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Abstract
Purpose of Review We provide a concise update on the contemporary management of cardiogenic shock in the setting of acute
coronary syndrome (ACS). Early shock recognition, optimal selection and initiation of mechanical circulatory support (MCS),
early coronary revascularization, and a team-based, protocol-driven approach are the current pillars of management.
Recent Findings Cardiogenic shock complicates approximately 5–10% of ACS cases and continues to have high mortality. Early
use of mechanical circulatory may prevent the downward spiral of shock and has significantly increased over time, supported
mainly by registry data. In the CULPRIT-SHOCK trial, culprit-only revascularization was associated with a lower 30-day
incidence of all-cause death or severe renal failure, compared with immediate multivessel PCI. Routine revascularization of
non-infarct related artery lesion(s) during primary PCI for cardiogenic shock is, therefore, not recommended. The routine use of
an intra-aortic balloon pump (IABP) was not associated with improved outcomes in the IABP-SHOCK II trial. A team-based and
protocol-driven approach may further improve outcomes.
Summary Recent advances in coronary revascularization and use of MCS, implementation of shock teams and standardized
protocols may improve outcomes of cardiogenic shock in ACS patients.
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Abbreviations
ACS Acute coronary syndrome
AMICS Acute myocardial infarction complicated with

cardiogenic shock
CAD Coronary artery disease
CPO Cardiac power output
CS Cardiogenic shock

CTO Chronic total occlusion
CULPRIT-
SHOCK

Culprit Lesion Only PCI versus
Multivessel PCI in Cardiogenic Shock

cVAD Catheter-based ventricular assist device
CVP Central venous pressure
e-CPR Extracorporeal

cardiopulmonary resuscitation
IABP Intra-aortic balloon pump
IABP-SHOCK
II

Intra-aortic Balloon Pump in
Cardiogenic Shock II

IMPRESS Impella versus IABP Reduces
mortality in STEMI patients treated
with primary PCI in severe
cardiogenic SHOCK

MCS Mechanical circulatory support
AMI Acute myocardial infarction
PAPi Pulmonary Artery Pulsatility Index
RIFLE-
STEACS

Radial Versus
Femoral Randomized Investigation
in ST-Elevation Acute Coronary Syndrome
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RV Right ventricular
SBP Systolic blood pressure
SHOCK Should We Emergently Revascularize

Occluded Coronaries for Cardiogenic Shock
STEMI ST segment elevation acute myocardial

infarction
VA-ECMO Veno-arterial extracorporeal membrane

oxygenation

Introduction

Approximately 5–15% of acute coronary syndrome (ACS) pa-
tients develop cardiogenic shock (CS), and up to 80% of patients
presenting with CS have underlying ACS [1, 2]. Typically, CS
occurs when ≥ 40% of the myocardium is involved or in the
presence of a mechanical complication of acute myocardial in-
farction (AMI), such as papillary muscle, ventricular septal, or
free wall rupture. Multivessel coronary artery disease (CAD) is
present in approximately 80% of patients with acute myocardial
infarction complicated by cardiogenic shock (AMICS), and 25–
30% have a chronic total occlusion (CTO) in the non-infarct
related artery [3••, 4]. Presence of a CTO has been associated
with higher 1-year mortality (HR 1.30 [1.02–1.67]; p= 0.03) [4].
Patients with non-ST-elevation myocardial infarction (NSTEMI)
and CS have worse in-hospital outcomes compared with patients
presenting with STsegment elevationMI (STEMI) and CS, like-
ly due to the higher frequency of complex multivessel CAD in
the former group, including CTOs and left main disease [5].
Another reason for this finding could be delays in revasculariza-
tion in patients with NSTEMI compared with STEMI. In a study
of 1853 STEMI patients, the majority of patients who had CS
developed shock within 24 h (early shock) or after 24 h of ad-
mission (late shock) comparedwith shock present pre-admission.
Late shock was associated with the highest mortality and was
more common in patients older than 75 years [6].

The increasing incidence of CS may be associated with an
aging population. In a Nationwide Inpatient Sample study, the
incidence of AMICS increased from 6.5% in 2003 to 10.1% in
2010 (p < 0.001) with a greater increase among patients older
than 75 years [7]. In-hospital mortality for AMICS declined
from 44.6 to 33.8% during the same time period (p < 0.001),
likely due to significant advances in revascularization and
supportive care, such as use of mechanical circulatory support
(MCS).

Diagnosis and Risk Stratification

CS is defined as a state in which ineffective cardiac output,
caused by a primary cardiac disorder, results in both clinical
and biochemical manifestations of inadequate tissue perfusion
[8••]. The SHOCK trial defined CS based on clinical and

hemodynamic criteria [9]. Clinical criteria include systolic
blood pressure (SBP) < 90 mmHg for ≥ 30 min or need for
pharmacologic or intra-aortic balloon pump (IABP) support to
maintain SBP > 90 mmHg, combined with end-organ hypo-
perfusion (urine output < 30 mL/h, cool extremities, altered
mental status, elevated lactate). Hemodynamic criteria include
a cardiac index (CI) ≤ 2.2 L/min/m2, combined with pulmo-
nary capillary wedge pressure (PCWP) ≥ 15 mmHg.
However, some patients with CS may not have hypotension.
The severity of CS can range from pre-shock with clinical
evidence of hypoperfusion, despite SBP > 90 mmHg, to re-
fractory shock, in which there is ongoing hypoperfusion de-
spite ≥ 2 vasopressors and treatment of the underlying cause.
The cardiac power output (CPO) in watts (W), calculated as
CO × MAP/451, was the most important determinant of out-
come in the SHOCK trial. CPO ≤ 0.53W was associated with
58% in-hospital mortality [10].

