrhagic shock. They can 
help assess the condition and severity of the 
patient and identify the patients who may 
require aggressive diagnostic and therapeutic 
interventions. There are many laboratory tests 
that are necessary to the patient with hemor-
rhagic shock. In this part, we are focusing on the 
hematocrit, lactate, base deficit, and tests for 
coagulation.

2.3.3.1	 �Hemoglobin (Hb) 
and Hematocrit (Hct)

Hb and Hct are considered a basic test for hemor-
rhagic shock, but the diagnostic values of Hb and 
Hct have been debated. Low initial Hb is a marker 
of severe bleeding, but initial Hb and Hct may not 
reflect the volume of bleeding because patient 
bleeds whole blood and movement of fluids from 
interstitial space requires time [11]. In addition, 
initial fluid resuscitation and transfusion also 
influence the Hb and Hct. Therefore, serial mea-
surements of hematocrit rather than single initial 
measurement could help assess the volume of 
hemorrhage.

2.3.3.2	 �Lactate
Lactate concentration is elevated by anaerobic 
glycolysis and it is a marker of tissue hypoperfu-
sion. The role of lactate and lactate clearance was 
reported many times and it has been reported that 
lactate concentration was associated with mortal-
ity rate in trauma [19, 20].

2.3.3.3	 �Base Deficit
Base deficit also reflects metabolic acidosis by 
tissue hypoperfusion. Base deficit either from 
arterial or venous blood decreases in hemor-
rhagic shock, and it was associated with patient’s 
outcome as with lactate concentration [21]. In 
addition, some authors reported that the base def-
icit was superior to pH for predicting outcome in 
trauma [22].

2.3.3.4	 �Conventional Coagulation Tests
Coagulopathy is a key feature of hemorrhagic 
shock, so measurement of coagulation is an 
important diagnostic test. Conventional moni-
toring of coagulation includes prothrombin time 
(PT), activated partial thromboplastin time 
(aPTT), and fibrinogen and platelet counts, and 
these tests remain the most widely used meth-
ods for the diagnosis of coagulopathy. Cutoff 
values for these tests may be different between 
the institutions. However, it has been reported 
that these conventional tests were not associated 
with outcome because these tests could reflect 
early coagulopathy in hemorrhagic shock [23, 
24]. In other words, conventional coagulation 
tests may be normal despite the ongoing 
coagulopathy.

2.3.3.5	 �Viscoelastic Methods
To overcome the shortcomings of the conven-
tional tests, viscoelastic methods such as 
thromboelastography (TEG) and rotational 
thromboelastometry (ROTEM) have been intro-
duced and increasingly used in hemorrhagic 
shock. Although the values between two devices 
are not interchangeable due to different meth-
ods of assessment and definition of variables, 
similarities of information on clot formation 
kinetics and clot strength can be found. The 
most important variables are clotting time, clot 
formation/kinetics, clot strengthening, ampli-
tude/maximal firmness, and lysis (Fig. 2.3 and 
Table 2.3) [25, 26].

In trauma, viscoelastic methods were used not 
only for identifying the trauma-induced coagu-
lopathy but also for viscoelastic method-based 
treatment protocol in the trauma-induced coagu-
lopathy and massive transfusion. It was reported 
that viscoelastic method-based protocol reduced 
mortality [27, 28].

In summary, serial measurements of hemato-
crit, lactate, base deficit, and monitoring of coag-
ulation with conventional tests and viscoelastic 
methods are essential for diagnosis and guiding 
treatment in hemorrhagic shock.

2  Hemorrhagic Shock
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Table 2.3  Variables in thromboelastography (TEG) and rotational thromboelastometry (ROTEM)

Variables TEG ROTEM
Clotting time 
(2 mm amplitude)

R (reaction time)
Normal (citrate/kaolin): 3–8 min

CT (clotting time)
Normal (EXTEM): 42–74 s
Normal (INTEM): 137–246 s

Clot formation/
kinetics (20 mm 
amplitude)

K (kinetics)
Normal (citrate/kaolin): 1–3 min

CFT (clot formation time)
Normal (EXTEM): 46–148 s
Normal (INTEM): 40–100 s

Clot strengthening 
(angle of clot 
formation)

Alfa angle (slope between r and k 
points)
Normal (citrate/kaolin): 55–78

Alfa angle (slope of tangent at 2 mm amplitude)
Normal (EXTEM): 63–81
Normal (INTEM): 71–82

Amplitude/maximal 
firmness

MA (maximal amplitude)
Normal (citrate/kaolin): 51–69 mm

MCF (maximum clot firmness)
Normal (EXTEM): 49–71 mm
Normal (INTEM): 52–72 mm
Normal (FIBTEM): 9–25 mm
A5, A10, etc.: amplitudes at dedicated time points 
predicting the final clot firmness

Lysis CL30, CL60, CL LI30, LI60, ML

Kinetics of clot
development

R K

LY30

LY

Percent lysis
30 minutes
after MA

Maximum amplitude-
maximum strength of
clot

Achievement
of certain clot
firmness

Reaction time,
first significant
clot formation

FibrinolysisCoagulation

0

CT

CT Clotting time
CFT Clot formation time
alpha Alpha-angle
A10 Amplitude 10 min after CT
MCF Maximum clot firmness
LI30 Lysis index 30 min after CT
ML Maximum lysis
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Fig. 2.3  Thromboelastography (TEG) and rotational thromboelastometry (ROTEM)
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2.4	 �Initial Management 
of Hemorrhagic Shock

The goal of initial resuscitation for hemorrhagic 
shock is to arrest ongoing bleeding, to restore the 
effective circulating blood volume, and to restore 
tissue perfusion. Management protocol of hem-
orrhagic shock has developed based on the treat-
ment of trauma patients. There was a concept of 
damage control surgery (DCS) as a surgical 
approach to the trauma, and this has been 
expanded to the early management of trauma 
patients as damage control resuscitation (DCR) 
[29]. Early recognition of the patients with high 
risk and prevention of lethal triad of coagulopa-
thy, hypothermia, and acidosis are main purposes 
of the DCR.  The components in the DCR are 
described in Table 2.4 [30, 31]. In this part, we 
discuss the key management of hemorrhagic 
shock.

2.4.1	 �Target of Blood Pressure

In the traditional treatment of hemorrhagic shock, 
rapid and large volume of crystalloid was used to 
restore normal hemodynamics. However, this tra-
ditional fluid resuscitation may cause dislodge-
ment of blood clots on the bleeding sites, dilution 
of coagulation factors, and hypothermia of the 
shock patient [11]. In addition, it may exacerbate 
the hemorrhagic shock-induced inflammatory 
responses and induce immune dysregulation. As 

a different concept from the traditional resuscita-
tion, permissive hypotension was introduced. It is 
a concept of low-volume fluid resuscitation and it 
avoids the adverse effects of traditional 
resuscitation while maintaining tissue perfusion 
for a short period [32]. Several retrospective and 
prospective studies reported the benefit of the 
hypotensive resuscitation strategy in the aspect of 
survival rate, coagulopathy, and volume of blood 
product transfusion [33, 34]. In addition, brief 
periods (60–90  min) of permissive hypotension 
did not significantly increase the risk of irrevers-
ible end-organ damage or mortality. Therefore, a 
target systolic blood pressure of 80–90 mmHg is 
recommended currently in the initial resuscita-
tion phase [11]. However, higher target of blood 
pressure (mean arterial pressure ≥80  mmHg) 
should be maintained in the hypotensive patient 
with traumatic brain injury for restoring cerebral 
perfusion pressure [35]. In addition, hypotensive 
strategy should be applied with caution in the 
elderly or the patient with chronic hypertension.

2.4.2	 �Type of Fluids

Fluid resuscitation is the first step to restore intra-
vascular volume and tissue perfusion in hemor-
rhagic shock, and many types of fluids are 
currently available. However, it is unclear 
whether crystalloids or colloids should be used in 
hemorrhagic shock, and which fluid is better than 
the other.

2.4.2.1	 �Colloids
Hydroxyethyl starch (HES) a synthetic colloid 
and the effect of HES has been investigated in the 
hemorrhagic shock. One study reported that HES 
(130/0.4) improved lactate clearance and showed 
less renal injury in penetrating injury [36]. 
However, another study did not demonstrate the 
beneficial effects of HES, but rather increased 
bleeding volume, and showed harmful effect 
[37]. HES may decrease the von Willebrand fac-
tor, interfere with the polymerization of fibrino-
gen and platelet function, and exert deleterious 
kidney effect, so HES is not recommended in 
critically ill patients.

Table 2.4  Damage control resuscitation

Rapid recognition of coagulopathy and shock
Permissive hypotension
Rapid surgical control of bleeding
Prevention/treatment of hypothermia, acidosis, and 
hypocalcemia
Avoidance of hemodilution induced by aggressive 
intravenous fluid
Transfusion of red blood cells (RBC):plasma:platelets 
in a high unit ratio (>1:2) or reconstituted whole blood 
in a 1:1:1 unit ratio
Early and appropriate use of coagulation factor 
concentrates
The use of fresh RBCs and whole blood when 
available

2  Hemorrhagic Shock
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Albumin is recommended in patients with 
sepsis for fluid resuscitation, but the use of albu-
min instead of saline showed higher tendency of 
mortality in trauma, especially in patients with 
traumatic brain injury [38, 39]. Therefore, albu-
min is not recommended in trauma.

In the meta-analysis, colloids did not demon-
strate any beneficial effect [40]. Colloids are 
more expensive than crystalloids and there has 
been no supporting evidence for use of colloids 
in hemorrhagic shock yet, so crystalloids are rec-
ommended initially for the management of hem-
orrhagic shock [11].

2.4.2.2	 �Crystalloids
Crystalloids include saline solution, Hartmann 
solution, Ringer’s lactate or acetate solution, 
plasma-lyte solution, and so on. The 0.9% sodium 
chloride solution has been used widely, but this 
may increase chloride concentration, acidosis, 
and incidence of acute kidney injury [41]. It was 
reported that a balanced electrolyte solution 
caused less hyperchloremia and improved acid-
base status [42]. Among the crystalloids, hypo-
tonic solutions such as Hartmann solution and 
Ringer’s lactate solution are not recommended in 
hemorrhagic shock with traumatic brain injury 
because they could worsen cerebral edema [11].

Potential benefits of the hypertonic saline are 
restoration of intravascular volume with a small 
volume, reduction of intracranial pressure in 
traumatic brain injury, and modulation of the 
inflammatory responses. In penetrating injury 
with hemorrhagic shock, hypertonic saline 
showed improving survival rate [43]. However, 
another study and a meta-analysis did not dem-
onstrate any beneficial effect of hypertonic saline 
in hemorrhagic shock [40, 44].

In summary, colloids did not demonstrate any 
beneficial effect, and crystalloids are recom-
mended as initial fluid for the patients with hem-
orrhagic shock.

2.4.3	 �Vasopressors and Inotropes

In hemorrhagic shock, dysregulated sympathetic 
response may develop because of sedation and 

systemic inflammatory response syndrome, and 
nitric oxide production. Fluid resuscitation is the 
first step to restore intravascular volume and 
hemodynamic variables, and vasopressors may 
be required in the life-threatening hypotension 
despite fluid resuscitation.

Norepinephrine is a sympathomimetic agent 
with vasoconstrictive effect. Norepinephrine 
stimulates alpha-adrenergic receptor and induces 
arterial vasoconstriction. In addition, norepi-
nephrine also induces splanchnic venoconstric-
tion which shifts splanchnic blood to the systemic 
circulation [45]. The effect of vasopressors 
including norepinephrine and vasopressin has 
been investigated, but human study is not suffi-
cient. However, in patients with hemorrhagic 
shock with poor response to fluid resuscitation, 
vasopressors are recommended to maintain blood 
pressure. Myocardial dysfunction may also 
develop in hemorrhagic shock and inotropes such 
as dobutamine could be used in the presence of 
myocardia dysfunction [11].

2.4.4	 �Temperature Control

Hypothermia induces platelet dysfunction, coag-
ulation factor dysfunction, enzyme inhibition, 
and fibrinolysis, and is associated with acidosis, 
hypotension, and coagulopathy in hemorrhagic 
shock [46, 47]. Hypothermia in hemorrhagic 
shock results in high morbidity and mortality, 
and patients with hypothermia requires more 
blood transfusion [48, 49].

Hypothermia in hemorrhagic shock should be 
prevented and warm the patients with hypother-
mia using measures such as removing wet cloth-
ing, covering the patient, infusion of warm fluid, 
forced warm air, and rewarming devices [11].

2.4.5	 �Massive Transfusion

2.4.5.1	 �Definition of Massive 
Transfusion

Traditional definition of massive transfusion was 
the transfusion of ten or more units of red blood 
cells (RBCs) within 24 h, but this definition has 
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not been validated and has many problems. For 
example, a patient who receives 9 units of RBC 
within 4  h and ultimately dies in 6  h does not 
meet the traditional definition. Several definitions 
of massive transfusion have been introduced, 
such as ≥10 units of RBC within 6 h, ≥3 units of 
RBC per h, and ≥50% of blood volume within 
4  h in adult, but all of these definitions cannot 
include the victims who die early for severe hem-
orrhagic shock. Therefore, other terms such as 
substantial bleeding, resuscitation intensity, and 
critical administration threshold have been intro-
duced instead of massive transfusion [50–52]. 
Briefly, substantial bleeding included ≥1 unit of 
RBC within 2 h and ≥5 units of RBC or death 
within 4  h, and resuscitation intensity included 
numbers of units (fluid and blood products) 
infused within 30  min of arrival, and critical 
administration threshold included ≥3  units of 
RBC in any 1 h within 24 h [53].

2.4.5.2	 �Prediction of Massive 
Transfusion

Prediction of the need for massive transfusion is 
difficult. Many scoring systems have been devel-
oped and the scores included various variables 
such as hypotension, tachycardia, presence of 
intra-abdominal fluid, mechanism of injury, and 
laboratory results.

One of the validated scoring systems is the 
assessment of blood consumption (ABC) score 
[54]. The ABC score included four parameters of 
penetrating torso injury, systolic blood pressure 
≤90 mmHg, heart rate ≥120 bpm, and positive 
focused assessment with sonography for trauma 
(FAST). Each parameter is given one point and a 
score of two or more warrants massive transfu-
sion protocol. The ABC score is simple and does 
not include laboratory results, and many institu-
tions have used this. The American College of 
Surgeons Trauma Quality Improvement Program 
Massive Transfusion in Trauma Guidelines rec-
ommended that the criteria to trigger the activa-
tion of massive transfusion protocol should 
include one of the following parameters: ABC 
score ≥2, persistent hemodynamic instability, 
active bleeding requiring operation or angioem-
bolization, and blood transfusion in the trauma 

bay (https://www.facs.org/w/media/files/qual-
ity%20programs/trauma/tqip/massive%20trans-
fusion%20in%20trauma%20guildelines.ashx).

2.4.5.3	 �Protocol of Initial Transfusion
There are still conflicting opinions about the opti-
mal ratio of RBC to plasma or platelet. As the use 
of rapid point-of-care test (POCT) of coagulation 
is increasing, transfusion of the selected blood 
components according to the results of the coag-
ulation test is possible. Actually, rapid POCT is 
not available in many institutions, so initial man-
agement with blood components with a pre-
defined ratio may be reasonable. Several 
retrospective studies demonstrated the benefit of 
higher ratios of plasma and platelet to RBC [55, 
56]. In a prospective cohort study, higher ratios of 
plasma and platelet to RBC showed decreased 
mortality [57]. However, the optimal ratio was 
controversial because of the possible survival 
bias which means survivors may receive more 
plasma and platelet than non-survivors [58]. In 
addition, complications related with transfusion 
such as transfusion-related acute lung injury and 
volume overload are also a concern. In a recent 
prospective randomized study, there was no dif-
ference in mortality at 24 h or 30 days. However 
higher ratio group achieved hemostasis and fewer 
experienced death due to exsanguination, and the 
rate of complication was similar [59].

Another controversy is the use of plasma for 
replacement of fibrinogen. Fibrinogen depletion 
is known to be associated with poor outcome and 
administration of fibrinogen could improve sur-
vival [60].

In the European guidelines, at least 1:2 ratio of 
plasma to RBC, or fibrinogen concentrate and 
RBC according to hemoglobin level, is recom-
mended [11]. The target hemoglobin level is rec-
ommended as 7–9 g/dL.

2.4.6	 �Pharmacologic Agents 
and Blood Products

2.4.6.1	 �Tranexamic Acid
Tranexamic acid is a synthetic lysine analogue 
and an antifibrinolytic agent as a competitive 
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inhibitor of plasminogen. In a prospective 
cohort study, tranexamic acid reduced organ 
failure and mortality in traumatic shock patients 
[61]. A prospective randomized study showed 
that early administration of tranexamic acid 
reduced mortality in trauma patients with shock 
and the rate of thrombosis was not increased 
with the use of tranexamic acid [62]. In the sub-
group analysis, administration of tranexamic 
acid after 3 h from injury increased death due to 
bleeding [63]. The effect of tranexamic acid has 
been reported in various surgical conditions 
such as cardiovascular surgery and orthopedic 
surgery. Recently, early administration of 
tranexamic acid also demonstrated reduced 
mortality in postpartum hemorrhage [64]. The 
recommended dose is a loading dose of 1 g over 
10  min, followed by infusion of 1  g over 8  h, 
and tranexamic acid is not recommended more 
than 3 h after injury.

2.4.6.2	 �Calcium
Hypocalcemia is a common complication of 
massive transfusion. Low ionized calcium con-
centration was associated with increased mor-
tality and massive transfusion [65, 66]. 
Therefore, ionized calcium concentration 
should be monitored and maintained within nor-
mal range.

2.4.6.3	 �Blood Products and Their 
Derivatives

Many blood products and their derivatives are 
currently used for the treatment of hemorrhagic 
shock. The brief indications and doses based 
on the current management guideline for 
trauma is summarized in the Table 2.5 [11].

When patients who have been treated with 
factor Xa inhibitors such as rivaroxaban, apixa-
ban, or edoxaban suffered from major bleeding, 
tranexamic acid and prothrombin complex con-
centrate are recommended. In patients treated 
with thrombin inhibitors such as dabigatran, ida-
rucizumab (5 g intravenously) or tranexamic acid 
and prothrombin complex concentrate are recom-
mended [11].

2.4.6.4	 �Pharmacologic Agents 
for Gastrointestinal 
Hemorrhage

Upper gastrointestinal hemorrhage is a seri-
ous medical condition and it sometimes 
induces hemorrhagic shock. General manage-
ment of the upper gastrointestinal hemorrhage 
is not different with that of traumatic shock. 
Several pharmacologic agents have been used 
for the treatment of the non-variceal hemor-
rhage such as proton pump inhibitors (PPIs), 
histamine H2 receptor antagonist (H2RA), 
somatostatin analogue, and tranexamic acid. 
Among these agents, PPIs are associated with 
decreased all-cause mortality, rebleeding, and 
need for surgery. In contrast, H2RA and 
somatostatin analogue did not show any ben-
eficial effect [67]. In the variceal hemorrhage, 

Table 2.5  Current recommendation of further resuscita-
tion for traumatic shock patients

Indication Initial dose
Fresh frozen 
plasma

�1. �PT and aPTT 
≥1.5 times the 
normal control

1:1 or 1:2 ratio 
to RBC

Fibrinogen or 
cryoprecipitate

1. �Functional 
fibrinogen deficit

2. �Plasma 
fibrinogen 
<1.5–2.0 g/L

3–4 g of 
fibrinogen
15–20 units of 
cryoprecipitate

Platelets 1. �General: Platelet 
count <50 × 
109/L

2. �Ongoing 
bleeding: 
Platelet count 
<100 × 109/L

3. �Patients treated 
with antiplatelet 
agents

4–6 units or 
one apheresis

Prothrombin 
complex 
concentrate

�1. �Vitamin 
K-dependent oral 
anticoagulant

2. �Patients treated 
with novel oral 
anticoagulant

25–50 IU/kg

Recombinant-
activated 
coagulant 
factor VII

Continuing of 
major bleeding 
despite other 
attempts

Various 
(20–140 μg/kg)
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terlipressin and somatostatin analogues are 
currently used [68].

2.4.7	 �Bleeding Control

Bleeding control is the most important step for 
the management of hemorrhagic shock. The 
methods of bleeding control are various accord-
ing to the mechanism of bleeding (trauma vs. 
non-trauma) and anatomical source of 
bleeding.

2.4.7.1	 �Tourniquet and Pelvic 
Stabilization

When life-threatening bleeding occurs from 
extremity injuries, a tourniquet should be 
applied and be left until surgical bleeding con-
trol is achieved. In patients with pelvic ring dis-
ruption, immediate pelvic ring closure with a 
pelvic binder, a pelvic C-clamp, or a bed sheet 
should be applied for stabilization of pelvic 
ring. In addition, pelvic packing can be used to 
decrease ongoing bleeding from the pelvic 
fracture.

2.4.7.2	 �Angiographic Embolization
Angiographic embolization is widely used for the 
management of hemorrhagic shock in trauma and 
non-trauma for controlling arterial bleeding. 
However angiographic embolization should not 
delay surgical bleeding control and multidisci-
plinary approach is important.

2.4.7.3	 �Resuscitative Endovascular 
Balloon Occlusion of the Aorta 
(REBOA)

REBOA has been used in a variety of clinical set-
tings for patients with life-threatening hemor-
rhagic shock (Fig.  2.4). It may decrease early 
death from hemorrhagic shock and should be 
applied with subsequent surgery or angiographic 
embolization. The evidence for the usefulness of 
REBOA is weak and there is no definite protocol 
[69]. Therefore, a prospective study is warranted 
to investigate the role of REBOA in hemorrhagic 
shock.

2.4.7.4	 �Local Hemostatic Agents
Various local hemostatic agents are available for 
the control of hemorrhage. These local hemostatic 

a b

Aorta

Inflated
balloon

Insertion
point

Damaged
vessels

Femoral
artery

Fig. 2.4  Resuscitative endovascular balloon occlusion of the aorta (REBOA). (a) REBOA catheter, (b) placement of 
REBOA
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agents include collagen-based, gelatin-based, 
absorbable cellulose-based agents; fibrin and 
synthetic glues; and polysaccharide-based agents. 
These agents are widely used in the traumatic 
shock currently.

2.4.7.5	 �Endoscopic Hemostasis 
and Interventional Approach

Endoscopic hemostasis should be considered in 
gastrointestinal hemorrhage. Various techniques 
such as clipping, ligation, and sclerotherapy and 
drugs such as epinephrine are currently used. In 
the variceal hemorrhage, balloon tamponade is 
used as a temporary treatment, and interventional 
approaches such as trans-jugular intrahepatic 
portosystemic shunt (TIPS) and balloon-occluded 
retrograde transvenous obliteration (BRTO) are 
effective in controlling bleeding and improving 
prognosis.

2.4.7.6	 �Pharmacologic Agents 
for Gastrointestinal 
Hemorrhage

Upper gastrointestinal hemorrhage is a serious 
medical condition and it sometimes induces hem-
orrhagic shock. General management of the 
upper gastrointestinal hemorrhage is not different 
with that of traumatic shock. Several pharmaco-
logic agents have been used for the treatment of 
the non-variceal hemorrhage such as proton 
pump inhibitors (PPIs), histamine H2 receptor 
antagonist (H2RA), somatostatin analogue, and 
tranexamic acid. Among these agents, PPIs are 
associated with decreased all-cause mortality, 
rebleeding, and need for surgery. In contrast, 
H2RA and somatostatin analogue did not show 
any beneficial effect [67]. In the variceal hemor-
rhage, terlipressin and somatostatin analogues 
are currently used [68].

2.5	 �Future Investigation

Advances in knowledge regarding the pathophys-
iology of hemorrhagic shock and many technolo-
gies are guiding further investigation.

Prompt control of bleeding is essential in 
hemorrhagic shock, and coagulation system 

plays an important role in hemostasis. Recent 
studies have emphasized on the early administra-
tion of plasma, platelets, and coagulation factors 
and higher ratios of these components to 
RBC. However, this approach may not be able to 
provide sufficient supply of the components. 
Therefore, further investigation of the optimal 
ratio of plasma and/or platelet to RBC is war-
ranted. Recently, the use of the rapid POCT of 
coagulation monitoring is increasing, and this 
could guide the administration of selected clot-
ting factors without considering the fixed ratio. In 
addition, with the advances in technology, iso-
lated clotting factors and recombinant clotting 
factors would be easily available, and the results 
of coagulation system would be taken within 
minutes.

Donated blood is divided into its separate 
components and stored because of their various 
half-lives, but recent massive transfusion proto-
col includes early administration of coagulation 
components and often mimics the whole blood 
transfusion. Alternative methods for the current 
blood component storage and transfusion are 
under investigation. Cryopreservation of RBC 
and platelets has been explored and is currently 
used in a military [70]. Freeze-dried plasma is a 
temperature-stable powder and it can be reconsti-
tuted with sterile water and administered within 
minutes. It was used instead of FFP in several 
European countries and it showed ease of use and 
improvement of coagulation components [71]. In 
addition, modified whole blood storage with leu-
kocyte depletion has been investigated [72, 73].

Artificial blood substitutes especially of RBCs 
have been investigated. Transfusion of RBCs is 
essential for hemorrhagic shock because RBCs 
have oxygen-carrying capacity. However, trans-
fusion of RBCs may have complications, and 
blood typing and cross-matching often delay the 
rapid transfusion. Therefore, development of 
RBC substitutes capable of oxygen and carbon 
dioxide is promising. Currently, several RBC 
substitutes are studied and they are of mainly two 
types of perfluorocarbon and hemoglobin-based 
substitutes [74]. More recently, production of 
RBCs in laboratory from stems cells is also 
investigated [75, 76].
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In hemorrhagic shock, dysregulated immune 
responses occur and various anti-inflammatory 
agents, antioxidants, and immune-modulating 
agents have been investigated. In addition, hem-
orrhagic shock may induce the changes of host 
DNA expression and DNS-modulating agents are 
also under investigation [77].

Besides blood components and pharmacologi-
cal agent, another approach is the emergency 
preservation and resuscitation. It consists of pro-
found induced hypothermia up to 1 h and damage 
control surgery followed by rewarming and 
reperfusion. The study for the simple technique 
of vascular access and pharmacological induc-
tion of profound hypothermia is ongoing in the 
preclinical settings [78].
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Cardiogenic Shock

Jonghwan Shin

3.1	 �Introduction

Cardiogenic shock is a serious complication of 
acute myocardial infarction and is an important 
cause of hospital death. Cardiogenic shock is a 
condition in which your heart suddenly can’t 
pump enough blood to meet your body’s needs. 
The condition is most often caused by a severe 
heart attack. Cardiogenic shock is rare, but it’s 
often fatal if not treated immediately. If treated 
immediately, about half the people who 
develop the condition survive. The incidence 
of cardiogenic shock is about 5% in patients 
with acute myocardial infarction (AMI) and 
three times more ST-segment elevation myo-
cardial infarction (STEMI) than in non-STEMI 
[1]. Recent advances in early treatment, tech-
nological advancement, and pharmacologic 
treatment have improved the prognosis of 
patients and improved long-term survival and 
quality of life. Therefore, the mortality rate 
due to cardiogenic shock is also decreasing, 
and the prognosis of the high-risk patients is 
better than the previous one [2].

3.2	 �Definition of Cardiogenic 
Shock

Cardiogenic shock is a life-threatening medical 
condition resulting from an inadequate circula-
tion of blood due to primary failure of the ven-
tricles of the heart to function effectively 
(Table 3.1). Signs of tissue hypoperfusion include 
low urine production, cool extremities, and 
altered mental of consciousness.

3.3	 �Pathophysiology

The most common cause of cardiogenic shock is 
pump failure due to extensive myocardial infarc-
tion (MI) with damage to the heart muscle and 
subsequent depression of myocardial contrac-
tility. Additional causes of cardiogenic shock 
are listed in Table  3.2 [3]. Other mechanical 
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Table 3.1  The definition of CS consists of hemodynamic 
instability of various parameters

I.	� Persistent hypotension: systolic blood pressure 
<90 mmHg or mean arterial pressure 30 mmHg 
lower than baseline

II.	� Severe reduction in cardiac index: <1.8 L/min/m2 
without support or <2.0–2.2 L/min/m2 with 
support

III.	� Adequate or elevated filling pressure: left 
ventricular end-diastolic pressure >18 mmHg or 
right ventricular end-diastolic pressure 
>10–15 mmHg.
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complications following myocardial injury after 
MI are acute mitral regurgitation resulting from 
papillary muscle rupture, ventricular septal 
defect, and free-wall rupture. Mechanical com-
plication must be strongly suspected in patients 
with cardiogenic shock complicating non-ante-
rior MI, especially complications of a first MI.

Sepsis, hemorrhage, and bowel ischemia also 
cause cardiogenic shock, which severely reduces 
the myocardial contractility. These causes require 
proper treatment through suspicion or recogni-
tion of the cause as well as support of the myo-
cardial function.

Acute myocarditis, takotsubo cardiomyopa-
thy, hypertrophic cardiomyopathy, and myocar-
dial contusion may lead to cardiogenic shock in 
the absence of significant coronary artery disease. 
Acute valvular regurgitation of left ventricular 
(LV) output caused by endocarditis or chordal 
rupture may also cause cardiogenic shock. Acute 

aortic insufficiency due to aortic dissection, car-
diac tamponade, or massive pulmonary embo-
lism can present as cardiogenic shock without 
associated pulmonary edema.

Cardiogenic shock is a clinical syndrome 
characterized by systemic hypotension and hypo-
perfusion secondary to insufficient cardiac out-
put. LV pump failure is a major cause of 
cardiogenic shock, but right ventricular (RV) fail-
ure and macro/microcirculation system are also 
responsible for cardiogenic shock. Recent 
research has suggested that the peripheral vascu-
lature, neurohormonal, and cytokine systems 
play a role in the pathogenesis and persistence of 
cardiogenic shock [4–10].

