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KEY POINTS
 Acute myocardial infarction and cardiogenic shock (AMI-CS) is associated with significant
morbidity and mortality. The most common cause of AMI-CS is pump failure owing to left
ventricular (LV) dysfunction.
 AMI-CS consists of multiple pathophysiologic subtypes; however, the final common pathway
occurs with an ischemic insult resulting in reduced LV compliance leading to increased LV
end-diastolic pressure, LV dilation, and reduced LV function. Compensatory tachycardia and
peripheral vasoconstriction result in worsening myocardial ischemia, whereas the reduced LV
function leads to worsening systemic hypotension and activation of inflammatory mediators.
These physiologic derangements can culminate in multisystem organ failure and death.
 Early mechanical revascularization improves survival in such patents. Development of STEMI
systems of care has increased the utilization of revascularization in AMI-CS from 19% in 2001
to 60% in 2014.
 Mechanical circulatory support devices are increasingly used to support and prevent
hemodynamic collapse. Intra-aortic balloon pump counterpulsation has been found to have
limited utility in AMI-CS, whereas more robust support devices, including VA-ECMO and
Impella, are currently enrolling in large-scale randomized controlled trials to elicit their use in
AMI-CS.
 Although these large-scales studies are being conducted, the use of shock protocols and teams
has been associated with improved outcomes in AMI-CS.

BACKGROUND
Incidence and Historical Impact of
Revascularization Strategies on Outcomes
Cardiogenic shock (CS) occurs in 5% to 10%
of patients presenting with acute myocardial
infarction (AMI).1 Patients presenting with STelevation myocardial infarction (STEMI) are 2fold more likely to present with CS than those

presenting with non-STEMI (5.9% vs 2.9%).2 CS
is more common among patients 75 years old
and women. In a large US registry examining patients presenting with STEMI and CS, 42.3% had
an anterior STEMI, 38.6% had an inferior STEMI,
and 19.1% had another culprit.3
Before early mechanical revascularization, the
mortality rate for acute myocardial infarction and
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cardiogenic shock (AMI-CS) was between 70%
and 80%.4 The “SHould we emergently revascularize Occluded Coronaries for cardiogenic
shock” (SHOCK) trial demonstrated a reduction
in mortality from 63.1% in medically managed
patients to 50.3% in patients managed with early
mechanical revascularization at 6 months.5 This
13% absolute risk reduction in mortality persisted at 1 year.6 Subsequent international registry data demonstrated marked improvements in
mortality among patients with AMI-CS, with USbased registries demonstrating case fatality
rates decreasing from 68% in 2001 to 38% in
2014. Through the development of STEMI networks, the use of PCI for STEMI in patients
with CS increased from 19% to 60% between
2001 and 2014.
Independent predictors of mortality in AMI
with CS include advanced age, Killip class IV on
admission, low systolic blood pressure on admission, the diagnosis of STEMI, peripheral arterial
disease, and stroke.2 Multiple risk scores have
been created using these and other clinical characteristics to identify patients at the highest risk
for short- and long-term adverse outcomes.7,8

Definition of Cardiogenic Shock and Society
for Coronary Angiography and Interventions
Shock Stages
CS is a low-output state frequently leading to
significant end-organ hypoperfusion. CS has
been classically defined as a systolic blood pressure 90 mm Hg for 30 minutes or the need
for vasopressors or mechanical circulatory support (MCS) devices to maintain a systolic blood
pressure 90 mm Hg.6,9 Definitions of CS also
typically include the presence of end-organ
hypoperfusion, variably defined as the presence
of decreasing urine output, altered mental status, or an elevated serum lactate (>2.0 mmol/
L), as well as hemodynamic parameters, such
as the presence of a cardiac index 2.2 L/min/
m2, cardiac power output less than 0.6 W, and
pulmonary capillary wedge pressure 15 mm
Hg.10 Although this definition does not address
the spectrum of shock severity and does not
take into account the cause of shock, it does
serve as a starting point for identifying these
high-risk patients.
Although the general diagnostic criteria for
CS have been well established in the setting of
clinical trials, before 2019, there was no uniform
method for describing the various stages of CS
severity. Variability in defining the severity of
CS has limited comparison of outcomes across
clinical trials.

