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namic parameters. Despite advances in interventions, mortality in patients with cardiogenic shock remains
high. Emergency clinicians must be ready to recognize and start appropriate therapy for cardiogenic shock early.
Objective: This review will discuss the clinical evaluation and diagnosis of cardiogenic shock in the emergency de-
partment with a focus on the emergency clinician.

gﬁi’g;ﬁ;ic shock Discussion: The most common cause of cardiogenic shock is a myocardial infarction, though many causes exist. It
Cardiology is classically diagnosed by invasive hemodynamic measures, but the diagnosis can be made in the emergency de-
Myocardial infarction partment by clinical evaluation, diagnostic studies, and ultrasound. Early recognition and stabilization improve
Heart failure morbidity and mortality. This review will focus on identification of cardiogenic shock through clinical examina-

tion, laboratory studies, and point-of-care ultrasound.

Conclusions: The emergency clinician should use the clinical examination, laboratory studies, electrocardiogram,
and point-of-care ultrasound to aid in the identification of cardiogenic shock. Cardiogenic shock has the potential
for significant morbidity and mortality if not recognized early.

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

In patients presenting to the emergency department with shock,
cardiogenic shock (CS) is the primary cause in 14-15% of cases [1,2].
Although definitions vary, CS is a clinical diagnosis broadly defined as
a state of low cardiac output with associated inadequate end-organ per-
fusion or tissue hypoperfusion secondary to cardiac dysfunction [3].
Commonly used criteria derived from the SHOCK trial consists of hypo-
tension (systolic blood pressure (SBP) <90 mmHg or > 90 mmHg re-
quiring vasopressor or inotrope use), evidence of end-organ
hypoperfusion, and cardiac index (CI) <2.2 1/min/m? or pulmonary cap-
illary wedge pressure (PCWP) > 15 mmHg [3,4]. Although this definition
is useful to standardize inclusion criteria for clinical trials, it is less useful
for diagnosing CS in the emergency department (ED).

In the ED, CS can be challenging to identify because of the diverse
presentations, overlap with other shock states (i.e. sepsis), poorly un-
derstood pathophysiology, complex and multifactorial causes, and var-
ied hemodynamic parameters [5]. In the absence of invasive cardiac
output (CO) and PCWP values, CS can be inferred using evidence of
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elevated filling pressures (i.e. pulmonary congestion or elevated jugular
venous pressure (JVP)), clinical signs of hypoperfusion, SPB < 90 mmHg
or need for vasopressors/inotropic support and a history or echocardio-
gram suggestive of cardiac failure. Mortality secondary to CS is high
(~25-70%), but early recognition and intervention improve survival
[5,6]. Emergency physicians can diagnose CS on admission and must
maintain a high clinical suspicion when evaluating any critically ill pa-
tient with hemodynamic instability. This review will focus on recogni-
tion and evaluation of suspected CS using physical examination,
laboratory assessment, and point-of-care ultrasound.

2. Methods

The authors searched PubMed and Google Scholar for articles using a
combination of the keywords “cardiogenic shock”, “myocardial infarc-
tion” and “heart failure”. The search was conducted from the database's
inception to August 2020. Authors evaluated case reports and series,
retrospective and prospective studies, systematic reviews and meta-
analyses, and other narrative reviews. Authors also reviewed guidelines
and supporting citations of included articles. The literature search
was restricted to studies published in English, with focus on the EM
and critical care literature. Authors decided which studies to include
for the review by consensus. When available, systematic reviews and
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meta-analyses were preferentially selected. These were followed se-
quentially by randomized controlled trials, prospective studies, retro-
spective studies, case reports, and other narrative reviews when
alternate data were not available. A total of 72 articles were selected
for inclusion in this narrative review. Of these, there were 3 systematic
reviews and meta-analyses, 5 randomized controlled trials, 18 prospec-
tive studies, 22 retrospective studies, and 24 narrative reviews or expert
consensus documents.

3. Discussion
3.1. Etiologies of cardiogenic shock

Most studies of CS focus on patients with CS secondary to myocardial
infarctions (MIs) involving the left ventricle. Although MiIs are the pri-
mary cause of CS (~70%), any cause of ventricular dysfunction and re-
duced CO or cardiac index (CO/body surface area) as a potential
etiology must be considered [7]. It is important to obtain an electrocar-
diogram (ECG) as soon as CS is suspected; ST elevation in >2 contiguous
leads suggests an acute MI (STEMI) and is an indication for urgent re-
perfusion [8]. Other causes include nonischemic right heart failure,
myocarditis, takotsubo cardiomyopathy, hypertrophic cardiomyopathy,
or valvular heart disease (Table 1). CS is also a challenging diagnosis, as
it exists along a continuum rather than a static state, ranging from wors-
ening heart failure to refractory shock with irreversible end organ dam-
age (Fig. 1) [3]. CS becomes even more variable with the occurrence of
secondary insults such as arrhythmias or progressive ischemia and aci-
dosis [3]. It should be noted that in over 60% of cases, CS is not present
on admission but later develops within 48 h of hospitalization as the pa-
tient progresses down the continuum of shock [9]. The occurrence of
shock has a median time of onset of ~6 h post MI [10]. It is important
to frequently reevaluate patient hemodynamics, symptoms, physical
examination, and point-of-care ultrasound.