In general, myocardial dysfunction is severe 
enough to cause cardiogenic shock. In the case 
of cardiogenic shock, myocardial contractility 
disturbance causes a decrease in the afterload, 
lowering the blood pressure, resulting in sys-
temic hypoperfusion. The mean depression of 
LV ejection fraction (EF) is moderate to severe 
(30%), with a wide range of EF and LV sizes 
recorded [11]. Metabolic disorders occur in 
the areas of the remote myocardium and in the 
infarct region [12]. Hypoperfusion causes release 
of catecholamines, which increase contractility 
and peripheral blood flow, but catecholamines 
also increase myocardial oxygen demand and 
cause proarrhythmic and myocardiotoxic effects. 
Cardiogenic shock is not the only result of severe 
depression of LV function due to extensive myo-
cardial ischemia or injury. Depressed myocardial 
contractility is accompanied by inadequate sys-
temic vasoconstriction as a result from a systemic 
inflammatory response to extensive myocardial 
injury in cardiogenic shock.

RV failure can contribute to cardiogenic 
shock, but the ratio of predominant cardiogenic 
shock due to mainly RV failure is only 5% [13]. 
However, cardiogenic shock due to isolated RV 
failure is associated with a higher risk of death, 
as with LV failure. RV failure reduces cardiac 
output and ventricular interdependence, even-
tually decreasing LV filling. Treatment of RV 
failure with cardiogenic shock is focused on 
ensuring adequate right-heart filling pressure 
to maintain cardiac output and adequate LV 
preload.

Table 3.2  Causes of cardiogenic shock

Acute myocardial infarction
 �   Pump failure
 �       Large infarction
 �   �    Smaller infarction with preexisting left 

ventricular dysfunction
 �       Infarction extension
 �       Reinfarction
 �       Infarction expansion
 �   Mechanical complications
 �   �    Acute mitral regurgitation caused by 

papillary muscle rupture
 �       Ventricular septal defect
 �       Free-wall rupture
 �       Pericardial tamponade
 �   Right ventricular infarction
Other conditions
 �   End-stage cardiomyopathy
 �   Myocarditis
 �   Myocardial contusion
 �   Prolonged cardiopulmonary bypass
 �   Septic shock with severe myocardial depression
 �   Left ventricular outflow tract obstruction
 �       Aortic stenosis
 �       Hypertrophic obstructive cardiomyopathy
 �   Obstruction to left ventricular filing
 �       Mitral stenosis
 �       Left atrial myxoma
 �   Acute mitral regurgitation (chordal rupture)
 �   Acute aortic insufficiency
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Decreased cardiac output due to MI and pro-
gressive myocardial ischemia cause the release of 
catecholamines, which constrict peripheral arte-
rial vessels to maintain the perfusion of important 
organs. Activation of the neurohormone cascade 
promotes salt and moisture retention. This can 
improve perfusion, but worsens pulmonary edema.

The reflex mechanism of increased systemic 
vascular resistance (SVR) is not generally effec-
tive, as evidenced by the variable SVR, with 
average SVR during cardiogenic shock in the 
normal range despite vasopressor therapy [14].

Excess nitric oxide (NO) can also contribute 
to systemic inflammatory response syndrome. 
MI is associated with increased expression of 
inducible NO synthase, which leads to excess 
NO, which inhibits vasoconstriction, myocardial 
function, and catecholamine action [9, 10].

3.4	 �Treatment and Management

3.4.1	 �Initial Approach 
and Diagnosis

Cardiogenic shock is defined as hypotension 
(SBP <90  mmHg) despite adequate filling sta-
tus with signs of hypoperfusion. A patient in 
cardiogenic shock should undergo immediate 
comprehensive assessment. Chest X-ray, elec-
trocardiogram (ECG), and echocardiography are 
required immediately in all patients with sus-
pected cardiogenic shock. Chest X-ray can be a 
useful test for the diagnosis of cardiogenic shock. 
Pulmonary venous congestion, pleural effusion, 
interstitial or alveolar edema, and cardiomegaly 
are the most specific findings for cardiogenic 
shock, although in up to 20% of patients with 
cardiogenic shock chest X-ray is nearly normal 
[15]. ECG is rarely normal in cardiogenic shock. 
It is also helpful in identifying underlying car-
diac disease and potential precipitants [16]. 
Immediate echocardiography is mandatory only 
in patients with hemodynamic instability in car-
diogenic shock and in patients suspected of acute 
life-threatening structural or functional cardiac 
abnormalities. The following laboratory assess-
ments should be performed at admission on the 
blood of all patients with cardiogenic shock: car-

diac troponin, natriuretic peptides (BNP), blood 
urea nitrogen (BUN), creatinine, electrolytes 
(sodium, potassium), liver function tests, thyroid-
stimulating hormone (TSH), serum glucose com-
plete blood count, and D-dimer.

A plasma BNP level should be measured in all 
patients with acute dyspnea and suspected car-
diogenic shock to help in the differentiation of 
cardiogenic shock from noncardiac causes of 
acute dyspnea. BNP have high sensitivity, and 
normal levels in patients with suspected acute 
heart failure make the diagnosis unlikely [17–
21]. The level of BNP is an important predictor of 
cardiovascular events (reinfarction, cardiogenic 
shock, sustained ventricular tachycardia, ventric-
ular fibrillation, angina, symptoms of left ven-
tricular dysfunction) in patients with acute 
coronary syndrome and provides better predic-
tive power than the troponin level [22].

Measurement of cardiac troponin is useful for 
detection of acute coronary syndrome (ACS) as 
the underlying cause of cardiogenic shock. 
However, elevated concentrations of circulating 
cardiac troponins are detected in the vast major-
ity of patients with cardiogenic shock, often 
without obvious myocardial ischemia or an acute 
coronary event, suggesting ongoing myocyte 
injury or necrosis in these patients [23]. The 
patients of cardiogenic shock have been found to 
have close association with increased level of 
serum cardiac troponin-I. The troponin ratio was 
independently associated with the development 
of cardiogenic shock [24, 25].

In patients with cardiogenic shock complicat-
ing ACS, an immediate coronary angiography is 
recommended with an intent to perform coronary 
revascularization. Invasive monitoring with an 
arterial line should also be considered.

3.4.2	 �General Support Measures

Prehospital emergency medical service should 
be considered for transfer to a specialized cardiac 
care center if cardiogenic shock is suspected. 
Emergency department care is a temporizing 
measure during the preparation for revascular-
ization in the cardiac catheterization laboratory 
or surgical intervention for mechanical failure.

3  Cardiogenic Shock
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Antithrombotic therapy with aspirin and hepa-
rin should be given as routinely recommended 
for MI. Clopidogrel may be deferred until after 
emergency angiography, because on the basis of 
angiographic findings coronary artery bypass 
grafting (CABG) may be performed immedi-
ately. Clopidogrel is indicated in all patients who 
undergo percutaneous coronary intervention 
(PCI), and on the basis of extrapolation of data 
from MI patients who were not in shock it should 
also be useful in patients with shock as well. 
Negative inotropes and vasodilators (including 
nitroglycerin) should be avoided. Arterial oxy-
genation and near-normal pH should be main-
tained to minimize ischemia. Intensive insulin 
therapy improves survival in hyperglycemic criti-
cally ill patients and is recommended for use in 
complicated MI. There should be a low threshold 
to institute mechanical ventilation via mask or 
endotracheal tube. Positive end-expiratory pres-
sure decreases preload and afterload. Mechanical 
ventilation also reduces work of breathing 
(Fig. 3.1).

3.4.3	 �Hemodynamic Management

Fluid is given in RV infarct with hypotension. 
Because some patients with cardiogenic shock 
develop hypotension without pulmonary edema, 
an appropriate amount of fluid can be adminis-
tered. If there is no improvement in perfusion 
with fluid challenge, or there is hypoperfusion 
with pulmonary edema, vasopressors or inotro-
pes are considered.

Pulmonary artery (PA) catheterization is fre-
quently performed to confirm the diagnosis of 
cardiogenic shock, to ensure adequate filling 
pressure, and to guide changes in therapy. 
Individualized PA catheter use is recommended 
for MI patients with severe hypotension [26]. 
However, many centers have chosen to manage 
cardiogenic shock without PA catheterization. 
Clinical evaluation with echocardiography is a 
reasonable alternative. Both PA systolic pressure 
and wedge pressure can be accurately estimated 
with Doppler echocardiography, and in particular 
the finding of a short mitral deceleration time 

Cardiogenic Shock
Clinical signs: Shock, Hypoperfusion, Congestive heart failure,

Acute pulmonary edema

Check Blood Pressure

Systolic BP ≥ 100 mmHg

Nitroglycerin

10 to 20 mcg/mic IV

Systolic BP 70 to 100 mmHg

No signs/symptoms of shock

Dobutamine
2 to 20 mcg/kg
per minute IV

Systolic BP 70 to 100 mmHg

Signs/symptoms of shock

Dopamine
5 to 15 mcg/kg
per minute IV

Systolic BP < 70 mmHg

Signs/symptoms of shock

Norepinephrine 

0.5 to 30 mcg/min IV

Further diagnostic considerations
• Pulmonary artery catheter
• Echocardiography 
• Angiography for MI/ischemia
• Additional diagnostic studies

Further inotropics and vasopressors
• Milrinone 0.375 to 0.75 mcg/kg/min
• Enoximone 5 to 20 mcg/kg/min
• Levosimendan 0.05 to 0.2 mcg/kg/min
• Epinephrine 0.05 to 0.5 mcg/kg/min 

Further therapeutic considerations
• Intra-aortic balloon pump
• Reperfusion 
• Revascularization 
• Extracorporeal life support

Acute Pulmonary Edema

Administer 

Further vasodilators
• isosorbide dinitrate 1 to 10 mg/h
• Nitroprusside .03 to 5 mcg/kg/min
• Nesiritide bolus 2 mcg/kg + infusion 
  0.01 mcg/kg/min

• Furosemide 0.5 to 1.0 mg/kg IV
• Morphine 2 to 4 mg IV
• Oxygen/intubation as needed

Fig. 3.1  Emergency management of complicated 
ST-elevation myocardial infarction. The emergency man-
agement of patients with cardiogenic shock, acute pulmo-
nary edema, or both is outlined. SBP systolic blood 
pressure, IV intravenous, BP blood pressure, MI myocar-

dial infarction. *Furosemide less than 0.5 mg/kg for new-
onset acute pulmonary edema without hypovolemia; 
1 mg/kg for acute or chronic volume overload, and renal 
insufficiency. Combinations of medications, e.g., dobuta-
mine and dopamine, may be used

J. Shin



39

(≤140 ms) is highly predictive of pulmonary cap-
illary wedge pressure ≥20 mm Hg in cardiogenic 
shock [27].

Pharmacological treatment, such as inotropic 
and vasopressor agents, should be used in the low-
est possible doses. Higher vasopressor doses are 
associated with poorer survival [28]. This indi-
cates both severe hemodynamic disturbances and 
direct toxic effects. Use of inotropic and vaso-
pressor agents is always required to maintain cor-
onary and systemic perfusion until the IABP is 
placed or until the shock is resolved. There are 
very little studies on comparisons of vasopressors. 
The American College of Cardiology/American 
Heart Association guidelines recommend norepi-
nephrine for more severe hypotension due to its 
high potency [26]. Although norepinephrine has 
inotropic properties, dobutamine is often neces-
sary in this condition. Use of dopamine in this set-
ting can be associated with excess risk [29].

Levosimendan may also be used in combina-
tion with an inotropic agent or vasopressor. 
Levosimendan infusion in severe cardiogenic 
shock complicating AMI in addition to dobuta-
mine and norepinephrine improved survival 
and cardiovascular hemodynamics without 
leading to hypotension [30, 31]. Milrinone can 
also be another alternative to nonischemic 
patients [32, 33].

3.4.4	 �Mechanical Support (Fig. 3.2)

Intra-aortic balloon pump (IABP) counterpulsa-
tion has long been the mainstay of mechanical 
therapy for cardiogenic shock. Use of an IABP 
improves coronary and peripheral perfusion via 
diastolic balloon inflation and augments LV per-
formance via systolic balloon deflation with an 
acute decrease in afterload. Accurate timing of 
inflation and deflation provides optimal support. 
Not every patient has a hemodynamic response to 
IABP; response predicts better outcome [34]. 
IABP support should be instituted as quickly as 
possible, even before any transfer for revascular-
ization if a skilled operator is available and inser-
tion can be performed quickly.

The use of IABP counterpulsation can be use-
ful for patients with cardiogenic shock after 
STEMI who do not quickly stabilize with phar-
macological therapy [35].

In the large National Registry of Myocardial 
Infarction, IABP use was independently 
associated with survival at centers with higher 
rates of IABP use, whether PCI, fibrinolytic ther-
apy, or no reperfusion had been used [36]. 
Complications associated with IABP are less 
common in the modern era; in the largest series, 
the overall and major complication rates were 
7.2% and 2.8%, respectively [37] (Fig. 3.3).

Systole: deflation

• Afterload reduction 

• Cardiac work 

• Myocardial oxygen consumption ↓ 

• Cardiac output ↑

Left subclavian artery Left subclavian artery

Diastole: inflation

• Augmentation of diastolic pressure

• Coronary perfusion ↑

↓

Fig. 3.2  Intra-aortic counterpulsation balloon pump
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3.4.5	 �Reperfusion

The survival benefit of early revascularization in 
cardiogenic shock, reported in several observa-
tional studies, was shown convincingly in the 
randomized SHOCK trial, which found a 13% 
absolute increase in 1-year survival in patients 
assigned to early revascularization [11, 38].

Emergency revascularization with either PCI 
or CABG is recommended in suitable patients 
with cardiogenic shock due to pump failure after 
STEMI irrespective of the time delay from MI 
onset [35]. In the absence of contraindications, 
fibrinolytic therapy should be administered to 
patients with STEMI and cardiogenic shock who 
are unsuitable candidates for either PCI or 
CABG [31]. Thrombolytic therapy is less effec-
tive but is indicated when PCI is impossible or if 

a delay has occurred in transport for PCI and 
when MI and cardiogenic shock onset were 
within 3 h.

As in MI without shock, earlier revascular-
ization is better in cardiogenic shock. 
Presentation 0–6  h after symptom onset was 
associated with the lowest mortality among car-
diogenic shock patients undergoing primary 
PCI, in which door-to-angiography times were 
<90  min in approximately three-fourths of 
patients [39].

3.4.6	 �Revascularization Approach: 
Surgery or PCI (Fig. 3.2)

Revascularization in the SHOCK trial could be 
percutaneous or surgical. Thirty-seven percent of 

CARDIOGENIC SHOCK

IABP

Early Shock, Diagnosed on
Hospital Presentation

Cardiac Catheterization
and Coronary Angiography

1-2 vessel CAD

Staged Multivessel
PCI

Staged
CABG Cannot be

performed

Immediate
CABG

Severe 3-vessel
CAD

Left main CAD

Early mechanical
revascularization with
PCI/CABG is strongly

recommended for candidates:

• <75 years
• ST-elevation, LBBB, or
 Posterior MI
• Develop shock <36 hours of
 MI
• Revascularization can be
 performed within 18 hours
 of shock

Moderate 3-vessel
CAD

PCI
PCIIRA
IRA

Delayed onset shock
Echocardiogram to rule out mechanical defects

Arrange rapid transfer to
Invasive capable center

Fibrinolytic therapy if all of the
following are present:

1. >90 minutes to PCI
2. <3 hours post MI onset
3. No contraindications

Arrange rapid transfer to invasive
capable center

8 8
8

8

Fig. 3.3  Recommendations for initial reperfusion ther-
apy when cardiogenic shock complicates acute 
MI.  Early mechanical revascularization with PCI or 
CABG is strongly recommended for suitable candidates 
75 years of age and for selected elderly patients (see 
text). Eighty-five percent of shock cases are diagnosed 
after initial therapy for acute MI, but most patients 
develop shock within 24  h. Intra-aortic balloon pump 
(IABP) is recommended when shock is not quickly 

reversed with pharmacological therapy, as a stabilizing 
measure for patients who are candidates for further 
invasive care. Dashed lines indicate that the procedure 
should be performed in patients with specific indica-
tions only. Recommendations for staged CABG and 
multivessel PCI are discussed in the text, as are defini-
tions of moderate and severe three-vessel CAD. LBBB 
indicates left bundle-branch block (Circulation 
2003;107:2998–3002)
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patients assigned to the early revascularization 
strategy underwent CABG at a median of 2.7 h 
after randomization [40]. Despite a higher preva-
lence of triple-vessel or left main disease and dia-
betes mellitus in patients who underwent CABG 
compared with PCI, survival and quality of life 
were similar [40, 41].

3.4.7	 �Total Circulatory Support: LV 
Assist Devices and 
Extracorporeal Life Support

Temporary mechanical circulatory support with 
LV assist devices is theoretically appealing to 

interrupt the vicious spiral of ischemia, hypoten-
sion, and myocardial dysfunction, allowing for 
recovery of stunned and hibernating myocar-
dium and reversal of neurohormonal derange-
ments. Device-related complications and 
irreversible organ failure remain major 
limitations.

Compared with IABP, LV assist devices may 
provide superior hemodynamic support and serve 
as more effective bridges to recovery or trans-
plantation, though experience with their use in 
this setting is limited [42, 43].

Alternative LV assist devices for circulatory 
support may be considered in patients with 
refractory cardiogenic shock [35] (Fig. 3.4).

Motor pump Oxygenator 

Fig. 3.4  LV assist 
device and 
extracorporeal life 
support
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Obstructive Shock

Kyung Su Kim

4.1	 �Introduction

4.1.1	 �Definition of Obstructive 
Shock

Obstructive shock is a form of shock associated 
with mechanical obstruction of blood flow to the 
heart, specifically left ventricle (Fig. 4.1) [1].

The most distinctive feature of obstructive 
shock is that detecting the cause of obstruction is 
essential for the proper management and the 
response to the treatment is very immediate. This 
section deals with following three conditions of 
obstructive shock: tension pneumothorax, pulmo-
nary thromboembolism, and cardiac tamponade.

4.1.2	 �Common Pathophysiology 
of Obstructive Shock

The common pathophysiology of obstructive 
shock is a reduction in the left ventricular (LV) 
preload. Increased intrathoracic pressure 
impairs venous return in tension pneumotho-
rax. Increased right ventricular (RV) afterload 
impairs blood flow from right to left heart in 
pulmonary embolism. Decreased cardiac com-
pliance impairs diastolic filling of heart in car-
diac tamponade. Decreased LV preload leads to 

the relative increase in both LV contractility 
and heart rate, but eventually the stroke volume 
and cardiac output (CO) decrease. Because of 
the obstruction of the blood flow, distended 
jugular vein and inferior vena cava (IVC) can 
be commonly observed in physical examina-
tions or bedside sonography.

4.1.3	 �Initial Approach 
and Diagnosis of Obstructive 
Shock

Except for hypotension, the most common symp-
toms and signs of obstructive shock are dyspnea 
and jugular venous distension (Fig.  4.2). Also, 
venous congestion due to obstruction can be 
visualized by bedside sonography as distended 
hepatic inferior vena cava (IVC) without signifi-
cant inspiratory collapse (Fig. 4.2).

Careful medical history and physical exami-
nation in unstable patients provide a valuable 
information to distinguish the cause of the shock. 
In addition, bedside ultrasonography is one of 
the most useful tools to identify causes of shock. 
The presence, location, and volume of pneumo-
thorax can be diagnosed by the ultrasonography 
and RV strain on the ultrasonography can be a 
very important finding in suspicion of massive 
pulmonary embolism. In particular, the ultraso-
nography is the diagnostic tool of choice in peri-
cardial tamponade and it can also guide the 
pericardiocentesis.
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4.1.4	 �General Management 
of Obstructive Shock

Airway management is required in patients with 
decreased mentality or with profound shock. As 
described above, most patients with obstructive 
shock also suffer from hypoxemia. Therefore, sup-
plement oxygen should be delivered in patients with 
hypoxemia. Ventilatory support may be required in 
respiratory-distressed patients. Volume resuscita-
tion is the first step for the circulatory support. In 
patients with obstructive shock, venous system is 
similar to those with volume overload. Jugular vein 
and IVC are distended and central venous pressure 
and pulmonary artery occlusion pressure are ele-
vated. However, their cardiac output still can 

respond to volume resuscitation because cardiac 
filling pressure is increased in obstructive shock. Of 
course, immediate identification and management 
of the obstructive lesion are essential for the out-
come. If blood pressure is not recovered rapidly, 
vasopressors can be used empirically.

4.2	 �Tension Pneumothorax

4.2.1	 �Definition of Tension 
Pneumothorax

A tension pneumothorax is considered to be pres-
ent when a pneumothorax leads to significant 
hemodynamic compromise [2].

a b c d

Fig. 4.1  Three types of obstructive shock. (a) Diagram 
describing the normal circulation. (b) Tension pneumotho-
rax (Black) alters venous return, which results in decreased 
cardiac output and venous congestion. (c) Pulmonary 
embolism (Red prohibition sign) blocks the blood flow 

from right heart to left heart, which results in distension of 
right ventricle and diastolic septal flatening. (d) Cardiac 
tamponade (Black) compresses cardiac chambers, which 
results in decreased cardiac output and venous congestion. 
RV right ventricle, LV left ventricle, IVC inferior vena cava

a bFig. 4.2  (a) Jugular 
venous distension and 
(b) distended hepatic 
inferior vena cava. IVC 
inferior vena cava, HV 
hepatic vein, RA right 
atrium
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4.2.2	 �Epidemiology of Tension 
Pneumothorax

The incidence of tension pneumothorax varies 
widely among the studies including trauma 
patients, performed in emergency departments, 
or in intensive care units [2]. Tension pneumo-
thorax was diagnosed in 5.4% of major trauma 
patients in one study [3].

4.2.3	 �Pathophysiology of Tension 
Pneumothorax

Causes of tension pneumothorax include trauma, 
obstructive lung diseases (asthma, chronic obstruc-
tive pulmonary diseases), and excessive positive 
pressure ventilation. Once the lungs are injured 
leaked air is accumulated in the pleural cavity and 
cannot escape. Accumulated air increases intratho-
racic pressure and finally obstructs venous return 
to the heart, which results in the obstructive shock. 
Ventilation-perfusion mismatch and decreased 
vital capacity due to collapsed lung contribute to 
hypoxemia and respiratory distress [2].

4.2.4	 �Initial Approach and Diagnosis 
of Tension Pneumothorax

Most patients with pneumothorax have acute 
pleuritic chest pain and increasing volume of 

pneumothorax causes dyspnea, hypoxemia, 
tachycardia, and hypotension. Common physical 
findings are tracheal deviation toward the contra-
lateral side of tension pneumothorax, hyper-
resonance and diminished lung sounds on the 
affected side, subcutaneous emphysema, and 
neck vein engorgement. Persistent shock may 
result in the bradycardia and pulseless electrical 
activity arrest.

Diagnostic modalities for pneumothorax are 
chest radiography (Fig.  4.3), chest CT, and 
ultrasonography (Fig. 4.4). However, confirma-
tive evaluation should not delay treatment for 
unstable patients suspected of tension 
pneumothorax.

4.2.5	 �Management of Tension 
Pneumothorax

The definite treatment of tension pneumothorax 
is the decompression of accumulated air in the 
pleural space. Immediate needle decompression 
is the treatment of choice in the emergent situa-
tion. A 14-gauge needle or larger should be 
placed over the superior margin of the third rib in 
the midclavicular line (Fig.  4.5). A rush of air 
with clinical improvement of vital signs confirms 
the diagnosis. If there is no immediate improve-
ment, do not hesitate to place a second needle in 
the next interspace. The chest tube should be 
placed subsequently.

a bFig. 4.3  (a) Pneumothorax 
in the right pleural cavity 
with deep sulcus sign 
(arrow). (b) Pneumothorax 
disappeared after tube 
thoracotomy
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Left Right
Fig. 4.4  M-mode image 
of bilateral lung. Left 
image shows normal 
seashore sign and right 
image shows 
stratosphere (bar code) 
sign indicating the 
presence of 
pneumothorax

X

Midclavicular
line

Second
intercostal

space

Tension
pneumothorax

Collapsed
lung

Fig. 4.5  Illustration of 
needle thoracotomy
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4.3	 �Pulmonary 
Thromboembolism

4.3.1	 �Definition of Pulmonary 
Thromboembolism

Pulmonary thromboembolism is defined as a 
blockage of a pulmonary artery by the thrombus 
traveled mainly from veins of lower extremities 
[4]. Therefore, the term venous thromboembo-
lism is used for both deep vein thrombosis and 
pulmonary thromboembolism.

4.3.2	 �Epidemiology of Pulmonary 
Thromboembolism

Venous thromboembolism occurs about ten mil-
lion cases very year and this burden accounts for 
the third leading vascular disease following acute 
myocardial infarction and stroke [5].

4.3.3	 �Pathophysiology 
of Pulmonary 
Thromboembolism

Most common cause of pulmonary embolism is 
the thrombus from the deep veins of the lower 
extremities. Therefore, deep vein thrombosis and 
pulmonary thromboembolism compose of single 
disease entity, venous thromboembolism. Acute 
embolism of pulmonary artery leads to ventila-
tion perfusion mismatch, which results in hypox-
emia and dyspnea. If the thrombus obstructs a 
substantial portion of pulmonary artery, the 
increase in pulmonary vascular resistance 
impedes RV outflow and reduces LV preload and 
CO [4].

4.3.4	 �Initial Approach and 
Diagnosis of Pulmonary 
Thromboembolism

The symptoms and signs of pulmonary thrombo-
embolism are usually nonspecific, making it diffi-
cult to diagnose. Therefore, pulmonary 

thromboembolism should be considered whenever 
unexplained symptoms including dyspnea, syn-
cope, hypotension, and hypoxemia are present. 
D-dimer test has high negative predictive value to 
diagnose pulmonary thromboembolism and is 
widely used to exclude pulmonary thromboembo-
lism. Because false-positive elevation of D-dimer 
is common in various conditions such as sepsis 
and malignancy, its positive predictive value is 
very low and further confirmatory diagnostic test 
is required. Wells’ criteria are a clinical decision 
rule to provide the risk stratification for pulmonary 
embolism (Table  4.1) and pulmonary embolism 
rule-out criteria rule can be used (Table 4.2) [6, 7].

In patients with massive pulmonary thrombo-
embolism and acute cor pulmonale, S1Q3T3 pat-
tern can be observed in electrocardiography 
(ECG) (Fig. 4.6). However, this ECG changes are 
neither sensitive nor specific for pulmonary 
thromboembolism.

Table 4.1  Wells’ score for pulmonary thromboembolism

Criteria Points
Clinical signs and symptoms of deep vein 
thrombosis

3

Pulmonary embolism is most likely diagnosis 3
Tachycardia over 100 beats/min 1.5
Immobilization or surgery in previous 4 weeks 1.5
Prior diagnosis of deep vein thrombosis or 
pulmonary thromboembolism

1.5

Hemoptysis 1
Active malignancy 1

Low risk <2 points, intermediate risk 2–6 points, high risk 
>6 points
Pulmonary thromboembolism unlikely 0–4 points, likely 
>4 points

Table 4.2  Pulmonary embolism rule-out criteria rule (all 
nine factors must be present to exclude pulmonary 
embolism)

Clinical low probability (<15% probability of 
pulmonary embolism based on gestalt assessment)
Age <50 years
Pulse <100 beats/min during entire stay in ED
Pulse oximetry >94% at near sea level (>92% at 
altitudes near 5000 feet above sea level)
No hemoptysis
No prior venous thromboembolism history
No surgery or trauma requiring endotracheal or 
epidural anesthesia within the last 4 weeks
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In most cases, chest radiography does not give 
any diagnostic information in pulmonary throm-
boembolism (Fig.  4.7). For the confirmative 
diagnosis, chest CT scan with contrast or conven-
tional angiography should be performed.

When pulmonary embolism is suspicious, the 
presence of deep vein thrombosis also should be 
excluded. Therefore, CT angiography protocol 

in many institutions includes the lower extremity 
venography by obtaining delayed phase of 
image.

Bedside ultrasonography can be helpful 
especially in patients with hemodynamic insta-
bility. Pulmonary thromboembolism can be 
directly visualized in pulmonary artery or right 
ventricle. Also, RV dilation and flattening of 

Fig. 4.6  Deep S wave in lead I, Q wave, and inverted T wave in lead III are classic findings of acute cor pulmonale

a b

Fig. 4.7  (a) Chest radiography does not give any diagnostic information in pulmonary thromboembolism in most 
cases. (b) Bilateral main pulmonary arteries are occluded by thromboembolism in chest CT scan with contrast

K. S. Kim
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interventricular septum (D-shape LV) can be 
seen especially in massive pulmonary thrombo-
embolism with obstructive shock (Fig.  4.8). 
These findings are not sensitive enough to 
exclude pulmonary thromboembolism, but very 
specific to pulmonary thromboembolism if there 
is no history of chronic lung disease and pulmo-
nary hypertension.

In addition, bedside ultrasound can detect 
proximal venous thrombosis using Doppler 
images and compression technique. Normal vein 
can be easily compressed by ultrasound probe. 
However, vein filled with thrombosis cannot be 
compressed by the probe.

Although CT angiography is more widely 
used nowadays, ventilation-perfusion lung scan 
can be helpful to diagnose the pulmonary embo-
lism especially in patients with renal failure; in 
that circumstance the avoidance of radiocontrast 
dye is warranted.

4.3.5	 �Management of Pulmonary 
Thromboembolism

The primary treatment for pulmonary embolism 
is anticoagulant therapy, but since anticoagulant 
therapy does not lysate the thrombus immediately, 
thrombolytic therapy should be considered for 
severe cases of pulmonary embolism. The hem-
orrhagic complication rate of thrombolysis in 
pulmonary thromboembolism is higher than 
those in myocardial infarction and ischemic 

stroke because the burden of thrombosis is larger 
and consumptive coagulopathy is already pres-
ent. Therefore, thrombolytic therapy is indicated 
in patients with high risk of death from pulmo-
nary thromboembolism. In patients with life-
threatening pulmonary embolism, thrombolysis 
should always be considered even in patients 
with relative contraindications. Meta-analysis 
which has evaluated the role of thrombolysis in 
pulmonary embolism showed that thrombolysis 
improves the all-cause mortality (1.39% vs. 
2.92%, p value  =  0.03) in intermediate-risk 
patients who were hemodynamically stable with 
RV dysfunction [8]. However, the rate of major 
bleeding events was significantly higher in 
thrombolysis group (7.74% vs. 2.25%, p value 
<0.001) in that study. One randomized clinical 
trial reported that thrombolysis could prevent 
hemodynamic decompensation but increased 
the risk of major hemorrhage and stroke in 
patients with intermediate-risk pulmonary 
embolism [9]. Because the hemorrhagic com-
plication especially intracranial hemorrhage 
following thrombolysis therapy is usually cata-
strophic, the clinical benefit of thrombolysis in 
patients without hemodynamic instability is still 
controversial.

