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ABSTRACT

Cardiogenic shock (CS) remains a leading cause
of morbidity and mortality among patients with
cardiovascular disease. In the past, acute
myocardial infarction was the leading cause of
CS. However, in recent years, other etiologies,
such as decompensated chronic heart failure,
arrhythmia, valvular disease, and post-car-
diotomy, each with distinct hemodynamic
profiles, have risen in prevalence. The number
of treatment options, particularly with regard to
device-mediated therapy has also increased. In
this review, we sought to survey the medical
literature and provide an update on current
practices.
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Key Summary Points

Cardiogenic shock (CS) remains a leading
cause of death among patients with acute
myocardial infarction.

Although acute myocardial infarction has
historically been the leading cause of
cardiogenic shock, decompensated heart
failure is increasing in prevalence and
dominates recent registries.

Cardiogenic shock is a dynamic and
hemodynamically heterogeneous
condition, with diagnosis based primarily
on clinical evaluation with few standard
criteria. This heterogeneity has made study
design and data interpretation difficult.

In the absence of evidence-based standards,
current practices in the treatment of CS are
driven mainly by clinician preference and
experience; thus, a common language and
principles is needed to facilitate the
acquisition of high-quality data.

The Society for Cardiovascular
Angiography and Interventions (SCAI) has
devised a system for classifying and
staging the severity of cardiogenic shock
based on clinical variables; validation
studies have demonstrated a convincing
correlation between the SCAI shock stages
and risk of mortality.
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Cardiogenic shock (CS) continues as a lead-
ing cause of morbidity and mortality among
patients with acute and chronic cardiac disease,
accompanying up to 10-12% of cases of acute
myocardial infarction (AMI), and accounting
for 2-5% of acute heart failure presentations
[1-4]. Despite notable advances in percutaneous
coronary interventions (PCI), availability of
temporary mechanical circulatory support
(MCS), and widespread recognition that early
revascularization is key to survival [5, 6],
improvement in acute CS mortality has pla-
teaued in the 20years since the landmark
SHOCK (SHould we emergently revascularize
Occluded Coronaries for cardiogenic shocK)
trial [2-4]. Part of the difficulty of treating CS
lies in the diversity of presentations and
hemodynamic profiles as non-AMI causes for CS
have risen in prevalence. Changes in patient
demographics and comorbidities, as well as
improvements in medical therapy, have led to a
decline in the Incidence of AMI, and an increase
in the prevalence of heart failure [1, 4]. Conse-
quently, there has been a gradual shift away
from AMI-related CS (AMI-CS) to causes such as
heart failure decompensation with cardiogenic
shock (HF-CS), right ventricular failure, valvular
disease, arrhythmia, myocarditis, and post-car-
diotomy CS [1, 4]. An analysis of the United
States National Inpatient Sample, revealed that
the incidence of AMI-CS had fallen from 39.2%
in 2004 to 28.5% in 2018 [7]. Similarly in a
recent review of CS admissions across 16 North
American coronary care units, 30% were due to
AMI-CS and 46% were related to ischemic and
non-ischemic cardiomyopathy [4, 8].

Estimates for CS mortality vary depending
on the study and the patient population, with
consensus settling at approximately 50%
acutely, and at 1year [1, 4, 8]. Osman et al.
found that mortality for AMI-CS fell from 43 to
34% and from 52 to 37% for non-AMI-CS over
the years from 2004 to 2018 [7]. Compared to
non-AMI-CS, AMI-CS has the advantages of
standardized care objectives, quantitative diag-
nostics such as troponin levels, and validated
performance metrics such as “door-to-balloon
time” and prompt introduction of MCS. Con-
versely, HF-CS can be challenging to recognize
in the absence of hemodynamic data, since the

physiologic adaptations that allow for baseline
tolerance of lower cardiac output and blood
pressure can create a more insidious onset and
presentation [9]. Additionally, while guidelines
advocate a multidisciplinary approach to
managing CS [3], a review of current clinical
practices demonstrates that consultations by
advanced heart failure specialists are often late
in the disease process, with patients already
requiring inotropic or mechanical support [10].
Early involvement of heart failure specialists is
particularly  beneficial ~when  advanced
mechanical circulatory support is employed,
since these “bridge” therapies require longitu-
dinal consideration of realistic exit strategies if
recovery is not achieved.