In 2019, the consensus statement on the classification of CS was put forth by the Society for
Coronary
Angiography
and
Intervention
(SCAI).11 This schema uses a combination of
biochemical markers, clinical findings, and hemodynamics to classify CS into one of 5 categories: A, “At Risk”; B, “Beginning”; C,
“Classic”; D, “Deteriorating”; or E, “Extremis.”
Retrospective validation of the SCAI classification of CS has shown this categorization to be
a robust predictor of in-hospital mortality among
patients with CS (Fig. 1).12

Mechanism and Pathophysiology
The most common cause of CS in AMI is pump
failure owing to left ventricular (LV) dysfunction.
There are several mechanisms of AMI that can
result in LV failure, systemic hypoperfusion, and
shock.
 Patients can present with a large
myocardial infarction (MI), resulting in
significant stunning, ischemia, and
infarction to a large area of myocardium,
resulting in acute pump dysfunction,
hypotension,
and
hemodynamic
compromise.
 In patients with preexisting multivessel
coronary artery disease, an AMI in a
small or moderate territory may result in
a large ischemic insult because of
underlying disease in a noninfarct artery.
For example, a patient with a chronically
occluded left anterior descending (LAD)
artery and an inferior MI can present
with hemodynamic collapse, as the right
coronary artery (RCA) frequently supplies
collaterals to the LAD territory. Patients
with multivessel disease similarly may
develop global ischemia because of
poor coronary perfusion in the setting of
systemic hypotension and preexisting
stenoses in non-infarct-related arteries.
 Patients with underlying cardiomyopathy
can present with an ischemic insult,
which may result in hemodynamic
compromise because of baseline cardiac
dysfunction with poor myocardial reserve
and tenuous hemodynamics.
 Last, patients with AMI and prolonged
cardiac arrest can develop rapid global
end-organ hypoperfusion, often resulting
in advanced stages of metabolic shock.
In all these pathophysiologic subtypes, the
final common pathway occurs via the ischemic
cascade in which reduced compliance of the LV
is associated with increased LV end-diastolic
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Fig. 1. SCAI classification of shock. CAD, coronary artery disease; HF, heart failure; MV, multi-vessel; RHC, right
heart catheterization; TIMI, thrombolysis in myocardial infarction.

pressure, LV dilation, and reduced systolic function. Compensatory tachycardia and peripheral
vasoconstriction further potentiate myocardial
ischemia by increasing myocardial oxygen demand. Reduction in systolic function leads to
further systemic hypotension, initiating a
cascade of neurohormonal mediators that potentiates the hemodynamic and metabolic effects of CS. The release of catecholamines,
vasopressin, and angiotensin II leads to peripheral vasoconstriction and sodium retention.
Although this transiently improves coronary
and peripheral perfusion, increased afterload
and volume result in pulmonary edema and
further exacerbation of cardiac dysfunction. In
the 24 to 72 hours after MI, cytokine levels,
including tumor necrosis factor-a, interleukin-6
procalcitonin, C-reactive protein, and others,
have been shown to be elevated in patients
with CS.13 Patients in the late stages of CS
develop a systemic inflammatory response characterized by low systemic vascular resistance
progressing to vasodilatory shock. This physiology, seen in one-fifth of patients with AMICS, portends a 2-fold risk of death when
adjusted for age.14