Two indications of thrombolysis in current 
guideline are acute massive pulmonary throm-
boembolism (high-risk pulmonary embolism, 
systolic blood pressure <90  mmHg, or a 
decrease in systolic arterial pressure of at least 
40  mmHg for at least 15  min) and acute 

a b c

Fig. 4.8  (a) Chest CT shows RV dilation in massive pul-
monary thromboembolism. Note that right ventricle is 
larger than left ventricle. (b, c) Typical D-shape left ven-

tricle in massive pulmonary embolism is observed in para-
sternal short-axis view. Right ventricle is also larger than 
left ventricle indicating right ventricular dilation
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sub-massive pulmonary thromboembolism 
(intermediate-high risk, normal blood pressure 
with RV dysfunction) [10]. Thrombolysis regi-
men is the intravenous infusion of 100  mg of 
tissue-type plasminogen activator (tPA) during 
2 h in the absence of contraindications. In cases 
who cannot tolerate anticoagulation therapy, 
inferior vena cava filter can be used to prevent 
further occlusion of pulmonary artery. Lastly, 
venoarterial extracorporeal membrane oxygen-
ator (VA ECMO) can be considered in profound 
obstructive shock or cardiac arrest from pulmo-
nary thromboembolism.

4.4	 �Cardiac Tamponade

4.4.1	 �Definition of Cardiac 
Tamponade

Cardiac tamponade is defined as an acute circula-
tory failure due to the compression of the cardiac 
chambers by the pericardial effusion.

4.4.2	 �Epidemiology of Cardiac 
Tamponade

The incidence of cardiac tamponade is not well 
documented because most epidemiological 
studies have examined patients suffering from a 
pericardial effusion without focusing on tam-
ponade [11].

4.4.3	 �Pathophysiology of Cardiac 
Tamponade

Causes of cardiac tamponade include metastatic 
malignancy, pericarditis, uremia, and tuberculo-
sis. As fluid accumulates within the pericardial 
sac, intrapericardial pressure increases. There are 
relatively small changes in the intrapericardial 
pressure in the early stage because of the disten-
sibility of parietal pericardium. However, if the 
fluid continues to accumulate beyond the limits, 
the intrapericardial pressure increases rapidly. If 

the intrapericardial pressure rises over the normal 
RV filling pressure, ventricular filling is restricted 
and results in the decrease in the RV end-diastolic 
volume. The decreased RV end-diastolic volume 
compromises CO which results in obstructive 
shock.

4.4.4	 �Initial Approach and 
Diagnosis of Cardiac 
Tamponade

Early symptoms include dyspnea at rest and with 
exertion. Common physical findings are tachy-
cardia, narrow pulse pressure (reflecting 
decreased stroke volume), and neck vein engorge-
ment. Inspiratory decrease in systolic blood pres-
sure may be observed and this is called pulsus 
paradoxus. The classic Beck triad includes jugu-
lar venous distension, hypotension, and muffled 
hear sounds.

Chest radiography may reveal an enlarged 
heart silhouette and epicardial fat-pad sign 
(Fig. 4.9).

ECG usually shows low-voltage QRS com-
plexes and sometimes electrical alternans (beat-
to-beat variation in the amplitude) (Fig. 4.10).

Fig. 4.9  Chest radiography of patient with malignant 
pericardial effusion
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ECG

A-line

Fig. 4.10  Electrical alternans (beat-to-beat variation amplitude) is observed in patients with pericardial tamponade. 
Note that arterial wave also shows variation of size

a b

Fig. 4.11  Diastolic right ventricular collapse can be observed (a) in parasternal long-axis view and (b) in subxiphoid 
four-chamber view. PE pericardial effusion, RV right ventricle, LV left ventricle, LA left atrium

Effusion

Needle

Fig. 4.12  Emergent pericardiocentesis for pericardial 
tamponade

Echocardiography is the diagnostic test of 
choice. In addition to a large pericardial fluid 
volume, typical echocardiographic findings 
described in cardiac tamponade are right atrial 
compression, RV diastolic collapse, and dilated 
IVC with lack of inspiratory collapse (Fig. 4.11).

4.4.5	 �Management of Cardiac 
Tamponade

The primary treatment for cardiac tamponade is 
pericardiocentesis. If cardiac tamponade is sus-
pected and the patient is not in cardiac arrest, 
expert consultation should take place. If cardiac 
arrest is ongoing or impending and cardiac tam-
ponade is suspected, emergency pericardiocente-
sis should be performed. Pericardiocentesis is 
optimally performed using echocardiographic 

guidance to avoid cardiac perforation and coro-
nary artery laceration (Fig. 4.12).
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5.1	 �Introduction

5.1.1	 �Definition

More than 20  years, sepsis was defined as 
symptoms associated with the response to 
microorganism infection, which was more 
specifically called systemic inflammatory 
response syndrome (SIRS). With the evidence 
of organ failure, it was called severe sepsis, 
and this could lead to hypotension (septic 
shock) [1]. However, with the deep under-
standing of the pathophysiology of sepsis, 
sepsis has been known as both inflammatory 

and anti-inflammatory. Additionally, the clas-
sic use of SIRS could lead to overestimation of 
sepsis. For example, usual common cold could 
be identified as sepsis in classic definition [2]. 
With this background, new sepsis definition, 
Sepsis 3, was introduced with expert consen-
sus, literature review, and finally big data anal-
ysis. Sepsis was defined as a “life-threatening 
organ dysfunction caused by a dysregulated 
host response to infection.” They recommended 
the use of sequential organ failure assessment 
(SOFA) score as clinical criteria for sepsis in 
ICU encounters. More specifically, increase 
in SOFA score of two points or more should 
be used. In non-ICU encounters, quick SOFA 
score was recommended as screening tool, and 
qSOFA score of two or more was set to iden-
tify high-risk patients. The concept of classical 
severe sepsis was eliminated. Septic shock was 
newly defined as sepsis with fluid-unrespon-
sive hypotension, serum lactate level greater 
than 2  mmol/L, and need for vasopressors to 
maintain mean arterial pressure of 65  mmHg 
or greater (Fig. 5.1) [3, 4].

5.1.2	 �Epidemiology

Annual worldwide incidence of sepsis was esti-
mated from 15–31 million, but this wide estima-
tion stems from various methods used in 
calculation. This reflects vagueness and difficulty 
in sepsis definition. However, the incidence has 
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been investigated to increase as consistently, and 
aging and more comorbid disease (cancer, diabe-
tes, etc.) may affect this increase [5, 6].

5.1.3	 �No Magic Bullet as a Drug 
in Septic Shock Treatment

High disease burden in respect to the incidence, 
morbidity, and mortality has led to the extensive 
research about the septic shock, but unfortu-
nately no drug has survived from clinical trials. 
This could mean the poor understanding of 
pathophysiology, different subphenotypes, 
diverse phases, etc. [5]. With more knowledge 
of septic shock, it is rapidly changing how to 
manage the septic shock, which would be briefly 
discussed.

5.1.4	 �Introduction to This Chapter

In this chapter, we introduce the pathophysiol-
ogy, diagnostic approach, initial management, 
and future of septic shock. Considering the pur-
pose of this book, i.e., scenario based, we do not 
cover all aspects of septic shock, but focus on the 
early management of septic shock.

5.2	 �Pathophysiology of Septic 
Shock

5.2.1	 �Introduction

Although septic shock is one of the distributive 
shocks, the pathophysiology of septic shock is 
different from other distributive shock diseases. 
The pathophysiology and the clinical course of 
septic shock are more complex and vary over the 
course of the disease, with variable degrees of 
intravascular volume depletion, peripheral vaso-
dilation, and cardiac dysfunction.

Septic shock can be produced by any micro-
bial infection (bacteria, virus, fungus, parasites, 
etc.), even if no organism is identified at nearly 
50% of cases of septic shock. Lipopolysaccharide 
(LPS) of gram-negative [G (−)] bacteria and 
lipoteichoic acid and peptidoglycan of gram-
positive [G (+)] organisms are well-known medi-
ators of sepsis.

5.2.2	 �Pathophysiology

5.2.2.1	 �Mediators
Against invading organism or its toxins, the early 
humoral responses are the complement system 
involvement and immune cell [monocytes/mac-
rophages and polymorphonuclear neutrophils 
(PMNs), etc.] activation. Immune cells not only 
are able to recognize invading organisms and 
their products so they can destroy them but also 
release a series of mediators that can activate 
other cells. Toll-like receptors, among cell mem-
brane receptors, are implicated in the recognition 
of pathogenic agents. Cellular stimulation acti-
vates intracellular signaling and results largely in 
the activation of transcriptional factors (including 
nuclear factor kappa B), which initiate proinflam-
matory reactions in turn. A number of cytokines, 
mainly tumor necrosis factor alpha (TNF-α) and 
interleukin (IL)-1, are released by macrophages 
and other cells. TNF-α and IL-1 are particularly 
important proinflammatory cytokines that can 
reproduce all features of septic shock including 
hypotension and development of multiple-organ 

Suspected infection

qSOFA ≥ 2
RR > 22/min

SBP < 100mmHg
Altered mentation

SOFA ≥ 2 

Sepsis

Septic shock
(both positive)

1) vasopressors for MAP ≥65 mm Hg
2) Serum lactate > 2mmol/L

Adequate fluid resuscitation

Suspected sepsis

Fig. 5.1  Sepsis-3 Definition of sepsis and septic shock [4]

K. Kim et al.



57

failure (MOF) in animal studies. Anti-
inflammatory mediators including IL-4 and IL-10 
are also released during the sepsis response, 
which limit the effects of proinflammatory medi-
ators and can lead to a state of relative immuno-
suppression sometimes called immunoparalysis 
[7]. When sepsis is diagnosed, many patients are 
already immunosuppressed [8].

Immune cells also release secondary host 
mediators including lipid mediators, oxygen 
free radicals, proteases, and arachidonic acid 
metabolites. Vasodilator substances such as 
nitric oxide (NO) and prostaglandins are 
released by endothelial cells and are responsible 
for the early hemodynamic changes of sepsis. 
The formation of large quantities of NO can also 
have secondary toxic effects on cells. NO can 
block mitochondrial respiration, directly by 
inhibiting cytochrome a and a3 and reacting 

with superoxide radicals, resulting in the pro-
duction of peroxynitrite, which inhibits various 
phases of mitochondrial respiration [9] 
(Fig. 5.2).

5.2.2.2	 �Hemodynamic Changes
Widespread systemic inflammation likely plays a 
role in the development and persistence of multi-
system organ failure in sepsis through microvas-
cular and mitochondrial dysfunction. Although 
microcirculatory and mitochondrial dysfunction 
in sepsis and its links with organ dysfunction 
are not fully understood, they are likely to be 
key locus of hemodynamic compromise in sep-
tic shock [10, 11]. Septic shock is often due to 
three major causes: intravascular volume deple-
tion, cardiac dysfunction, and peripheral vaso-
dilation. And they also may be associated with 
microcirculatory and mitochondrial dysfunction 

Bacteria, virus, fungus,
parasite, endotoxin

Neutrophil and
monocytte
activaton

TNF-A, IL-1,
Compliment
activation

Anti-fibrinolytic IL-6, IL-8, NO, PAF, reactive
oxygen species, etc,

Microvascular
thrombosis (DIC)

increased permeability
decreased perfusion Systemic effects Immunosuppression

IL-10, apoptosis,
sTNFR

2ndary anti-inflammatory
mediators

Cytokines & cytokine-like
mediators

↑TF 
↓protein c, protein s, 

antithrombin
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Fluid loss to 3rd

space
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Factor XII
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Fig. 5.2  The pathophysiology of septic shock
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(Fig. 5.2). Therefore, septic shock was recently 
classified, according to pathophysiological back-
ground, into two stages as follows: the early 
hypovolemic and the late vascular and myocar-
dial circulatory dysfunction stage [12] (Fig. 5.3).

Intravascular Volume Depletion
Sepsis produces hypovolemia, and the hypovole-
mia contributes partially to deterioration into sep-
tic shock. Hypovolemia in septic shock mainly 
results from gastrointestinal volume loss (diarrhea, 
vomiting), tachypnea, sweating, and decreased 
fluid intake during development of the illness.

The other auxiliary cause of hypovolemia in 
septic shock results from increasing capillary leak 
and resultant loss of intravascular volume into 
third spaces. In septic shock, adhesion molecules 
on vascular endothelium and circulating cells 
(platelets, PMNs, and monocytes) are expressed 
by inflammatory reaction. Activated leukocytes 
adhere to vascular endothelium and migrate to 
subendothelial tissues. Alterations in intercellular 
endothelial junctions result in increased capillary 
permeability and generalized edema [13].

Alterations in coagulation and fibrinolysis 
complete the picture, with proinflammatory 
mediators creating a procoagulant state. Briefly, 
the activation of tissue factor on the surface of 
various cells, particularly monocytes and endo-
thelial cells, initiates the coagulation system 
[13]. Endotoxin, TNF-α, and IL-1 are the key 
mediators. The plasma levels of natural antico-
agulants such as protein C, protein S, and anti-

thrombin are significantly reduced in sepsis by 
reducing their synthesis and increasing their 
consumption and clearance. In early sepsis, 
thrombolysis is also stimulated with an increase 
in the levels of plasminogen activator inhibitor-1 
(PAI-1). The net result is a balance in favor of 
procoagulant processes, often leading to DIC 
and participating in the microcirculatory disor-
der that leads to MOF in many patients with sep-
sis. This sequence of events leads to consumption 
of coagulation factors and the fibrinolytic system 
is suppressed in late sepsis and that promotes 
capillary leakage, bleeding, and third-space fluid 
shift (Fig. 5.2).

Cardiac Dysfunction
Cardiovascular dysfunction and failure arise from 
direct myocardial depression and distributive 
shock condition. Any microbes and killed organ-
isms can cause myocardial depression. The direct 
effects of the toxic mediators as well as the knock-
on effects of host mediators of sepsis produce a 
septic shock. Septic shock causes direct myocar-
dial depression. Even in the hyperdynamic stages, 
cardiac contractility becomes impaired during the 
early phase of septic shock. Circulating media-
tors, inflammatory myocardial cellular injury, and 
deranged metabolism interact synergistically to 
injure the heart during septic shock, and specific 
cytokines (most notably TNF-α and IL-lß), 
overproduction of NO, and possibly impairment 
in mitochondrial respiration may contribute to the 
cardiovascular dysfunction.

Sepsis + Hypovolemia ESS + Vascular
and  myocardial

dysfunction

Cell

Sepsis
Early Septic

Shock

Late
Septic
Shock

Infection + multisystem 
organ failure

Fig. 5.3  The phase of 
septic shock
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Early in sepsis, although the cardiac output 
(CO) is increased, it is at the expense of ventricu-
lar dilation and decreased ejection fraction (EF). 
After vascular filling as a result of volume resus-
citation, the hemodynamic status in septic shock 
is characterized by a fall in vascular tone associ-
ated with reduced systemic vascular resistance 
and a raised CO. Ejection volume and, particu-
larly, CO may be maintained by an increase in 
diastolic volumes. Therefore, myocardial depres-
sion or dysfunction without any true cardiac 
failure would be developed and that may be asso-
ciated with reduced cardiac output.

Peripheral Vasodilation
NO is a powerful vasodilator acting on vascular 
smooth muscle. Increased NO production in sep-
sis is essentially due to the induction of inducible 
NO synthase (iNOS) by proinflammatory cyto-
kines. NO regulates vascular tone by an indirect 
effect on smooth muscle cells and that is impor-
tant role in septic shock. NO also contributes to 
platelet adhesion, insulin secretion, neurotrans-
mission, tissue injury, and cytotoxicity, and it 
seems to be a key mediator of septic shock 
although its mechanisms of action are not well 
understood. Enhanced NO production is thought 
to contribute to the profound vasodilation found 
in patients in septic shock.

Vasopressin is a naturally occurring hormone 
that is essential for cardiovascular stability. It is 
produced as a prohormone in the hypothalamus. 
The hormone is stored in the pituitary gland and 
released in response to stressors such as pain, 
hypoxia, hypovolemia, and hyperosmolality. 
There is a brief rise in circulating vasopressin 
levels in sepsis and followed by a prolonged and 
severe suppression in septic shock.

5.3	 �Septic Shock: Initial 
Approach and Diagnosis

5.3.1	 �Recognition of Sepsis 
Candidate

According to the new definition updated in 2016 
published by “The Third International Consensus 
Definitions for Sepsis and Septic Shock” 

(Sepsis-3) in 2016, sepsis is a life-threatening 
organ dysfunction caused by a dysregulated host 
response to infection [4]. A clinical algorithm to 
identify patient with sepsis and septic shock was 
also proposed (Fig.  5.4). Sepsis screening is 
associated with earlier treatment because a lack 
of its recognition may prevent timely therapy 
[14]. A significant challenge in recognizing sep-
sis may be the complexity of the sepsis presenta-
tion. Notably, sepsis screening has been 
associated with survival improvement [15].

5.3.1.1	 �Patients with Suspected 
Infection

The above algorithm starts from patient with sus-
pected infection, which may include a wide range 
of patients. A prospective cohort study showed 
that 13% of patients admitted to the intensive 
care unit (ICU) with suspected sepsis had in fact 
no infection identified [16]. Such sepsis mimick-
ers are consisted of adverse drug reaction, acute 
mesenteric ischemia, malignancies, and various 
sterile inflammatory diseases [17]. The presence 
of an infectious process is by definition necessary 
to discriminate between sepsis and sepsis mim-
ickers. However, patients with sepsis mimickers 
have a clinical phenotype that resembles that of 
patients with sepsis, so that antimicrobial agents 
are usually administrated within the first hours of 
recognition of shock, until infection is ruled out 
and an alternative noninfectious diagnosis is 
made.

5.3.1.2	 �Quick SOFA Score
The quick Sepsis-related Organ Function 
Assessment (qSOFA) score was introduced as an 
initial screening tool to screen sepsis, which 
comprises a respiratory rate of 22/min or greater, 
altered mentation, or systolic blood pressure of 
100 mmHg or less. If a patient has at least two of 
these criteria present, he or she could be identi-
fied as being more likely to have poor outcome of 
sepsis [4]. A patient with a qSOFA score of 2 or 
higher had a 3- to 14-fold increase in hospital 
mortality compared with a patient with a qSOFA 
score lower than 2 [18]. Compared with previous 
SIRS criteria, qSOFA had better discriminative 
value and hazard ratio for predicting death, ICU 
admission, and ICU stay longer than 72  h. 
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The strong prognostic accuracy of qSOFA for 
mortality was confirmed with an area under the 
receiver operating characteristic (AUROC) of 
0.80, which was greater than that of SIRS and 
severe sepsis (AUROC 0.65 for both) [19]. 
However, a recent prospective study reported that 
a qSOFA score of two or higher had high speci-
ficity for organ dysfunction but poor sensitivity 
(96.1% vs. 29.9%, respectively) [20].

5.3.1.3	 �Other Screening Tools
Many other potential clinical scoring systems 
could be used as a screening tool including sim-
ple triage scoring system (STSS), rapid emer-
gency medicine score (REMS), modified early 
warning score (MEWS), and national early warn-
ing score (NEWS). They are easy to use because 
they only require simple physiological measures 
such as heart rate, blood pressure, respiratory 
rate, oxygen saturation, mental status, and urine 
output. These variables can easily be measured in 
primary care setting.

Several studies based on electronic screening 
tools have been reported in order to recognize 

sepsis without delay. A prospective observational 
study showed that an electronic alert was sent to 
the care team if two or more SIRS criteria were 
detected in patients older than 70 years. The sys-
tem had a sensitivity of 14% and a specificity of 
98% for detecting an infection [21]. Nelson et al. 
used an automated messaging system that alerted 
the care team if a patient presented to the ED with 
two or more SIRS criteria in addition to two sys-
tolic blood pressure readings of <90  mmHg. 
Their system had a sensitivity of 64% and speci-
ficity of 99% [22]. Sepsis performance improve-
ment programs can be aimed at earlier recognition 
of sepsis via a formal screening effort and 
improved management of patients once they are 
identified as being septic.

5.3.2	 �Organ Dysfunction 
Assessment

The Sepsis-3 algorithm recommends to assess for 
evidence of organ dysfunction using the SOFA 
score for a patient with suspected sepsis who has 

Patient with suspected infection

No
A

Sepsis still
suspected?

Sepsis

Septic shock

No

No

Assess for evidence
of organ dysfunction

Monitor clinical condition;
reevaluate for possible sepsis
if clinically indicated

Monitor clinical condition;
reevaluate for possible sepsis
if clinically indicated

qSOFA Variables
Respiratory rate
Mental status
Systolic blood pressure

SOFA Variables
PaO2/FiO2 ratio
Glasgow Coma Scale score
Mean arterial pressure
Administration of vasopressors
with type and dose rate of infusion
Serum creatinine or urine output
Bilirubin
Platelet count

Despite adequate fluid resuscitation,
1. vasopressors required to maintain
MAP ≥65 mm Hg
AND
2. serum lactate level >2 mmol/L?

No

YesYes

Yes

Yes

qSOFA ≥2?
(see      )

SOFA ≥2?
(see      )

A

B

B

Fig. 5.4  Operationalization of clinical criteria identifying patients with sepsis and septic shock. SOFA: Sepsis-related 
Organ Function Assessment. Modified from ref. [4]
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a qSOFA score of two or higher. The SOFA score 
is based on six different scores, consisted of the 
respiratory, cardiovascular, hepatic, coagulation, 
renal, and neurological systems. A SOFA score 
of two points or more is associated with an in-
hospital mortality greater than 10% and is there-
fore considered indicative for a patient with 
suspected infection having sepsis.

Besides SOFA score, there are some potential 
scores to assess organ dysfunctions in the emer-
gency department setting such as Mortality in 
Emergency Department, Sepsis (MEDS); 
Confusion, Urea nitrogen, Respiratory rate, 
Blood pressure, 65 years and older (CURB-65); 
predisposition, infection, response, and organ 
dysfunction (PIRO); Acute Physiology and 
Chronic Health Evaluation (APACHE) scores; 
and Simplified Acute Physiology Score (SAPS) 
are more complicated scores to calculate, as they 
require for example the measurement of arterial 
oxygenation; therefore they are usually used in 
critical care settings. These scores could be used 
as a prognostic indicator to estimate the mortality 
of critically ill patients.

5.3.3	 �Clinical Manifestations

The septic patient may manifest signs of systemic 
infection. The symptoms and signs of sepsis are 
nonspecific but may include the following: tem-
perature >38.3 or <36 °C, heart rate >90 beats/
min, respiratory rate >20 breaths/min, and arte-
rial hypotension (systolic blood pressure 
<90 mmHg or mean arterial pressure <70 mmHg). 
Symptoms and signs may be various and specific 
to an infectious source. For example, cough or 
dyspnea may suggest pneumonia, and pain and 
purulent exudate in a surgical wound may sug-
gest an underlying abscess.

Warm, flushed skin may be present in the early 
phases of sepsis. As sepsis progresses to shock, 
the skin may become cool due to redirection of 
blood flow to core organs. Decreased capillary 
refill, cyanosis, or mottling may indicate shock. 
Additional signs of hypoperfusion include altered 
mental status, obtundation or restlessness, and oli-
guria or anuria. Ileus or absent bowel sounds are 

often an end-stage sign of hypoperfusion. These 
findings may be modified by preexisting disease 
or medications. For example, older patients, dia-
betic patients, and patients who take beta-blockers 
may not exhibit an appropriate tachycardia as 
blood pressure falls. In contrast, younger patients 
frequently develop a severe and prolonged tachy-
cardia and fail to become hypotensive until acute 
decompensation later occurs. Patients with 
chronic hypertension may develop critical hypo-
perfusion at a higher blood pressure than healthy 
patients (relative hypotension). Importantly, the 
presentation is nonspecific such that many other 
conditions such as pancreatitis and acute respira-
tory distress syndrome may present similarly.

5.3.4	 �Adequate Fluid Resuscitation

By definition of Sepsis-3, the identification of 
patients with septic shock includes the require-
ment of vasopressors to maintain a mean arterial 
pressure of 65 mmHg or greater and the presence 
of serum lactate levels greater than 2  mmol/L 
despite adequate fluid resuscitation [4]. 
Therefore, we need to administrate adequate fluid 
to identify the patients with septic shock as well 
as shock management.

5.3.4.1	 �Controversy for EGDT
Early effective fluid resuscitation is crucial for 
stabilization of sepsis-induced tissue hypoper-
fusion or septic shock. Sepsis-induced hypoper-
fusion may be manifested by acute organ 
dysfunction and/or decreased blood pressure 
and increased serum lactate. Previous guide-
lines have recommended a protocolized quanti-
tative resuscitation, also known as early 
goal-directed therapy (EGDT) [23]. This 
approach has been challenged following the 
failure to show a mortality reduction in large 
RCTs such as ARISE, PROCESS, and 
PROMISE trial [24–26]. Although, the EGDT 
protocol cannot now be recommended from its 
evidence base, bedside clinicians still need 
guidance as to how to approach patients suspi-
cious of septic shock who have significant mor-
tality and morbidity.
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5.3.4.2	 �Volume of Fluid for Initial 
Resuscitation

Surviving Sepsis Campaign (SSC) guideline rec-
ommended that these patients be viewed as hav-
ing a medical emergency that necessitates urgent 
assessment and management [27]. As part of this, 
guideline recommends that initial fluid resuscita-
tion begin with 30  mL/kg of crystalloid within 
the first 3 h. This fixed volume of fluid enables 
clinicians to initiate resuscitation while obtaining 
more specific information about the patient and 
while awaiting more precise measurements of 
hemodynamic status. The average volume of 
fluid before randomization given in the PROCESS 
and ARISE trials was approximately 30 mL/kg, 
and approximately 2  L in the PROMISE trial 
[24–26].

5.3.4.3	 �Optimal Fluid Type for Initial 
Resuscitation

The optimal fluid in the initial resuscitation of 
sepsis is not yet clear. Solutions containing water 
and freely permeable ions, mainly sodium and 
chloride, are classified as crystalloids. Balanced 
solutions are usually defined as intravenous fluids 
having an electrolyte composition close to that of 
plasma. Balanced crystalloids such as Plasma-
Lyte solution are probably superior to normal 
saline, but further prospective studies are war-
ranted [28].

Albumin appears to be equivalent to crystal-
loids in terms of outcomes, but should be second-
line due to higher cost. Among patients with 
sepsis, several randomized trials and meta-
analyses have reported no difference in mortality 
when albumin was compared with crystalloids, 
although one meta-analysis suggested benefit in 
those with septic shock [29–31]. In the Saline 
versus Albumin Fluid Evaluation (SAFE) trial 
performed in critically ill patients, there was no 
benefit to albumin compared with saline even in 
the subgroup with severe sepsis, who comprised 
18% of the total group [32]. Hydroxyethyl 
starches (HES) appear to increase mortality and 
acute kidney injury in critically ill septic patients 
and are no longer indicated in the treatment of 
this patient population. In the Scandinavian 
Starch for Severe Sepsis and Septic Shock (6S) 

trial, compared with Ringer’s acetate, use of HES 
resulted in increased mortality (51% vs. 43%) 
and renal replacement therapy (22% vs. 16%) 
[33]. There is very limited clinical data regarding 
the use of hypertonic saline and no data regarding 
the use of plasma in sepsis.

5.3.5	 �Assessment of Fluid 
Responsiveness

Unnecessary fluid administration in the treat-
ment of shock can increase morbidity and mor-
tality, whereas selective yet timely use of fluids 
has shown to be beneficial. For adequate fluid 
resuscitation, physicians should assess the 
fluid responsiveness which is the ability of car-
diac output to increase in response to a fluid 
infusion. Static measures of preload such as 
filling pressures and volumes are poor predic-
tors of fluid responsiveness. The use of CVP 
alone to guide fluid resuscitation can no longer 
be justified because the ability to predict a 
response to a fluid challenge when the CVP is 
within a relatively normal range (8–12 mmHg) 
is limited [34].

Therefore, dynamic indices which measure 
the hemodynamic response of the cardiovascular 
system to a controlled variation in preload have 
been introduced in clinical practice. The most 
investigated dynamic indices such as the pulse 
pressure variation measure the response to pre-
load variations induced by mechanical ventila-
tion. They are good predictors of fluid 
responsiveness, but they lose their value in 
patients with spontaneous breathing activity and 
arrhythmias.

5.3.5.1	 �Passive Leg-Raising Test
To overcome the above limitations, the passive 
leg raising (PLR) has been proposed as an alter-
native preload-modifying maneuver. PLR 
induces a rapid, reversible increase in biventricu-
lar preload through an increase in venous return 
mimicking fluid administration. The reported 
amount of volume “autotransfused” by PLR 
ranges from 250 to 350  mL.  Although PLR 
induces an increase in cardiac preload with its 
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maximum effect at approximately 1  min, the 
effect is not sustained and vanishes completely 
when the legs are returned to the horizontal posi-
tion. Thus, the hemodynamic effects of PLR 
must be assessed during a time frame of 30–90 s 
with a fast-responding method. No difference in 
diagnostic performance of PLR was seen in spon-
taneously breathing patients compared with con-
trolled mechanically ventilated patients. 
Therefore, PLR has been proposed as an attrac-
tive way to predict fluid responsiveness and 
showed good diagnostic accuracy in meta-
analysis [35]. The pooled sensitivity and specific-
ity of PLR-induced changes in cardiac output 
were 89.4% (84.1–93.4%) and 91.4% (85.9–
95.2%), respectively.

5.3.6	 �Serum Lactate Measurement

According to the Sepsis-3 definition, presence 
of serum lactate levels greater than 2 mmol/L 
is a component to diagnose septic shock. The 
3-h bundle protocol recommends measurement 
of the serum lactate level to complete within 
3  h. Serum lactic acid levels have long been 
identified as a diagnostic tool for global tissue 
hypoxia and therefore can serve in identifying 
patients with sepsis. However, increases in the 
serum lactate level may represent accelerated 
aerobic glycolysis driven by excess beta-adren-
ergic stimulation, or other causes including 
liver failure. Regardless of the source, 
increased lactate levels are associated with 
worse outcomes [36]. Several randomized con-
trolled trials have evaluated lactate-guided 
resuscitation of patients with septic shock [27, 
37, 38]. A significant reduction in mortality 
was seen in lactate-guided resuscitation com-
pared to resuscitation without lactate monitor-
ing (RR 0.67; 95% CI, 0.53–0.84). There was 
no evidence for difference in ICU length of 
stay (mean difference −1.51  days; 95% CI, 
−3.65 to 0.62).