In the Catheter-based Ventricular Assist Device (cVAD) reg-
istry, increasing age, anoxic brain injury, mechanical ventila-
tion, and presence of CS prior to admission were independently
associated with higher mortality [11••]. In the Impella versus
IABP reduces mortality in STEMI patients treated with primary
PCI in severe cardiogenic SHOCK (IMPRESS) trial, return of
spontaneous circulation post-arrest in < 20 vs. > 20 min (19%
vs. 70% mortality; HR 5.50 [1.82–16.58]; p = 0.001), and ad-
mission serum lactate level < 7.5 vs. ≥ 7.5 mmol/L (29 vs. 60%
mortality; HR 3.09 [1.09–8.74]; p = 0.04) were associated with
lower 30-day mortality [12••]. Similarly, age > 65 years and
admission lactate levels > 3.8 mmol/L were associated with
higher 30-day mortality in the EUROSHOCK registry [13]. A
risk score was recently derived from the IABP-SHOCK II trial
[14]. Six variables (age > 73 years, lactate > 5 mmol/L, creati-
nine > 1.5 mg/dL, glucose > 191mg/dL, prior stroke, and TIMI
flow grade < 3 after PCI) were included (with 1 or 2 points
given to each variable), with 30-day mortality ranging from
20 to 30%, 40 to 60%, and 70 to 90%, in the low, intermediate,
and high risk categories, respectively.

Coronary Revascularization

Timing of Revascularization

The pivotal SHOCK trial randomized 302 patients, who de-
veloped CS within 36 h of MI onset to early revascularization
(within 6 h of randomization) with percutaneous coronary
intervention (PCI) or coronary artery bypass graft surgery
(CABG) versus initial medical stabilization (fibrinolytic ther-
apy in 63%, followed by PCI or CABG after > 54 h) [9]. The
primary outcome of the trial, 30-day mortality, was similar in
the two study groups. However, the early revascularization
group had a significant 13% absolute reduction in 1-year mor-
tality, which was sustained during 3-year and 6-year follow-up
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(HR 0.74 [0.57–0.97]; p = 0.03), as well as at 11-year follow-
up (number needed to treat = 8) [15]. While the original
SHOCK trial demonstrated no benefit of early revasculariza-
tion in patients older than 75 years at 1-year, this analysis was
underpowered due to the small number of older patients (only
56 patients out of a total of 302 patients were older than
75 years). Long-term survival analysis showed that there was
no interaction of treatment assignment with multiple patient
factors, including age > 75 years. A benefit of early revascu-
larization in > 75-year-old patients was also observed in the
SHOCK registry [16]. In addition, a meta-analysis, which in-
cluded observational data and sub-studies of randomized stud-
ies, demonstrated lower short and intermediate-term mortality
in appropriately selected elderly patients treated with early re-
vascularization compared with initial medical therapy or selec-
tive revascularization [17]. As a result, the current ACC/AHA
STEMI guidelines recommend the immediate transfer of
AMICS patients to a PCI-capable hospital, irrespective of the
time delay from MI onset [18]. Despite these recommenda-
tions, early revascularization was performed in only 51% of
cases in the National Inpatient Sample in 2010, with even
lower rates among women and > 75-year-old patients [7].

Arterial Access

Radial access is increasingly being used for cardiac catheter-
ization in the USA and has been associated with lower risk for
access site complications. There are, however, no randomized
controlled trials comparing trans-radial and trans-femoral ac-
cess in ACS patients presenting with CS. In RIFLE-STEACS,
only 5% of patients in the radial arm had CS, and only 7.6%
required IABP therapy. Cardiogenic shock at presentation was
associated with crossover from radial to femoral access (HR
3.43 [1.7]; p = 0.01) [19]. A meta-analysis of five non-ran-
domized, retrospective studies of CS patients showed lower
rates of mortality, transfusion, and major bleeding with radial
access [20]. However, patients undergoing trans-radial PCI
were less sick compared with those in whom femoral access
was used, suggesting the possibility of selection bias.

Revascularization: Multivessel Versus Culprit-Only

The debate on whether culprit lesion vs. multivessel revascu-
larization should be performed was recently settled by the
CULPRIT-SHOCK trial. CULPRIT-SHOCK randomized
706 CS patients with either STEMI (approximately 62%) or
NSTEMI and multivessel CAD to either immediate
multivessel PCI of culprit-only PCI [3••]. More than half of
the patients had a prior cardiac arrest. A CTO was present in
22–24% of patients. Patients with onset of CS > 12 h before
randomization and creatinine clearance < 30 mL/min were
excluded. Complete revascularization was achieved in 81%
of the multivessel PCI group. CTO PCI was also attempted

in the multivessel PCI group as long as contrast volume did
not exceed 300 mL. MCS was used in approximately 28% of
patients. Compared with patients who underwent multivessel
PCI, those who underwent culprit-only PCI had lower 30-day
incidence of death or severe renal failure requiring renal re-
placement therapy (55.5 vs. 45.9%, RR = 0.83 [0.71 to 0.96];
p = 0.01; number needed to treat = 10) and lower mortality
(51.6 vs. 43.3%; RR, 0.84 [0.72 to 0.98]; p = 0.03). The most
common cause of death was refractory CS. The worse out-
comes with multivessel PCI might be due to a deleterious
effect of higher contrast volume or due to ischemia caused
by a prolonged PCI procedure. During the 1-year follow-up,
there was no difference in mortality or reinfarction between
the two groups. Repeat revascularization (32.3 vs 9.4%, RR
3.44) and rehospitalization for heart failure (5.2 vs. 1.2%, RR
4.46), however, were less frequently required in the
multivessel PCI group [21].

The CULPRIT-SHOCK results resulted in a change in the
2018 ESC/EACTS coronary revascularization guidelines, in
which routine revascularization of non-infarct related artery
lesions during primary PCI in patients with CS is not recom-
mended (class III, level of evidence B) (Table 1) [22••].