Right Ventricular Shock
Right ventricular (RV) infarction results in
decreased RV compliance and contractile function. With acute dysfunction of the RV, the RV
inadequately fills the LV, causing an acute reduction in cardiac output. As the failing RV dilates,

the interventricular dependence between the 2
ventricles is altered. Given the constraints of
the pericardium, this adversely affects the performance of the LV, reducing cardiac output
and decreasing LV compliance.15
RV infarctions are often accompanied by sinus
bradycardia and atrioventricular block, particularly in proximal RCA occlusions, which involve
the conus and atrioventricular nodal arteries.
Up to one-third of patients with RV infarction
also develop atrial fibrillation.16
Isolated RV infarction leading to CS is relatively rare, comprising 3% to 5% of cases.17
Although RV infarction most commonly accompanies a posterior/inferior AMI, autopsy series
have found that many proximal RCA infarctions
do not result in significant RV necrosis.18 The
lack of RV necrosis has been attributed to
reduced myocardial oxygen demand of the RV,
given its lower muscle mass and an extensive
collateral network from the left coronary system.
RV hypertrophy is postulated to be a predisposing factor to the development of RV infarction.19 RV infarction is more common in
patients who are younger, have single-vessel
coronary artery disease, and are presenting
with their first MI.17
There are conflicting data comparing the
mortality among patients with predominant RV
and LV shock. In the SHOCK trial registry, similar
in-hospital mortality was reported among patients with CS because of isolated RV and LV
infarction (53.1% for RV shock vs 60.8% for LV
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shock; P 5 .296).17 In this study, there were relatively low rates of primary PCI among patients
with CS, although among the 36% undergoing
primary PCI, there was no difference in mortality
among those with RV and LV shock (41.7% vs
46.2%). Contradictory data were presented by
Brodie and colleagues that showed that in a
single-center 20-year experience among 2496
consecutive patients with STEMI, the inhospital mortality of shock owing to RV infarction was significantly lower than with LV
infarction (23% vs 50%; P 5 .01). Shock because
of RV infarction was an independent predictor of
late cardiac survival.20 Differences in these findings have been attributed to differences in methodologies, with the SHOCK registry selecting
patients with more comorbidities and worse outcomes, consistent with an overall sicker cohort of
patients.
RV infarction clinically manifests with the triad
of hypotension, elevated jugular venous pressure, and clear lung fields. Several echocardiographic and hemodynamic parameters have
been studied to characterize RV dysfunction in
the setting of CS. In 2012, Korabathina and colleagues published a retrospective analysis of patients with inferior STEMI and suspected RV
dysfunction compared with controls with acute
coronary syndrome with left coronary stenting
and with nonobstructive coronary disease. Three
hemodynamic parameters (RA:PCWP ratio,
calculated RV stroke work, and pulmonary artery
[PA] pulsatility index [PAPi], where PAPi 5 PA
pulse pressure/RA pressure) were found to
correlate to echocardiographic findings of RV
dysfunction as well as clinical outcomes. Of the
parameters studied, PAPi was identified as having the highest sensitivity (88.9%) and specificity
(98.3%) for identifying patients with severe RV
dysfunction as defined by the combined
endpoint of in-hospital mortality or need for
percutaneous RV MCS.21

Biventricular Shock
RV infarction has been variably reported in association with LV infarction, with rates ranging
from 14% to 84% in the literature.17 In inferior/
posterior infarctions, concomitant RV infarction
has been described in up to 50% of cases. In
addition, RV infarction has been described in
up to 13% of anterior AMI.18 Although biventricular heart failure can be identified noninvasively
with the use of echocardiography and clinical
presentation, right heart catheterization remains
the gold standard for identifying biventricular
failure. Use of hemodynamic parameters,
including cardiac power output to identify the

highest-risk patients for in-hospital mortality as
well as PAPi and RA:PCWP ratio to quantify
contribution of right heart dysfunction, can identify high-risk patients who may require biventricular MCS.22