3.2. Mortality in cardiogenic shock

Although mortality secondary to CS is high [5], early recognition and
intervention improve survival [6]. Using data which included the
SHOCK trial registry, 30-day in-hospital mortality was 57%, based on
1217 patients diagnosed with CS secondary to left ventricle (LV) or
right ventricle (RV) failure due to an acute MI [14]. Depending on risk
factors, mortality ranges from 22% to 88% [14]. Risk factors associated
with a higher mortality include shock on admission, increased age, pre-
vious coronary artery bypass grafting (CABG), inferior MI, older age, left
main disease, creatinine >1.9 mg/dl, decreased SBP, anoxic brain injury,

Table 1

Causes of cardiogenic shock [5,10,11]. 70% of cardiogenic shock cases are caused by acute
myocardial infarctions [7]. Effects of acute MI with approximate percentages taken from
the results of the SHOCK trial registry [12,13].

Acute Myocardial Infarction and Associated Complications (Myocardial Infarction
Causes 70% of the Cases of Cardiogenic Shock)

Left Ventricular Failure (79%)

Acute Mitral Regurgitation (7%)

Ventricular Septal Defect (4%)

Isolated Right Ventricular Infarction (3%)

Tamponade or Cardiac Rupture (2%)

Other

Left ventricular outflow tract or filling obstruction

Right Ventricular Failure

Myocarditis

Myocardial depression secondary to septic shock

Cardiomyopathy

Myocardial contusion

Acute aortic insufficiency

latrogenic from medications or medication toxicity

Tachy- or bradyarrhythmia

American Journal of Emergency Medicine Xxx (XXXX) XXx

and clinical evidence of end-organ hypoperfusion [14,15]. In the GRACE
trial, the rate of CS post STEMI decreased by 2.4% between 1999 and
2006, likely due to the increased use of percutaneous coronary interven-
tion (PCI), an important form of early intervention for patients with MI
complicated by CS [16]. Specifically, as the use of PCI increased by 37%
and 18% in ST and non-ST elevation MI patients, respectively, the rate
of CS decreased by 2.4% in ST elevation MI patients and 0.2% in non-ST
elevation MI patients [16]. Even when stratifying patients based on
risk factors, including anoxic brain injury, severely reduced ejection
fraction (EF), end organ hypoperfusion, etc., PCI and CABG benefited
both low and high-risk patients [14]. Early diagnosis and appropriate
treatment remains, particularly in the case of myocardial ischemia, an
important modifiable contributor to outcomes for patients with CS.

Additionally, the longer CS progresses, the more likely there will be a
maladaptive inflammatory response secondary to an increase in cyto-
kines like tumor necrosis factor (TNF)-alpha and interleukin (IL)-6,
which inhibit cardiac activity [5,17,18]. There is also an increase of vaso-
pressin and angiotensin II, which increases afterload, worsens CO, and
increases water and salt retention, contributing to pulmonary edema
[5]. Nitric oxide (NO) is increased through the activation of NO synthase,
leading to vasodilation and myocardial depression [17]. These maladap-
tive responses lead to myocardial ischemia, worsening cardiac tissue
damage, depressed CO, and a secondary distributive shock. It should
be noted that some cases of CS are iatrogenic, when patients on the
verge of CS are treated with aggressive diuretics, nitrates, beta blockers,
angiotensin-converting enzyme (ACE) inhibitors, and morphine [19)].
Therefore, as the first physician to evaluate patients, emergency physi-
cians need to identify and treat CS in a time-sensitive and clinically
appropriate manner.