Hemodynamic Support

Inotropic Support

Studies comparing inotropes and vasopressors are limited by
small sample size and potential bias. At present, there is lim-
ited data to support preferential use of a specific agent, al-
though norepinephrine may be preferred in patients with fast
heart rate or arrhythmias and dopamine in patients with slow
heart rate [7]. In a trial comparing dopamine and norepineph-
rine for shock, dopamine was associated with higher mortality
in the subgroup with cardiogenic shock. However, the validity
of this finding is limited by methodological and clinical con-
cerns [7, 23].

Trends in Mechanical Circulatory Support

Use of MCS for AMICS has been increasing. In an analysis
from the Nationwide Inpatient Sample, MCS use increased by
1151% between 2007 and 2011, with a concomitant decline in
hospital costs and mortality (from 51.6 to 43.1%) [24].

A potential benefit of MCS is that it allows a reduction in
the need for multiple inotropes and vasopressors. In an anal-
ysis from the cVAD registry, survival was lower in patients
requiring a higher number of inotropes/vasopressors; 0 drug,
68%; 1 drug, 45%; 2–3 drugs, 35%; and 4 drugs, 26% (odds
ratio 2.3 [0.99–5.32; p = 0.05) [11••]. Rapid weaning of these
agents after institution of MCS has been emphasized in con-
temporary CS protocols.
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IABP

The IABP was the main device used for left ventricular sup-
port of AMICS patients for many years. IABP lowers left
ventricular systolic and end-diastolic pressures and total pe-
ripheral resistance, improves mean arterial pressure and coro-
nary perfusion, and modestly improves cardiac output by 0.5–
0.8 L/min.

Use of the IABP has decreased in recent years, in large part
due to the IABP-SHOCK II trial that was conducted between
2009 and 2013. IABP-SHOCK II randomized 600 patients
with AMICS to IABP vs. control [21]. Patients who required
cardiopulmonary resuscitation (CPR) for > 30 min, or had
shock onset > 12 h prior to presentation, mechanical causes
of shock, severe anoxic brain injury, and contraindications to
IABP were excluded; 45% of the patients had undergone
CPR, 90% had required vasopressors, and 77% had
multivessel CAD. In 55% of patients with available data, the
median time from onset of shock to randomization was 2.17 h,
but time from shock onset was not associated with survival.
IABP was inserted after revascularization in most patients
(88%), and 10% and 7.4% of the control group crossed over
to IABP or received MCS, respectively. The incidence of pe-
ripheral vascular complications requiring intervention in the
IABP group was low (4.3%). There was no difference in 30-
day (39.7 vs. 41.3%, RR 0.96; 95% CI 0.79–1.17; p = 0.69) or
12-month (51·8 vs 51·4%, RR 1·01, 95% CI 0·86–1·18, p = 0·
91) all-cause mortality between the IABP and control groups.
Despite high rates of primary PCI (95%), TIMI 3 flow post-
PCI (82%) and placement of an IABP, 30-day mortality was
40%. In a pre-specified subgroup analysis, IABP was benefi-
cial in patients < 50 years old and those with a first MI.

Shortcomings of IABP-SHOCK II include inclusion of pa-
tients with mild or moderate instead of severe CS, crossover
from medical therapy to IABP, and lack of long-term follow-
up [25••]. In addition, there was a low rate of IABP insertion
pre-PCI (13.4%), although no benefit was noted in the sub-
group which received IABP pre-PCI compared with those
who received IABP post-PCI.

Based on the results of this trial, the 2018 European guide-
lines on myocardial revascularization do not recommend rou-
tine use of IABP in patients with CS due to ACS (class III,
level of evidence B) [22••]. The 2013 ACC/AHA STEMI
guidelines provide a class IIa recommendation, level of evi-
dence B, for IABP in patients with STEMI who do not quickly
stabilize with pharmacological therapy (Table 1) [18].

Impella

The data supporting Impella use for AMICS is largely derived
from registries and is, therefore, subject to the limitations of
observational studies. In a registry of 15,259 AMICS US pa-
tients who were supported with Impella between 2009 and
2016, 51% survived to explantation of the Impella device
[26••]. Survival was lower in women compared with men
and in patients > 80 years of age. Survival to explantation
was significantly higher in patients who received Impella
pre-PCI (as compared with those who received it after IABP
failure), patients who received hemodynamic monitoring with
a pulmonary artery catheter and at institutions with a higher
volume of Impella use (> 4 AMICS cases per year). Impella-
related complications include hemolysis, mitral valve injury,
arrhythmias, dislodgement, bleeding, and limb ischemia.

Table 1 Summary of recommendations on treatment strategies in
AMICS from the 2013 American College of Cardiology (ACC) and
American Heart Association (AHA) guidelines for the management of
ST segment elevation myocardial infarction [18] and the 2018 European

Society of Cardiology (ESC) and European Association for Cardio-
Thoracic Surgery (EACTS) guidelines on myocardial revascularization
[22••]

Treatment 2013 ACC/AHA guidelines 2018 ESC/EACTS guidelines

Non-culprit lesion PCI In patients with CS due to pump failure, PCI of a severe
stenosis in a large non-infarct artery might improve
hemodynamic stability and should be considered
during the primary procedure

No specific class of recommendation

In cardiogenic shock, routine revascularization of
non-infarct related artery lesions is not
recommended during primary PCI.

Class III, level of evidence B

IABP The use of IABP can be useful for patients with CS
after STEMI who do not quickly stabilize with
pharmacological therapy

Class IIa, level of evidence B

Routine use* of IABPs in patients with cardiogenic
shock due to ACS is not recommended.

Class III, level of evidence B

MCS Alternative LVassist devices for circulatory support
may be considered in patients with refractory CS

Class IIb, level of evidence C

In selected patients with ACS and CS, short-termMCS
may be considered, depending on patient age,
comorbidities, neurological function, and the
prospects for long-term survival and predicted
quality of life.

Class IIb, level of evidence C

* IABP for CS due to AMI mechanical complications was a class IIa, level of evidence C, recommendation in the 2014 ESC guidelines
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Rates of access site bleeding requiring transfusion vary from
17 to 24% and hemolysis from 7.5–10% [13, 27].