Iatrogenic Cardiogenic Shock
Approximately 70% of patients with CS complicating AMI develops shock during their hospitalization. These patients have a higher mortality
than patients with CS at the time of admission.6
In some patients, the development of shock is
due to hemodynamic stress of reperfusion or
medical therapies.23 In the COMMIT trial, intravenous (IV) metoprolol at the time of presentation in patients with STEMI was associated with
increased incidence of CS.24 Similar findings
were reported in the SWEDEHEART registry,
which found that among STEMI patients without
CS, those given IV beta-blockers were more
likely to develop CS and had higher in-hospital
mortality.25 In contemporary practice, early initiation of beta-blockers, opioids, ACE inhibitors,
or diuretics in patients with marginal hemodynamics who are unable to tolerate changes in
preload, afterload, inotropy, or chronotropy
has been postulated to cause CS.

MANAGEMENT OF CARDIOGENIC SHOCK
Anticoagulation and Antiplatelet Agents
Patients presenting with STEMI and CS should
routinely be given aspirin and heparin at the
time of presentation. Controversy exists
regarding the timing of P2Y12 inhibitor initiation
and the agent of choice in patients with CS given
concerns with reduced drug absorption and
impaired hepatic metabolism of oral agents.
Retrospective observational data have shown
reduced efficacy of clopidogrel in CS.26
Although no definitive conclusions can be drawn
from the available data, IV antiplatelet agents,
including cangrelor or glycoprotein IIb/IIIa inhibitors, may provide more reliable antiplatelet activity in the setting of CS. Use of IV agents
must be weighed against increased risk of
bleeding with these more potent antiplatelet
agents, particularly among patients who may
require large-bore arterial access for MCS.

Inotropes and Vasopressors
The dose of vasopressors and inotropes
required to establish hemodynamic stability has
been demonstrated to predict mortality in intensive care unit patients.27 Increased myocardial
oxygen consumption associated with inotropes
and vasopressors use may negatively affect overall mortality in patients with AMI and CS.28
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Understanding a patient’s hemodynamic status and the mechanism of action of vasopressors
and inotropes allows for tailored selection of
vasoactive medications to optimize a patient’s
hemodynamic performance and restore tissue
perfusion. The most commonly used vasoactive
medications include dopamine, dobutamine,
epinephrine, milrinone, norepinephrine, phenylephrine, and vasopressin (Table 1).
The hemodynamics associated with normotensive CS are a low stroke volume and cardiac
output with an elevated systemic vascular resistance. In these cases, inodilators, such as dobutamine and milrinone, are the agents of choice.
Multiple studies have demonstrated an association between inotrope use and in-hospital mortality, emphasizing the importance of using these
agents as sparingly as possible.29,30 Dobutamine
generally results in greater inotropy with more arrhythmias and myocardial ischemia, whereas milrinone is associated with more significant
vasodilation and hypotension.31 Individualized selection based on the patient’s hemodynamics and
revascularization status is recommended in
selecting inodilators in the setting of AMI-CS.
In states of CS with hypotension, inoconstrictors (eg, norepinephrine, epinephrine, and
dopamine) are used to augment cardiac output
and systemic vascular resistance. These endogenous catecholamines have variable levels of
alpha-1 and beta-1 receptor stimulation, resulting in vasoconstriction and increased inotropy.
In general, norepinephrine is regarded as the
first-line inoconstrictor over dopamine or
epinephrine. A prospective randomized trial
comparing norepinephrine to dopamine as a
first-line pressor among patients with undifferentiated shock demonstrated similar mortality but
higher rates of arrhythmias with dopamine
versus norepinephrine.32 In the subgroup with
CS, dopamine was found to have statistically
significantly higher rates of death and increased
ischemic events. This was associated with
increased ischemic events in the dopamine
group. Subsequent observational data showed
increased utilization of norepinephrine and
decreased utilization of dopamine in the period
between 2007 and 2015 among greater than
10,000 patients in a tertiary care center cardiac
intensive care unit. After controlling for overall
vasopressor and inotrope use and illness severity
using a multivariable logistic regression model,
norepinephrine was associated with lower inhospital mortality compared with other
vasopressors.33
Similarly, observational data have shown
higher rates of mortality in patients with CS