3.3. History and Clinical Examination

The presenting complaint of patients with CS may include dyspnea,
orthopnea, chest pain, fatigue, altered mental status, and/or lower ex-
tremity swelling. Physical examination may reveal signs of congestion
including peripheral edema, JVD, crackles/rales on auscultation, and
signs of hypoperfusion such as cool, poorly perfused extremities
(Table 2). Although there are few resources that describe the frequency
of examination findings for CS specifically, there have been several stud-
ies that evaluate examination findings associated with acute heart fail-
ure—a potential precursor of cardiogenic shock. A meta-analysis by
Martinale et al. [20] provides insight on the diagnoses of acute heart fail-
ure in the ED using history and examination findings. Specifically,
orthopnea (positive likelihood ratio (LR) 1.9), JVD (positive LR 2.8),
hepatojugular reflex (positive LR 2.2), lower extremity edema (positive
LR 1.9), and rales (positive LR 1.8) increase the likelihood that a dys-
pneic patient has heart failure. S3 has the highest positive LR at 4.0,
but despite its high specificity for heart failure (97.7%), the sensitivity
is low (12.7%) [20,21]. Careful auscultation should be performed to lis-
ten for a murmur; a new murmur suggests a structural or valvular ab-
normality that may be the cause or a contributor to CS [8]. Many
patients have a sinus tachycardia to compensate for a reduced stroke
volume [11]. In a small retrospective review of 30 patients in undiffer-
entiated shock, those with CS (compared to patients with distributive
and hypovolemic shock, respectively) were more likely to have JVD
(80% compared to 0% and 20%, respectively), cold skin (57.1% compared
to 14.3% and 28.5%, respectively), and pulmonary rales (75% compared
16.7% and 8.3%, respectively) [22]. In another prospective study with
68 patients, physicians used specific clinical examination findings to dif-
ferentiate categories of shock. CS was categorized by SBP less than
90 mmHg, signs of poor perfusion (cold hands, poor capillary refill,
and weak pulse), elevated JVP > 7 cmH,0, S3 gallop, and crackles to
1/3 of the lungs. Of 68 patients, 11 met criteria for CS. In patients with
echocardiographic evidence of low cardiac output, elevated JVP pre-
dicted CS with an accuracy of 80%, which was unchanged when adding
the presence of crackles [23].
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Fig. 1. A representation of the continuum of cardiogenic shock [3]. This spectrum may deviate with secondary insults (e.g. new arrhythmias).

Table 2
Physical exam components seen in acute heart failure and subsequent cardiogenic shock
[8,10,22,24,25].

Signs of Congestion

Jugular Venous Distension

Jugular Venous Pressure (elevated >6-8 cmH,0)
Pulmonary Rales or Crackles

Peripheral Edema

Cardiac Ascites

Hepatomegaly

Orthopnea

Abdominal Jugular Reflux

Signs of Impaired Perfusion and Hemodynamic Compromise
Cold Extremities

Delayed Capillary Refill

Hypotension

Narrowed Pulse Pressure

Tachycardia or Symptomatic Bradycardia
Tachypnea

Confusion/Altered Mental Status
Oliguria

Other

Ventricular S3 Gallop

Displaced PMI

New Murmur

JVD, at rest or induced by abdominal pressure, or an elevated
JVP>7 cm H,0 identified patients with an increased PCWP >18 mmHg
with a sensitivity and specificity of 81% and 80%, respectively [26]. JVP
may be difficult to assess due to body habitus and positioning of the pa-
tient (the head of the bed should be placed at 45 degrees which can be
difficult in patients with severe orthopnea) [27]. JVP is measured by

Highest
pulsation
point

i

Top of sternal angle &2 .
= O

calculating the highest pulsation point in centimeters above the sternal
angle and then adding 5 (as the right atrium is 5 cm below the sternal
angle), which correlates to a pressure in cm H,O (Fig. 2). Elevated values
are often considered greater than 6-8 cm H,0 [24]. Of note, elevated JVP
is associated with increased risk of mortality, with a relative risk (RR) of
1.52 [24].

A SBP of <90 mmHg may not be seen in every case of cardiogenic
shock. In a study using the SHOCK trial registry, 5.2% of CS patients did
not have overt hypotension, though they did demonstrate evidence of
peripheral hypoperfusion and low CO. [25] A low cardiac output leads
to an adaptive catecholamine release in early CS, which increases sys-
temic vascular resistance (SVR) and transiently maintains blood pressure,
though generally with a narrow pulse pressure [28]. Normotension, de-
spite a low cardiac output, can be explained by the equation, systemic
mean arterial pressure = CO x SVR. In one retrospective study, those
with impaired peripheral perfusion still had a high mortality rate of 43%
despite a SBP > 90 mmHg, though this was less than the 66% mortality
rate observed in those with impaired perfusion and a SBP < 90 mmHg
[28]. The non-hypotensive or occult cardiogenic shock presents a chal-
lenge requiring a careful clinical examination to identify subtle findings
of hypoperfusion (Table 2).

Patients with clinically significant pulmonary edema on imaging can
present with wheezing or clear lung sounds rather than rales [29]. In
one study, pulmonary congestion was not seen in 28% of cases of CS sec-
ondary to MI and LV failure [25]. Those without pulmonary vascular
congestion are sometimes called “cold and dry”; they have cool extrem-
ities with a delayed capillary refill from a high SVR and low cardiac
output but may not have an elevated PCWP to cause pulmonary
edema [8]. It should be noted those with CS primarily from right ventric-
ular failure may not have pulmonary edema. Rather, they may have

Fig. 2. Measuring Jugular Venous Pressure [24].
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more pronounced JVP elevation, hepatomegaly, and peripheral edema
[8]. They share the findings of poor peripheral perfusion and tissue
hypoperfusion as seen in those with LV failure [8].

Though no single examination finding is definitive, a detailed evalu-
ation for signs of congestion and peripheral hypoperfusion along with a
careful review of vital signs may reveal early findings of CS.