5.3.6.1	 �Lactate Clearance
Another meta-analysis demonstrated reduction in 
mortality when an early lactate clearance strategy 

was used, compared with either usual care or a 
ScvO2 normalization strategy [39, 40]. The lac-
tate clearance was defined by the equation [(lac-
tateinitial  −  lactatedelayed)/lactateinitial]  ×  100%, for 
which lactateinitial was the measurement at the 
start of the resuscitation and lactatedelayed was 
another measurement after a minimum of 2  h 
after resuscitation was initiated [38]. It was 
shown that lactate clearance greater than 10% 
from initial measurement during the first 2–6 h of 
resuscitation predicted survival from septic shock 
and that protocols targeting lactate clearance of at 
least 10% produced similar short-term survival 
rates to protocols using ScvO2 monitoring [38, 
41]. Moreover, it was demonstrated that for every 
10% increase in lactate clearance, there was a 
corresponding 11% decrease in in-hospital mor-
tality [42]. Similarly, septic patients with lactate 
clearance of greater than 20% during the initial 
8 h of resuscitation had a 22% decline in the rela-
tive risk of mortality, compared with patients 
having lactate clearances of less than 20% [37]. 
However, there was no association between 
degree of lactate clearance and change in micro-
circulatory blood flow in patients with septic 
shock [43].

5.3.7	 �Laboratory Findings of Sepsis

An ideal biomarker can be objectively measured 
and could play a role in sepsis screening, early 
diagnosis, risk stratification, critical assess-
ment, and prognosis prediction. Numerous 
biomarkers have been studied for use in diag-
nosis or prognosis for sepsis. They consist of 
cytokines, cell markers, receptors, coagulation 
markers, acute-phase proteins, markers related 
to vascular endothelial damage, vasodilation 
and organ dysfunction, and so on [44]. Until 
now more than 170 different biomarkers have 
been assessed for potential use in sepsis. Several 
studies have proposed that measurement of 
multiple cytokines such as TNF-α, IL-1β, and 
IL-6 correlates well with disease severity and 
prognosis of sepsis. However, most of the cyto-
kines and inflammatory mediators were of lim-
ited use in clinical setting.
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5.3.7.1	 �C-Reactive Protein
The C-reactive protein (CRP) was identified as a 
protein responsible for precipitating C polysac-
charide during the acute phase of Streptococcus 
pneumonia infection. Its response is stronger in 
acutely ill patients; levels decrease as patients 
recover. These characteristics make CRP a mem-
ber of the class of acute-phase reactants. CRP is 
an old biomarker and widely used in clinical set-
tings. It is a nonspecific marker of inflammation 
that also increases after surgery, burns, myocar-
dial infarctions, and rheumatic diseases. 
According to a meta-analysis, the sensitivity and 
specificity of CRP as a marker for bacterial infec-
tions are 81% and 67%, respectively [45]. Its low 
specificity and inability to differentiate bacterial 
infections from noninfectious causes of inflam-
mation make CRP of limited diagnostic value. 
However, CRP shows promise for evaluating sep-
sis severity and prognosis. CRP plasma levels 
have been shown to correlate with the severity of 
infection [46]. A rapid decrease in CRP levels has 
been reported to correlate with good response to 
initial antimicrobial therapy in septic patients 
[47]. CRP is a useful biomarker to monitor treat-
ment response. However, CRP is not recom-
mended to use in the day of sepsis diagnosis as a 
marker of prognosis and risk stratification [48].

5.3.7.2	 �Procalcitonin
Procalcitonin (PCT) is a precursor of calcitonin, 
a calcium-regulatory hormone secreted from thy-
roid tissue in healthy individuals. In infectious 
conditions, PCT is released from all tissues 
including lung, liver, kidney, pancreas, and adi-
pose tissues. In a systematic review, PCT was 
found to be more specific (specificity 81%) than 
CRP (67%) for differentiating bacterial infection 
among hospitalized patients [45]. The cutoff 
value of PCT for diagnosis of sepsis has not yet 
been fully determined. PCT values need to be 
further evaluated according to different sites of 
infection, hosts, and pathogens. Another recent 
meta-analysis showed that PCT is a useful marker 
for early diagnosis of sepsis in critically ill 
patients, with sensitivity and specificity of 77% 
(95% CI: 72–81%) and 79% (95% CI: 74–84%), 
respectively [49]. PCT levels are also elevated 

after surgery, cardiogenic shock, heat shock, 
acute graft-versus-host disease, and immunother-
apy such as granulocyte transfusion, which could 
limit its usefulness as a sepsis biomarker.

5.3.7.3	 �Antibiotic Stewardship 
with Procalcitonin

PCT has also drawn attention because it can be 
used for guidance of antibiotic stewardship to 
reduce inappropriate use of antibiotics [50]. 
Procalcitonin-guided therapy is defined as initia-
tion of antibiotic treatment using PCT measure-
ments, usually using a suggested treatment 
algorithm based on the height of the PCT mea-
surement. Many studies used a cutoff of 0.25 ng/
mL to suggest or encourage the initiation of anti-
biotics [51]. Multiple studies have investigated 
whether a PCT-guided algorithm can optimize the 
therapeutic approach in sepsis patients, mainly by 
monitoring PCT kinetics and stopping antibiotics 
once PCT has dropped to levels <0.5 ng/mL or by 
at least 80–90% of the peak in combination with 
clinical improvement. A meta-analysis including 
1075 patients with sepsis or septic shock found 
overall reduced antibiotic treatment courses 
(6 days vs. 8 days) when PCT was used to guide 
therapy compared to routine care. There was no 
increase in 28-day or in-hospital mortality or in 
length of stay in the ICU or the hospital. The 
authors do stress that there was heterogeneity in 
PCT protocols across trials with regard to differ-
ent cutoff values or different algorithms for medi-
cal or surgical patients [52]. A large RCT 
evaluated the use of PCT to de-escalate and stop 
antibiotics in critically ill patients who had 
received antibiotics <24 h before inclusion in the 
study for an assumed or a proven infection. The 
study found that the PCT-guided protocol short-
ened length of antibiotic treatment (5  days vs. 
7 days in the first 28 days of admission) and low-
ered 28-day mortality from 25% to 19.6% [53].

5.3.8	 �Microbiologic Cultures

Blood cultures should be obtained prior to initi-
ating antimicrobial therapy if cultures can be 
obtained in a timely manner. Several retrospec-
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tive studies have suggested that obtaining cul-
tures prior to antimicrobial therapy is associated 
with improved outcome [54]. However, the 
identification of an organism in culture in a 
patient with suspected sepsis is highly support-
ive of the diagnosis but is not necessary. The 
rationale behind its lack of inclusion in the 
diagnostic criteria for sepsis is that a culprit 
organism is frequently not identified in up to 
50% of patients who present with sepsis nor is 
a positive culture required to make a decision 
regarding treatment with empiric antibiotics. 
Therefore, the desire to obtain cultures prior to 
initiating antimicrobial therapy should be bal-
anced against the mortality risk of delaying a 
definitive therapy in patients with suspected 
sepsis or septic shock who are at significant risk 
of death [55].

Appropriate microbiologic cultures should be 
obtained before initiation of antimicrobial ther-
apy from all sites considered to be potential 
sources of infection if it results in no substantial 
delay in the start of antimicrobials. This may 
include blood, cerebrospinal fluid, urine, wounds, 
respiratory secretions, and other body fluids. Two 
or more sets (aerobic and anaerobic) of blood 
cultures are recommended before initiation of 
any new antimicrobial in all patients with sus-
pected sepsis [56]. All necessary blood cultures 
may be drawn together on the same occasion. 
Blood culture yield has not been shown to be 
improved with sequential draws or timing to tem-
perature spikes [57].

5.4	 �Management of Septic 
Shock

5.4.1	 �Initial Resuscitation

	 1.	 Basal concept
–– To optimize tissue perfusion within 6 h 

post-diagnosis
–– To acquire the balance between the oxy-

gen consumption (VO2) and the oxygen 
delivery (DO2) within 6 h post-diagnosis, 
but there have been no methods to esti-
mate VO2 during the acute phase of sep-

sis [27]. Therefore, the acute management 
of sepsis should be focused to increase 
DO2 [58]. The formula to calculate DO2 
is as follows:

DO2 ≈ CO × 1.34 × [Hb] × SaO2

–– To increase DO2, cardiac output, hemo-
globin concentration, and arterial oxygen 
saturation should be increased [59]. 
When adequate oxygen is provided, an 
increase in cardiac output can be a pri-
mary target for an increase in DO2.

–– Cardiac output is calculated by stroke vol-
ume multiplied by heart rate. And the three 
components which contribute to make a 
stroke volume are preload, afterload, and 
myocardial contractility. Therefore, the 
basal concept of initial management to 
acquire optimal cardiac output is to main-
tain optimal preload, afterload, and con-
tractility with an appropriate range of heart 
rate within 6 h post-diagnosis [23].

	1.1.	 First Preload Optimization
–– The definition of preload for shock man-

agement is the end-diastolic volume of 
left ventricle. Preload is affected by 
venous pressure and venous return [60].

–– To increase venous return, first of all, 
adequate hydration (30 mL/kg of crystal-
loid) should be provided within 3 h [27].

–– To estimate volume status, many param-
eters are monitored. Because the direct 
measurement of left ventricular volume 
is impossible, most of the parameters 
monitor pressure. Commonly used 
parameters are static pressures which 
reflect left ventricle end-diastolic pres-
sure. If the pulmonary circulation system 
would be intact, central venous pressure 
(CVP) is well correlated with pulmonary 
capillary wedge pressure (PCWP) and 
left ventricular end-diastolic pressure 
[61]. Because of the ease of accessibility 
and safety, CVP is the most commonly 
used parameter for static volume status in 
clinical setting [62]. However, many of 
the critically ill patients have structural 
or functional problems in pulmonary cir-
culation system; CVP plays a limited 
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role in the estimation of acute-phase vol-
ume status in patients with septic shock 
[63, 64]. And thus, alternative parameters 
including the diameter and/or collapsibil-
ity of inferior vena cava (IVC) are tested 
[65, 66].

–– Initial hydration is the most important 
process to optimize preload and acquire 
appropriate tissue perfusion. But overhy-
dration which induces fluid overload 
resulting in tissue edema and additional 
microcirculatory dysfunction should be 
avoided [67, 68]. Previous studies 
reported that fluid overload contributed 
to an increase in the mortality of patients 
with septic shock [69]. Therefore, the 
repeated measurements of dynamic fluid 
responsiveness should be combined with 
the measurement of static volume status.

–– The parameters monitoring static volume 
status have another limitation. They can-
not reflect dynamic fluid responsiveness 
during initial resuscitation [61]. 
Therefore, adjunctive methods to predict 
dynamic fluid responsiveness, such as 
pulse pressure variation (PPV > 13%), 
stroke volume variation (SVV > 12%), 
passive leg raising (PLR), and mini-fluid 
challenge (stroke volume index >6% after 
100  mL of fluid challenge), have been 
developed and applied [70–76]. Among 
them, PPV and SVV should be measured 
in patients with full sedation and positive 
pressure ventilation and without dys-
rhythmia, and the use of them in emer-
gency department is limited [71–74].

–– The estimation of volume status and fluid 
responsiveness during fluid resuscitation 
is not easy in clinical setting. The combi-
nation of various monitoring parameters 
using all of the presently available devices 
may be helpful to estimate volume status 
more accurately and to optimize preload 
in patients with septic shock.

	1.2.	 Second After Optimization
–– The definition of afterload for shock 

management is the pressure in the wall of 
the left ventricle during ejection. If aortic 
valvular function is maintained a sys-

temic vascular resistance contributes to 
afterload to maintain blood flow to 
peripheral tissues.

–– To maintain systemic vascular resistance, 
the infusion of vasopressors is 
recommended.

–– Vasopressor should be infused after the 
optimization of preload. Previous studies 
showed that when vasopressors were 
infused before optimal hydration, the risk 
of patients’ mortality increased [77–79].

–– To estimate afterload, mean arterial pres-
sure (MAP) is commonly used. To mea-
sure more reliable MAP values, a routine 
intra-arterial catheterization in radial 
artery is recommended in patients with 
septic shock [27].

	1.3.	 Third consider myocardial contractility aug-
mentation with an appropriate range of heart 
rate
–– Myocardial contractility is the innate 

ability of the myocardium and an energy-
consuming process. Furthermore, tachy-
cardia also aggravates the 
energy-consuming process in myocar-
dium. These energy-consuming pro-
cesses need high oxygen supply to 
maintain the balance between VO2 and 
DO2.

–– In the current guideline, the routine use 
of inotropic agents is not recommended. 
Recent large clinical studies have shown 
that the routine use of inotropic agents 
does not contribute to the survival 
improvement of septic shock patients 
[24, 25, 80].

–– However, in patients who have acquired 
optimal preload and afterload but still 
have low cardiac output, the use of ino-
tropic agents may be considered under 
the monitoring of stepwise changes in 
tissue perfusion with inotropic agents 
and heart rate [27].

	1.4.	 Hemoglobin
–– To transport oxygen to peripheral tissues, 

adequate hemoglobin level should be 
maintained. There have been controver-
sies about the optimal target hemoglobin 
level. When hemoglobin concentration is 
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15.0  g/dL, only a half of circulating 
hemoglobin participates in oxygen trans-
port [81]. Furthermore, recent large clini-
cal studies have shown that a transfusion 
threshold of the hemoglobin level of 
7.0 g/dL was not different from 9.0 g/dL 
in the mortality of patients with septic 
shock [25, 82].

–– Therefore, the current guideline recom-
mends an erythrocyte transfusion thresh-
old of 7.0  g/dL in patients with septic 
shock in the absence of myocardial 
infarction, severe hypoxemia, or acute 
hemorrhage [27, 83].

5.4.2	 �Surviving Sepsis Campaign 
Bundle

To optimize tissue perfusion with 6  h post-
diagnosis, the current guideline recommends 
bundle therapies which should be completed 
within 3  h and 6  h, respectively (Table  5.1) 
[27, 84].

5.4.3	 �Fluid Therapy

–– Until now, the current guideline recommends 
the use of crystalloid for initial fluid resusci-
tation in patients with septic shock rather 
than colloid. Many previous studies reported 
that the use of colloid during initial resuscita-
tion induces acute kidney injury and increases 
the mortality in patients with septic shock 
[33, 85].

–– The current guideline recommends the use of 
crystalloid, both the 0.9% saline and the bal-
anced crystalloids, such as Ringer’s lactate 
solution and Plasma-Lyte. However, some 
studies showed that because of hyperchlore-
mic metabolic acidosis, balanced crystalloids 
may be better than 0.9% saline for initial 
resuscitation (Table 5.2) [86, 87].

–– To optimize preload, adequate fluid therapy 
should be provided. However, a sustained pos-
itive fluid balance after initial resuscitation 
has been reported to be harmful [88, 89]. 
Therefore, after preload optimization, fluid 

therapy should be cautiously performed with 
various monitoring devices to estimate the 
present volume status of patients.

–– Although there have been no data supporting 
the amount of fluid volume after the 30 mL/kg 

Table 5.1  Surviving sepsis campaign bundle

To be 
completed 
within 3 h

Measure lactate level
Obtain blood culture 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 h

Apply vasopressors for hypotension 
that does not respond to initial fluid 
resuscitation to maintain MAP 
≥65 mmHg
Remeasure lactate if initial lactate was 
elevated
In persistent arterial hypotension 
despite volume resuscitation or initial 
lactate ≥4 mmol/L, RE-access volume 
status and tissue perfusion and 
document findings according to
�Repeat focused exam with respect to 
vital signs including mental status, 
cardiopulmonary including urination, 
capillary refill, pulse including 
tachycardia, and skin findings such as 
mottled skin
  Or two of the following:
 �     (1) �Measure CVP: at least 

≥8 mmHg
 �     (2) Measure ScvO2: ≥70%
 �     (3) �Bedside cardiovascular 

ultrasound
 �     (4) �Dynamic fluid 

responsiveness with PLR or 
mini-fluid challenge

Table 5.2  Common crystalloids

Plasma
0.9% 
saline

Ringer’s 
lactate

Plasma-
Lyte

Sodium 
(mmol/L)

136–145 154 130 140

Potassium 
(mmol/L)

3.5–5.0 0 4 5

Magnesium 
(mmol/L)

0.8–1.0 0 0 1.5

Calcium 
(mmol/L)

2.2–2.6 0 3 0

Chloride 
(mmol/L)

98–106 154 109 98

Lactate 
(mmol/L)

0 0 28 0
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of initial fluid resuscitation in patients with sep-
tic shock, the 30 mL/kg of initial fluid resusci-
tation, check volume status, additional fluid 
challenge (500 mL q 30 min) till CVP reaches 
≥8 mmHg, recheck volume status with 100 mL 
of mini-fluid challenge, 150 mL of fluid infu-
sion, and repeating the 100  mL of mini-fluid 
challenge and 150 mL of fluid infusion may be 
helpful to acquire optimal volume status.

–– Recent clinical studies have shown the benefits 
of 5% albumin administration [32, 90]. Albumin 
administration can reduce fluid balance in septic 
shock patients who require substantial amounts 
of crystalloids. However, in patients with severe 
pneumonia or brain pathologies, the routine use 
of albumin should be avoided because the leak-
age of albumin can induce edema in lung or 
brain resulting in clinical deterioration [32].

5.4.4	 �Vasoactive Agents

–– After optimized preload, to maintain afterload 
(MAP ≥65 mmHg) and cardiac contractility, 
vasoactive agents can be added. The com-
monly used vasoactive agents and their prop-
erties are described in Table 5.3 [91].

–– The current guideline recommends to use nor-
epinephrine as the first-choice vasopressor [27]. 
In previous studies, dopamine might induce 
tachyarrhythmia and deteriorated clinical out-
comes in critically ill patients [92–94]. 
Therefore, dopamine can be considered for 
highly selected patients with low risk of tachyar-
rhythmia and absolute or relative bradycardia.

–– If with the maximal dose of norepinephrine 
MAP failed to reach >65 mmHg, low doses of 
vasopressin or epinephrine can be added to nor-
epinephrine [95, 96]. Vasopressin acts not to 
α-receptor but to V-receptor, and the deficiency 

of vasopressin may contribute to the vasodilation 
of septic shock [97]. The use of vasopressin can 
be helpful to decrease norepinephrine dosage.

–– The use of dobutamine may be considered 
only in patients with persistent hypoperfusion 
despite adequate administrations of fluids and 
vasopressors [24, 25, 80].

5.4.5	 �Antimicrobial Therapy

–– Antibiotics are the most important factor to 
improve survival in patients with septic shock. 
Particularly, IV antibiotics should be adminis-
tered within 1  h after presenting symptoms 
and signs of septic shock [98, 99].

–– We suggest the following three principles for 
the use of antibiotics in the emergency depart-
ment for patients with septic shock.
	(1)	 Blood culture samples should be acquired 

before antibiotics administration. And 
thus, blood culture should be done within 
45  min after presenting symptoms and 
signs of septic shock so as NOT TO delay 
antibiotics administration [27].

	(2)	 Accelerating appropriate antimicrobial 
therapy may cause a delay in the start of 
antibiotic therapy [100]. The combination 
therapy of two or more of broad-spectrum 
antibiotics should be provided as an 
empiric antimicrobial therapy. Then, 
according to the identified pathogens and 
clinical improvement, the empiric antimi-
crobial therapy should be de-escalated.

	(3)	 Imaging studies should be considered to find 
infection source, and if indicated invasive 
source control including radiologic interven-
tions and/or surgery should be performed as 
soon as possible (within 12  h presenting 
symptoms and signs of septic shock).

Table 5.3  Common vasoactive agents

Agents
Heart Vasculature

Cardiac output MAP HR
Dose range

β1 α1 α2 (μg/kg/min)
Dopamine 0–3+ 0–3+ 0–2+ ↑ ↑ ↑↑ 2–20
Dobutamine 4+ 1+ 2+ ↑↑ ↔ ↑ 2.5–10.0
Epinephrine 4+ 2–4+ 1–3+ ↑↑ ↑↑ ↑↑ 0.005–0.200
Norepinephrine 2+ 4+ 1+ ↔ ↑↑ ↑ 0.04–1.00
Vasopressin Vasopressin receptor ↓ ↑ ↔ 0.01–0.04 U/min
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5.4.6	 �Others

	1.	 Glucose control:
–– To avoid hypoglycemic events, the target 

upper blood glucose level should be main-
tained ≤180 mg/dL [101].

	2.	 Corticosteroid:
–– In recent large clinical studies, a routine 

use of corticosteroid failed to improve sur-
vival in patients with septic shock [102, 
103]. Corticosteroid showed a benefit in 
the reversal of shock in patients who did 
not achieve hemodynamic stability in spite 
of adequate fluid resuscitation and vaso-
pressor therapy [103].

–– The current guideline recommends IV 
hydrocortisone at a dosage of 200 mg/day 
with a continuous infusion rather than 
intermittent infusion to avoid a glucose 
fluctuation induced by corticosteroid 
administration [104, 105].

5.4.7	 �Summary

See Fig. 5.5

5.5	 �Future of Sepsis 
Management

5.5.1	 �Introduction: Current Problem 
of Sepsis Management

5.5.1.1	 �Definition/Epidemiology
The challenge for the management of sepsis 
might be originated from the “vagueness” of 
definition of sepsis. For a long time, the sepsis 
has been considered as one identity, which 
proved to be wrong. The sepsis could not be a 
“disease,” but a simple symptom or response to 
more specific diseases, e.g., pneumonia, uri-
nary tract infection, and biliary infection. 
Antibiotics treatment for sepsis should be 

1 HOUR

3 HOUR

6 HOUR

Secure airway & breathing

30 ml/kg of crystalloid infusion
Balanced solution may be better than salineMonitor arterial BP, CVP,

ScvO2, and lactate Blood culture

Broad spectrum antibiotics

Imaging studies

If indicated, source control:
Radiologic intervention

Surgery

Till CVP ≥ 8 mmHg,
fluid challenge 500 ml q 30 min 

If no evidences of severe brain/lung lesions,
consider 5% albumin administration 

Till stroke volume index change ≤ 6%,
repeat mini-volume challenge (100 ml) &

fluid infusion (150 ml)

Repeat lactate measurement

Repeated focused exam:
vital signs, mental status,
urination, capillary refill,

tachycardia, and mottled skin

Till mean arterial pressure ≥ 65 mmHg,
vasoactive agents administration:
Norepinephrine as the first choice

If relative/absolute bradycardia, consider
dopamine

If shock persistent,
Consider additional use of low dose of 

vasopressin and/or epinephrine

If hemoglobin level < 7.0 g/dL,
start transfusion

Maintain arterial glucose level
≤ 180 mg/dL

If hypoperfusion persistent, consider
dobutamine 

If shock persistent, 
Consider additional use of low dose of 

hydrocortisone (200 mg/day)

Fig. 5.5  Initial management of septic shock
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different according to the severity, site of infec-
tion, or organisms of resistance. Other 
treatments of sepsis, such as vasopressor, ste-
roid, and immune-targeting drugs, should also 
be chosen to specific conditions of sepsis. 
Taken together, sepsis should not be managed 
with one magic bullet even though some basic 
management (for example, early fluid manage-
ment) could be same.

The wide epidemiologic range of sepsis 
over the world or even in same country could 
also be explained by various definitions of sep-
sis, which could make it difficult to see the 
trend or effect of treatment when tested in large 
clinical trials.

5.5.1.2	 �Preclinical Study: In Vitro/In 
Vivo Study

No drug has survived in final clinical trials, 
although many preclinical studies showed 
promising results. The gap could be explained 
in many aspects. The species-specific pathway 
of sepsis could be one reason. Usually, mouse 
has been used to see the effects of drugs or 
pathway of sepsis, and although many path-
ways are same in both rodents and humans 
there are different pathways or their signifi-
cances between rodents and humans, which 
could make little translation into clinical out-
come [106]. Also, the design of preclinical 
study should be mentioned. For example, lipo-
polysaccharide (LPS) model has little chance 
to be translated into human study [107]. No 
patients visit to the emergency department 
with LPS injection. With this background, 
recently the cecal ligation and puncture model 
has gained popularity. However, the diverse 
method used in this model could affect the 
translation, and efforts to standardize the 
method are under progress (Minimum Quality 
Threshold in Pre-clinical Sepsis Studies, 
MQTiPSS). Considering cecal ligation and 
puncture model, the animals usually get the 
fluid and antibiotics [107]. In real clinical situ-
ation, however, we perform source control and 
administer vasopressor, or ventilator care, if 
necessary as well as just one-shot antibiotics 
and fluid [108]. These affect clinical course 

dramatically. In these days, a few research cen-
ters run mouse or rat ICU, and this might help 
translation of preclinical research to clinical 
practice.

5.5.1.3	 �Phase and Severity
As mentioned above, the phase and severity of 
sepsis are definitely different among sepsis 
patients. One drug could be beneficial in 
phase A, but not or even harmful in phase 
B. One good example could be steroid [109]. 
If patients are in hyperinflammatory status, it 
could work, but in opposite situation it could 
be harmful. The use of vasopressin in septic 
shock is also interesting. As shown in VAAST 
trial, vasopressin could be beneficial in less 
severe septic shock without effects in more 
severe one [95].

5.5.1.4	 �Clinical Trial Design
Recently, previous clinical trial design has been 
challenged. Clinical trial design should reflect the 
real world, not just digging the statistics or so. 
With this background, more realistic design is 
emerging, i.e., platform trial or REMAP trial 
[110]. ACCESS trial has already adopted this 
design, and we hope this shows paradigm shift in 
the design of clinical trial.

5.5.2	 �Protocol-Based Bundle 
Management

5.5.2.1	 �Early Recognition: EMS/ED
Previously, and maybe nowadays, the manage-
ment of sepsis has been ICU based. Now we 
understand that the early management of sepsis is 
mandatory. Supranormal oxygen delivery con-
cept by Dr. Shoemaker failed [111], but the 
nearly same concept, early goal-directed therapy 
(EGDT) by Dr. Rivers, has saved many septic 
patients all over the world [23]. Actually, EGDT 
is the early application of supranormal oxygen 
delivery. We should manage the patients not in 
irreversible condition, which could already occur 
in ICU.  Likewise, the management of sepsis 
could start in EMS or even at home. To do that, 
we should implement the early recognition and 
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management protocol, which could be used in 
prehospital setting, or at home.

5.5.2.2	 �Fluid Management

Appropriate Fluid
Fluid resuscitation in sepsis is the mainstay in 
sepsis management. However, the issues regard-
ing which fluid is more appropriate should be 
determined. Usually balanced crystalloids are 
favored [86, 87, 112, 113], but the pitfall of 
these fluids should be overcome, e.g., potassium 
containment. The role of albumin should be 
more specified since the current guideline is a 
little confusing (albumin could be used after 
“substantial” amount of crystalloid, but what is 
the definition of “substantial”?) [27]. However, 
this could be hard to prove in current clinical 
design [114], and again we need another plat-
form of clinical study.

How Much Amount of Fluid?
Classically, preload has been measured with 
central venous pressure or pulmonary capillary 
wedge pressure, which has proved to be inap-
propriate parameters. Current recommendation 
for determining preload status (passive leg rais-
ing, dynamic parameters, such as pulse pressure 
variation, stroke volume variation, ultrasono-
graphic parameters, or small volume challenges) 
has pros and cons [115], and the optimal and 
feasible method to see the fluid responsiveness 
should be explored with the more advanced 
technology.

5.5.2.3	 �Target Goal of Hemodynamics
Recently, the important clinical study showed that 
the target blood pressure in sepsis is between mean 
arterial pressure of 65 and 85  mmHg [116]. 
However, shown in this study, in chronic hyperten-
sion patients, the 80–85  mmHg target could be 
more optimal. Simple and unique target of blood 
pressure in sepsis has little chance of reflecting the 
optimal tissue perfusion, and in that sense indi-
vidualized approach is ideal, which is not available 
in current practice. To achieve this, new technolo-
gies to monitor the optimal tissue perfusion 
directly should be investigated and validated.

5.5.3	 �Antibiotics

5.5.3.1	 �Initial Appropriate Antibiotics: 
Organism Isolation

Early appropriate administration of antibiotics 
is of paramount importance in sepsis manage-
ment [27, 117]. The choice of appropriate anti-
biotics needs the identification of the specific 
microorganism. Currently, the isolation of 
organism takes a long time. With classical 
blood or body fluid culture, it takes at least 
2–3 days [118], which could determine the fate 
of septic patients. More disappointingly, the 
yield of blood culture is not high [119]. 
Recently, the genome-based detection method 
has been introduced, but the diagnostic perfor-
mance was not yet satisfied. A new method to 
isolate the specific microorganism or even 
resistant species is being investigated, but cur-
rently not in clinical use.

5.5.3.2	 �Maintenance Duration
The use of antibiotics has disadvantages such as 
rising resistant organisms and antibiotics-
associated secondary infection. Determining the 
optimal duration of antibiotics is of great concern 
in this aspect. Currently, predetermined duration 
of antibiotics administration or the use of clinical 
information, e.g., fever, or some biomarker (CPR, 
procalcitonin), has been advocated [120–122], 
but not in a sufficient way. New biomarker-based 
approach is of need to be developed.

5.5.3.3	 �New Antibiotics
Recently, and rapidly, the multidrug-resistant 
bacteria have emerged over the world. The new 
super-antibiotics for these nagging bacteria are 
desperately necessary. Also, various, life-
threatening viral infections need to have atten-
tion, but there are little antiviral agents.