The IMPRESS trial was an open-label multicenter, ran-
domized controlled trial that compared IABP with Impella
CP in 48 AMICS patients between 2012 and 2015 [12••].
Unlike prior studies, IABP therapy pre-randomization was
an exclusion criterion. Patients were extremely sick, all were
mechanically ventilated, 96% were receiving catecholamine,
and 92% had suffered cardiac arrest with time to ROSC >
20 min in 48%. Therapeutic hypothermia was performed in
75%, with a median duration of support of 48 h. The timing of
device placement and multivessel versus culprit-only PCI
were at the discretion of the operator. In most cases, MCS
was inserted after PCI and 20% underwent PCI of non-
culprit vessels. Three of the 24 patients randomized to IABP
crossed over to Impella, and 3 of the 24 patients randomized to
Impella received no device or an alternate device (IABP or
Impella 5.0). There was no difference in the 30-day all-cause
mortality (IABP 50%, Impella 46%, HR (Impella) = 0.96
[0.42–2.18]; p = 0.92). The most frequent cause of death was
anoxic brain damage followed by refractory CS, which is not
surprising given the high percentage of patients with > 20 min
required for return of spontaneous circulation. Higher rates of
bleeding were noted in the Impella group. Due to the small
sample size, IMPRESS was underpowered to detect a mortal-
ity difference but remains the largest trial comparing IABP
and Impella CP in AMICS. The ongoing DANSHOCK trial
is randomizing AMICS patients to Impella CP vs. convention-
al circulatory support for a minimum of 48 h with a primary
endpoint of all-cause mortality after at least 6 months of
follow-up (NCT01633502).

Early (pre-PCI) implantation of Impella has been shown to
be independently associated with improved survival to dis-
charge [26••]. More than 1.25-h delay in Impella implantation
after the onset of shock was associated with higher mortality,
despite use of IABP or inotropes [ [11••] [27],]. Based on this
data, systematic early (pre-PCI) implantation of Impella has
been proposed as part of regional CS initiatives and has been
associated with lower mortality compared with historical con-
trols [28••]. The impact of pre-PCI Impella insertion in de-
creasing infarct size in STEMI patients was studied in the
“Door to Unloading (DTU) with Impella CP System in
Acute Myocardial Infarction to Reduce Infarct Size” prospec-
tive, multicenter trial. Fifty patients with STEMI without CS
received an Impella device andwere randomized to immediate
vs delayed (by 30 min) reperfusion. Delayed reperfusion was
associated with similar MACE and mean infarct size as im-
mediate reperfusion [29].

TandemHeart

The TandemHeart (TandemLife, Pittsburgh, PA, USA) is a
continuous flow centrifugal pump that provides left atrial-

femoral bypass and delivers flow up to 4 L/min and achieves
80–90% unloading of the LV. A 21F trans-septal cannula
withdraws blood from the left atrium and returns it to the
femoral artery via a 15–17F cannula. A recently published
case series reported outcomes in 56 patients who underwent
TandemHeart placement for CS due to different causes [30].
Of these, 28% (n = 16) had AMICS, including four patients
with post-MI ventricular septal defect. Survival to hospital
discharge was highest in the group which underwent correc-
tive surgery or placement of a durable ventricular assist de-
vice. It was very low (21.5%) in patients who had no definitive
exit strategy. All four patients with post-MI ventricular septal
defect, which historically is associated with a very high mor-
tality rate, were bridged to surgery or percutaneous repair.
Disadvantages of TandemHeart include high rates of bleeding
requiring transfusions, disseminated intravascular coagula-
tion, limb ischemia, embolic and hemorrhagic stroke, and risk
for cannula dislodgement that can be fatal.

VA-ECMO

Veno-arterial extracorporeal membrane oxygenation (VA-
ECMO) provides circulatory support (of both ventricles) and
oxygenation. As a result, it is the preferred MCS modality for
patients with refractory cardiogenic shock and those with car-
diac arrest.

In a recently published study of 46 patients with refractory
AMICS, VA-ECMO initiation pre-PCI was independently as-
sociated with improved survival compared with post-PCI ini-
tiation (14.7 vs. 58.3%, p = 0.006) [31]. In the setting of car-
diac arrest due to ACS, rapid support and a high rate of PCI
performed during cardiac arrest with VA-ECMO support re-
sulted in return of spontaneous circulation in all patients,
though 30-day survival with neurological recovery was only
24% [32]. Furthermore, in the setting of cardiac arrest due to
AMI, early initiation of support (median 40 min, from time of
arrest to ECMO initiation) was associated with better out-
comes compared with delayed support. Onmultivariable anal-
ysis, > 12.5 min of CPR were independently associated with
higher 30-day mortality (adjusted hazard ratio, 4.71; 95% CI,
1.30–17.406; p = 0.018) [33]. The availability of compact,
portable devices in which the pump can be primed within
minutes has led to increasing use of extracorporeal cardiopul-
monary resuscitation (e-CPR), in which VA-ECMO is initiat-
ed for patients with out-of-hospital or in-hospital cardiac ar-
rest. In a propensity score-based analysis, e-CPR was associ-
ated with improved survival to discharge and 1-year compared
with conventional CPR in patients with in-hospital cardiac
arrest [34]. An important limitation of VA-ECMO is the in-
creased afterload on the LV resulting in increased LVEDP and
dilatation which requires concomitant unloading with a device
such as Impella.
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The 2013 ACC/AHA guidelines recommend considering
MCS for refractory CS, while the 2018 ESC/EACTS guide-
lines state that support may be considered depending on pa-
tient age, comorbidities, neurological function, and the pros-
pects for long-term survival and predicted quality of life. Both
guidelines give MCS a class IIb, level of evidence C recom-
mendation [18, 22••].