treated with epinephrine compared with other
vasopressors in multivariate logistic regression
analysis.34 These results were confirmed in a
meta-analysis of vasopressor use and outcomes
in patients with CS. Patients treated with
epinephrine had a higher incidence of shortterm mortality, and after propensity matching,
a 3-fold increase in the risk of death compared
with patients treated with other vasopressors.35
The final vasoactive agents used in the management of CS are the vasoconstrictors phenylephrine and vasopressin. These medications
have limited use in the management of CS and
are generally reserved for low afterload states
or when inotropy is harmful, such as with tachyarrhythmias or LV outflow tract obstruction.

Revascularization
The methods of revascularization in patients
suffering from AMI-CS have undergone a steady
evolution from early medical therapy with anticoagulation and thrombolysis to mechanical
therapy with surgery or percutaneous coronary
intervention (PCI). The goal of revascularization
is to reduce infarct size, preserve LV function,
and improve survival.
Early thrombolytic trials were successful in
achieving infarct artery patency in approximately
50% to 70% of patients within 90 minutes of presentation. Thrombolysis, however, was inferior
to primary percutaneous balloon angioplasty,
which restored TIMI (thrombolysis in myocardial
infarction) grade 3 coronary blood flow in 80% to
95% of patients.36,37 Thrombolytic therapy has
also been associated with complications,
including bleeding requiring transfusion in 5%
of patients and stroke in 1.8% of patients.36
Despite thrombolytic therapy being relatively
safe and effective, it has a limited effect on outcomes in patients presenting with AMI-CS, with
a short-term mortality of greater than 70% in
this group. Older age is the strongest predictor
of worse outcomes among patients with AMI-CS
treated with thrombolysis.38,39 Despite these
limitations, thrombolysis remains a viable option
for reperfusion in patients in which timely mechanical intervention is not feasible.
By the early 2000s, several nonrandomized
studies reported reduced mortality in patients
with AMI-CS treated with primary PCI. These
observational studies prompted the SHOCK
trial, a well-known multicenter randomized
controlled trial.6 This trial compared emergency
revascularization with initial medical stabilization
in patients presenting with shock owing to LV
failure complicating AMI. The survival benefit favoring mechanical revascularization was largest
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Table 1
Inotropes and vasopressors
Drug

Effect
SVR

Typical Dosing

Receptor

CO

PVR

Milrinone

0.125–0.750 mg/kg/min

cAMP

[[[

YY

YY

Dobutamine

2.5–10 mg/kg/min

a b1 b2

[[[

Y

Y

1–4 mg/kg/min

D

[

Y

5–10 mg/kg/min

a b1 D

[[

4

Inodilator

Inoconstrictor
Dopamine

10–20 mg/kg/min

a b1 D

[

[[

Epinephrine

1–20 mg/min

a b1 b2

[[

[

Norepinephrine

1–40 mg/min

a b1

[

[[

[

Vasoconstrictor
Phenylephrine

40–180 mg/min

a

4

[[[

[[

Vasopressin

0.01–0.06 U/min

v1, v2

4

[[[

Y

Abbreviations: CO, cardiac output; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

when revascularization was performed within
18 hours from the onset of shock. The study suggested that PCI and coronary artery bypass graft
(CABG) were comparable, with similar survival
rates at 30 days and 1 year despite more severe
and extensive coronary disease in the CABG
arm. It is prudent to note that many patients
with significant triple vessel disease underwent
PCI if the operator opted to based on the
severity of shock. There are limited data aside
from the SHOCK trial evaluating PCI versus
CABG in shock; however, registries continue to
report similar outcomes with PCI and CABG
with the limitation that CABG is performed in
less than 5% of cases of CS.40
The decision to perform culprit only versus
multivessel PCI has been a topic of ongoing
research and controversy. Based on observational studies, the 2017 European and 2013 US
guidelines recommended multivessel PCI in
AMI-CS. The landmark CULPRIT SHOCK trial
(Culprit lesion only PCI vs multi-vessel PCI in
Cardiogenic Shock) prospectively randomized
revascularization strategy in patients with multivessel coronary artery disease presenting with
STEMI and CS. CULPRIT-SHOCK demonstrated
a significant absolute reduction in 30-day mortality using a culprit-only revascularization strategy
versus an initial strategy of complete revascularization during the index procedure.41 Despite
the CULPRIT-SHOCK trial including the unusual
practice of acute chronic total occlusion PCI in
an effort to provide complete revascularization
during the index procedure, there is physiologic