5.5.4	 �Biomarker or Phenotype-
Driven Management: 
Personalized Management

Sepsis is one of the perfect targets for the preci-
sion medicine. Sepsis is a group of diverse 
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infected patients, and has dynamic change dur-
ing short time. This means it needs a different 
approach from other diseases, such as cancer. 
In cancer, single measurement of subphenotype 
could lead to the specific treatment, but, in sep-
sis, the status could be different between today 
and tomorrow, or even change within hours. 
Considering that, the immediately available 
biomarker for specific conditions is of para-
mount importance. Even though not in sepsis, 
the opposite response to treatment according to 
the subphenotype of ARDS is very intriguing 
and could show the insight into sepsis manage-
ment [123]. The effect of high PEEP or conser-
vative fluid management was opposite with 
different subphenotypes in ARDS study, and 
this was validated using another big network 
sample [124]. Interestingly, the different sub-
phenotypes were determined with inflamma-
tory/anti-inflammatory cytokines, which have 
been used to see the phase of sepsis for a long 
time. Taken together, the same approach should 
be implemented in sepsis, and this approach 
could have huge impact on future sepsis 
management.

5.5.5	 �Promising Novel Therapeutic 
Strategies

5.5.5.1	 �New Vasopressor

Vasopressin
In VAAST trial, the use of vasopressin compared 
to norepinephrine showed no difference in sur-
vival. However, in less shock patients, the use of 
vasopressin showed lower mortality [95]. In sub-
study, the combined use of steroid proved to be 
more beneficial. Vasopressin in sepsis should be 
more investigated in two aspects. One is in less 
severe septic shock, and another is to use vaso-
pressin as hormone, not just as vasopressor. 
Vasopressin showed bimodal secretion in many 
stressful situations, such as shock [125]. 
Vasopressin has many functions depending on 
the type of receptors. Sepsis is a stressful condi-
tion, and the role of vasopressin as stress hor-
mone could have more effects than only as 

vasopressor. Regarding this, the strategy to use 
the continuous constant use of vasopressin as 
hormone and optimizing norepinephrine as vaso-
pressor could be beneficial in sepsis.

Selepressin
Selepressin is the new selective V1a receptor 
agonist, and this drug has been investigated in 
septic shock, showing promising results. 
Currently phase 2b/3 clinical trial has been in 
progress [126].

Angiotensin II
Recent randomized clinical trial has been suc-
cessfully performed to see the effects of angio-
tensin II in refractory to high-dose vasopressor. 
The primary outcome (MAP response) was 
achieved, and without statistical significance the 
trend to better survival was shown [127]. A larger 
trial would be anticipated.

5.5.5.2	 �Endothelial Homeostasis
Endothelial homeostasis has been known to be 
important in sepsis. Global increased permea-
bility syndrome represents endothelial breakage 
and this could lead to multiple-organ dysfunc-
tion [128], which is the main concern of sepsis. 
The drug to maintain the endothelial homeosta-
sis could lead to less organ injury, and finally 
survival benefit. For example, recently devel-
oped angiopoietin II antagonist showed dra-
matic effects on sepsis outcomes in preclinical 
study [129].

5.5.5.3	 �Immune Suppressor/Enhancer
Historically, the drugs to suppress cytokine storm 
have been used to treat sepsis. However, all drugs 
failed [130, 131]. This might not mean that there 
is no role in immune suppressor, but specific time 
point to use immune suppressor is mandatory. 
With biomarkers, we could define the status of 
septic patients whether the patients are under 
hyper-inflammation or immune paralysis. With 
this information, we could use immune suppres-
sor or enhancer as appropriate. Recent study 
showed beneficial effect of immunostimulants 
[132] and many trials to use these agents are 
under investigation.
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5.5.5.4	 �Mitochondrial Target
Mitochondria have gained much attention in sep-
sis. Mitochondria are very important in both bio-
energetics and ROS production. Mitochondrial 
dysfunction or cytopathic hypoxia is one of the 
most important pathophysiologies of late sepsis 
[133]. Mitochondria-targeted treatment needs 
monitoring of mitochondrial function, and this 
could be real time based since the cellular status 
of sepsis changes dynamically, or superdynami-
cally. There is no clinically available device for 
this purpose, but it is under investigation. The tar-
get of drug to maintain the function of mitochon-
dria could be in control of mPTP opening, 
mitochondrial ROS scavenger, specific respira-
tory complex chain, etc.

5.5.5.5	 �Sympathetic/Parasympathetic 
Intervention

Brain and immune system has been known to be 
closely connected, especially via cholinergic 
pathway. Autonomic interventions to treat sepsis 
have been intensively investigated [134], but no 
drug or intervention has clinical translation. 
However, in the near future, it could be used. For 
example, esmolol in sepsis had promising clini-
cal results [135], and we could see the results of 
large clinical trial.

5.5.5.6	 �Stem Cell
Likewise in other areas of medicine, stem cell 
research has been extensively under way in sep-
sis. For example, mesenchymal stromal cell has 
been studied and showed some beneficial effects 
[136], and the various mechanisms were pro-
posed (direct effects, paracrine effects, extracel-
lular vesicles, etc.). More extensive research is 
expected to investigate the effects of stem cells 
on the outcomes in sepsis.

5.5.6	 �Sepsis: From Vital Sign 
to Brain

Sepsis-associated long-term cognitive dysfunc-
tion has been investigated and the results are a 
little shocking [137]. Mild Alzheimer disease-
level dysfunction has been shown, and the effects 

are diverse from medical to socioeconomic 
aspect. To target the brain resuscitation in sepsis, 
the extensive pathophysiologic studies should be 
done, and this area is underdeveloped. Recently, 
the hippocampus could be an important area in 
sepsis-associated cognitive impairment, and less 
dendrite in CA1 was implicated as an important 
pathophysiology [138].
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Anaphylaxis: Early Recognition 
and Management

Won Young Kim

6.1	 �Introduction

Anaphylaxis is a serious systemic allergic reac-
tion with a sudden onset after exposure to an 
offending agent [1]. Signs and symptoms can 
range from relatively mild to life threatening. 
About 2% of the population suffers from anaphy-
laxis during their lifetime; common causes are 
food, medications, and insect stings [2]. Recently 
the incidence of anaphylaxis is increasing in 
many countries; the prevention and treatment of 
anaphylaxis is an important clinical emergency 
which all healthcare professionals should be able 
to recognize and manage. Despite the release of a 
number of guidelines and updated practice on the 
management of anaphylaxis, there are identified 
gaps in knowledge and practice as well as barri-
ers to care in emergency department (ED) [3]. 
Many of the gaps in the treatment of anaphylaxis 
included the lack of a practical definition of ana-
phylaxis as it related to physician.

The most well-known consensus clinical defi-
nition of anaphylaxis was proposed by Second 
National Institute of Allergy and Infection 
Disease/Food Allergy and Anaphylaxis Network 
Symposium (NIAID/FAAN) in 2005 [4]. The 
World Allergy Organization (WAO) Guidelines 
for the assessment and management of anaphy-

laxis (subsequently referred to as the Guidelines) 
were published on 3 March 2011 [1]. Recently, 
the European Academy of Allergy and Clinical 
Immunology (EAACI) released the EAACI 
Guidelines for Food Allergy to provide evidence-
based recommendations for the recognition, risk 
assessment, and management of patients who are 
at risk of experiencing anaphylaxis [5].

The cornerstone of anaphylaxis management 
is the use of epinephrine as a first-line treatment 
while reserving H1-antihistamines and cortico-
steroids as second-line agents. Useful second-
line interventions may include removing the 
trigger where possible, calling for help, correct 
positioning of the patient, high-flow oxygen, 
intravenous fluids, and inhaled short-acting bron-
chodilators. Biphasic anaphylactic reactions have 
been reported to develop in up to 20% of reac-
tions although the evidence for this is of low 
quality. In general, patients with moderate respi-
ratory or cardiovascular events should be moni-
tored for at least 4–6 h and, if necessary, up to 
24 h [6, 7]. In this chapter, we review and sum-
marize the early recognition and management of 
anaphylaxis.

6.2	 �Pathophysiology

Anaphylaxis is an acute, potentially lethal, multi-
system syndrome resulting from the sudden release 
of mast cell-, basophil-, and macrophage-derived 
mediators into the circulation [8]. The typical 
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pathophysiology of anaphylaxis involves immuno-
globulin E (IgE). The term of anaphylactoid reac-
tion has been used to describe IgE-independent 
events, although the two reactions are often clini-
cally indistinguishable. The WAO dedicated to 
allergy and clinical immunology has proposed dis-
carding this nomenclature [4]. The WAO catego-
rizes anaphylaxis as either immunologic or 
non-immunologic. Immunologic anaphylaxis 
includes both IgE-mediated and IgG-mediated 
reactions, and immune complex/complement-
mediated mechanisms [1]. Non-immunologic ana-
phylaxis is caused by agents or events that induce 
sudden, massive mast cell or basophil degranula-
tion, without the involvement of antibodies [1]. 
Triger factors vary by region, age, and season. 
Food is the most common cause but drug and insect 
infestations are relatively common in older adults.

6.3	 �Initial Approach 
and Diagnosis

Traditionally, anaphylaxis was defined as based 
on mechanistically IgE-dependent reaction or on 
clinical reactions that range from urticarial to life 

threatening such as hypotension or shock. 
However, this definition is not useful for non-
allergists. Anaphylaxis is defined as a “severe, 
life-threatening systemic hypersensitivity reac-
tion”; this is characterized by being rapid in onset 
with life-threatening airway, breathing, or circu-
latory problems and is usually, although not 
always, associated with skin and mucosal changes 
[1]. This definition suggests that the diagnosis of 
anaphylaxis is based on clinical symptoms and 
signs. The current clinical criteria for diagnosing 
anaphylaxis are published in NIAID/FAAN sec-
ond symposium and WAO guidelines (Table 6.1). 
These widely accepted criteria significantly 
improve the identification of anaphylaxis and can 
lead to rapid management.

The first step of the diagnosis of anaphylaxis 
should be based on the detailed history of clinical 
symptoms and all substances such as food, exer-
cise, and medications exposed within a few hours 
before symptoms appear. Symptoms and signs 
usually occur within 2 h of exposure to the aller-
gen, usually within 30 min for food allergy and 
even faster with parenteral medication or insect 
stings [5]. In a large case series of fatal 
anaphylaxis, the median time from symptoms to 

Table 6.1  Definition of anaphylaxis [1, 4]

Anaphylaxis is highly likely when any one of the following three criteria is fulfilled:
Criteria 1
Acute onset of an illness (minutes to several 
hours) with involvement of the skin, mucosal 
tissue, or both (e.g., pruritus or flushing, 
swollen lips–tongue–uvula)
And at least ONE of the following

(a) Respiratory compromise (e.g., dyspnea, wheeze–bronchospasm, 
stridor, reduced PEF, hypoxemia)
(b) Reduced BP or associated symptoms of end-organ dysfunction 
(e.g., hypotonia [collapse], syncope, incontinence)

Or Criteria 2
Two or more of the following that occur 
rapidly after exposure to a likely allergen for 
that patient (minutes to several hours):

(a) Involvement of the skin–mucosal tissue (e.g., generalized hives, 
itch-flush, swollen lips–tongue–uvula
(b) Respiratory compromise (e.g., dyspnea, wheeze–
bronchospasm, stridor, hypoxemia)
(c) Reduced BP or associated symptoms (e.g., hypotonia 
[collapse], syncope, incontinence)
(d) Persistent gastrointestinal symptoms (e.g., crampy abdominal 
pain, vomiting)

Or Criteria 3
Reduced BP after exposure to known 
allergen for that patient (minutes to several 
hours):

(a) Infants and children: low systolic BP (age specific) or >30% 
decrease in systolic BPa

(b) Adults: systolic BP of <90 mmHg or >30% decrease from that 
person’s baseline

aLow systolic blood pressure for children is defined as <70 mmHg from 1 month to 1 year, less than (70 mmHg +  
[29 age]) from 1 to 10 years and <90 mmHg from 11 to 17 years
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arrest has been reported as 30, 15, and 5 min for 
food, insect venom, and parenteral medication, 
respectively [9].

The clinical manifestations of anaphylaxis 
depend on the organ systems involved. Multiple 
symptoms occurring in at least two or more 
organs such as mucous membrane including 
skin, respiratory system, cardiovascular system, 
nervous system, and gastrointestinal system are 
typical. Thus, the second step of the diagnosis 
of anaphylaxis is detecting involved organ sys-
tem. It should be noted that there are five types 
of involved system, but consensus definition of 
anaphylaxis classifies into four systems by com-
bining cardiovascular and nervous system 
(Table  6.1). Among the symptoms of anaphy-
laxis, cutaneous manifestations occur in most 
cases. In a recent study describing a cohort of 
340 adult patients with anaphylaxis, the skin 
and mucocutaneous such as pruritus or flushing 
and swollen lips–tongue–uvula were the most 
frequently affected organs (86%), followed by 
respiratory symptoms (68%), cardiovascular 
and neurologic symptoms (55%), and gastroin-
testinal symptoms (35%) [10]. However, the 
symptoms of anaphylaxis differ from person to 
person for the same cause. Attention should be 
paid that a patient can have anaphylaxis without 
shock. Moreover, the progression of anaphy-
laxis from itching to death is unpredictable. 
Even when the initial symptoms are mild, there 
is significant potential for rapid progression to a 
severe reaction. Thus physician should be famil-
iar with the three diagnostic criteria of anaphy-
laxis and patients with these symptoms meeting 
the criteria should be treated as soon as 
possible.

Blood tests are not necessary for the diagno-
sis of anaphylaxis. However, measuring serum 
tryptase and histamine may help to distinguish 
other diseases with similar symptoms. Blood 
samples for measurement of tryptase levels are 
optimally obtained 15 min to 3 h after symptom 
onset. When the diagnosis is uncertain, serum 
tryptase greater than 2.0  μg/L at the time of 
symptom onset 1–2 h often supports the clinical 
diagnosis of anaphylaxis [11]. However, in ana-
phylaxis due to food or anaphylaxis without 

hypotension, tryptase may show normal results 
because basophils are more involved than mast 
cells [12].

6.4	 �Management

Anaphylaxis is a medical emergency. Prompt 
assessment and management are critically impor-
tant. In this section of the Guidelines, we discuss 
a systematic approach to the basic initial man-
agement of anaphylaxis, emphasizing the pri-
mary role of epinephrine in treatment. It is also 
important to note that any delay in appropriate 
treatment increases the potential for morbidity 
and mortality [7, 13].

6.4.1	 �Airway Management

Although treatment of choice is epinephrine for 
anaphylaxis management, the immediate steps 
involve a rapid assessment of the patient’s air-
way. Intubation should be performed in patients 
with developing airway compromise and early 
intubation should be considered if significant 
edema of tongue, uvula, or voice alteration has 
developed, especially in patients with short time 
since the exposure.

6.4.2	 �Epinephrine

The first-line use of epinephrine is the standard of 
care for anaphylaxis and is a clear directive in all 
gridlines [1, 14]. Delaying administration of epi-
nephrine has been associated with increased reac-
tion severity, increased morbidity, a greater 
likelihood of biphasic reactions, and an increased 
risk of fatality even in some cases in which the ini-
tial symptoms were mild [15–17]. However, recent 
analysis with nation-wide data on the management 
of anaphylaxis found that there is a distinct discrep-
ancy between current guidelines and their imple-
mentation; for example only 13.0% received 
epinephrine [18]. To improve the treatment of ana-
phylaxis, they strongly recommend revision of 
medical education and practical training.

6  Anaphylaxis: Early Recognition and Management
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6.4.2.1	 �Mechanisms of Action
Epinephrine is lifesaving because of its alpha-1 
adrenergic vasoconstrictor effects in most body 
organ systems (skeletal muscle is an important 
exception) and its ability to prevent and relieve 
airway obstruction caused by mucosal edema, 
and to prevent and relieve hypotension and shock 
[1, 15, 19]. Other relevant properties in anaphy-
laxis include its beta-1 adrenergic agonist inotro-
pic and chronotropic properties leading to an 
increase in the force and rate of cardiac contrac-
tions, and its beta-2 adrenergic agonist properties 
such as decreased mediator release, bronchodila-
tion, and relief of urticaria [20, 21].

6.4.2.2	 �Route and Dose
Epinephrine should be injected by the intramus-
cular route in the mid-anterolateral thigh as soon 
as anaphylaxis is diagnosed or strongly sus-
pected, in a dose of 0.01  mg/kg of a 1:1000 
(1 mg/mL) solution, to a maximum of 0.5 mg in 
adults (0.3  mg in children) [4, 6, 20, 22, 23]. 
Depending on the severity of the episode and the 
response to the initial injection, the dose can be 
repeated every 5–15  min, as needed. Most 
patients respond to one or two doses of epineph-
rine injected intramuscularly promptly; however, 
more than two doses are occasionally required. 
Failure to inject it promptly is potentially associ-
ated with fatality.

Epinephrine can be given by slow intravenous 
infusion with diluted solution 1:10,000 (0.1 mg/
mL), ideally with the dose titrated according to 
noninvasive continuous monitoring of cardiac 
rate and function [22]. For example, if shock is 
imminent or has already developed or cardiac 
arrest is impending, an intravenous bolus dose of 
epinephrine is indicated; however, in other ana-
phylaxis scenarios, this route of administration 
should be avoided [20].

6.4.2.3	 �Adverse Effect
Transient pharmacologic effects after a recom-
mended dose of epinephrine by any route of 
administration include pallor, tremor, anxiety, 
palpitations, dizziness, and headache [15, 19, 20]. 
These symptoms indicate that a therapeutic dose 
has been given. Serious adverse effects such as 

ventricular arrhythmias, hypertensive crisis, and 
pulmonary edema potentially occur after an over-
dose of epinephrine by any route of administra-
tion. Typically, they are reported after intravenous 
epinephrine dosing [9, 20]. Moreover intravenous 
epinephrine injection can lead to dosing error and 
epinephrine overdose [24]. Physician should be 
aware that there are no absolute contraindications 
to the use of epinephrine for anaphylaxis and seri-
ous adverse effects are very rare when epineph-
rine is administrated at the appropriate 
intramuscular doses for anaphylaxis.

6.4.3	 �Intravenous Fluids

Patients with anaphylaxis should not suddenly 
sit, stand, or be placed in the upright position 
because massive fluid shifts can occur in anaphy-
laxis. All patients with orthostasis, hypotension, 
or incomplete response to epinephrine should 
receive large-volume fluid resuscitation with iso-
tonic saline or normal saline. The rate of admin-
istration should be titrated according to the blood 
pressure, cardiac rate and function, and urine out-
put. All patients receiving such treatment should 
be monitored for volume overload. Normotensive 
patients should receive normal saline to maintain 
venous access in case their status deteriorates.

6.4.4	 �Second-Line Pharmacologic 
Treatment

6.4.4.1	 �H1-Antihistamine
H1-antihistamines relieve itching, flushing, urti-
caria, angioedema, and nasal and eye symptoms; 
however, they should not be substituted for epi-
nephrine because they are not lifesaving; that is, 
they do not prevent or relieve upper airway 
obstruction, hypotension, or shock [4, 20, 22, 23]. 
Moreover it does not inhibit mediator release from 
mast cells and basophils and rapid intravenous 
administration may increase hypotension. Some 
guidelines do not recommend H1-antihistamine 
treatment in anaphylaxis, citing lack of supporting 
evidence from randomized controlled trials that 
meet current standards [25]. Current systematic 
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review reported that no high-quality evidence was 
found to support the use of H1-antihistamines in 
the treatment of anaphylaxis [26].

6.4.4.2	 �H2-Antihistamine
An H2-antihistamine, administered concurrently 
with an H1-antihistamine, potentially contributes 
to decrease in flushing, headache, and other 
symptoms; however, H2-antihistamines are rec-
ommended in only a few anaphylaxis guidelines 
[22, 27]. Moreover, rapid intravenous administra-
tion of cimetidine has been reported to increase 
hypotension [22] and anaphylaxis to ranitidine 
has been reported [28].

6.4.4.3	 �Glucocorticoids
Glucocorticoids switch off transcription of a mul-
titude of activated genes that encode proinflam-
matory proteins. Extrapolating from their use in 
acute asthma, the onset of action of systemic glu-
cocorticoids takes several hours [29]. Although 
they potentially relieve protracted anaphylaxis 
symptoms and prevent biphasic anaphylaxis [20, 
22], these effects have never been proven. 
Therefore, glucocorticoid is not lifesaving in ini-
tial hours of an anaphylactic episode. Current sys-
tematic review failed to identify any evidence to 
confirm the effectiveness of glucocorticoids in the 
treatment of anaphylaxis, and raised concerns that 
they are often inappropriately used as first-line 
medications in place of epinephrine [30].

6.4.4.4	 �Bronchodilators
Selective beta-2 adrenergic agonists such as sal-
butamol (albuterol) are sometimes given in ana-
phylaxis as additional treatment for wheezing, 
coughing, and shortness of breath not relieved by 
epinephrine. Although this is helpful for lower 
respiratory tract symptoms, these medications 
should not be substituted for epinephrine because 
they have minimal alpha-1 adrenergic agonist 
vasoconstrictor effects and do not prevent or 
relieve laryngeal edema and upper airway obstruc-
tion, hypotension, or shock [20] (Table 6.2).

Table 6.2  Initial management and medications of ana-
phylaxis [20]

Basic initial management
1. �Remove exposure to the trigger, if possible For 

example, discontinue an intravenous diagnostic or 
therapeutic agent that seems to be triggering 
symptoms

2. �Assess circulation, airway, breathing, mental status, 
skin, and body weight

3. �Call for help (resuscitation team in hospital or 
emergency medical services in community setting), 
if available

4. �Inject epinephrine intramuscularly in the mid-
anterolateral aspect of the thigh, 0.01 mg/kg of a 
1:1000 (1 mg/mL) solution, to a maximum of 
0.5 mg (adult) or 0.3 mg (childe); record the time of 
the dose and repeat it in 5–15 min, if needed; most 
patients respond to one or two doses

5. �Place patient on the back, or in a position of 
comfort if there is respiratory distress and/or 
vomiting; elevate the lower extremities; fatality can 
occur within seconds if a patient stands or sits 
suddenly

6. �Give high-flow supplemental oxygen (6–8 L/min) 
by face mask or oropharyngeal airway

7. �Establish intravenous access with wide-bore 
cannula. When indicated, give 1–2 L of 0.9% 
(isotonic) saline rapidly (e.g., 5–10 mL/kg in the 
first 5–10 min to an adult, or 10 mL/kg to a 
child)

8. �When indicated at any time, prepare to initiate 
cardiopulmonary resuscitation with continuous 
chest compressions

Medications
1. First-line (priority) medication
 � – �Epinephrine 1:1000 (1 mg/mL) intramuscular 

injection 0.01 mg/kg, to a maximum of 0.5 mg 
(adult), 0.3 mg (child)

2. Second-line medications
 � – �H1-antihistamine for intravenous infusion
     �For example chlorpheniramine 10 mg (adult), 

2.5–5 mg (child) or diphenhydramine 25–50 mg 
(adult) (1 mg/kg, maximum 50 mg [child])

 � – �ß2-adrenergic agonist
     �For example salbutamol (albuterol) solution, 

2.5 mg/3 mL or 5 mg/3 mL (adult), (2.5 mg/3 mL 
[child]) given by nebulizer and face mask

 � – �Glucocorticoid for intravenous infusion
     �For example hydrocortisone 200 mg (adult), 

maximum 100 mg (child); or methylprednisolone 
50–100 mg (adult); 1 mg/kg, maximum 50 mg (child)

 � – �H2-antihistamine for intravenous infusion
     �For example, ranitidine 50 mg (adult) or 1 mg/kg, 

maximum 50 mg (child)

6  Anaphylaxis: Early Recognition and Management
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6.4.5	 �Management of Refractory 
Anaphylaxis

A minority of patients do not respond to timely, 
basic initial anaphylaxis treatment with epineph-
rine by intramuscular injection, supplemental 
oxygen, intravenous fluid resuscitation, and 
second-line medications. In these refractory ana-
phylaxis patients with shock, no clear superiority 
of dopamine, dobutamine, norepinephrine, phen-
ylephrine, or vasopressin (either added to epi-
nephrine alone or compared with one another) 
has been demonstrated in clinical trials. 
Physicians suspect patients taking a beta-
adrenergic blocker or other medications that 
interfere with epinephrine effect. Glucagon, a 
polpypeptide with non-catecholamine-dependent 
inotropic and chronotropic cardiac effects, is 
sometimes needed in patients taking a beta-
adrenergic blocker who have hypotension and 
bradycardia and who do not respond optimally to 
epinephrine [31].

Patients suffering from refractory anaphylaxis 
have been resuscitated with extracorporeal mem-
brane oxygenation (ECMO) or operative cardio-
pulmonary bypass. ECMO is becoming 
increasingly available in ED and should be con-
sidered in patients unresponsive to complete 
resuscitative efforts in institutions with experi-
ence in this technology. The decision to initiate 
ECMO should be considered early in patients 
unresponsive to traditional resuscitative mea-
sures, before irreversible ischemic acidosis 
develops.

6.5	 �Disposition

The duration of monitoring of the developing 
biphasic anaphylaxis after initial treatment varies 
from patient to patient. In general, patients with 
moderate respiratory or cardiovascular events 
should be monitored for at least 4 h, and if indi-
cated for 8–10  h or longer, and patients with 
severe or protracted anaphylaxis might require 
monitoring and interventions for days. For the 
biphasic anaphylaxis, timely epinephrine admin-
istration appears to have a role, but the role of 

steroids has been called into question and is an 
opportunity for future investigation.

6.5.1	 �Biphasic Reaction

6.5.1.1	 �Incidence and Risk Factor
A biphasic anaphylactic reaction was first 
described in 1984 and was defined as the recur-
rence of symptoms after complete resolution of 
initial anaphylactic without re-exposure to the 
trigger [32]. The reported incidence rate varies 
from 3 to 20% depending on the study popula-
tion, and recent systemic review of 4162 patients 
showed a 4.6% rate of biphasic reaction [32]. It 
may occur from 1 to 72 h after the first anaphy-
lactic reaction. Guidelines about optimal dura-
tion of observation vary considerably in their 
recommendations: the United States recommend 
6  h of observation after the initial anaphylactic 
episode due to the risk of a biphasic reaction [7], 
and Europe recommends up to 24 h of observa-
tion [6]. Identifying patients who are most likely 
to benefit from a longer period of observation is 
important. However, risk factors for developing a 
biphasic anaphylaxis have not been well studied 
due to the uncommon occurrence. In observa-
tional studies with 415 anaphylaxis patients from 
Korea, history of drug anaphylaxis (odds ratio 
14.3, 95% CI 2.4–85.8) was a contributing factor 
to the development of the biphasic reaction [33]. 
A recent systemic review found that initial pre-
sentation with hypotension (odds ratio 2.18, 95% 
CI 1.1–4.2) was associated with the development 
of the biphasic reaction and anaphylaxis due to 
food was associated with decreased risk (odds 
ratio 0.62, 95% CI 0.4–0.94) [32]. In addition, 
the single pediatric study showed that biphasic 
reactions seem to be associated with the severity 
of the initial anaphylactic reactions [34]. More 
studies regarding the identification of anaphy-
laxis patients at higher risk for biphasic anaphy-
laxis may be warranted.

6.5.1.2	 �Prevention
Steroid use and early epinephrine administra-
tion have been theorized to decrease biphasic 
anaphylaxis [35]. However, contemporary stud-
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ies have failed to find compelling evidence of a 
protective effect of steroids for preventing 
biphasic reactions [33, 36]. Recent study of cor-
ticosteroid use for the patients with allergy or 
anaphylaxis did not decrease ED return visits 
within 7 days [37].

Delayed epinephrine treatment for the initial 
reaction has been reported as an associated factor 
with a biphasic reaction [38]. A recent observa-
tional study reported that a subgroup of patients 
who had delays in their initial epinephrine admin-
istration were more likely to develop biphasic 
reactions [34]. The role of other allergy medica-
tions in the prevention of biphasic anaphylaxis is 
not well studied.

6.5.2	 �Epinephrine Auto-Injector

In patients with anaphylaxis, it can be recurred 
due to re-exposure to the substance or stimulant. 
Therefore, patients with anaphylaxis, even after 
initial successful treatment, should be educated 
to avoid antigen and usage of epinephrine auto-
injector. Patients should be advised that they have 
experienced a potentially life-threatening medi-
cal emergency (“killer allergy”), and that if their 
symptoms recur within the next 72 h they should 
inject epinephrine and call emergency medical 
services or be taken to the nearest emergency 
facility [20].

6.6	 �Future

Inappropriate treatment of anaphylaxis can be 
caused by failure of early recognition. We 
believed that the early recognition with three 
clinical diagnostic criteria, use of epinephrine as 
soon as possible, and appropriate discharge 
plans were the most critical recommendations 
for ED health professionals. At a time when ana-
phylaxis is increasing, physicians also should 
recognize that anaphylaxis may not appear life 
threatening and that the patients may present 
without respiratory or cardiovascular symptoms. 
For the biphasic anaphylaxis which is a debating 
issue, timely epinephrine administration appears 

to have a role, but the role of steroids has been 
called into question and is an opportunity for 
future investigation. Moreover, studies regarding 
the identification of anaphylaxis patients at 
higher risk for biphasic anaphylaxis may be 
warranted.
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7.1	 �Hypovolemic Shock 
Due to Multiple Trauma

A 32-year-old man came to the emergency depart-
ment (ED) for multiple trauma. He was found in a 
parking lot and was suspected to be fallen down 
from a nearby building. He was transferred to the 
ED by an emergency medical system with a cervi-
cal collar in place and strapped to a backboard. He 
was confused and anxious, and could not remem-
ber the situation at the time of injury, but he was 
able to follow commands at the ED arrival. His ini-
tial vital signs were 55/45  mmHg–124  bpm–
22 cpm–32.6 °C with SpO2 at 96%. He was anxious 
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Q.	Describe initial evaluation steps for 
this patient.

A.	Initial assessment of a multiple trauma 
patient (primary survey) must be per-
formed promptly. The Advanced Trauma 
Life Support (ATLS) guideline provides 
an organized approach focused on iden-
tifying life-threatening conditions. It 
consisted of the following components 
(ABCDEs). Any problems identified 
should be managed immediately before 
moving on to the next step:
	1.	 Airway maintenance with cervical 

spine protection:
	A.	 Ask the patient simple question.
	B.	 Observe the patient for signs of 

respiratory difficulty.
	C.	 Inspect oropharyngeal cavity.
	D.	 Assess the neck for injuries.
	E.	 Protect (immobilize) the C-spine.

	2.	 Breathing and ventilation:
	A.	 Assess the adequacy of oxygen-

ation and ventilation.
	B.	 Look for chest injuries.