Device Selection for MCS in CS

A practical algorithm for selecting the type of MCS was pro-
posed by Atkinson et al. and is shown in Fig. 1 [35••]. IABP can
be useful in patients with pre-shock. VA-ECMO is the device of
choice for cardiac arrest patients and patients with severe shock
who are hypoxemic or have biventricular heart failure. Impella

or TandemHeart are preferred for patients who have isolated left
ventricular failure. A summary of commonly usedMCS devices
is provided in Table 2. MCS devices should be modified and
weaned based on continuous assessment of patient’s clinical
condition and measurement of hemodynamic parameters such
as the CPO and the Pulmonary Artery Pulsatility index (PAPi,
calculated as (systolic pulmonary artery pressure − diastolic pul-
monary artery pressure)/right atrial pressure [28••].

Right Ventricular Shock

CS due to right ventricular (RV) infarction is less common than
cardiogenic shock due to left ventricular failure, yet mortality is
similar [36]. Similar to different categories of left ventricular
failure, criteria for RV dysfunction, severe RV dysfunction, and

Fig. 1 Algorithm for percutaneous mechanical circulatory support
(MCS) device selection in patients with cardiogenic shock. ROSC,
return of spontaneous circulation; UPLMN, unprotected left main; AS,
aortic stenosis; MR, mitral regurgitation; BiV, biventricular; RVAD, right

ventricular assist device; IABP, intra-aortic balloon pump. (Reprinted
from Atkinson et al. JACC Cardiovasc Interv 2016;9(9):871–83. https://
doi.org/10.1016/j.jcin.2016.02.046, with permission from Elsevier)
[35••]
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RV failure in CS have been proposed. Even in the absence of
RV infarction, RV dysfunction is common in patients with
AMICS. In an analysis of 394 patients with available hemody-
namic data from the 1491 patients in the SHOCK trial and
registry, RV dysfunction (defined as central venous pressure
or CVP > 10 mmHg, CVP/PCWP > 0.63, pulmonary artery
(PA) systolic pressure–PA diastolic pressure/CVP, or
Pulmonary Artery Pulsatility index- PAPi < 2 and RV stroke
work index-RVSWI < 450 g m/m2) was present in 38% [37].
Severe RV dysfunction (CVP > 15, CVP/PCWP > 0.8, PAPi <
1.5, RVSWI < 300 g m/m2) was present in 15%. The high
incidence of RV dysfunction in CS, regardless of the culprit,
could be explained by the unique characteristics of the RV. The
RV responds poorly to sudden increases in afterload, dilatation,
septal dysfunction and ischemia and 40% of its contractile force
depends on the interventricular septum. Due to its thin walls, it
fails rapidly in these situations. Right ventricular shock occurs
approximately 3 h earlier than left ventricular shock.
Fortunately, the RV uniformly recovers once the acute insult
resolves. Identification of predominant RV shock is more diffi-
cult than diagnosis of left ventricular shock and depends mainly

on hemodynamic criteria as outlined above. The focus should,
therefore, be on early recognition, correction of the underlying
cause of RV failure and, if needed, early consideration for RV
mechanical support that can be achieved using the Protek Duo
cannula and pump (TandemLife, Pittsburgh, PA) or the Impella
RP catheter (Abiomed, Danvers, MA). The Protek Duo con-
tains 2 lumens within one 29F or 31F cannula. One lumen
serves as an inflow cannula from the right atrium (RA) and
encompasses a series of inflow vents positioned across the su-
perior vena cava. The second lumen has a multi-fenestrated
distal tip to deliver blood into the main PA. The inflow cannula
drains blood from the RA into an extracorporeal centrifugal
pump, which delivers the blood back to the PA [38••] The
Impella RP is a 22F 3-dimensional catheter-based micro-axial
pump mounted on an 11F catheter inserted via the femoral vein
through a 23F peel-away sheath. It aspirates blood from the
inferior vena cava (IVC) and delivers it to the PA at a rate of
up to 4 L/min at 33,000 rpm. In a pilot study of 30 patients with
refractory RV failure (five of whom had AMICS) treated with
the Impella RP, hemodynamics rapidly improved after device
insertion, with 73% 6-month survival [39].

Table 2 Summary of mechanical circulatory support devices

IABP Impella TandemHeart VA-ECMO

Feasibility

Availability +++ ++ + +

Arterial access size required 7–8 Fr 12 Fr (Impella 2.5)
14 Fr (Impella CP)
21 Fr (Impella 5.0)

15–17 Fr arterial
21 Fr venous

14–17 Fr arterial
18–21 Fr venous

Contraindications • High bleeding risk
• Severe aortic regurgitation
• Thoracic or abdominal aorta

aneurysm

• High bleeding risk
• Severe aortic

regurgitation
• Severe PAD†

• Left ventricular
thrombus

• Mechanical aortic
valve

• Ventricular septal
defect

• High bleeding risk
• Severe aortic regurgitation
• Severe PAD†

• High bleeding risk
• Severe aortic

regurgitation
• Severe PAD†

Efficacy

Cardiac output increase (L/min) 0.3–0.5 ≈ 2.5 (Impella 2.5)
≈ 4.0 (Impella CP)
≈ 5.0 (Impella 5.0)

4–5* 4–5*

Affected by arrhythmias Yes No No No

Requires adequate right ventricular
function

Yes Yes Yes No

Can correct respiratory failure No No Yes‡ Yes

Complications

Risk for lower limb ischemia + ++ +++ +++

Trans-septal puncture required No No Yes No

Risk for bleeding + ++ ++ ++

Risk for hemolysis + ++ ++ ++

† transcaval access can be used for placing the arterial cannula in case of severe peripheral arterial disease
* Depending on arterial cannula size
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Team-Based Management and Regional
Systems of Care