3.4. Diagnostic Studies in Cardiogenic Shock

Although there is not a single test that can be used to diagnose CS,
laboratory results and diagnostic studies are important for the evalua-
tion and management of suspected CS in the ED as they contribute to
the overall clinical picture and prognosis.

3.4.1. Laboratory studies

A basic metabolic panel, magnesium, complete blood cell count, lactic
acid, troponin, NT-pro-BNP, and a hepatic panel should be obtained if CS
is suspected. Laboratory studies may reveal metabolic acidosis, renal hy-
poperfusion with resulting acute kidney injury (AKI), leukocytosis or
other inflammatory abnormalities, and possible evidence of cardiac is-
chemia with an elevated troponin [11,30]. Other laboratory abnormalities

Thoracic: B-
lines
(pulmonary
edema) +/-
pleural
effusion

A 50% with

Inspiration

N\

IVC: D>2cm
% diameter and

collapses less than
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associated with CS include hypoalbuminemia, increased inflammatory
cytokines, and diabetes-independent hyperglycemia [31-34].
NT-pro-BNP levels are generally elevated in CS, and although there is
conflicting evidence, elevated levels are thought to be associated with
an increased mortality [8,32,35,36]. An elevated NT-pro-BNP is not spe-
cific to heart failure nor CS. However, it may be useful in the evaluation
of the dyspneic patient in the ED in the correct context. NT-pro-BNP dis-
plays variable sensitivity and specificity for acute heart failure based on
the cutoff value; as expected a higher cutoff yields an increasing speci-
ficity at the cost of a decreasing sensitivity. A level > 1000 pg/ml demon-
strates a sensitivity of 84.4%, specificity of 65.5%, and a positive LR of 2.7.
At 21500 pg/ml, sensitivity decreases to 75.5% while specificity in-
creases to 72.9% with a positive LR 3.1. Alternatively, a low NT-pro-
BNP suggests against heart failure as the cause of dyspnea. When the
cut-off is lowered to >300 pg/ml, the negative LR is 0.09, suggesting
the potential use of the test to rule out acute heart failure [20,21].
Lactate elevation is not specific to sepsis and can be seen in any
shock state, including CS. Hyperlactatemia in shock results from in-
creased production during a stressed/inflammatory state and from
hypoxia-induced anaerobic glycolysis [18]. In a small study comparing
7 CS patients to 7 healthy volunteers, lactate levels were significantly

Cardiac: Decreased
LV EF (or other less
= common cardiac
abnormalities
including RV
dysfunction,
tamponade, severe
MR, VSD)

Hepatorenal,
splenorenal,
retrovesical
spaces: +/-
peritoneal free
fluid

\
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Fig. 3. RUSH bedside US exam for the evaluation of undifferentiated hypotension with associated findings suggestive of CS [45].
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elevated in patients with CS. Using infusions with labeled lactate, they
also showed there was no significant change in lactate clearance, and
therefore elevated levels were likely due to increased production [18].
Elevated lactate is also an important prognostic factor [37]. In two ob-
servational studies including CS patients, elevated lactate levels
>2 mmol/l were associated with increased mortality [7,34]. Specifically,
an increase in blood lactate (per mmol/l) increased the risk of mortality
with an adjusted odds ratio (OR) of 1.4 [7,38]. Lactate should be trended
to assess for persistence or clearing in response to therapy [9].

As most cases of CS are secondary to acute coronary syndrome, tro-
ponin is an important test to obtain, in the appropriate clinical context,
while evaluating a patient with undifferentiated hypotension. In a retro-
spective analysis of 700 patients who presented to the ED with hypoten-
sion, a troponin >0.1 ng/ml was independently predictive (OR 37.5 95%
95%Cl17.1-198.2) of a cardiac etiology [1]. Though associated with a car-
diogenic etiology, an elevated troponin was also seen in 13.3% of non-
cardiogenic causes of hypotension, and many of the cardiogenic causes
of hypotension did not have an elevated troponin, limiting its sensitivity
and specificity as a single test [1]. The troponin may have prognostic
value. In a cohort of patients that presented with non-ST elevation
acute coronary syndrome, the degree of troponin elevation was associ-
ated with an increased risk of CS (OR 1.87, 95% CI 1.61 to 2.18) and
mortality [39].

CSresults in venous hypertension with reduced renal blood flow and
subsequent reduced glomerular filtration rate, leading to AKI secondary
to acute tubular necrosis [40]. Absent of etiology, AKI is an indicator of
shock severity and is associated with fluid retention, electrolyte abnor-
malities, acidosis, and poor outcomes [37]. In an observational study of
154 CS patients, 31% developed AKI based on a creatinine rise of
>0.3 mg/dl or > 50% increase from baseline. In the same study, AKI
was independently associated with 90-day mortality (OR 12.2) [40].