basis for their finding. Nonculprit PCI can affect
short-term outcomes by causing transient cessation of blood flow and microembolization,
impairing LV function and hemodynamics.42
Thus, more extensive multivessel revascularization in patients in CS may lead to transient worsening of LV function and risk of hemodynamic
collapse, particularly when performed without
MCS.9 Following the publication of the
CULPRIT-SHOCK trial, the 2018 European
guidelines updated their recommendations for
multivessel disease in CS, with non-infarctrelated artery PCI receiving a class III
recommendation.

Mechanical Circulatory Support
Numerous devices are available to provide hemodynamic support in CS (Table 2). MCS
devices support hemodynamics, augment endorgan perfusion, and limit the need for escalating doses of inotropes and vasopressors.
MCS can be used in multiple configurations
and combinations to support both univentricular
and biventricular shock.
The mechanism of action of intraaortic
balloon pump counterpulsation (IABP) is counterpulsation. IABPs inflate during diastole and
deflate during systole, resulting in increased coronary blood flow and decreased afterload.
IABPs are the most widely studied and used
form of MCS. Early evidence on the efficacy of
IABP in AMI-CS was based primarily on registry
data. The IABP Shock II trial, the first large randomized controlled trial of MCS in AMI-CS,
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IABP

Impella

Tandem

VA-ECMO

Flow (L/min)

0.5–1

2.5
3.5
5.0
5.5

3.5–4.5

3–6

Mechanism of action

Counterpulsation

Transvalvular microaxial
pump

Centrifugal cardiac bypass

Centrifugal
cardiopulmonary bypass

Sheath size

7–8F

2.5–13F
CP–14F
5.0–23F (cut down)
5.5–19F (cut down)