A team-based approach including interventional cardiologists,
cardiac surgeons, heart failure specialists, cardiac intensivists,
and perfusionists is also used inmany centers that treat AMICS
patients [40]. Early involvement of advanced heart failure
teams facilitate initiation of MCS and allows evaluation for
advanced treatment options, such as durable left ventricular
assist devices or cardiac transplantation that provide an “exit”
strategy for patients who receive MCS but do not improve.
Cardiac intensivists also have an important role on the team.
In a historical control study, care by a cardiac intensivist was
associated with significantly lower mortality (adjusted odds
ratio [aOR] 0.44 [0.25–0.75]; p < 0.001), which was also true
for patients on VA-ECMO (in-hospital mortality 29.4 vs.
57.6%, aOR 0.28 [0.10–0.81]; p = 0.02) [41]. Development
of dedicated protocols for the assessment and management of
AMICS patients can help expedite and optimize care. An ex-
ample of such a protocol is the Detroit Cardiogenic Shock
Initiative. Initial application of this protocol in 41 AMICS pa-
tients was associated with a remarkable 76% survival to hos-
pital discharge without the need for permanent left ventricular
assist device or cardiac transplantation [28••].

Challenges, Unanswered Questions,
and Future Directions

Despite advances in management, mortality in AMICS re-
mains high, highlighting the need for additional research and
innovative approaches to the care of these patients. Those
approaches should focus on prevention (with prompt coronary
revascularization), early recognition, and aggressive support-
ive care including MCS. Although coronary revascularization
should be performed as soon as possible, the optimal timing
for MCS requires further evaluation. Expansion of AMICS
teams and protocol-based treatment also hold great promise
for standardizing outcomes and optimizing care. The high
incidence of readmission in patients who survive AMICS is
also a challenge. Almost one in five patients is readmitted
within 30 days mostly due to cardiac reasons. Many of these
patients develop chronic heart failure which is associated with
continued high mortality and treatment costs [42].

Conclusions

Recent updates in the management of AMICS include early
recognition and risk stratification with hemodynamic param-
eters derived during right heart catheterization, avoidance of
non-culprit lesion PCI during primary PCI, expeditious im-
plantation of MCS in patients with severe shock, and a

team-based approach. Despite these advancements, prognosis
AMICS patients remains poor, highlighting the need for addi-
tional developments and innovations.

Compliance with Ethical Standards

Conflict of Interest Jayant Bagai declares no conflict of interest.
Emmanouil S. Brilakis reports the following: Consulting/speaker hon-

oraria from Abbott Vascular, American Heart Association (Associate
Editor, Circulation), Boston Scientific, Cardiovascular Innovations
Foundation (Board of Directors), CSI, Elsevier, GE Healthcare,
InfraRedx, and Medtronic. Research support from Siemens, and
Regeneron, Shareholder: MHI Ventures. Board of Trustees: Society of
Cardiovascular Angiography and Interventions.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

Papers of particular interest, published recently, have been
highlighted as:
•• Of major importance

1. Harjola VP, Lassus J, Sionis A, et al. CardShock Study
Investigators; GREAT Network. Clinical picture and risk predic-
tion of short-termmortality in cardiogenic shock [published correc-
tion appears in Eur J heart fail. 2015;17:984]. Eur J Heart Fail.
2015;17:501–9. https://doi.org/10.1002/ejhf.260.

2. Wayangankar SA, Bangalore S, McCoy LA, et al. Temporal trends
and outcomes of patients undergoing percutaneous coronary inter-
ventions for cardiogenic shock in the setting of acute myocardial
infarction: a report from the CathPCI Registry. JACC Cardiovasc
Interv. 2016;9:341–51. https://doi.org/10.1016/j.jcin.2015.10.039.

3.•• Thiele H, Akin I, Sandri M, et al. CULPRIT-SHOCK Investigators.
PCI strategies in patients with acute myocardial infarction and car-
diogenic shock. N Engl J Med. 2017;377(25):2419–32 Definitive
RCTcomparing outcomes with multivessel vs. culprit-only PCI
in AMICS.

4. SaadM, FuernauG,Desch S, et al. Prognostic impact of non-culprit
chronic total occlusions in infarct-related cardiogenic shock: results
of the randomised IABP-SHOCK II trial. EuroIntervention.
2018;14:306–13.

5. Anderson ML, Peterson ED, Peng SA, Wang TY, Ohman EM,
Bhatt DL, et al. Differences in the profile, treatment, and prognosis
of patients with cardiogenic shock by myocardial infarction classi-
fication: a report from NCDR. Circ Cardiovasc Qual Outcome.
2013;6:708–15.

6. Nguyen HL, Yarzebski J, Lessard D, et al. Ten-year (2001-2011)
trends in the incidence rates and short-term outcomes of early ver-
sus late onset cardiogenic shock after hospitalization for acute myo-
cardial infarction. J Am Heart Assoc. 2017;6(6).

7. Kolte D, Khera S, AronowWS, Mujib M, Palaniswamy C, Sule S,
et al. Trends in incidence, management, and outcomes of cardio-
genic shock complicating ST-elevation myocardial infarction in the
United States. J Am Heart Assoc. 2014;3(1):e000590.

17 Page 8 of 10 Curr Cardiol Rep (2019) 21: 17

https://doi.org/10.1002/ejhf.260
https://doi.org/10.1016/j.jcin.2015.10.039


8.•• van Diepen S, Katz JN, Albert NM, et al. Contemporary manage-
ment of cardiogenic shock: a scientific statement from the
American Heart Association. Circulation. 2017;136(16):e232–68
Comprehensive summary of AMICS management including a
proposed regional system of care for AMICS.

9. Hochman JS, Sleeper LA, Webb JG, Sanborn TA, White HD,
Talley JD, et al. Early revascularization in acute myocardial infarc-
tion complicated by cardiogenic SHOCK: SHOCK investigators:
should we emergently revascularize occluded coronaries for cardio-
genic shock. N Engl J Med. 1999;341:625–34. https://doi.org/10.
1056/NEJM199908263410901.