Hepatic injury is also common in CS due to a combination of arterial
hypoperfusion and venous congestion [37]. In an observational analysis
using data from the CardShock registry, 58% of patients had abnormally
elevated alanine transaminase (ALT) [41]. In the same study, >20% in-
crease in ALT over 24 h was associated with increased mortality. Hyp-
oxic hepatitis, defined as an increase of aminotransferase levels >20
times the upper limit of normal, was seen in 18% of CS patients from
the IABP-SHOCK II trial. These patients had a 68% short term mortality
rate, which was higher than those without hypoxic hepatitis [42].

3.4.2. Electrocardiogram

The patient should be placed on telemetry monitoring and an ECG
should be obtained urgently to evaluate for signs of ischemia (e.g. ST
segment elevations or depressions), a STEMI, or arrhythmia [8,11,29].

American Journal of Emergency Medicine Xxx (XXXX) XXx

In a retrospective cohort study of admissions with acute-MI associated
CS, 50.8% had arrhythmias on admission, with atrial fibrillation, ventric-
ular fibrillation, and ventricular tachycardia being the most common
[43]. In a meta-analysis that compared ECG findings with acute and
chronic heart failure—but not specifically CS—there was a positive asso-
ciation with ischemic changes (positive LR 2.9), T wave inversions (pos-
itive LR 2.4), and atrial fibrillation (positive LR 2.2). While there was
an association with ST depressions (positive LR 2.0 (95% CI 1.0-3.8))
and the diagnosis of acute heart failure, confidence intervals included
1.0 [20].

3.4.3. Chest Radiography

Chest x-rays can demonstrate a variety of findings in heart failure
and CS. Findings, including Kerley B-lines, interstitial/alveolar/pulmo-
nary edema, cephalization, and pleural effusions, are specific to heart
failure in the dyspneic patient (89.2-98.9%), although they lack sensitiv-
ity (54.7-56.9%). Alternatively, cardiomegaly is relatively sensitive
(74.7%) but not as specific (61.7%) [20]. A normal chest x-ray should
not exclude heart failure or CS. In a retrospective secondary analysis of
the ADHERE registry with over 85,000 patients, over 18% of patients
with heart failure had no signs of congestion on chest x-ray [44].

3.4.4. Point-of-care echocardiogram for evaluating cardiogenic shock

In those with suspected CS an urgent echocardiogram is required [29].
The initial exam can be quickly performed as a point-of-care ultrasound
by the emergency clinician. The RUSH ultrasound examination (Fig. 3)
can assist in determining the specific etiology of a patient with undiffer-
entiated shock by evaluating “the pump, the tank, and the pipes,” or
rather the heart, the inferior vena cava (IVC)/intra-abdominal and pleural
compartments, and large vessels including aorta [45]. In CS, transthoracic
echocardiogram classically demonstrates a hypodynamic, dilated LV, with
poor LV contraction and associated inadequate motion of the anterior
leaflet of the mitral valve during systole and diastole (i.e. poor contractil-
ity). Visual estimation, rather than quantitative measurements of the EF
by emergency physicians through simply “eyeballing” LV function is an
adequate assessment to detect a low EF in the acute setting. In a prospec-
tive study emergency physicians performing a limited echocardiogram
correctly detected a low EF, when compared to a formal echocardiogram,
with a sensitivity of 98% and a specificity of 86% [46]. Importantly, a re-
duced EF is not necessary to make the diagnosis of cardiogenic shock;
even with decreased LV contractility, CS patients may not have a severe
reduction in LVEF [19,47]. In fact, the mean EF in a cohort of CS patients
is about 30%, which is reduced but higher than expected [4].

In CS, the IVC, which is an indirect measurement of effective intra-
vascular volume, usually has a diameter of >2 cm diameter and

Fig. 4. A) Parasternal long axis view with LVOT diameter of 2.13 cm. B). Apical-5-chamber view using PW doppler to measure VTI of 20 cm, a normal VTI is 18-22 c¢m [55]. Using the egs.
SV=VTIxD?x0.785 and CO=SV x HR, with a HR of 85, SV = 71 ml, and CO = 5 L/min. Using the eq. CI = CO/BSA, CI = 3.1 L/min/m? (a normal cardiac index).
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collapses less than 50% with inspiration. These findings correlate with
an elevated central venous pressure [48]. However, the IVC assessment
may be inaccurate if the patient has already received vasodilators,
diuretics, and/or is mechanically ventilated.

Thoracic windows are likely to show pulmonary edema identified by
>3 B-lines (i.e. vertical, comet tail artifacts) in at least 2 areas of the bilat-
eral chest, which are the result from fluid accumulation in the interstitium
[49]. Lung ultrasound examining for pulmonary edema has a positive LR
7.4 and a higher sensitivity and specificity for pulmonary edema when
compared to chest x-ray [20]. Along with pulmonary congestion, there
may be pleural and peritoneal fluid on RUSH examination [29].