	3.	 Circulation with hemorrhage control:
	A.	 Check for bleeding and hemody-

namic abnormalities.
	B.	 Secure IV lines and control 

bleeding.
	C.	 Reversal of anticoagulation.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-5406-8_7&domain=pdf
mailto:suhgil@snu.ac.kr
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and confused. His right limbs and pelvis had open 
wounds and deformities. He was suspicious for 
multiple facial bone fractures, including mandible 
fracture with oral bleeding and dislodged teeth.

After administration of 2  L of 0.9% saline 
solution, his blood pressure was increased to 
95/60 mmHg with heart rate of 110/min. However, 
after 10  min his blood pressure dropped to 
60/40  mmHg again. During the fluid resuscita-
tion, limb splint and pelvic immobilization were 
applied to control possible hemorrhages from 
fractures in the limbs and pelvis. There was invol-
untary muscle guarding in right upper quadrant 
area of the abdomen and the focused assessment 
with sonography in trauma (FAST) identified free 
fluid in the Morrison’s pouch and pneumothorax 
in the right thorax (Figs. 7.1 and 7.2).

Fig. 7.1  Fast examination of the patient. Fluid collection 
in the Morrison’s pouch (arrow) was observed

Right lung Left lungFig. 7.2  Lung 
sonography findings of 
the patient. Right lung 
scan (left image) shows 
“barcode sign” while 
left lung scan (right 
image) shows “sandy 
beach sign” in M-mode

Q. � Which category of hemorrhagic 
shock does the patient belongs to? 
What is your initial volume resusci-
tation strategy?

A. Initial blood pressure of the patient was 
55/45  mmHg and pulse rate was 124/
min, and he was anxious and confused. 
Therefore, it is class III hemorrhagic 
shock. Therefore, the patient needs 
blood transfusion as well as crystalloid 
infusion. The colloid solutions (dextran 
or albumin) have not been demonstrated 
to be superior to crystalloids. If there is 
no evidence of significant brain injury, 
the target systolic blood pressure should 
be 80–90 mmHg. However, higher blood 
pressure is recommended in patients with 
traumatic brain injury (see page 25).

	4.	 Disability:
	A.	 Check for neurologic 

abnormalities.
	5.	 Exposure/environmental control:

	A.	 Undress the patient and examine 
the entire body.

	B.	 Avoid hypothermia.

G. J. Suh et al.
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Meanwhile, the initial blood test results came 
out.

Initial chest X-ray was taken during resuscita-
tion. Multiple rib fractures in the right thorax and 
hemopneumothorax in the right lung field were 
observed. Right-tube thoracostomy was per-
formed (Fig. 7.3).

In CT angiography, liver laceration in S5 and 
6 with active bleeding was identified (Fig. 7.4).

7.1.1	 �Progression

The patient was transferred to the operating room 
for surgical control of arterial bleeding in the 
liver. After surgical treatment, he was admitted to 
the intensive care unit for close observation. 
Then, after 2 weeks of intensive care unit treat-
ment, he was recovered and discharged home.

Q.	His initial hemoglobin and hemato-
crit were 13.3  g/dL and 38.8%. Do 
you think they can represent the 
severity of acute blood loss?

A.	Low hemoglobin and hematocrit are 
markers of severe bleeding, but normal 
hemoglobin and hematocrit may not 
reflect the volume of bleeding. Therefore, 
serial measurement combined with clini-
cal and imaging study could help assess 
the volume of bleeding.

Fig. 7.3  Chest X-ray of the patient showing multiple rib 
fractures and hemopneumothorax in the right thorax

Fig. 7.4  An abdominal CT angiography imaging show-
ing liver laceration in segments 5 and 6 with active con-
trast vacation (arrow)

Q. � Despite blood transfusion, the 
patient’s blood pressure decreased 
and his pulse rate increased again 
after the CT angiography. What 
should you do next?

A. It is suspected that this patient has still 
ongoing bleeding. It is important to con-
trol bleeding immediately. Recently, 
angiographic embolization is gaining 
popularity for controlling arterial bleed-
ing in patients with hemorrhage shock. 
However, it should not delay consulta-
tion for surgical bleeding control. In this 
case, surgical consultation for bleeding 
control should be done first. If surgical 
treatment is not possible, multidisci-
plinary approach should be considered, 
such as angiographic embolization (see 
page 29).

G. J. Suh et al.
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7.1.2	 �Summary

This is a case of hemorrhagic shock in multiple 
trauma. The estimated blood loss of this patient 
was about 30–40% according to hemorrhagic 
shock classification. He was initially resuscitated 
with crystalloid. However, the hemodynamic 
response was transient. Thus, immediate blood 
transfusion was performed. To assess bleeding 
focus, FAST exam was performed and it revealed 
intra-abdominal free fluid. For further assessment 
of bleeding focus, CT angiography was per-
formed. The main bleeding focus was found to be 
liver laceration on CT angiography. The patient 
was moved to operating room for surgical bleed-
ing control.

7.2	 �A Hemorrhagic Shock Case 
Treated with REBOA

A 46-year-old male without underlying disease 
came to the emergency department (ED) for fall-
ing from seventh floor of apartment for purpose of 
suicide. His initial vital signs were 110/60 mmHg–
102 bpm–20 cpm–36.4 °C with saturation at 95%. 
He was slightly drowsy but able to move arms by 
following doctor’s instructions. He complained of 
pain in pelvis and back and deformity in right 
forearm at the arrival time, but there was no defi-
nite open wound on his body.

In primary survey, there was no tender point in 
face, cervical spine, and upper trunk and his res-
piration was stable. No definite open wound or 
external bleeding was observed. He could move 
both hands and feet but could not flex both hip 
joints because of pain.

FAST was performed to assess injury of inter-
nal organs and bleeding during initial evaluation 
and it showed that there was no definite fluid col-
lection at pericardium and intra-abdominal 
spaces.

In secondary survey, he looked a little pale. 
Lung sound was clear in both lung fields and 
there was no definite painful area during palpat-
ing chest wall. When his abdomen was palpated, 
he complained of pain at the right side of abdo-
men. Multiple bruises and swellings were shown 
at his back and buttocks after changing position 
with logrolling manners. He could not flex both 
legs because of severe pelvic pain, but could 
move both knees and ankles. Deformity of right 
forearm was also observed.

During the secondary survey, he became con-
fused and his skin was pale and wet. His blood 
pressure dropped (VS: 56/36 mmHg–108 bpm– 
23 cpm–36.0 °C).

Fluid resuscitation with 0.9% saline solution 
of 2000  mL was performed and endotracheal 
intubation was performed to protect airway. 
However, his blood pressure was still low at 
65/40  mmHg and heart rate was 128  bpm. A 
repeated FAST was performed to find delayed 
internal hemorrhage which showed free fluids in 
the Morrison’s pouch and pelvic cavity 
(Fig. 7.5).

Q.	What is the first step of assessing the 
patient?

A.	Primary survey (ABCDEs) should be 
accompanied by appropriate 
resuscitations:
	1.	 Airway maintenance with cervical 

spine protection.
	2.	 Breathing and ventilation.
	3.	 Circulation with hemorrhage 

control.
	4.	 Disability: neurologic status.
	5.	 Exposure/environmental control (see 

page 93).

Q.	According to the Advanced Trauma 
Life Support (ATLS) guidelines, in 
which class is this patient included?

A.	He had tachycardia, hypotension, and 
altered mentality (confusion). These 
indicate that the patient is in class III 
hemorrhagic shock. Estimated volume 
of blood loss is 1500–2000 mL in 70 kg 
male (see page 21).
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Fig. 7.5  Free fluid in the Morrison’s pouch and pelvic cavity

Q.	Does he need massive transfusion? If 
so, what is your rationale for massive 
transfusion?

A.	He requires massive transfusion accord-
ing to ABC score. The ABC score has 
four parameters including penetrating 
torso injury, systolic blood pressure 
≤90 mmHg, heart rate ≥120 bpm, and 
positive focused assessment with sonog-
raphy for trauma (FAST). His ABC 
score was three and massive transfusion 
would be necessary for this patient (see 
page 27).

Q.	Which antifibrinolytic agent can be 
used for the patients who need mas-
sive transfusion?

A.	Tranexamic acid and the recommended 
dose is a loading dose of 1  g over 
10 min, followed by infusion of 1 g over 
8 h (see pages 27–28).

Q.	What is your initial plan for transfu-
sion and how much for initial 
transfusion?

A.	Resuscitation with FFP, platelets, and 
RBCs at 1:1:1 unit ratios has been rec-
ommended for massive transfusion for 
trauma patients. If you are going to 

Pelvic X-rays and CT scan were performed. 
Multiple pelvic bone fractures and right retro-
peritoneal hematoma were identified (Fig. 7.6).

Massive transfusion protocol was initiated, 
but his blood pressure remained low at 
85/48  mmHg with a heart rate of 107  bpm. 
Norepinephrine was started and titrated up to 
40  μg/min. Meanwhile his initial laboratory 
report came out (Fig. 7.7).

transfuse the patient with 1:1:1 ratio, 
minimal 4  units of p-RBC, 4  units of 
FFP, and 4  units of platelet are neces-
sary (see page 27).

G. J. Suh et al.



99

A
rt

er
ia

l b
lo

od
 

ga
s 

an
al

ys
is

C
B

C
C

he
m

is
tr

y
C

ar
di

ac
 

en
zy

m
e

C
oa

gu
la

tio
n 

pa
ne

l
U

ri
na

ly
si

s

pH
7.

30
6

W
B

C
18

,7
00

/μ
L

N
a

13
8

m
m

ol
/L

C
K

24
.4

ng
/m

L
PT

 (
IN

R
)

1.
98

IN
R

W
B

C
<

1
/H

PF

pC
O

2
30

.3
m

m
H

g
H

b
6.

8
g/

dL
K

3
m

m
ol

/L
C

K
-M

B
1.

73
ng

/m
L

aP
T

T
50

.3
Se

co
nd

s
R

B
C

<
1

/H
PF

pO
2

79
.9

m
m

H
g

H
ct

20
.1

%
C

l
10

5
m

m
ol

/L
T

nI
N

A
pg

/m
L

D
-d

im
er

>
20

μg
/m

L
A

lb
um

in
N

eg
at

iv
e

H
C

O
3-

17
.3

m
m

ol
/L

Pl
at

el
et

12
9,

00
0

/μ
L

T
C

O
2

19
m

m
ol

/L
N

itr
ite

N
eg

at
iv

e

B
as

e 
ex

ce
ss

−
4.

2
m

m
ol

/L
B

U
N

19
m

g/
dL

B
ac

te
ri

a
N

eg
at

iv
e

L
at

at
e

5.
8

m
m

ol
/L

C
r

1.
81

m
g/

dL

A
ST

82
IU

/L

A
LT

39
IU

/L

T.
bi

l
0.

6
m

g/
dL

A
L

P
50

IU
/L

T.
pr

ot
.

3.
5

g/
dL

A
lb

um
in

4
g/

dL

7  Scenario-Based Approach



100

Q.	Which management is needed to cor-
rect the value of ROTEM?

A.	Amplitude 10 min after coagulation time 
in EXTEM (A10EX) was decreased to 
40 mm, and amplitude 10 min after coag-
ulation time in FIBTEM (A10FIB) was 
decreased to 4 mm, so he needed to get 
fibrinogen concentrates or cryoprecipitate 
till A10FIB reached 12  mm. Coagulation 
time in INTEM (CTIN) and coagulation 
time in EXTEM (CTEX) were within nor-
mal limit and correction is not needed.

Q.	What is your strategy for assessment 
and management of trauma-induced 
coagulopathy?

A.	Thromboelastography (TEG) and rota-
tional thromboelastometry (ROTEM) can 
be used to monitor trauma-induced coag-
ulopathy rapidly at bedside. These exam-
inations show important variables such 
as clotting time, clot formation/kinetics, 
clot strengthening, amplitude/maximal 
firmness, and lysis, by analyzing clot 
formation kinetics (see pages 23–24).

Fig. 7.7  ROTEM results of the patient. A10EX and A10FIB were decreased to 40 mm and 4 mm, respectively. A10EX, 
amplitude 10 min after coagulation time in EXTEM; A10FIB, amplitude 10 min after coagulation time in FIBTEM

Fig. 7.6  Abdominopelvic CT showing multiple pelvic fractures and hematoma in the right retroperitoneum

G. J. Suh et al.
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Despite the massive transfusion, the patient 
was still in hypotension with BP at 70/45 mmHg. 
While waiting for angiographic intervention for 
embolization, the treating ED physicians decided 
to use resuscitative endovascular balloon occlu-
sion of the aorta (REBOA) to control active 
bleeding. The device was introduced via femoral 
artery under the fluoroscopic guidance and the 
blood pressure increased rapidly to 134/51 mmHg 
after inflation of its balloon. Infusion of norepi-
nephrine was titrated down to 4 μg/min.

He was moved to angiography room. 
Hypervascular staining was supplied by engorged 
both internal iliac arteries with vascular spasm of 
distal branches in aortography and both internal 
iliac arteriogrphy. Embolization of both internal 
iliac arteries using glue and gelfoam was done. 
The REBOA was removed from patient after bal-
loon deflation (Fig. 7.8).

His vital sign became stable after emboliza-
tion. Additional radiography showed fracture of 
ulnar proximal shaft with dislocation of radius 
head in right arm. He was admitted to surgical 
intensive care unit for 10  days. He got open 
reduction and external screw fixation of multiple 

pelvic bone fracture, right radius, and ulnar frac-
tures at the hospital day 9. Neuropsychiatric con-
sultation was done after recovery of mental status 
and he was diagnosed with schizophrenia with 
major depressive disorder. He was discharged 
and transferred to local hospital for rehabilitation 
at the hospital day 33.

7.2.1	 �Summary

This was a case of uncontrolled hemorrhagic 
shock in multiple trauma. In this case, initial 
resuscitation for refractory hemorrhagic shock 
was not possible despite aggressive intravenous 
crystalloid hydration and massive transfusion. 
Additional bridging intervention was needed to 
hold out blood pressure during transferring patient 
to angiography room. REBOA is an endovascular 
technique that can temporarily control bleeding 
from the branches of descending aorta. It can be a 
useful tool in critical situations like this case.

7.3	 �A Cardiogenic Shock Case 
due to ST-Elevation 
Myocardial Infarction

A 63-year-old male patient came to the emer-
gency department (ED) with chest pain and 
dyspnea started 3 h ago. He had underlying dia-
betes mellitus. His initial vital signs were 
82/34 mmHg–99 bpm–22 cpm–36.3 °C (satura-
tion at 81%). Physical examination revealed 
jugular vein engorgement and crackle in both 
basal lung fields. His initial ECG was as above 
(Fig. 7.9):

Fig. 7.8  Embolization of both internal iliac arteries using 
glue and gelfoam

Q. What do you see in the initial ECG? 
Which type of MI do you suspect?

A. (1) Regular heart rate without evidence 
of arrhythmia; (2) ST elevation in lead 
III and V1–5 and reciprocal changes in 
lead I, aVL, and V6, which is suggestive 
of STEMI involving anterior wall.
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Fig. 7.9  Initial electrocardiography of the patient

Continuous monitoring of blood pressure, 
heart rate, and SpO2 was started. Rapid crystal-
loid infusion with 500 mL of normal saline and 
oxygen administration were also started. 
Cardiologist was called in and the patient was 

Fig. 7.10  Initial chest X-ray of the patient

Q.	What do you see in the initial chest 
X-ray? Please discuss about the clini-
cal significance of the finding.

A.	Chest X-ray showed pulmonary conges-
tion. Fluid resuscitation should be 
avoided if there is pulmonary conges-
tion. In this case, patient complained 
dyspnea and SpO2 was low. In addition, 
chest X-ray showed pulmonary edema. 
Thus, administration of fluid should be 
cautious not to compromise respiration.

given aspirin, clopidogrel, and cholesterol-
lowering statin drug. During fluid resuscitation, 
chest X-ray was taken (Fig. 7.10).

Bedside echocardiography revealed low ejec-
tion fraction (estimated as less than 30%) and 
hypokinesia in mid-anteroseptal and whole api-
cal wall. Meanwhile his initial laboratory results 
came out.

G. J. Suh et al.
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After initial administration of isotonic crystal-
loid (500 mL), blood pressure was 85/44 mmHg.

Intravenous infusion of dopamine was 
started at a rate of 5 μg/kg/min and was titrated 
up to 20  μg/kg/min to maintain mean blood 
pressure over 65 mmHg. He was transferred to 
cath lab and CAG and primary PCI were per-
formed. Coronary angiography showed total 
occlusion in proximal left anterior descending 
(LAD) artery and diffuse stenosis at distal LAD 
and proximal left circumflex (LCX) artery. 
Thrombosuction and ballooning was followed 
by stenting which was performed into LAD 
(Fig. 7.11).

His diagnosis was made as acute myocardial 
infarction caused by two coronary diseases (LAD 
and LCX).

During coronary catheterization, blood pres-
sure dropped gradually and norepinephrine infu-
sion was started. Immediately after coronary 
catheterization, saturation decreased to 81% 
despite oxygen supply with a rate of 12 L/min. 
Repeated chest radiography showed aggravation 
of pulmonary edema (Fig. 7.12).

High-flow nasal cannula was applied at a flow 
of 50 L/min with FiO2 of 60%, but blood pressure 
decreased to 82/32 mmHg and the patient com-
plained shortness of breath. His SpO2 was 
dropped to less than 80% despite increased FiO2 
up to 80% (Fig. 7.13).

Q.	What is your resuscitation plan for 
hypotension?

A.	Since the contractility of left ventricle 
was decreased and return of blood from 
lungs was impaired, fluid administration 
would cause more congestions. The 
amount of blood returning to the heart 
should be reduced and vasopressors are 
preferred to fluid resuscitation.

Vasopressors like dopamine, norepineph-
rine, and epinephrine can be used to 
maintain adequate blood pressure. The 
target mean blood pressure for adequate 
splanchnic and renal perfusion is based 
on clinical indices of organ function 
(MAP ≥ 65  mmHg). Dopamine 
increases myocardial contractility and 
constricts blood vessel, but increases 
myocardial oxygen demand. Dobutamine 
does not increase myocardial oxygen 
demand, but can increase heart rate and 
peripheral vasodilation. Thus, dobuta-
mine can be used to increase cardiac out-
put if blood pressure is maintained.

Fig. 7.11  Total thrombotic occlusion of LAD (left). Reperfusion after PCI (right)

G. J. Suh et al.
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Q. What is your strategy for refractory 
shock and desaturation in LV 
failure?

A. Advanced airway placement and appli-
cation of mechanical ventilation should 
be considered in the case of desaturation 
and patient deterioration. Intra-aortic 
balloon pump (IABP) may be consid-
ered as a temporizing measure in com-
plicated myocardial infarction. This 
device can increase cardiac output, 
reduce afterload cardiac contractility 
and oxygen demand, and improve coro-
nary artery blood flow.

Fig. 7.12  A repeated chest X-ray of the patient showing 
significant pulmonary edema

Radio-opaque
marker tip

Balloon

Renal artery

External iliac
artery

Subclavian
artery

Fig. 7.13  Intra-aortic balloon pump (IABP) placement. 
The usual route is common femoral artery. The radio-opaque 
distal end is positioned in the proximal descending aorta

He was admitted to coronary intensive care 
unit (ICU) for hemodynamic monitoring and 
application of ventilator. After 5  h of reperfu-
sion therapy, ST segment and T wave of ECG 
were normalized (Fig. 7.14).

After stabilization of blood pressure, furose-
mide was administrated intravenously to control 
pulmonary edema. After 24 h of the reperfusion 
therapy, chest radiography showed decreased 
pulmonary edema. IABP was weaned off 
(Fig. 7.15).

He was treated with furosemide till improve-
ment of pulmonary edema. He gradually 
improved over several days of hospital stay and 
discharged with prescriptions of dual-antiplatelet 
agents, beta-blocker, and cholesterol-lowering 
statin.

7.3.1	 �Summary

This case represents cardiogenic shock caused by 
left ventricular failure. Initial resuscitation of car-
diogenic shock includes adequate oxygenation, 
fluid administration to correct hypovolemia, and 
hemodynamic optimization using vasopressors 
or inotropes. Adequate oxygenation to prevent 
further myocardial and systemic ischemia is 
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important. Usually, patients with cardiogenic 
shock caused by LV failure present with pulmo-
nary edema and it can complicate adequate oxy-
genation. Thus, continuous monitoring of pulse 
oximetry is required. Intubation and mechanical 
ventilation are often required in severe cases. 
Positive pressure ventilation can improve pulmo-
nary edema, but compromise venous return 
resulting in diminished LV preload.

In most patients with cardiogenic shock, fluid 
resuscitation is required. However, it can com-
promise respiration and care must be taken not to 
administer fluid excessively. Vasopressors or ino-
tropes are used to preserve organ perfusion. The 

target mean blood pressure to maintain adequate 
splanchnic and renal perfusion is mean arterial 
pressure ≥65 mmHg, which is based on clinical 
indices of organ function. Patients with organ 
hypoperfusion require inotropic and/or vasopres-
sor therapy. Dopamine increases myocardial con-
tractility and constricts blood vessels. On the 
other hand, dopamine may increase myocardial 
oxygen requirement, which results in further 
myocardial ischemia. Dobutamine also increases 
myocardial contractility, dilates peripheral blood 
vessels, and augments peripheral perfusion. 
However, it can increase heart rate and result in 
myocardial oxygen requirement.

In this case, dopamine was used to elevate 
and maintain blood pressure but failed to main-
tain blood pressure and oxygen saturation was 
dropped. Additional vasopressors like norepi-
nephrine or addition of dobutamine can be 
used. Intra-aortic balloon pump (IABP) can 
also be used because IABP reduces LV after-
load and augments coronary perfusion pres-
sure, which can increase cardiac output and 
coronary blood flow. IABP is a useful adjunc-
tive treatment to stabilize patients with cardio-
genic shock. It is not a definitive treatment of 
myocardial infarction, but just a bridging ther-
apy. Definitive diagnostic and therapeutic inter-
ventions should be performed after stabilization 
of patients using IABP.

Fig. 7.14  Normalized ST elevation after reperfusion therapy

Fig. 7.15  Decreased pulmonary edema after diuresis

G. J. Suh et al.
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7.4	 �A Cardiogenic Shock Case 
Due to RV Infarction

An 83-year-old female visited the emergency 
department (ED) complaining of ongoing chest 
discomfort which began 1 h before. The pain was 
somewhat severe (7 in NRS scale) and located at 
lower substernal area without radiation. Her ini-
tial vital signs were 95/37  mmHg–62  bpm–
18 cpm–37.3 °C and oxygen saturation was 96%. 
Physical examination revealed mild tenderness 
on palpation of right upper quadrant in the abdo-
men. Because of her chest pain, she was given a 
tablet of nitroglycerin sublingually by the triage 
nurse. After 2 min, she became drowsy with BP 
of 56/33 mmHg.

Her 12-lead ECG taken during the triage was 
reviewed retrospectively by the ED staff and is 
presented below (Fig. 7.16).

Right precordial lead ECG was taken thereaf-
ter. There were ST elevations in lead V3R-6R 
which is suggestive of right ventricular involve-
ment (Fig. 7.17).

Fig. 7.16  Initial ECG of the patient, ST elevation in the inferior leads, and reciprocal changes in the anterolateral leads

Q.	Was the use of nitroglycerin 
appropriate?

A.	Giving nitroglycerin to those with pos-
sible RV infarction (including those 
with ST changes in the inferior leads) 
should be avoided because RV infarc-
tion causes decreased preload. 
Nitroglycerin can further decrease the 
preload and can cause profound shock.

Q. �What are the abnormal findings of 
this ECG?

A.	ST elevation in lead II, III, and aVF and 
reciprocal changes in lead I and aVL. ST 
depression in precordial lead (lead 
V2–6) → indicates inferior wall STEMI; 
irregular heart rate indicates atrial fibril-
lation; and subtle ST elevation in lead 
V1 and STE in lead III > II may suggest 
RV infarction.
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Meanwhile, her initial laboratory results were 
reported. The troponin I level was in normal 
range and initial chest X-ray showed no signifi-
cant lung lesion.

Q. Please describe how to interpret “reverse” 
ECG.

A. The reverse ECG is obtained by placing 
the precordial lead on the right anterior 
chest as shown in the following figure.

V2

V1

V6R

V5R
V4R

V3R

 

V3R

V4R

V5R

V6R

Fig. 7.17  Reverse electrocardiography of the patient. V3R-6R ST elevation suggests RV infarction

These right-sided precordial leads provide 
electrical information about the right side 
of the heart that is difficult to obtain from 
conventional ECG. The most useful lead is 
V4R, which is obtained by placing the V4 
electrode in the fifth right intercostal space 
in the midclavicular line. ST elevation in 
V4R has a sensitivity of 88%, specificity of 
78%, and diagnostic accuracy of 83% in 
the diagnosis of RV MI.

G. J. Suh et al.
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Initially she was in shock (defined by SBP 
<90  mmHg); thus, resuscitation with isotonic 
crystalloid and primary PCI was planned. After 
administration of isotonic crystalloid 
(1500  mL), she was still in shock (BP 
82/43  mmHg) and bedside echocardiography 
revealed dilated RV and normal systolic func-
tion of LV.  Interventricular septum was devi-
ated to the left side.

Administration of fluid was stopped and then 
dobutamine was administered at a dose of 10 μg/
kg/min. Her blood pressure was elevated to 
95/50  mmHg and heart rate was increased to 
95 bpm.

The patient was prepared for primary PCI 
(including administration of dual-antiplatelet 
agents), and then was transferred to cath lab. 
Coronary angiography revealed total occlusion 
of right coronary artery (left). Primary PCI was 
performed (right) (Figs. 7.18 and 7.19).

Q. What is your fluid resuscitation plan 
at this time?

A. RV failure limits Lt heart filling through 
the mechanism of decreased RV 
CO. Thus, fluid administration is critical 
to adequate RV filling to maintain ade-
quate LV filling. However, vigorous 
fluid administration can result in very 
high RV end-diastolic pressure, and thus 
can shift interventricular septum to LV 
cavity, which can result in impairment 
of LV filling. Thus, fluid administration 
should be careful and frequent assess-
ment of CO with fluid administration is 
required.

Q. If the patient’s blood pressure is not 
adequately elevated after administra-
tion of fluid and inotropes, what will 
you do next?

A.  If hypotension was persisted even 
after administration of adequate 
amount of fluid and inotropes, one 
should consider the possibilities of 
mechanical complications such as 
ventricular wall rupture. A quick bed-
side echocardiography may be useful 
to rule out it.

Fig. 7.18  Occluded right coronary artery (left) reperfused after PCI (right)

G. J. Suh et al.
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After PCI, her blood pressure increased to 
110/80 mmHg and the dobutamine infusion was 
tapered off. Her ECG showed complete resolu-
tion of ST elevation. The patient was treated for 
3 days in ICU and then was discharged after addi-
tional 2 days of stays in general ward.

7.4.1	 �Summary

This is a case of cardiogenic shock resulted from 
RV infarction. Acute myocardial infarction is the 
most important cause of cardiogenic shock. RV 
infarction usually has different pathophysiology 
of shock. Failure of RV stroke work results in 
diminished LV filling, and thus diminished LV 
preload. Thus, initial resuscitation of shock 
caused by RV failure requires relatively large 
amount of fluid to increase and maintain LV pre-
load, which is different with cardiogenic shock 
caused by LV failure. Usually vigorous fluid 
resuscitation in LV failure increases LV workload 

and aggravates myocardial ischemia and pulmo-
nary edema. However, excessive fluid adminis-
tration in RV infarction results in increased RV 
end-diastolic pressure, which can deviate inter-
ventricular septum to left ventricle and results in 
impairment of LV filling. Thus, frequent assess-
ment of cardiac output during initial fluid resus-
citation should be performed. If cardiac output 
and blood pressure are not maintained after 
administration of adequate amount of fluid (ade-
quate RV end-diastolic pressure), inotropic ther-
apy can be considered. Dobutamine, milrinone, 
levosimendan, norepinephrine, and low-dose 
vasopressin can be used. When the patient is still 
hemodynamically unstable after administration 
of adequate fluid and inotropics, mechanical 
complication of RV infarction (ventricular wall 
rupture, cardiac tamponade, etc.) should be con-
sidered. Bedside echocardiography is a useful 
tool to assess mechanical complication of myo-
cardial infarction. For definite treatment of RV 
infarction, percutaneous coronary intervention 

Fig. 7.19  The ECG taken after PCI, the ST elevations were resolved

7  Scenario-Based Approach



112

should be performed as early as possible if the 
patient presents within 6  h of onset. There are 
scant data regarding improvement in patients 
who present after 12 h of onset and these patients 
are more likely being well with conservative 
management.

7.5	 �A Case of Obstructive Shock 
Due to Acute Pulmonary 
Thromboembolism

A 42-year-old female came to the emergency 
department (ED) through EMS for syncope dur-
ing defecation. She had no underlying disease, 
but her right lower leg had been immobilized for 
5  days due to ankle sprain. At the time of ED 
arrival, blood pressure was 75/40  mmHg, heart 
rate was 127 bpm, respiratory rate was 28 cpm, 
and body temperature was 35.7  °C.  The pulse 
oximetry revealed SpO2 of 92% while maintain-
ing oxygen supply at 6  L/min via nasal prong. 
She was alert, but complained of dizziness and 
dyspnea.

Physical examination revealed no abnormal 
breathing sound, but slightly engorged jugular 
vein and right-leg swelling. Continuous moni-
toring of blood pressure, heart rate, and SpO2 
was started, fluid bolus was administered, and 
oxygen was administered via nasal prong at a 
rate of 6 L/min.

After administration of fluid bolus (1000 mL), 
blood pressure was slightly elevated up to 
85/50  mmHg, and heart rate was decreased to 
105 bpm. Her arterial blood gas analysis results 
were pH 7.39, pCO2 32 mmHg, pO2 65 mmHg, 
HCO3 20 mmol/L, and SaO2 92% while main-
taining oxygen supply at 6 L/min via nasal prong.

The A-aDO2 was 59.0 mmHg assuming that 
the atmospheric pressure was 760 mmHg which 
indicates increased A-a DO2 that usually results 
from ventilation-perfusion mismatch or right-to-
left shunt.