Inflow: 17F
Outflow: 15–19F

Inflow: 21–29F
Outflow: 15–19F

Effect on cardiac output

[

[[

[[

[[

Effect on afterload

Y

Y

[

[[

Effect on LVEDP

Y

YY

YY

4

Effect on Coronary
perfusion

[

[

4

4

Advantages

Simple cannulation, low
hemolysis profile, easy to
transport patient

Simple cannulation,
unloading of the LV,
antegrade flow

Indirect unloading of the LV

Biventricular support,
oxygenation, simple
cannulation

Disadvantages

Requires intrinsic heart
function, modest
hemodynamic support

Large-bore access, risk of
hemolysis

Large-bore access,
retrograde blood flow,
requires atrial septostomy

Large-bore access,
retrograde blood flow

Cardiogenic Shock with Acute Myocardial Infarction
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evaluated 30-day mortality in patients with AMICS with plans to undergo early revascularization
in patients randomized to primary PCI versus primary PCI with up-front IABP insertion.43 The trial
demonstrated no mortality benefit with the
routine use of IABP in patients with AMI-CS.44
Multiple subsequent studies have failed to
demonstrate improved outcomes with the use
of IABP, and as a result, US and European guidelines both downgraded recommendations for
IABP in AMI-CS to class IIB in the United States
and a class III in Europe.
The Impella (Abiomed, Danvers, MA) is an
axial flow percutaneous ventricular assist device
(VAD) that is commercially available in 4 sizes
(2.5, CP, 5.0, 5.5) corresponding with the level
of LV support as well as the Impella RP, which
is a dedicated right-sided support device. Early
evidence from the Impella-EUROSHOCK registry evaluated the use of Impella 2.5 in AMI-CS.
Despite improved end-organ perfusion as evidenced by reduced lactate levels, the study
was unable to show a mortality benefit at
30 days among patients treated with Impella.45
Similar findings were reported from the USpella
registry, which additionally suggested that early
use of hemodynamic support is favorable in stabilizing hemodynamics by direct unloading of
the left ventricle.46 These positive trends in the
registry data prompted the IMPRESS trial
(Impella CP vs Intraaortic balloon pump in Acute
Myocardial Infarction Complicated by Cardiogenic Shock). The IMPRESS trial was a multicenter, randomized controlled trial that
randomized patients with AMI-CS to Impella
CP versus IABP.47 This trial failed to show mortality benefit for the use of Impella at 30 days
or 6 months. The IMPRESS trial is limited by
small sample size and low statistical power to
detect differences between treatment groups
as well as the high level of acuity of patients
included in the trial. Of the patients in the
IMPRESS trial, 92% suffered cardiac arrest and
48% of those patients had delayed return of
spontaneous circulation (ROSC) greater than
20 minutes. Given this very sick cohort, application to patients earlier in the shock cascade may
be limited. The IMPRESS trial and 2 other trials
were examined in a meta-analysis that showed
lower in-hospital mortality and lower 30-day
mortality with the use of Impella when implemented pre-PCI versus post-PCI.48 Single-center
data suggest favorable outcomes with the use of
Impella 5.0 as a bridge to VAD.49
Another available MCS device is the TandemHeart. The TandemHeart (LivaNova, London,
UK) is a centrifugal flow pump in which blood is

directly withdrawn from the left atrium, indirectly
offloading the left ventricle, and propelled into
the arterial system via an arterial cannula inserted
into the common femoral artery. TandemHeart
insertion requires additional expertise in transseptal access to deliver the left atrial cannula.
The data on the use of TandemHeart in AMI-CS
are limited but suggest that when compared
with IABP, there is a trend toward improved hemodynamics, with improvement in renal function
and urine output and decrease in lactate. TandemHeart, however, may be associated with
more significant vascular complications because
of the need for 17- to 19F arterial access.50
Extracorporeal
membrane
oxygenation
(ECMO) is cardiopulmonary bypass that can be
placed both surgically and percutaneously in
the cardiac catheterization laboratory. In the
venoarterial configuration, it is increasingly being used as a method to provide maximal hemodynamic support in CS. Registry data from ELSO
show that patients with AMI and CS have a high
acuity of illness as evidenced by lower arterial
pH, blood pressure, and cardiac output as well
as a higher proportion of patients postcardiac
arrest on mechanical ventilation.51 Survival to
discharge in this group of patients is 40.2%,
similar to patients with non-AMI CS. ECMO
and temporary circulatory support have been
shown to be effective in reversing end-organ
dysfunction and stabilizing hemodynamics as a
bridge to recovery, VAD, or transplant.52,53 A
recently published retrospective study characterized outcomes of awake patients on VAECMO who are supported as a bridge to
recovery, VAD, or transplant.54 The results
showed that VA-ECMO resulted in an 83% overall risk reduction in mortality and improved endorgan function comparable to lower-acuity
INTERMACs categories.54 The ECMO data to
date are limited to registries for all comers in
CS and lack prospective, randomized trials. The
ECMO-CS trial is an ongoing European prospective multicenter, randomized controlled trial that
will evaluate the safety, efficacy, early, and late
mortality benefit of early conservative therapy
versus early implantation of VA-ECMO, and it
is hoped, will clarify the role of VA-ECMO in patients with CS.55
Last, RV failure after MI portends a poor prognosis and is an independent predictor of poor
outcomes, including heart failure and death.56
The devices available that support RV function
are the Impella RP and Tandem Protek Duo.
The Impella RP is an axial flow pump that provides RV support by pulling blood from the inferior vena cava and expelling it into the PA. The
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Tandem Protek Duo is a centrifugal flow pump
that pulls blood from the right atrium and propels it into the PA. There are limited data available for use in AMI complicated by CS.