A meta-analysis found the RUSH protocol to be both sensitive and
specific (0.89 and 0.97, respectively) in the diagnosis of CS [50]. Despite
a high positive LR of 22.29, there was only a moderate negative LR of
0.17, suggesting the RUSH examination should not be used to exclude
CS [50]. The RUSH examination should be used in the context of a careful
history and physical examination rather than used alone to diagnose
cardiogenic shock.

The echocardiogram can also be used to evaluate for evidence of
right ventricular failure. This may include a RV > 24 the size of the LV
in an apical view and flattening of the interventricular septum [51].
The RV systolic function can be assessed visually or by obtaining objec-
tive measurements. A tricuspid annular plane systolic excursion
(TAPSE), assessing the maximal systolic excursion of the lateral tricus-
pid annulus using the M-mode in an apical 4 chamber view, evaluates
RV systolic function [52]. A TAPSE of <17 mm suggests RV dysfunction;
a low TAPSE is associated with a lower CI and decreased survival [53].

Rather than estimating cardiac function through “eyeballing,” a
means to non-invasively assess CO with ultrasound is to first determine
the stroke volume (SV) using left ventricular outflow tract velocity time
interval (LVOT VTI), or the velocities of blood flow at the aortic outflow
tract, and LVOT diameter. Specifically, SV, or the amount of blood
ejected through the left ventricle per beat, is estimated by the LVOT
VTI x cross sectional area of the LVOT [VTI (cm) x D? x0.785 (cm?)]
[54]. The SV can be multiplied by the heart rate to estimate the cardiac
output. The LVOT VTI can be measured serially to assess the response
to treatment. To measure LVOT diameter, place the phased array
probe in the parasternal long axis view and measure the distance of
the LVOT just above the aortic valve while in mid-systole. VTI is mea-
sured in the apical-5-chamber view (Fig. 4). Using the pulsed-wave
doppler mode, the doppler wave is placed just above the aortic valve
and doppler waveforms are recorded. The axis should be aligned with
the outflow tract to avoid over/under estimations. If available on the ul-
trasound machine, select the “LVOT VTI” measurement tool, and mea-
sure the waveform of one ejection period [52]. Normal LVOT VTI
ranges from 18 to 22 cm, although possibly lower with patients with
HR >95 bpm [55]. In patients with atrial fibrillation, VTI measurements
will likely be an underestimate of true value, and therefore averaging
3-5 consecutive waveforms is suggested. In a retrospective study of pa-
tients with heart failure, a low LVOT VTI of <10 cm was associated with
12-month adverse outcomes including death and need for left-
ventricular assist device (LVAD) implantation [54].

3.4.5. Central venous oxygen saturation

Invasive pulmonary arterial catheters are not routinely placed in the
emergency department and should not be routinely utilized for ED
management of cardiogenic shock. However, if a central line is present
in the upper body, a central venous oxygen saturation (ScyO2) can easily
be obtained by sampling and performing co-oximetry on venous blood
(i.e. venous blood gas) from the distal superior vena cava. The S¢,O5 is
used as a surrogate of the mixed venous saturation (from the pulmo-
nary artery) and represents the desaturated hemoglobin, and thus oxy-
gen delivery and consumption, returning to the right side of the heart
from the systemic tissue beds [56]. Cardiac output, hemoglobin, and ar-
terial oxygen saturation are the major determinants of oxygen delivery
[57]. The ScyO, is generally reduced, due to a decrease in oxygen
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Table 3
Cardiogenic Shock Diagnosis and Management Pearls and Pitfalls.
Problem Pitfall Pearl
Diagnosis
Occult Not performing a careful Up to 5.2% of patients with
cardiogenic history and examination. cardiogenic shock are
shock with normotensive. Physical

normotension

Misdiagnosis

Imaging

Management
Hypotension

Respiratory
failure

Refractory
shock or
structural
abnormality

Diagnosing septic shock,
rather than cardiogenic shock
because of an elevated lactate
or hypotension.

Not evaluating the ECG.

Relying on chest x-ray alone to
diagnose cardiogenic shock

Not performing a
point-of-care ultrasound.

Starting an inotrope first,
potentially worsening
hypotension in those with an
inappropriately low SVR.

Misidentifying cardiogenic
shock as sepsis and
administering excess volume.

Starting NIPPV in those who
are preload dependent leading
to hemodynamic instability.

Failure to refer early to
advanced centers for
mechanical support.

examination should focus on
signs of hypoperfusion (e.g.
cool and poorly perfused
extremities, altered mental
status, oliguria, etc.) and
congestion (e.g. pulmonary
crackles, an elevated

JVP > 6-8 cm, S3 etc.).

An elevated lactate is not
specific to septic shock;
cardiogenic shock should be on
the differential diagnosis.
There is no single laboratory
study to diagnose cardiogenic
shock. Suggestive studies
include an elevated troponin,
NT-pro-BNP, elevated
creatinine, and low S¢,02
(e.g. < 60%).