Her first ECG was taken. The ECG showed 
sinus tachycardia and S wave in lead I, Q wave in 
lead III, and T wave inversion in lead III (S1Q3T3) 
(Fig. 7.20).

Q. What is your different diagnoses?
A. The patient was afebrile and there was 

no abnormal breathing sound. However, 
she had dyspnea, profound hypotension, 
and tachycardia. Considering her recent 
immobilization of right lower leg, pul-
monary embolism should be the first 
differential diagnosis. Other conditions 

Q.	What is A-aDO2? Please describe 
how to calculate it and interpret the 
results.

A.	The alveolar–arterial gradient (A-aO2, 
or A–a gradient) is a measure of the dif-
ference between the alveolar concentra-
tion (A) of oxygen and the arterial (a) 
concentration of oxygen. It is used in 
diagnosing the source of hypoxemia.

PA-aO2  =  PAO2 ‑ PaO2 (normal range: 
10–25 mm Hg in room air, 30–50 mm 
Hg with 100% O2).

Elevated value of A-aDO2 means that oxy-
gen is not effectively transferred from the 
alveoli to the blood. This includes V/Q 
mismatches such as PTE or R-L shunt.

causing profound hypotension and 
desaturation such as pneumonia, myo-
cardial infarction, and heart failure 
should also be ruled out.

G. J. Suh et al.
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Fig. 7.20  Initial ECG of the patient, RV strain pattern (S1Q3T3) was observed

Fig. 7.21  The large RV cross-sectional area and the flat-
tened interventricular septum (“D-shape” of LV) indicate 
RV strain

Q. What does the result of the ECG indicate?

A. The most common ECG finding in the 
setting of a pulmonary embolism is 
sinus tachycardia. However, the 
“S1Q3T3” pattern can be observed in 
patients with significant RV strain. The 
sign consists of a large S wave in lead I, 
a Q wave in lead III, and an inverted T 
wave in lead III.  This pattern only 
occurs in about 10% of people with pul-
monary embolisms.

Bedside echocardiography was performed 
during initial resuscitation. It revealed dilated RV 
and severe TR, and D-shape LV (Fig. 7.21).

Meanwhile her initial laboratory results came 
out.

7  Scenario-Based Approach



114

A
rt

er
ia

l b
lo

od
 

ga
s 

an
al

ys
is

C
B

C
C

he
m

is
tr

y
C

ar
di

ac
 

en
zy

m
e

C
oa

gu
la

tio
n 

pa
ne

l
U

ri
na

ly
si

s

pH
7.

39
0

W
B

C
16

,9
10

/μ
L

N
a

14
0

m
m

ol
/L

C
K

ng
/m

L
PT

 (
%

)
84

%
W

B
C

N
A

/H
PF

pC
O

2
32

m
m

H
g

H
b

14
.7

g/
dL

K
4.

5
m

m
ol

/L
C

K
-M

B
2.

1
ng

/m
L

PT
 (

IN
R

)
1.

11
IN

R
R

B
C

N
A

/H
PF

pO
2

65
m

m
H

g
H

ct
43

.6
%

C
l

10
4

m
m

ol
/L

T
nI

0.
77

2
pg

/m
L

aP
T

T
37

.1
Se

co
nd

s
A

lb
um

in
N

A

H
C

O
3-

20
m

m
ol

/L
Pl

at
el

et
15

3,
00

0
/μ

L
T

C
O

2
21

m
m

ol
/L

D
-d

im
er

>
20

μg
/m

L
N

itr
ite

N
A

B
as

e 
ex

ce
ss

N
A

m
m

ol
/L

B
U

N
13

m
g/

dL
Fi

br
in

og
en

29
9

m
g/

dL
B

ac
te

ri
a

N
A

L
ac

ta
te

N
A

m
m

ol
/L

C
r

1.
01

m
g/

dL

A
ST

40
5

IU
/L

A
LT

30
6

IU
/L

T.
bi

l
0.

7
m

g/
dL

A
L

P
10

9
IU

/L

T.
pr

ot
.

8.
0

g/
dL

A
lb

um
in

4.
0

g/
dL

G. J. Suh et al.



115

Fig. 7.22  Thrombotic occlusion of right main pulmonary trunk

Q.	What is your management plan con-
sidering the pulmonary thromboem-
bolism, RV strain, and obvious shock?

A.	Acute thrombolysis using IV thrombo-
lytics should be considered because of 
her obvious hemodynamic instability.

Thrombolysis Therapy for Acute Pulmonary 
Embolism

	1.	 Indications
•	 The only widely accepted indication 

for systemic thrombolysis: Persistent 
hypotension or shock (i.e., a systolic 
blood pressure <90  mmHg or a 
decrease in the systolic blood pres-
sure by ≥40 mmHg from baseline)

	2.	 Potential indications for thrombolytic 
therapy in venous thromboembolism
•	 High-risk (massive) PE, i.e., pres-

ence of hypotension related to PE*
•	 Presence of severe hypoxemia (par-

ticularly in those with a contribution 

from concomitant cardiopulmonary 
disease)

•	 Patients with acute PE who appear to 
be decompensating but are not yet 
hypotensive

•	 Patients with severe right ventricular 
dysfunction and tachycardia due to PE

•	 Clot in transit (i.e., right atrium or 
ventricle)

•	 Extensive deep vein thrombosis
	3.	 Absolute contraindications

•	 Prior intracranial hemorrhage
•	 Known structural cerebral vascular 

lesion
•	 Known malignant intracranial 

neoplasm
•	 Ischemic stroke within 3  months 

(excluding stroke within 3 h*)
•	 Suspected aortic dissection
•	 Active bleeding or bleeding diathesis 

(excluding menses)
•	 Significant closed-head trauma or 

facial trauma within 3 months
	4.	 Relative contraindications

•	 History of chronic, severe, poorly 
controlled hypertension

•	 Severe uncontrolled hypertension on 
presentation (SBP  >  180  mmHg or 
DBP > 110 mmHg)

•	 History of ischemic stroke more than 
3 months prior

It confirms RV strain and is suggestive of RV 
outflow obstruction. Therefore, massive pulmo-
nary embolism was suspected. To confirm the 
presumptive diagnosis, contrast-enhanced chest 
CT scan was done while continuing fluid resusci-
tation and shown below (Fig. 7.22).
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After confirming the diagnosis of pulmonary 
thromboembolism, 10  mg of rtPA was infused 
over 10 min, followed by 90 mg over 2 h. After 
thrombolysis infusion, she was admitted to ICU 
for 1 day. Her vital signs were stabilized gradually 
and then transferred to general ward (Fig. 7.23).

She was discharged with a prescription of riva-
roxaban (NOAC) to maintain anticoagulation.

7.5.1	 �Summary

This case is an example of obstructive shock. 
Pulmonary thromboembolism causes RV outflow 
tract obstruction, resulting in diminished LV fill-
ing. As a consequence, cardiac output decreases 

and hypotension occurs. As a result of decreased 
preload, tachycardia can be occurred as a com-
pensatory mechanism. In addition, increased car-
diac workload in right ventricle results in RV 
strain, which can result in ECG change of RV 
strain (typically S1Q3T3 pattern). Initial resusci-
tation includes correction of hypovolemia and 
respiratory support. Although angiographic CT 
scan of chest can make a confirmative diagnosis 
of PTE, it is sometimes hard to perform due to 
hemodynamic instability. Bedside echocardiog-
raphy is a useful tool to identify the cause of 
shock and it can detect the findings of RV strain, 
deviation of interventricular septum (D-shape 
LV), and sometimes thrombus in pulmonary 
trunk. The treatment of PTE includes anticoagu-
lation for preventing further formation of throm-
bus and resolution of thrombus by thrombolytics 
or mechanical thrombectomy. Usually, mechani-
cal thrombectomy is hard to perform in hemody-
namically unstable patients, because it requires 
transport of patients to operation room or angiog-
raphy room. In addition, there are many case 
reports that ECMO can be a temporizing measure 
in refractory cardiac arrest due to pulmonary 
embolism.

•	 Traumatic or prolonged (>10  min) 
CPR or major surgery less than 
3 weeks

•	 Recent (within 2–4  weeks) internal 
bleeding

•	 Noncompressible vascular punctures
•	 Recent invasive procedure
•	 For streptokinase/anistreplase: Prior 

exposure (more than 5 days ago) or 
prior allergic reaction to these agents

•	 Pregnancy
•	 Active peptic ulcer
•	 Pericarditis or pericardial fluid
•	 Current use of anticoagulant (e.g., 

warfarin sodium) that has produced 
an elevated international normalized 
ratio (INR) >1.7 or prothrombin time 
(PT) >15 s

•	 Age > 75 years
•	 Diabetic retinopathy

	5.	 Regimen
•	 Alteplase: 10  mg bolus infusion → 

followed by 90  mg (+NS500  mL) 
over 2 h

Fig. 7.23  The axial view of left ventricle at hospital day 
7, the D-shape appearance has disappeared
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7.6	 �A Case of Obstructive Shock 
Due to Cardiac Tamponade

An 81-year-old female with a history of hyper-
tension and dyslipidemia came to the emergency 
department (ED) for chest pain. Before the ED 
visit, she had visited oriental medicine clinic 
because of headache and epigastric discomfort. 
Her chest pain began after the practitioner at the 
clinic performed an acupuncture to her chest. 
She fainted after the onset of chest pain and was 
promptly brought to the ED by EMS vehicle. On 
physical examination, there was a long acu-
puncture needle deeply inserted at the fourth left 
intercostal space of sternal border (the photo 
could not be taken because the clerk from the 
oriental medicine clinic removed it without per-
mission from ED staffs). She was confused and 
diaphoretic. Her initial vital signs were 
71/52 mmHg–106 bpm–24 cpm–36.3 °C. Lung 
sounds were clear and symmetric. Heart sound 
was a little muffled without a murmur or gallop. 
There was no abdominal tenderness.

After initial fluid administration, her blood 
pressure was increased a little, but after a while 
became low again as 67/42 mmHg. Meanwhile, 
her initial laboratory reports came out.

Q.	What is the most likely diagnosis?
A.	She had hypotension, confusion, and 

diaphoresis which indicate hemody-
namic unstability. Because her symp-
toms developed after chest trauma (deep 
needle insertion), both cardiac tampon-
ade and tension pneumothorax should 
be considered as possible diagnoses. 
The patient had muffled heart sound 
without decrease in lung sound; the 
most likely diagnosis would be acute 
cardiac tamponade.

Q.	What will you do for initial 
resuscitation?

A.	Rapid accumulation of fluid in the peri-
cardial space, which increases pressure 
of pericardial space and impairs relax-
ation and filling of the ventricles, result-
ing in reduced ventricular filling and 
hemodynamic compromise. Higher fill-
ing pressure and large amount of venous 
return will overcome increase in intra-
pericardial pressure.

	 Therefore, volume infusion using crys-
talloid or blood products to provide 
higher filling pressure would be the most 
important step.
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There was no active lung lesion or cardiomeg-
aly on her initial chest X-ray. There was also no 
significant abnormality except sinus tachycardia 
in her initial electrocardiogram. Her bedside 
echocardiography found moderate amount of 

pericardial effusion and diastolic RV collapse. 
The treating physician made a presumptive diag-
nosis of traumatic cardiac tamponade due to 
hemopericardium and a cardiac surgeon was con-
sulted promptly (Figs. 7.24 and 7.25).

Fig. 7.24  Initial chest X-ray of 
the patient. Significant increase 
in heart size was not observed

Fig. 7.25  Initial electrocardiogram of the patient which was nonspecific
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After fluid resuscitation and monitoring with 
arterial line insertion, the patient was transferred 
to OR for emergency operation. In the operation 
room, the surgeons evacuated 300 cc of pericar-
dial hematoma and repaired the small perforation 
at the right ventricle. The patient remained stable 
after the surgery and was discharged home with-
out complication (Fig. 7.26).

Q.	The chest image and electrocardio-
gram showed no signs of cardiac tam-
ponade (e.g., enlarged cardiac 
silhouette, low voltage, or electrical 
alternans). Discuss about the diagnos-
tic performances of chest PA and 
ECG in cardiac tamponade.

A.	Both chest X-ray and electrocardiogram 
are not sensitive to cardiac tamponade. 
One of the reasons is the dependence of 
the development of cardiac tamponade 
on the rapidity of pericardial fluid accu-
mulation. With chronic accumulation of 
a pericardial effusion, pericardial com-
pliance increases gradually. However, 
rapid accumulation does not allow such 
increase in compliance and, in acute 
trauma like this case, small accumula-
tion of blood in pericardial space can 
significantly increase intrapericardial 
pressure and be complicated by cardiac 
tamponade without significant abnor-
malities in chest X-ray. 

Upper, enlarged cardiac silhouette; Lower, 
electrical alternans and low-voltage sign.

Fig. 7.26  After evacuation of 300 cc of pericardial hema-
toma, right ventricular perforation was identified and pri-
mary closure was done

Q.	What is diastolic RV collapse? Discuss 
about the echocardiographic findings 
of cardiac tamponade.

A.	In cardiac tamponade, RV diastolic col-
lapse can be observed during echocar-
diography in early diastole when the 
RV volume is still low. It is less sensi-
tive but very specific compared to RA 
collapse.

G. J. Suh et al.
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7.6.1	 �Summary

Cardiac tamponade is one of the lethal causes 
of shock. The incidence of cardiac tamponade 
is two cases per 10,000 populations in the 
United States. The most common causes are 
malignant diseases and it accounts for 30–60% 
of the overall incidence. Although it is not a 
relatively common cause of shock, a physician 
should consider it as one of the many differen-
tial diagnoses of shock especially when malig-
nancy, chronic kidney disease, and trauma are 
present. In this case, the cardiomegaly and 
characteristic ECG changes were not present. 
This could be due to the fast progression of 
pericardial filling by blood because the severity 
of the condition is also dependent on the speed 
of its development. This is commonly observed 
in traumatic cardiac tamponade. Approximately 
2% of penetrating injuries are reported to result 
in cardiac tamponade. In this case, percutane-
ous drainage was not performed in the ED.  It 
was because rapid operation by a thoracic sur-
geon was available. However, if prompt surgi-
cal intervention is impossible or delayed, 
emergency subxiphoid percutaneous drainage 
or echocardiographically guided pericardiocen-
tesis must be performed.

7.7	 �A Septic Shock Case 
Due to Pneumonia

A 56-year-old woman visited the emergency 
department (ED) with chief complaint of vom-
iting. She had fever, chill, and yellowish spu-
tum which began at the morning of her visit. 
She had underlying disease of hypertension 
and osteoporosis. Her initial vital signs were 
69/47 mmHg–120 bpm–32 cpm–34.7 °C with 
sPO2 level of 92%. Two weeks ago, she had 
cough and whitish sputum which had sponta-
neously resolved. Her physical examination 
revealed decreased lung sound at left lower 
lung field.

During the fluid resuscitation, ceftriaxone and 
azithromycin were administered with a presump-
tive diagnosis of pneumonia after obtaining spec-
imens for blood and respiratory cultures. After 
the initial fluid infusion, her blood pressure 
increased, but was still low as 72/54 mmHg. On 
bedside echocardiography, her IVC diameter of 
2.0 cm and its respiratory collapse with forceful 
inspiration were less than 50% (Fig. 7.27).

Q.	Describe your assessment of the 
patient based on the initial 
presentation.

A.	The first symptoms the patient experi-
enced were fever, chill, and productive 
cough which suggest respiratory infec-
tion. At the ED presentation, she had 
hypotension (SBP 69  mmHg) and 
tachypnea (32  bpm) and thus positive 
for two qSOFA components. Therefore, 
she was screened to be positive for sep-
sis. To determine whether this patient is 
in septic shock, we need to know the 
response to adequate fluid resuscitation 
and blood lactate measurement (see 
pages 59–61).

Q.	What is your initial fluid resuscitation 
plan?

A.	Patients with sepsis are often in relative 
hypovolemia. It is recommended to 
infuse at least 30 mL/kg of crystalloids 
within the first 3 h. It would be consider-
ate to infuse the fluid in predefined size 
of bolus (e.g., 300–500 cc) while moni-
toring the response to the sequential 
boluses. For this patient, four 500  cc 
boluses of normal saline (65 × 
30  =  1950  mL) were rapidly adminis-
tered (see page 65).
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Fig. 7.27  Bedside ultrasonography findings

Q.	Do we need further fluid resuscita-
tion? If so, how will you do it?

A.	Some patients with sepsis may require 
larger volume of fluid to achieve optimal 
hemodynamic status. Therefore, further 
fluid resuscitation should be considered. 
However, too much fluid can result in 
pulmonary edema. Therefore, fluid 
resuscitation for sepsis should be guided 
by hemodynamic assessment. SSC 
guideline recommends frequent reas-
sessment of hemodynamic status using 
static or dynamic measurement.
•	 Static: CVP, PCWP, LV end-diastolic 

area by echocardiography, IVC 
diameter.

•	 Dynamic: Stroke volume variation, 
pulse pressure variation, passive leg 
raising (aortic blood flow, pulse pres-
sure change, stroke volume change, 

Norepinephrine was started at the infusion 
rate of 8 μg/min. Meanwhile, her initial labora-
tory test results came out. The laboratory results 
indicate combined metabolic acidosis and respi-
ratory alkalosis. The high CRP level indicates 
underlying inflammatory process.

cardiac output change), IVC 
collapsibility.

Bedside ultrasonography is a useful tool in 
monitoring volume status. The test 
identified “IVC plethora” in this patient. 
This suggests that adequate fluid resus-
citation was achieved and there is a sig-
nificant risk of pulmonary edema with 
further fluid administration. Because 
the patient is still hypotensive, initiation 
of vasopressors is required to achieve 
target mean arterial pressure of 
65 mmHg.

G. J. Suh et al.
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Her electrocardiogram showed no significant 
arrhythmia or ST-T change. Her initial chest 
X-ray showed left lower lung field haziness 
(Fig. 7.28).

Her chest CT revealed airspace consolidation 
at her left lower lung field confirming the initial 
diagnosis of pneumonia (Fig. 7.29).

For infusion of vasopressors, central line was 
inserted through internal jugular vein. CVP was 
measured as 24 mmHg. ScvO2 was 59% and lac-
tate level sampled in radial artery was 
2.8  mmol/L.  After starting norepinephrine at 8 

μg/min, her blood pressure increased to 
122/78 mmHg. However, her respiratory rate also 
increased to 33  cpm and the saturation was 
decreased to 85% with O2 flow rate of 6 L/min 
via facial mask. In follow-up echocardiography, 
decreased cardiac contractility was observed and 
IVC diameter was increased to 2.4  cm, with 
lesser proportion of collapse by respiration than 
before. Myocardial depression was suspected 
and dobutamine infusion was started at the rate of 
5 μg/kg/min and O2 was increased to 10 L/min 
via facial mask (Fig. 7.30).

Fig. 7.28  There is haziness on left lower lung field

Fig. 7.30  Follow-up bedside (HD 2) ultrasonography showing increased IVC plethora and myocardial depression

Fig. 7.29  There is dense consolidation located in the left 
lower lobe
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After 2  h, her vital sign was improved to 
112/60  mmHg–98  bpm–28  cpm–36.7  °C with 
CVP at 18 mmHg (Sat: 99%). O2 flow rate was 
decreased to 8 L/min, and norepinephrine infu-
sion rate was decreased to 2 μg/min. O2 flow rate 
was further decreased to 4 L/min via nasal prong, 
and norepinephrine infusion was stopped. Her 
vital signs remained stable thereafter and her 
oxygen requirements gradually decreased. 
Dobutamine infusion was gradually tapered off. 
Later, her urine test for pneumococcus urine anti-
gen was revealed to be positive. She was treated 
for 8 more hospital days with antibiotics. Her 
chest X-ray was improved during the hospital 
stay (Fig. 7.31).

Fig. 7.31  Third bedside ultrasonography (HD 2) showing clear improvement in volume overload

Adrenergic Agents in Sepsis
Based on the SCC 2016 guideline, the first 
choice for the initial vasopressor should be 
norepinephrine in most cases. Dopamine 
can be used as an alternative agent in highly 
selected patient (low risk of tachyarrhyth-
mia and absolute or relative bradycardia). 
Dobutamine can be used in case when there 
is persistent hypoperfusion.

(Surviving Sepsis Campaign: 
International Guidelines for Management 
of Sepsis and Septic Shock: 2016)

	1.	 SSC guideline recommends norepi-
nephrine as the first-choice vasopressor 
(strong recommendation, moderate 
quality of evidence).

	2.	 SSC guideline suggests adding either 
vasopressin (up to 0.03  U/min) (weak 
recommendation, moderate quality of 
evidence) or epinephrine (weak recom-
mendation, low quality of evidence) to 
norepinephrine with the intent of raising 
MAP to target, or adding vasopressin 
(up to 0.03 U/min) (weak recommenda-
tion, moderate quality of evidence) to 
decrease norepinephrine dosage.

	3.	 SSC guideline suggests using dopamine 
as an alternative vasopressor agent to 
norepinephrine only in highly selected 
patients (e.g., patients with low risk of 
tachyarrhythmias and absolute or rela-
tive bradycardia) (weak recommenda-
tion, low quality of evidence).

	4.	 SSC guideline recommends against 
using low-dose dopamine for renal pro-
tection (strong recommendation, high 
quality of evidence).

	5.	 SSC guideline suggests using dobuta-
mine in patients who show evidence of 
persistent hypoperfusion despite ade-
quate fluid loading and the use of 
vasopressor agents (weak recommen-
dation, low quality of evidence).

Remarks: If initiated, vasopressor dos-
ing should be titrated to an end point 
reflecting perfusion, and the agent reduced 
or discontinued in the face of worsening 
hypotension or arrhythmias.
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7.7.1	 �Summary

This was a case of pneumococcal pneumonia 
septic shock. Since myocardial depression was 
combined, pulmonary edema and progression of 
hypoxemia were followed after initial fluid resus-
citation. CVP was 24 mmHg and bedside echo-
cardiography revealed dilated IVC diameter. 
Fluid was withheld and dobutamine was added to 
increase myocardial function. Her cardiac output 
was increased and norepinephrine was tapered. 
Pulmonary edema was improved with stabiliza-
tion of vital sign. Bedside echocardiography and 
CVP provided important information to guide 
initial fluid administration and vasopressor and 
inotropic use in this patient.

7.8	 �A Septic Shock Case 
with Acute Cholangitis

A 79-year-old female came to the emergency 
department (ED) for abdominal pain. She was 
diagnosed with pancreatic head cancer with vas-
cular invasion and peritoneal seeding diagnosed 
6 months ago. She had biliary stent insertion pro-
cedure 5 months ago and was being treated with 
chemotherapy. Her initial vital signs were 
77/59  mmHg–112  bpm–28  cpm–38.2  °C.  The 
abdominal pain started with nausea and vomiting 
2 days ago and, as time went by, the pain wors-
ened. Physical examination revealed right upper 
quadrant tenderness.

Q.	List your differential diagnoses and 
their rationales.

A.	She has pancreatic cancer with prior his-
tory of biliary stent insertion for biliary 
obstruction. As she had right upper 
quadrant tenderness on physical exami-
nation without any other localizing sign, 
an infection involving hepatobiliary sys-
tem should be at the first of the differen-
tial diagnosis list. Another possible 
explanation for her fever could be neu-
tropenic fever because she was on che-
motherapy until recently.

Q.	Describe your initial management 
plan.

A.	Clinically, she is suspected to be in sep-
sis and possibly in septic shock. SSC 
guideline recommends adequate fluid 
resuscitation, early administration of 
appropriate antibiotics, and source con-
trol in this condition. Fluid resuscita-
tion should be guided by patients’ 
volume status and empirical antibiotics 
should be administered within 1  h. 
Source control usually requires ana-
tomic assessment of the patient which 
requires further evaluation (abdominal 
CT or sonography) in this patient (see 
page 68).

Q.	Please describe her current 
condition.

A.	Infectious process should be considered 
because she is febrile. She can be in sep-
sis, because her initial qSOFA score was 
2 (SBP 77 mmHg with increased respi-
ratory rate at 28 cpm). Her blood pres-
sure is very low at 77/59  mmHg. 
However, diagnosis of septic shock 
should be based on the response to ade-
quate fluid resuscitation and serum lac-
tate level.
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Because of initial RUQ pain and tenderness 
and underlying pancreatic head cancer with 
recent biliary stent procedure, the treating physi-
cian made initial presumptive diagnosis of acute 
cholangitis. After collection of culture speci-
mens, the treating physician ordered piperacillin/
tazobactam as initial empirical antibiotics to 
cover bacteria of biliary origin including 
pseudomonas.

After fluid resuscitation as recommended by 
SSC guideline, her blood pressure increased, 
but was still low as 80/40 mmHg. Meanwhile, 
her initial laboratory results came out. The labo-
ratory results can be summarized as leukocyto-
sis, coagulopathy, metabolic acidosis (lactic 
acidosis), azotemia, and cholestasis. Her initial 
electrocardiogram showed no significant 
arrhythmia or ST-T change. Her chest X-ray 
showed no active lesion in both lung fields 
(Fig. 7.32).

Antibacterial Regimen for Acute Cholangitis
The most common bacteria isolated are as 
follows:

Gram negative

–– Escherichia coli (most common, 
25–50%)  >  Klebsiella (15–
20%) > Enterobacter (5–10%).

Gram positive

–– Enterococcus species (most common, 
10–20%).

Anaerobes

–– Bacteroides and Clostridia, usually 
present as a mixed infection.

–– Rarely sole infecting organism, and not 
clear if they play a role in acute cholan-
gitis (Nancy Misri Khardori, 2012).

Because of bacteriology as above, 
empiric antibiotic therapy for ascending 

cholangitis should include broad-spectrum 
parenteral antibiotics based upon the prob-
able source of infection until culture 
results are available. The first-choice regi-
men of empiric therapy for gram negative 
and anaerobes was recommended to be 
monotherapy with a beta-lactam/beta-lac-
tamase inhibitor such as piperacillin/tazo-
bactam or combination third-generation 
cephalosporin such as ceftriaxone plus 
metronidazole.

Reference: Nancy Misri Khardori, 
Interventions in infectious disease emergen-
cies, Medical clinics of north America, 
Medical Clinics of North America, Volume 
96, Issue 6, Pages 1033–1272 (November 
2012).
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Fig. 7.32  Abdominal CT scan images of the patient. There were intrahepatic duct dilatation and GB distension with 
wall enhancement

Q.	Her initial coagulation results were 
not normal. Do the findings indicate 
disseminated intravascular coagula-
tion (DIC)?

A.	Because DIC syndrome manifests in 
various forms by the etiology and dis-
ease process, there are no established 
diagnostic criteria and it should be diag-
nosed clinically. The International 
Society for Thrombosis and Hemostasis 
(ISTH) DIC scoring system provides 
objective measurement of DIC as 
follows:

Platelet count:
>100,000/μL = 0
50,000/μL–100,000/μL = 1
<50,000/μL = 2

Elevated fibrin-related markers such as sol-
uble fibrin monomers and fibrin degra-
dation products:

No increase = 0.
Moderate increase = 2.
Strong increase = 3.

Prolonged prothrombin time:
3 s or less = 0
>3 s but <6 s = 1
>6 s = 2

Fibrinogen level:
Greater than 100 mg/dL = 0.
<100 mg/dL = 1

Calculate score:
A total score ≥5 is compatible with overt 

DIC. It is recommended to repeat scor-
ing daily.

Total score <5 suggests non-overt DIC, and 
the tests should be repeated in the next 
1–2 days.

Reference: Levi M, Toh CH, Thachil J, 
Watson HG. Guidelines for the diagno-
sis and management of disseminated 
intravascular coagulation. Br J 
Haematol. 2009 Apr;145(1):24–33.
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During initial hemodynamic resuscitation, a 
total of 1.5 L of saline was administered intrave-
nously. After the initial resuscitation, her blood 
pressure was 106/60 mmHg, and heart rate was 
120. For further evaluation of her biliary system 
as well as to find other possible fever focus, the 
treating physician ordered an abdominal CT 
scan. The abdomen CT scan revealed intrahepatic 
duct dilatation and GB distension with wall 
enhancement which supports initial presumptive 
diagnosis of cholangitis (Fig. 7.33).

PTBD insertion was done after the resuscita-
tion. However, her blood pressure gradually 
decreased. To maintain mean blood pressure 
over 65  mmHg, norepinephrine infusion was 

started and titrated up to 16 μg/min which 
increased her MBP to 80  mmHg (systolic/dia-
stolic blood pressure was 114/62 mmHg). After 
12 h of continuing treatment, the MBP remained 
stable at the rate of 12 μg/min of norepinephrine 
infusion which was gradually tapered 
thereafter.

Her blood and PTBD fluid cultures revealed 
ESBL-negative K. pneumoniae that was suscep-
tible with cephalosporin, carbapenem, and ami-
noglycosides on fourth admission day. Therefore, 
antibiotic regimen was changed to ceftriaxone 
because current SCC guideline recommends that 
empiric antimicrobial therapy should be nar-
rowed once pathogen identification and sensitivi-
ties are established and/or adequate clinical 
improvement is noted. Follow-up blood and 
PTBD fluid cultures were done after 1 week from 
the day of the first microbial cultures, and the 
result of blood and PTBD fluid cultures was 
negative. She was safely discharged to home with 
oral antibiotics at hospital day 10.

Fig. 7.33  PTBD insertion of the patient

Q.	Current SSC guideline recommends 
that a specific anatomic diagnosis of 
infection requiring emergent source 
control should be identified or 
excluded as rapidly as possible in 
patients with sepsis or septic shock. 
Please describe your initial plan for 
source control for this patient.

A.	The patient is suspected of having acute 
cholangitis or other infections involving 
hepatobiliary system. The usual source 
control method for acute cholangitis is 
PTBD- or ERCP-guided biliary drainage. 
In case the patient has liver abscess, percu-
taneous drainage of the abscess should be 
arranged. In this case, abdominal enhanced 
CT was chosen over liver sonography for 
comprehensive assessment of whole 
abdominopelvic cavity.