Shock Systems of Care
Given the high mortality associated with AMICS, health care systems and clinicians are
increasingly using CS systems of care. These systems of care have blossomed because of the
following factors. First, recruiting and enrolling
patients into CS studies has been difficult. These
patients are critically ill and require immediate
medical stabilization for which clinicians are
reluctant to delay care. Historically, less than
0.025% of patients have been enrolled into randomized controlled trials. The difficulties in conducting high-quality and well-powered trials
have led to lack of standardization of care. The
utility of simple tools, such as invasive hemodynamics and PA catheters, is practiced variably
from hospital to hospital. Data in regard to
routine medical interventions, such as antiplatelet therapies and use of inotropes and vasopressors, are similarly scarce. Over the past decade,
there has been significant advancement in the
availability and use of MCS devices. These devices are smaller and more mobile and have
led to the diffuse of shock management. Shock
is not managed solely by surgical services and
ECMO, but more frequently by interventional,
heart failure, and critical care cardiologists with

numerous univentricular and biventricular
devices.
Shock protocols allow for a uniform treatment
strategy in an effort to provide patients, nurses,
and clinicians a systematic pathway of care,
while shock teams provide a diverse set of options that can be catered to the individual patient, taking into account operator and
institutional expertise (Fig. 2). This concept is
best exemplified in the work of the National
Cardiogenic Shock Initiative. Investigators
began by reviewing outcomes data in AMI-CS
and forming best practices, which were put
together into a shock protocol (see Fig. 2). The
study was limited to evaluating outcomes in patients with AMI-CS and not other shock phenotypes. The study also used inclusion and
exclusion criteria similar to previous randomized
controlled trials in an effort to compare with
prior work. A 41-patient pilot study found the
protocol could be used across selected centers
and was associated with high survival when
compared with historical studies and local outcomes.57 In total, greater than 60 sites were
recruited with a goal to enroll 400 patients.
The National Cardiogenic Shock Initiative is the
first contemporary study to evaluate outcomes
of a shock protocol (Fig. 3).58 The best practices
included in the protocol are (1) to identify AMICS early and treat patients in the catheterization
laboratory (early is defined as <90–120 minutes
of diagnosis and before escalating use of

Fig. 2. Team-based management in CS management. PRN, as needed. CPO, cardiac power output; CTS, cardiothoracic surgery; CVA, cerebrovascular accident; ICD, implantable cardioventer-defibrillator; IVUS, intra-vascular
ultrasound; NE, norepinephrine; PA Sat, pulmonary artery saturation; U/S, ultrasound.
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Fig. 3. National CS protocol. EKG, electrocardiogram; ICU, intensive care unit; LVAD, left ventricular assist device;
SBP, systolic blood pressure.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on August 23, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

Cardiogenic Shock with Acute Myocardial Infarction

inotropes);(2) to place MCS before PCI, as PCI
can result in reperfusion injury, distal embolization, and transient cessation of coronary perfusion with balloon inflations and stents, which
are better tolerated with MCS; and (3) to use
PA catheters to assess patients underlying hemodynamic state and to guide further therapy,
including escalation of MCS, identification of
RV failure, and weaning. The study has enrolled
more than 300 patients with AMI-CS and has
demonstrated a survival to hospital discharge
rate greater than 70%.59 Similar improved outcomes have been published by individual health
care system as well.60,61

7.

8.

9.

10.
11.

SUMMARY
AMI complicated by CS is associated with significant morbidity and mortality. Few therapies
have been evaluated in well-powered randomized controlled trials. The use of expert clinicians
and formalized shock systems of care is associated with improved outcomes.
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