10. Fincke R, Hochman JS, Lowe AM, et al. Cardiac power is the
strongest hemodynamic correlate of mortality in cardiogenic shock:
a report from the SHOCK trial registry. J Am Coll Cardiol.
2003;41:1087–95.

11.•• Basir MB, Schreiber TL, Grines CL, et al. Effect of early initiation
of mechanical circulatory support on survival in cardiogenic shock.
Am J Cardiol. 2017;119(6):845–51 Analysis from the cVAD reg-
istry showing the impact of delay inMCS insertion on survival.

12.•• Ouweneel DM, Eriksen E, Sjauw KD, et al. Percutaneous mechan-
ical circulatory support versus intra-aortic balloon pump in cardio-
genic shock after acute myocardial infarction. J Am Coll Cardiol.
2017;69(3):278–87Randomized-controlled trial showing no dif-
ference in outcomes with Impella vs. and IABP in AMICS
patients.

13. Lauten A, Engström AE, Jung C, Empen K, Erne P, Cook S, et al.
Percutaneous left-ventricular support with the Impella-2.5-assist
device in acute cardiogenic shock: results of the Impella-
EUROSHOCK-registry. Circ Heart Fail. 2013;6(1):23–30.

14. Poss J, Koster J, Fuernau G, et al. Risk stratification for patients in
cardiogenic shock after acute myocardial infarction. J Am Coll
Cardiol. 2017;69(15):1913–20.

15. Hochman JS, Sleeper LA,Webb JG, Dzavik V, Buller CE, Aylward
P, et al. Early revascularization and long-term survival in cardio-
genic shock complicating acute myocardial infarction. JAMA.
2006;295(21):2511–5.

16. Dzavik V, Sleeper LA, Cocke TP,Moscucci M, Saucedo J, Hosat S,
et al. Early revascularization is associated with improved survival in
elderly patients with acute myocardial infarction complicated by
cardiogenic shock: a report from the SHOCK Trial Registry. Eur
Heart J. 2003;24:828–37.

17. Rogers PA, Daye J, Huang H, Blaustein A, Virani S, AlamM, et al.
Revascularization improves mortality in elderly patients with acute
myocardial infarction complicated by cardiogenic shock. Int J
Cardiol. 2014;172(1):239–41.

18. O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA
guideline for the management of ST-elevation myocardial infarc-
tion: a report of the American College of Cardiology Foundation/
American Heart Association Task Force On Practice Guidelines.
Circulation. 2013;127(4):e362–425. https://doi.org/10.1161/CIR.
0b013e3182742cf6.

19. Romagnoli E, Biondi-Zoccai G, Sciahbasi A, et al. Radial versus
femoral randomized investigation in ST-segment elevation acute
coronary syndrome: the RIFLE-STEACS (radial versus femoral
randomized investigation in ST-elevation acute coronary syn-
drome) study. J Am Coll Cardiol. 2012;60(24):2481–9.

20. Roule V, Lemaitre A, Sabatier R, Lognoné T, Dahdouh Z, Berger L,
et al. Transradial versus transfemoral approach for percutaneous
coronary intervention in cardiogenic shock: a radial-first centre ex-
perience and meta-analysis of published studies. Arch Cardiovasc
Dis. 2015;108(11):563–75.

21. Thiele H, Zeymer U, Neumann FJ, et al. Intraaortic balloon pump in
cardiogenic shock II (IABP-SHOCK II) trial investigators. Intra-
aortic balloon counterpulsation in acute myocardial infarction com-
plicated by cardiogenic shock (IABP-SHOCK II): final 12-month

results of a randomized open-label trial. Lancet. 2013;382(9905):
1638–45.

22.•• Neumann FJ, Sousa-Uva M, Ahlsson A, et al. ESC Scientific
Document Group. 2018 ESC/EACTS guidelines on myocardial
revascularization. Eur Heart J. 2018. https://doi.org/10.1093/
eurheartj/ehy394 Latest European Society of Cardiology/
European Association of Cardio-Thoracic Surgery guidelines
that recommend performing culprit-only PCI and avoiding
routine use of IABP in AMICS.

23. De Backer D, Biston P, Devriendt J, et al. SOAP II Investigators.
Comparison of dopamine and norepinephrine in the treatment of
shock. N Engl J Med. 2010;362(9):779–89.

24. Stretch R, Sauer CM, Yuh DD, Bonde P. National trends in the
utilization of short-term mechanical circulatory support: incidence,
outcomes, and cost analysis. J Am Coll Cardiol. 2014;64(14):
1407–15.

25.•• Mandawat A, Rao SV. Percutaneous mechanical circulatory sup-
port devices in cardiogenic shock. Circ Cardiovasc Interv.
2 0 1 7 ; 1 0 ( 5 ) : e 0 0 4 3 3 7 . h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 /
CIRCINTERVENTIONS.116.004337 Excellent summary on
MCS therapy based on shock hemodynamics.

26.•• O'Neill WW, Grines C, Schreiber T, et al. Analysis of outcomes for
15,259 US patients with acute myocardial infarction cardiogenic
shock (AMICS) supported with the Impella device. Am Heart J.
2018;202:33–8 Large study from a national quality improve-
ment database between 2009-2016 showing the pre-PCI inser-
tion of Impella in AMICS was associated with lower mortality.

27. O'Neill WW, Schreiber T, Wohns DH, et al. The current use of
Impella 2.5 in acute myocardial infarction complicated by cardio-
genic shock: results from the USpella Registry. J Interv Cardiol.
2014;27:1–11.

28.•• Basir MB, Schreiber T, Dixon S, et al. Feasibility of early mechan-
ical circulatory support in acute myocardial infarction complicated
by cardiogenic shock: the Detroit cardiogenic shock initiative.
Catheter Cardiovasc Interv. 2018;91(3):454–61 Prospective mul-
ticenter study reporting improved outcomes after implementa-
tion of a systematic protocol for managing AMICS patients.