G. J. Suh et al.



131

7.8.1	 �Summary

Cholangitis is one of the deadliest causes of sep-
sis. Prompt diagnosis, early antibiotics adminis-
tration, and appropriate source control are critical 
as is true in other sepsis syndromes. Source con-
trol methods for biliary sepsis can be summarized 
as follows:

First of all, broad-spectrum antibiotics should 
be administered to the patient who is suspected of 
sepsis as soon as possible after microbial culture 
study. And it should be considered to take the 
imaging test first such as CT scan or ultrasound 
to make a decision whether or not to perform 
source control procedure. If there is an evidence 
of biliary tract obstruction such as biliary tract 
dilatation or tense gallbladder dilatation, it should 
be considered that the patients need urgent biliary 
decompression procedures. Especially, the 
patient who has persistent abdominal pain, hypo-
tension despite adequate fluid resuscitation, fever 
greater than 39  °C, or mental confusion due to 
infection should be considered to receive urgent 
biliary decompression procedure such as ERCP, 
PTBD, or PTGBD appropriately.

7.9	 �A Septic Shock Case 
Due to Klebsiella pneumoniae 
Liver Abscess

A 72-year-old male patient came to the emergency 
department (ED) for visual loss on his left eye which 
began 1  day before the ED visit. His initial vital 
signs were 81/49 mmHg–79 bpm–18 cpm–38.7 °C.

Because the initial chief complaint of patient 
was visual loss, the physician focused on patient’s 
eye problem and the initial decision was to 
arrange ophthalmologist examination. Patient 
was sent to the ophthalmology department at 1 h 
after ED arrival, and came back to the ED after 

staying for 3 h at the ophthalmology department 
for exam. Septic shock was recognized after the 
patient came back from the ophthalmology 
department; his blood pressure was 64/41 mmHg 
at that time.

Additional history finding revealed that the 
patient complained of myalgia for 5  days and 
watery diarrhea for 3 days. His physical examina-
tion revealed abdominal tenderness on right 
upper quadrant and pitting edema in both lower 
extremities.

After the recognition that patient is in septic 
shock state, which was 4 h past from ED arrival, 
the physician started to administer normal saline 
rapidly up to 2 L. His initial chest X-ray showed 
no active lung lesion and electrocardiogram 
showed no significant ST-T change nor arrhyth-
mia. Routine laboratory tests were ordered 
including CRP and lactate to evaluate severity. 
After 2 h, his initial laboratory results came out 
as follows.

Q.	What has gone wrong with the initial 
management?

A.	This patient should be suspected of hav-
ing a sepsis because initial vital signs 
show low systolic blood pressure and 
increased body temperature. The treat-
ing physician did not notice the abnor-
malities and sent the patient to 
ophthalmological examination. The 
patient should be on monitor and getting 
appropriate management for suspected 
sepsis from the beginning. To avoid this 
mistake, routine implementation of a 
screening tool (e.g., qSOFA) to ED 
patients would be helpful.
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Bedside ultrasonography revealed hepatic 
mass in S6 area suspicious of liver abscess and 
collapsed inferior vena cava. Estimated ejection 
fraction of LV was above 60%.

Until this time point, a total of 2300  mL of 
crystalloid was administered and central venous 
catheter was inserted. The Surviving Sepsis 
Campaign guideline recommends frequent reas-
sessment of hemodynamic status to guide addi-
tional fluid administration. After initial fluid 
administration, his blood pressure increased, but 
was still low at 80/40 mmHg. To maintain mean 
blood pressure over 65  mmHg, norepinephrine 
was started and titrated up to 8 μg/min.

Because his initial physical examination 
showed right upper quadrant tenderness, and 
bedside ultrasound showed abscess like hepatic 
mass, an abdominal CT scan was taken to iden-
tify possible infection focus. Even though his 
creatinine level was 4.2  mg/dL, to evaluate 
abscess like lesion, physician at the site decided 
to order contrast abdomen CT (Fig. 7.34).

Q.	Does this patient have evidences of 
organ dysfunction?

A.	The high creatinine level indicates azo-
temia and the high CRP level indicates 
underlying inflammatory processes in 
this patient. Organ dysfunction can be 
identified as an acute change in total 
SOFA score ≥2 points consequent to the 
infection. The baseline SOFA score can 
be assumed to be zero in patients not 
known to have preexisting organ dys-
function. We calculate SOFA score to 
evaluate the severity of organ dysfunc-
tion. The SOFA score was 7 (renal 3, 
cardiovascular 1, and hematologic 3). A 
SOFA score ≥2 reflects an overall mor-
tality risk of approximately 10% in a 
general hospital population with sus-
pected infection. The lactate level was 
3.9, which is greater than the threshold 
for definition of shock (>2  mmol/L). 
However, we need to check the response 
to the fluid resuscitation to confirm sep-
tic shock (see page 60).

Q.	Is this patient confirmed as septic 
shock?

A.	According to the definition of the 
Sepsis-3, septic shock is a subset of sep-
sis in which underlying circulatory and 
cellular/metabolic abnormalities are 
profound enough to substantially 
increase mortality. This patient had per-
sisting hypotension requiring vasopres-
sors to maintain MAP ≥65 mmHg and 
having a serum lactate level >2 mmol/L 
despite adequate volume resuscitation. 
Therefore, this patient can be confirmed 
as septic shock. With these criteria, hos-
pital mortality is reported to be in excess 
of 40%.

Fig. 7.34  A large abscess in the right posterior section of 
the liver
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His abdomen CT revealed 8.5  cm pyogenic 
abscess in the right posterior section of the liver 
without a stone in his common bile duct 
(Fig. 7.34). He was assessed as septic shock due 
to pyogenic liver abscess with possible acute sep-
tic kidney injury.

The consulted ophthalmologist’s diagnosis for 
the left eye visual loss was endogenous endo-
phthalmitis due to metastatic infection. 
Considering that he had both liver abscess and 
endophthalmitis, Klebsiella pneumoniae liver 
abscess syndrome was highly suspicious. Biliary 
obstruction due to CBD stone may have played a 
significant role in this process.

7.9.1	 �Progression

At 5 h after presentation, meropenem was started 
as initial empirical antibiotics after blood culture 
test. At the second hospital day, 1% vancomycin 
1.0  mg/0.1  mL and 2.25% ceftazidime 
2.25 mg/0.1 mL intraocular injections were done 
by the ophthalmology consultant. Despite the 
aggressive hemodynamic management, there was 
no urine output. So, continuous renal replace-
ment therapy (CRRT) was started. Percutaneous 
catheter drainage (PCD) insertion in liver abscess 
was done. At hospital day 3, atrial fibrillation 
with rapid ventricular rate appeared and mental 
state of the patient was deteriorated to drowsy 
state. Intubation was done and mechanical venti-
lator support was started. At hospital day 4, his 
vital signs began to stabilize and norepinephrine 
was tapered off. At hospital day 5, culture reports 
came back. The Klebsiella pneumoniae (ESBL 
negative) was isolated in his blood and PCD 
fluid. Because current guidelines recommend 
empiric antimicrobial therapy be narrowed once 
pathogen is identified and sensitivities are estab-
lished and/or adequate clinical improvement is 
noted; his antibiotics were stepped down to cef-
triaxone 2 g bid (a dose for CNS infection) con-
sidering endophthalmitis. At hospital day 6, brain 
MRI imaging was done. There was no evidence 
of metastatic infection to CNS.  The patient’s 
overall conditions eventually got better and 
CRRT and mechanical ventilation were tapered 
off. The patient was transferred to general ward 
for further treatment.

Q.	What is the Klebsiella pneumoniae 
liver abscess syndrome?

A.	Klebsiella pneumoniae primary liver 
abscess (KLA) occurs in the absence of 
hepatobiliary disease and is almost 
always monomicrobial. Most cases have 
been reported from Asia or in patients of 
Asian origin. In addition to the manifes-
tations typical of pyogenic liver abscess, 
such as fever, leukocytosis, right upper 
quadrant tenderness, and elevated liver 
enzymes, a minority of patients with 
primary KLA can develop metastatic 
infections at other sites. A high index of 
suspicion for metastatic spread to vari-
ous other organs including the eye is 
necessary. Early detection of Klebsiella-
associated endophthalmitis and prompt 
treatment with aggressive intravenous 
antibiotics may be the only method to 
salvage visual acuity and decrease the 
incidence of overall morbidity and 
mortality.
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7.9.2	 �Summary

This was a case of invasive syndrome of 
Klebsiella pneumoniae liver abscess. The 
patient came to the ED with visual loss and was 
found to have septic shock. Despite prompt 
assessment and aggressive treatment, he devel-
oped ARDS and acute kidney injury which 
made him to require CRRT and mechanical ven-
tilation. Klebsiella pneumoniae is a well-known 
human pathogen, and recently a distinct inva-
sive syndrome caused by K. pneumoniae sero-
types K1 and K2 has been recognized in 
Southeast Asia. The syndrome is defined by the 
following criteria: (1) definite invasive syn-
drome: Klebsiella pneumoniae liver abscess 
with extrahepatic complications, especially 
CNS involvement, necrotizing fasciitis, or endo-
phthalmitis and (2) probable invasive syndrome: 
K. pneumoniae liver abscess as the sole present-
ing clinical manifestation.

It is recommended that in patients with diabe-
tes mellitus who present with K. pneumoniae 
bacteremia, endophthalmitis, meningitis, or other 
extrahepatic infections, especially those who are 
Asian or of Asian descent, a search for an occult 
liver abscess is indicated.

As current guidelines recommend, source 
control has utmost importance once initial hemo-
dynamic stabilization and initiation of antibiotics 
are achieved. In cases where initial infection 
source is not clear, detailed history taking and 
physical examination as well as imaging workup 
such as CT can be revealing.

7.10	 �A Septic Shock Case 
Due to Acute Pyelonephritis

A 78-year-old woman being cared in a nursing 
hospital came to the emergency department 
(ED) for hypotension and altered mental sta-
tus. She has been hemiplegic because of a 
stroke event 30 years ago. She was also treated 
for pulmonary tuberculosis 7  years ago. Her 
initial vital signs were 60/38  mmHg–
106 bpm–18 cpm–39 °C. She developed fever 
and myalgia developed 2  days ago. Physical 
examination revealed left costovertebral angle 
tenderness (CVAT). There were no other his-
torical clues to get because she was too drowsy 
for verbal communication. The Glasgow coma 
scale was E2M5V2. Bedside echocardiogra-
phy examination was done and found col-
lapsed IVC.

After fluid administration as recommended 
by the SCC guideline, her blood pressure 
increased, but was still low as 80/40  mmHg. 
Meanwhile, her initial laboratory test results 
came out.

Q.	Is she septic?
A.	She had altered mental status and hypo-

tension (SBP: 60  mmHg) which indi-
cate possible sepsis according to 
qSOFA.
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Her initial laboratory findings indicated azote-
mia, lactic acidosis, and significant pyuria with 
bacteriuria. Her initial chest X-ray showed no 
active lesion in the lung compared with previous 
X-ray and electrocardiogram showed sinus 
tachycardia.

After obtaining specimens for blood and uri-
nary cultures, meropenem was administered as 
the initial empirical antibiotics. The choice was 
based on the culture results of her previous 
admission when a drug-resistant bacterial strain 
(ESBL-positive E. coli) was cultured from her 
urine.

During the initial resuscitation, over 2  L of 
crystalloid fluid was administered. However, the 
patient remained hypotensive with BP of 
92/30 mmHg. To maintain mean blood pressure 
over 65 mmHg, norepinephrine was started and 
titrated up to 8 μg/min. During initial resuscita-
tion, the patient’s oxygen saturation was 
decreased to 86%. Thus, follow-up chest X-ray 
was performed. Chest X-ray showed bilateral 
pleural effusion and pulmonary edema 
(Fig. 7.35).

Oxygen supply at the rate of 3  L/min was 
started using nasal prong. Although urine output 
had increased to 0.5 mg/kg/h, intravenous furose-
mide (20  mg) was administered to the patient 
because of her pulmonary edema.

To rule out other possible infection focuses as 
well as to find any evidence of complicated UTI, 
a non-contrast abdominal CT was taken. Contrast 
dye was not used because of the decreased renal 
function (Fig. 7.36).

Abdomen CT revealed left perirenal fat strand-
ing with small amount of fluid collection which is 

Q.	What is your presumptive diagnosis 
of this patient and its rationale?

A.	Considering CVAT, pyuria, and positive 
nitrite on her urinalysis, acute pyelone-
phritis should be considered as a pri-
mary diagnosis.

Fig. 7.35  Development of pleural effusion and pulmonary edema after fluid resuscitation
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suggestive of left pyelonephritis. Otherwise no 
other septic focus was found. Therefore, her ED 
diagnosis was made as septic shock caused by 
acute pyelonephritis.

After 24 h of treatment, mean blood pressure 
was maintained over 65 mmHg while maintain-
ing norepinephrine infusion at 8 μg/min. Blood 
pressure was 128/50 mmHg, and heart rate was 
120  bpm after 24  h from treatment start. 
Norepinephrine was tapered during the second 
hospital day. At the hospital day 2, the follow-up 
chest X-ray showed improvement of pulmonary 
edema and decreased extent of pleural effusion 
(Fig. 7.37).

Her blood and urine culture reports came 
out at hospital day 4. They were positive for 
ESBL(+) E. coli and the initial choice of anti-
biotics was maintained until her discharge. She 
was fully recovered and discharged at hospital 
day 11.

Fig. 7.36  Left: perirenal fat stranding with small amount of fluid collection suggesting acute pyelonephritis

Fig. 7.37  Chest X-ray changes during fluid resuscitation. 
Left, 11 AM: no change; middle, 2 PM: increased pulmo-
nary edema, bilateral atelectasis; right, next day 6  AM: 

decreased pulmonary edema, subsegmental atelectasis in 
the right lower lobe

Q.	Would you recommend CT scan for this 
patient? What is your rationale if so?

A.	Acute pyelonephritis is relatively a 
common infection. The grave presenta-
tion of the patient indicates that there 
could be complicated APN. Unenhanced 
abdominal CT can detect ureter stone 
and hydronephrosis both of which fre-
quently warrant further evaluation and 
interventions for source control. 
Ultrasound can be an alternative choice.
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7.10.1	 �Summary

Acute pyelonephritis is a relatively common sys-
temic infection. According to the report that 
Czaja CA wrote, overall annual rates are 15–17 
cases per 10,000 females and 3–4 cases per 
10,000 males Acute pyelonephritis develops in 
20–30% of pregnant women (Czaja CA, et  al., 
Population-based epidemiologic analysis of 
acute pyelonephritis, Clin Infect Dis. 2007 Aug 
1;45(3):273–80). Delia Scholes also reported 
that sexual behaviors, patient and family history 
of UTI, and diabetes are associated with increased 
pyelonephritis risk (Delia Scholes, et  al., Risk 
factors associated with acute pyelonephritis in 
healthy women, Ann Intern Med. 2005 Jan 
4;142(1):20–7). In this patient, no significant risk 
factors for complicated pyelonephritis were 
found. However, although pyelonephritis 
responds well to antibiotics, it can turn into 
deadly infectious syndrome in some patients.

The antibiotics for complicated acute pyelo-
nephritis include the following: cefepime, imi-
penem, meropenem, and piperacillin/
tazobactam. This patient had previous history 
of ESBL(+) bacterial infection. The treating 
physician appropriately chose meropenem as 
the primary antibiotics. Because she was in 
shock and had been living in a nursing hospital 
and it means that she might have been exposed 
to drug-resistant bacterial strains. And that 
choice was right.

The initial fluid resuscitation had resulted in 
pulmonary edema which should have been 
avoided by multiple reassessment of volume sta-
tus. Physicians treating shock should be vigilant 
on the patients’ volume status to decide when to 
stop volume infusion and start to use vasopres-
sors instead.

7.11	 �A Shock Case Due to Toxic 
Shock Syndrome

A 25-year-old male with tattoo on his back came 
to the emergency department (ED) with a 2-day 
history of myalgia, headache, chill, and cough. 
He was a nonsmoker and had no specific underly-
ing disease before. His initial vital signs were 
151/57  mmHg–140  bpm–23  cpm–38.7  °C.  The 
tattooing had been done 3 days ago. On physical 
examination, there was diffuse erythroderma on 
his chest. At his back, where the tattoo was, red-
ness, pustules, and tenderness were observed. 
One hour after the visit, he became drowsy with 
his vital signs of 73/36  mmHg–123  bpm–
21 cpm–39.2 °C (Fig. 7.38).

After initial fluid resuscitation as recom-
mended by SSC guideline, his blood pressure 
was increased, but still remained low as 
80/40 mmHg. His initial chest X-ray showed no 
active lung lesion and electrocardiogram showed 
sinus tachycardia. Meanwhile, his initial labora-
tory test results came out.

a b c

Fig. 7.38  The patient had diffuse erythroderma on his upper chest area (A). At his back, where the tattoo was, redness, 
pustules, and tenderness were observed
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After 45  min of visiting the ED, antibiotics 
(vancomycin 1  g bid + clindamycin 4  mL 
tid  +  ceftriaxone 2  g qd) were started. Then 
immunoglobulin (monomeric purified polyspe-
cific immunoglobulin G) was injected by intrave-
nous route. During initial hemodynamic 
stabilization process, over 2 L of crystalloid was 
administered and central venous catheter was 
inserted. Follow-up vital signs were 
98/57  mmHg–116  bpm–19  cpm–39.1  °C.  To 
maintain mean blood pressure over 65  mmHg, 
norepinephrine infusion was started and titrated 
up to 12 μg/min.

Q.	What is your presumptive diagnosis 
and which evaluation steps are 
required to reach final diagnosis?

A.	The patient is positive for two qSOFA 
criteria (SBP 73 mmHg, HR 123 cpm). 
Thus, he can be assumed to be in septic 
condition. Because he had high fever 
(≥38.9  °C), hypotension, elevated cre-
atinine, skin rash (diffuse macular eryth-
roderma on his chest and within tattoo), 
severe myalgia, drowsy mentality, and 
hepatic involvement (liver function test 
abnormality), azotemia, and coagulopa-
thy, can also be assumed to be toxic 
shock syndrome. Blood, throat, or cere-
brospinal fluid cultures are needed for 
final diagnosis and close observation for 
desquamation on his skin.

Q.	Why these antibiotics were chosen?
A.	Broad-spectrum antibiotics should be 

administered as soon as possible in all 
suspected cases of TSS, preferably fol-
lowing collection of blood and other 
samples for culture. Current recommen-
dations for empiric antibiotic treatment 
of suspected sepsis advocate the use of 
flucloxacillin and a third-generation 
cephalosporin. In settings where the rate 

of methicillin-resistant S. aureus 
(MRSA) is high, initial cover should 
include vancomycin. In our case, we 
decided to use antibiotics (ceftriaxone 
2 g once daily + vancomycin 1 g twice a 
day + clindamycin 4 mL three times a 
day) to cover both S. aureus (including 
MRSA) and S. pyogenes.

Clindamycin has multiple activities that 
make it potentially useful as an adjunc-
tive treatment in TSS. Clindamycin is a 
bacteriostatic lincosamide with efficacy 
unaffected by bacterial growth phase or 
inoculum size. Clindamycin has been 
shown to inhibit toxin production by 
both S. aureus and S. pyogenes. These 
include the ability to overcome the 
“Eagle effect,” inhibition of superanti-
gen toxin production, better tissue pen-
etration and longer post-antibiotic effect 
than penicillin, and potentiation of 
phagocytosis. Clindamycin can also 
reduce bacterial superantigen toxin pro-
duction through the inhibition of tran-
scription of exoprotein genes, thereby 
potentially interrupting any ongoing 
stimulation of the inflammatory cas-
cade. Clindamycin should not be used 
alone because it is only bacteriostatic 
rather than bactericidal and because of 
reports of rising resistance and improved 
outcomes have been reported with the 
combined use of a beta-lactam antibi-
otic and clindamycin.

Q. What is the role of immunoglobulin in 
TSS?

A.	In TSS, the adjunctive use of intrave-
nous immunoglobulin (IVIg) is sup-
ported on a theoretical basis by its 
anti-inflammatory and immunomodula-
tory properties, and on the evidence 
from many studies. IVIg contains 

7  Scenario-Based Approach



142

mainly monomeric purified polyspecific 
immunoglobulin G (IgG) and a smaller 
fraction comprising other immunoglob-
ulin isotypes and additional immuno-
logical components. The beneficial 
anti-inflammatory and immunomodula-
tory activities of IVIg when used in TSS 
are thought to include the facilitation of 
antigen recognition, activation of the 
innate immune system, and counterac-
tion of superantigen toxin activity by 
neutralizing antibody and blockade 
T-cell activation by staphylococcal and 
streptococcal superantigens.

Diagnosis of Staphylococcal Toxic Shock 
Syndrome Clinical Case Definition

	1.	 Fever ≥38.9 °C.
	2.	 Hypotension—systolic blood pressure 

≤90 mm Hg for adults.
	3.	 Rash—diffuse macular erythroderma.
	4.	 Desquamation—1–2  weeks after onset 

of illness, especially of palms and soles.
	5.	 Multisystem involvement—three or 

more of the following:
	(a)	 Gastrointestinal—vomiting or diar-

rhea at the onset of illness.
	(b)	 Muscular—severe myalgia or ele-

vated creatine phosphokinase.
	(c)	 Mucous membranes—vaginal, oro-

pharyngeal, conjunctival 
hyperemia.

	(d)	 Renal—blood urea nitrogen or cre-
atinine twice upper limit of normal.

	(e)	 Hepatic—total bilirubin twice 
upper limit of normal.

	(f)	 Hematological—platelets ≤100/
μL.

	(g)	 CNS—disorientation or alterations 
in consciousness without focal neu-
rological signs.

	6.	 Negative results on the following tests:

	(a)	Blood, throat, or cerebrospinal fluid cul-
ture (blood culture may be positive for 
S. aureus).

	(b)	Rise in titer to Rocky Mountain spotted 
fever, leptospirosis, or measles.

		 Case classification.
		 *Probable: case with five of the six clin-

ical findings described
		 *Confirmed: case with all six of the 

clinical findings described.

Treatment of Staphylococcal Toxic Shock 
Syndrome

	1.	 Aggressive fluid replacement with nor-
mal saline to treat hypotension.

	2.	 The prompt administration of appropri-
ate antibiotics: In cases in which the 
causative organism is unknown, the 
antibiotic regimen should cover both S. 
aureus (including MRSA if indicated) 
and S. pyogenes.
•	 Broad-spectrum antibiotics (fluclox-

acillin + third-generation 
cephalosporin) + clindamycin

	 ~Then changes ~.
•	 Cloxacillin or nafcillin or cefazolin + 

clindamycin (MSSA if indicated).
•	 Vancomycin or teicoplanin (MRSA 

if indicated) + clindamycin.
	3.	 Consider use of intravenous immuno-

globulin (IVIg) in patients whom no 
clinical response within the first 6 h of 
aggressive supportive therapy:
IV Ig G [high dose (1–2 g/kg) on day 1 

followed by subsequent doses of 
0.5 g/kg on days 2 and 3].

	4.	 Source control (for staphylococcal TSS, 
source control may include removal of 
the tampon or drainage of a surgical site 
infection).

	5.	 Extracorporeal membrane oxygenation 
(ECMO) and supportive management.
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7.11.1	 �Progression

After 1 day, methicillin-sensitive Staphylococcus 
aureus was isolated from the skin wound culture. 
No organism was isolated from blood culture. 
Antibiotics were changed to cefazolin + 
clindamycin. Norepinephrine was tapered to 4 

μg/min. After 2 days, norepinephrine was tapered 
off. He was transferred to general ward and anti-
biotic therapy was maintained until discharge. 
After 5  days, characteristic skin desquamation 
began at back, finger, and toe area which supports 
the initial diagnosis of TSS.  After 14  days, he 
was discharged home (Fig. 7.39).

a b

c

Fig. 7.39  Desquamation of skin occurred within tattoo on back (a), left toe (b), and both fingers (c) observed at outpa-
tient department visit
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7.11.2	 �Summary

This was a classic case of a toxic shock syndrome 
due to methicillin-sensitive Staphylococcus 
aureus. Patient came to the ED with fever, myal-
gia, and skin rash after tattooing. Toxic shock 
syndrome (TSS) is an acute, multisystem, toxin-
mediated illness, often resulting in multi-organ 
failure. It is caused by toxin-producing strains of 
Staphylococcus aureus and Streptococcus pyo-
genes (group A streptococcus). In this case, the 
treating physician promptly identified possible 
TSS case and administered appropriate antibiotic 
regimen early, while initial hemodynamic resus-
citation process was still ongoing. The readers 
should remember that this prompt assessment of 
patient and early administration of antibiotics are 
critical in the management of septic shock.

7.12	 �A Case of Anaphylactic 
Shock

A 74-year-old man (75  Kg) with underlying 
hypertension came to the emergency department 
(ED) for persistent vomiting. His blood pressure 
and pulse rate were 110/60 mmHg and 66 bpm. 
He had skin rash in face and extremity. He had 
swollen face and lip. But his respiration was 
18 cpm and he had no dyspnea.

About 20  min before the symptom onset, 
patient took his wife’s painkiller (Aceclofenac 

100  g) for headache. He had no known aller-
gies. On the physical examination, his lung 
sound was normal without wheezing or stridor.

His chest X-ray showed no active lesion in the 
lung or significant cardiomegaly. Electrocardiogram 
showed no significant arrhythmia or ST-T change. 
Initial laboratory tests showed no significant 
abnormalities.

Q.	What is your presumptive diagnosis 
and its rationales?

A.	He had persistent vomiting and skin 
rash after taking the nonsteroidal anti-
inflammatory drug (NSAID). They 
involve both cutaneous and gastrointes-
tinal system after exposure to likely 
allergen. Although he had no previous 
history of allergic reaction, anaphylaxis 
should be included in the differential 
diagnoses because of the definition of 
anaphylaxis criteria 1 or 2. Blood tests 
are not necessary for the diagnosis of 
anaphylaxis. However, measuring 
serum tryptase and histamine may help 
to distinguish anaphylaxis from other 
diseases with similar symptoms. 
Similarly, chest X-ray and electrocar-
diogram can also be helpful.
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His symptoms were completely resolved after 
0.5 mg IM injection of epinephrine. The patient 
wanted to be discharged home.

Two hours later, tachycardia (112 bpm) with 
desaturation (SpO2 at 90%) developed. Patient 
had dyspnea and his blood pressure was 
78/40  mmHg. EKG monitoring showed sinus 
tachycardia with no ST-segment abnormality. 
There was no evidence of urticaria, flush, or 
facial edema.

Ten minutes later, dyspnea and hypoxemia 
improved but the patient was still hypotensive 
(80/42 mmHg).

Q.	What is your initial management 
plan?

A.	1:1000 (1 mg/mL) epinephrine 0.01 mg/
kg should be injected by the intramuscu-
lar route in the mid-anterolateral thigh 
as soon as possible. In this case, 0.5 mg 
IM injection would be appropriate 
because the maximum dose of epineph-
rine IM injection for anaphylaxis is 
0.5 mg in adults.

Although H1-antihistamines cannot inhibit 
the release of mediators from mast cells 
and basophils, it can relieve itching, 
flushing, urticaria, angioedema, and 
nasal and eye symptoms. Thus chlor-
pheniramine 10 mg or diphenhydramine 
25–50  mg can be administered 
intravenously.

Glucocorticoids can switch off transcription 
of a multitude of activated genes that 
encode pro-inflammatory proteins. They 
can potentially relieve protracted ana-
phylaxis symptoms and prevent biphasic 
anaphylaxis, even though these effects 
have never been proven. Therefore, glu-
cocorticoids are not lifesaving in initial 
hours of an anaphylactic episode, but 
they can be considered as second-line 
medications. Hydrocortisone 200 mg or 
methylprednisolone 1  mg/kg can be 
administered intravenously.

Q.	Will you discharge the patient?
A.	Biphasic anaphylaxis can occur in about 

5–10% of anaphylaxis patients. Patients 
should be monitored for at least 4 h and, 
if necessary, up to 24 h.

Q.	What happened and what is the 
appropriate treatment?

A.	The patient had respiratory (dyspnea, 
hypoxemia) and cardiovascular system 
(hypotension) involvement after com-
plete resolution of initial anaphylactic 
reaction without re-exposure to the trig-
ger. Therefore, the presumptive diagno-
sis is biphasic anaphylaxis.
•	 The treatment of biphasic anaphy-

laxis is the same as the anaphylaxis.
•	 A 1:1000 (1  mg/mL) epinephrine 

0.01 mg/kg should be injected by the 
intramuscular route in the mid-
anterolateral thigh as soon as 
possible.

•	 Give high-flow supplemental oxygen 
(6–8  L/min) by face mask. Place 
patient on the back, or in a position 
of comfort if there is respiratory 
distress.

•	 Give 1–2 L of 0.9% (isotonic) saline 
rapidly.

Q.	What should be the next step?
A.	A repeat dose of 1:1000 (1 mg/mL) epi-

nephrine 0.01 mg/kg should be the choice. 
One can also consider vasopressors such 
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Patient’s blood pressure gradually increased 
to 108/57 mmHg after another epinephrine injec-
tion. He was admitted to the short-stay unit for 
24-h observation. Until the next day, there was no 
recurrent anaphylaxis. He was discharged with 
an Epi-pen prescription.

7.12.1	 �Summary

In this case, the patient with anaphylaxis involv-
ing cutaneous and gastrointestinal system was 
safely managed with early recognition of ana-
phylaxis. The most important component in the 
initial management of anaphylactic shock is giv-

ing epinephrine. Physicians should also recog-
nize that anaphylaxis may not appear life 
threatening initially without respiratory or car-
diovascular symptoms. During the observation 
period, he had lethal biphasic anaphylaxis and 
was appropriately managed with oxygen supply, 
epinephrine injection, and fluid resuscitation. 
The flowchart below points out a prompt diag-
nostic approach and management of anaphylaxis. 

as dopamine, norepinephrine, phenyleph-
rine, or vasopressin. Administration of 
glucagon should also be considered 
when the patient is taking beta-adrener-
gic blocker or other medications that 
interfere with epinephrine effect. In case 
of cardiac arrest, the ECMO should be 
considered early in patients unrespon-
sive to traditional resuscitative measures, 
before irreversible ischemic acidosis 
develops.

Cutaneous
: skin rash, swollen lip

Clinical Symptoms and Signs

Recognize
Anaphylaxis

• 1:1,000 (1 mg/mL) epinephrine 0.01 mg/kg IM
• Consider H1-antihistamines or glucocorticoids

Observation

Respiratory
: dyspnea, hypoxemia

Recognize
Biphasic Anaphylaxis

Cardiovascular
:vomiting

Gastrointestinal
:vomiting

Management
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