An ECG may reveal ischemia or
arrhythmia. Myocardial
infarction is the most common
cause of cardiogenic shock.
Chest x-ray can demonstrate a
variety of findings. While
findings are specific, they
should not be used to exclude
pulmonary congestion.

The classic ultrasound findings
in cardiogenic shock include a
reduced EF (mean EF of 30%),
IVC > 2 cm, and/or signs of
pulmonary edema with >3
B-lines in bilateral lungs
(higher sensitivity and
specificity than chest x-ray for
pulmonary edema).

Isolated RV dysfunction
causing shock may be present.

An estimated stroke volume
can be measured by ultrasound
using left ventricular outflow
tract velocity time interval.

Target MAP 265 mmHg. Start
with norepinephrine to
normalize MAP first then add
an inotrope for ongoing signs
of hypoperfusion.

Use history, examination, and
point-of-care ultrasound to
identify cardiogenic shock.
Treat with oxygen or NIPPV.
NIPPV works best in those who
are not preload dependent (i.e.
those with a pathologically
elevated central venous
pressure), have reduced LV
function, and pulmonary
congestion.

Emergent consult with
cardiothoracic surgery and
interventional cardiology is
recommended. When patients
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Table 3 (continued)

Problem Pitfall Pearl

are properly selected,
mechanical support devices
(e.g. axial flow pumps,
intra-aortic balloon pump,
veno-arterial extracorporeal
membrane oxygenation, etc.)
may improve outcomes.

delivery in severe anemia or low flow states such as CS [56]. Though var-
iability exists, a ScyO, of >70% is considered normal in healthy individ-
uals [57]. In other words, 25-30% of the oxygen content is removed
from hemoglobin as it passes through the global tissue beds. Though
the ScyO, may be low in any shock state, it has been demonstrated to
be lower in those with cardiac failure. In an observational study of a crit-
ical care population the mean S¢yO, in those with cardiac failure was
60% compared to 70% overall [58]. In an ED population, the mean
Scv03 in decompensated CS was 32% in the severely decompensated
group and 51% in the mildly decompensated group [59]. The authors
suggest sampling ScyO, may aid in detecting occult cardiogenic shock
[59]. Therefore, a low Scy02 (e.g. < 60%) can support the diagnosis of
cardiogenic shock and be used to trend the response to therapy [9].

3.5. Treatment

The focus of this review is on the identification of CS, but a few points
on treatment are warranted (Table 3). The primary goal is stabilization
of shock to maintain organ perfusion while searching for an underlying
treatable cause (i.e. M, arrhythmia, etc.). Norepinephrine is associated
with less arrhythmias than dopamine [60] and is the vasopressor of
choice for initial stabilization of shock [8,9,56,61]. Norepinephrine stim-
ulates beta-1 adrenergic receptors to increase cardiac contractility and
alpha-1 receptors to induce vasoconstriction and raise the blood pres-
sure [62]. A goal MAP >65 mmHg or higher in those with chronic hyper-
tension is recommended [9]. AMAP <65 mmHg in the first 24 h in those
with CS is associated with an increased mortality (adjusted OR 2.0, 95%

Cool extremities,
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CI11.4-3.0) when compared to a MAP >65 mmHg [63]. A recent random-
ized trial suggests improved outcomes in those with post-MI CS with
norepinephrine as compared to epinephrine; both groups were allowed
to use dobutamine [64]. Those with an SBP < 90 mmHg and examina-
tion evidence of low CO, such as cool extremities, and high SVR should
be stabilized first on norepinephrine. If hypoperfusion persists, an
inotrope such as dobutamine or milrinone may be added [6]. Dobuta-
mine or milrinone, if started first, may worsen hypotension through
their vasodilatory effects [62]; as many as 18% of patients with CS
have an additional inflammatory mediated distributive, low SVR shock
[17]. Dobutamine is rapidly titratable and the preferred, first line
inotrope [9]. If bradycardia is present, epinephrine can be considered
[6]. In those suspected to have hypovolemia, without signs of pulmo-
nary edema, a small rapidly delivered 250-500 mL fluid bolus can be
cautiously trialed [3,8,29]. If no improvement in hemodynamics is
noted, fluids should be discontinued. If there is evidence of acute heart
failure or CS, beta blockers and renin-angiotensin-aldosterone system
antagonists should be avoided until hemodynamic stabilization has
been achieved [6,29].