29. Kapur NK et al. The door to unload (DTU) safety and feasibility
pilot trial. Presented at the 2018 American Heart Association Late
Breaking Clinical Science.

30. Smith L, Peters A, Mazimba S, Ragosta M, Taylor AM. Outcomes
of patients with cardiogenic shock treated with TandemHeart (®)
percutaneous ventricular assist device: importance of support indi-
cation and definitive therapies as determinants of prognosis.
Catheter Cardiovasc Interv. 2018;92:1173–81. https://doi.org/10.
1002/ccd.27650.

31. Huang CC, Hsu JC, Wu YW, et al. Implementation of extracorpo-
real membrane oxygenation before primary percutaneous coronary
intervention may improve the survival of patients with ST-segment
elevation myocardial infarction and refractory cardiogenic shock.
Int J Cardiol. 2018;269:45–50.

32. Kagawa E, Dote K, KatoM, Sasaki S, NakanoY, KajikawaM, et al.
Should we emergently revascularize occluded coronaries for cardi-
ac arrest? Rapid-response extracorporeal membrane oxygenation
and intra-arrest percutaneous coronary intervention. Circulation.
2012;126(13):1605–13.

33. Cho S, Lee W, Lim SH, Kang TS. Relationship between clinical
outcomes and cardiopulmonary resuscitation time in patients with
acute myocardial infarction treated by extracorporeal membrane
oxygenation-assisted primary percutaneous coronary intervention.
Korean Circ J. 2018;48(8):705–15.

34. Chen YS, Lin JW, Yu HY, Ko WJ, Jerng JS, Chang WT, et al.
Cardiopulmonary resuscitation with assisted extracorporeal life-
support versus conventional cardiopulmonary resuscitation in
adults with in-hospital cardiac arrest: an observational study and
propensity analysis. Lancet. 2008;372(9638):554–61.

Curr Cardiol Rep (2019) 21: 17 Page 9 of 10 17

https://doi.org/10.1056/NEJM199908263410901
https://doi.org/10.1056/NEJM199908263410901
https://doi.org/10.1161/CIR.0b013e3182742cf6
https://doi.org/10.1161/CIR.0b013e3182742cf6
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004337
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004337
https://doi.org/10.1002/ccd.27650
https://doi.org/10.1002/ccd.27650


35.•• Atkinson TM, Ohman EM, O'Neill WW, Rab T, Cigarroa JE.
Interventional Scientific Council of The American College of
Cardiology. A practical approach to mechanical circulatory support
in patients undergoing percutaneous coronary intervention: an in-
terventional perspective. JACC Cardiovasc Interv. 2016;9(9):871–
83. https://doi.org/10.1016/j.jcin.2016.02.046 Comprehensive
summary of MCS selection.

36. Jacobs AK, Leopold JA, Bates E, Mendes LA, Sleeper LA, White
H, et al. Cardiogenic shock caused by right ventricular infarction: a
report from the SHOCK registry. J Am Coll Cardiol. 2003;41(8):
1273–9.

37. Lala A, Guo Y, Xu J, Esposito M, Morine K, Karas R, et al. Right
ventricular dysfunction in acute myocardial infarction complicated
by cardiogenic shock: a hemodynamic analysis of the should we
emergently revascularize occluded coronaries for cardiogenic
SHOCK (SHOCK) trial and registry. J Card Fail. 2018;24(3):
148–56. https://doi.org/10.1016/j.cardfail.2017.10.009.

38.•• Kapur NK, Esposito ML, Bader Y, et al. Mechanical circulatory
support devices for acute right ventricular failure. Circulation.

2017;136(3):314–26. https://doi.org/10.1161/CIRCULATIONAHA.
116.025290Comprehensive summary of hemodynamic variables
and MCS strategies for shock due to right ventricular failure.

39. Anderson MB, Goldstein J, Milano C, et al. Benefits of a novel
percutaneous ventricular assist device for right heart failure: the
prospective RECOVER RIGHT study of the Impella RP device. J
Heart Lung Transplant. 2015;34(12):1549–60.

40. Brilakis ES, Eckman P. The five key “ingredients” for improving
outcomes in cardiogenic shock complicating acute myocardial in-
farction. Catheter Cardiovasc Interv. 2018;91(3):462–3. https://doi.
org/10.1002/ccd.27540.

41. Na SJ, Park TK, Lee GY, et al. Impact of a cardiac intensivist on
mortality in patients with cardiogenic shock. Int J Cardiol.
2017;244:220–5. https://doi.org/10.1016/j.ijcard.2017.06.082.

42. Mahmoud AN, Elgendy IY, Mojadidi MK, et al. Prevalence,
causes, and predictors of 30-day readmissions following hospitali-
zation with acute myocardial infarction complicated by cardiogenic
shock: findings from the 2013-2014 National Readmissions
Database. J Am Heart Assoc. 2018;23:7(6).

17 Page 10 of 10 Curr Cardiol Rep (2019) 21: 17

https://doi.org/10.1016/j.jcin.2016.02.046
https://doi.org/10.1016/j.cardfail.2017.10.009
https://doi.org/10.1161/CIRCULATIONAHA.116.025290
https://doi.org/10.1161/CIRCULATIONAHA.116.025290
https://doi.org/10.1002/ccd.27540
https://doi.org/10.1002/ccd.27540
https://doi.org/10.1016/j.ijcard.2017.06.082

	Update in the Management of Acute Coronary Syndrome Patients with Cardiogenic Shock
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Diagnosis and Risk Stratification
	Coronary Revascularization
	Timing of Revascularization
	Arterial Access
	Revascularization: Multivessel Versus Culprit-Only

	Hemodynamic Support
	Inotropic Support
	Trends in Mechanical Circulatory Support
	IABP
	Impella
	TandemHeart
	VA-ECMO
	Device Selection for MCS in CS
	Right Ventricular Shock


	Team-Based Management and Regional Systems of Care
	Challenges, Unanswered Questions, and Future Directions
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: •• Of major importance