Up to 80% of patients with CS develop respiratory failure [65]. Hypox-
emia should be managed, targeting a saturation of >90% with simple ox-
ygen, non-invasive positive pressure (NIPPV), or intubation as needed [8].
Hypotension prior to intubation is associated with cardiac arrest and poor
outcomes [66-68]. Stabilization and normalization of the blood pressure
should be attempted before intubation. High flow nasal cannula (HFNC)
generates low levels of positive end expiratory pressure (PEEP) and is
being investigated in heart failure [69]. HFNC is an option if NIPPV is not
tolerated [70]. NIPPV has demonstrated benefit in cardiogenic pulmonary
edema [71]. In the hypotensive patient, NIPPV must be used with caution
with a low starting pressure (i.e CPAP of 5-8 cm H,0) due to a risk of
worsening hypotension [70]. The mask should be removed immediately
with any signs of hemodynamic deterioration. NIPPV will be most benefi-
cial to patients who are not preload dependent (i.e. those with a patholog-
ically elevated central venous pressure), have reduced LV function, and
pulmonary congestion [65]. NIPPV in patients with cardiogenic shock
from isolated right ventricular failure is not generally recommended as
it may worsen RV afterload and decrease preload [51,70].

Along with stabilization, treatment of the underlying cause is man-
datory. As MIs are the primary cause in 70% of cases of cardiogenic

Cardiogenic shock: Primary goals

pulmonary edema, US
with reduced EF and

dilated IVC, LVOT VTI <
18 cm, JVP > 6 cm,

elevated troponin/BNP

Suspicion of I
cardiogenic shock: Perform history,
examination, bedside

Hypoperfusion US, ECG, laboratory
with suspected assessment
cardiac etiology l

Normal cardiac
function on US, flat
IVC, warm

Abbreviations: US — ultrasound, IVC —
inferior vena cava, JVP — jugular
venous pressure, CV — cardiovascular,
ECG — electrocardiogram, EF — extrem it'ies, fever,
ejection fraction, LVOT VTI - left

ventricular outflow tract velocity time and/or no JVD

are to maintain perfusion
pressure and determine etiology

!

1. For hypovolemic patients without congestion,
attempt 250-500 cc fluid bolus
2. For MAP < 65 mm Hg, start norepinephrine
For MAP > 65 mm Hg, trial dobutamine
3. Treat arrhythmias: Epinephrine and/or pacing for
bradycardia, cardioversion or rate control for
tachycardia
4. Provide respiratory support (oxygen, NIPPV)
5. Consider mechanical support

|

Ischemia suspected

integral, NIPPV — noninvasive positive
pressure ventilation

Evaluate for other
etiologies

cause?
No
Yes
Treat underlying cause:
Heart failure — provide NIPPV, Urgent

diuretics; Structural pathology —

Revascularization

discuss with CV surgery

Fig. 5. Recommended evaluation of a patient with potential cardiogenic shock.
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shock [7], urgent revascularization is recommended and improves long-
term outcomes if MI is the underlying cause [8,72]. Tachy- or brady-
arrhythmias should be treated if thought to be contributory. In the
severest cases of shock, treatment with mechanical support devices
(e.g. axial flow pumps, intra-aortic balloon pump, veno-arterial extra-
corporeal membrane oxygenation, etc.,) may be considered in consulta-
tion with the cardiology team [8,27,29]. These devices may reduce the
need for vasopressor and inotropic support and improve outcomes by
reducing myocardial oxygen demand and thus ischemia [8]. Structural
or valvular complication should be suspected with a new murmur or
echocardiography findings of ventricular free wall rupture or VSD [8].
A cardiac surgery consultation should be obtained urgently if a struc-
tural complication is suspected.

3.6. Recommended evaluation pathway

As discussed, there is no single examination finding or laboratory
test that can definitively diagnose CS. When there is a high suspicion
of CS in the setting of hypotension or signs of hypoperfusion, we suggest
using history, a detailed physical examination, point-of-care ultrasound,
laboratory analysis, and ECG to aid in diagnosis (Fig. 5 and Table 3). An
arterial catheter should be considered to monitor blood pressure and
guide treatment [29]. Beyond a focused cardiac and pulmonary exami-
nation, physical examination should evaluate for JVD, urine output,
and extremity perfusion. The RUSH examination and calculation of
EF/CO/CI through LVOT VTI measurements are valuable adjuncts to
the evaluation [45]. Using a comprehensive approach to evaluate for
CS will create a better understanding of this heterogeneous disease
and help guide management [29].

3.7. Limitations

This is a narrative review, and thus pooling of data from individual
studies was not conducted. Much of the included literature consists of
studies conducted in non-ED settings, and thus generalizing these stud-
ies to the ED setting is challenging. The majority of the studies consisted
of small sample sizes, and most of the included resources consisted of
retrospective studies, narrative reviews, guidelines, or expert consensus
documents. Where appropriate, higher quality studies including an ED
population of acute heart failure and acute coronary syndrome were in-
cluded. Much of the included literature evaluated history and examina-
tion findings associated with heart failure. Few randomized controlled
trials or prospective studies were available on the ED evaluation and
management of cardiogenic shock.

4. Conclusions

Cardiogenic shock is difficult to diagnose in the ED, has a high mor-
tality rate, and exists on a continuum. The emergency clinician should
use a careful history, physical examination, laboratory studies, ECG,
and point-of-care echocardiography to aid in the identification of CS.
Early identification, stabilization, and treatment improve survival.
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