Regardless of etiology, the hallmark of CS is
hypotension unresponsive to fluid resuscita-
tion, with evidence of end-organ hypoperfusion
in the setting of suspected cardiac dysfunction
[2, 3]. Although reduced cardiac output/cardiac
index (CO/CI) is a finding common to CS, other
physiologic parameters such as central venous
pressure (CVP) and congestion, pulmonary
capillary wedge pressure (PCWP), systemic vas-
cular resistance (SVR) and pulmonary vascular
resistance (PVR) may differ according to the
etiology and underlying pathophysiology of CS.
Classically, CS has been described as presenting
over a range of phenotypic profiles which can
be used to infer hemodynamic parameters, such
as a patient’s volume (wet or dry) and perfusion
(warm or cold), which in turn stand as surro-
gates for PCWP and CO/CI, respectively
[3, 11, 12]. Patients with classical CS are “cold
and wet,” representing a low CI, increased SVR,
and increased PCWP [2, 3]. Cold and dry (“eu-
volemic”) CS represents reduced CI, increased
SVR, and a normal PCWP [2, 3]. These patients
are less likely to have AMI-CS and are more
likely to have HF-CS [2]. HF-CS and CS associ-
ated with RHF can be associated with long-term
physiologic adaptations that can confound
“classic” physical signs, in addition, hemody-
namic profiles may change over the course of
acute illness [10]. Furthermore, the concor-
dance between physician clinical assessment
and hemodynamic profiles derived from PA
catheters is low. While the overall goal in CS is
to preserve arterial pressure, ensure adequate
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tissue perfusion, and prevent deterioration, the
varying profiles require different approaches
and diagnostic accuracy is essential.

Beyond early revascularization, addressing
CS-mediated hypotension and hypoperfusion
becomes more challenging, as attempts to
improve the outcomes of each, individually,
can be counterproductive. Vasopressors increase
peripheral vasoconstriction to increase mean
arterial pressure and therefore increase cardiac
afterload, wall stress, and myocardial oxygen
consumption (MVO;) [12-14]. Vasopressors
may also impair microcirculation and worsen
peripheral ischemia [12, 13]. Conversely, ino-
tropes can augment CO but can worsen
hypotension, particularly in the settings of
hypovolemia and/or systemic vasodilation
[14, 15]. While pulmonary artery catheteriza-
tion (PAC) is not required in all CS cases, cur-
rent guidelines recommend use when CS is
refractory to initial therapy or the mechanism
of shock is unclear [1, 16, 17]. Although his-
torical studies such as ESCAPE (Evaluation
Study of Congestive heart failure And Pul-
monary artery catheterization Effectiveness)
suggested limited utility and possible harm with
the use of PAC, many, including ESCAPE,
actively excluded patients with CS [18]. More
recently, observational studies of large cohorts
have revealed that PAC in CS is associated with
more aggressive therapy [19, 20] and improved
survival [20, 21]. PAC as a diagnostic tool can
lend greater precision to hemodynamic profil-
ing and contribute to expediting decision-
making and rapid stabilization, all of which
contribute to improved clinical outcomes.

Selecting an inotrope or vasopressor is pri-
marily based on the theoretical outcomes of
addressing the underlying pathophysiology in
order to preserve arterial pressure and ensure
adequate tissue perfusion. In a survey of 839
physicians conducted by the European Society
of Intensive Care Medicine, 84% of respondents
used dobutamine as their first-line inotrope,
with 44% reporting CO as their primary thera-
peutic target [22]. Inotrope options include
dobutamine, milrinone, and levosimendan,
which all increase contractility by increasing
intracellular calcium within cardiac myocytes
[14]. Dobutamine acts primarily through B1-

receptors on the myocardium, while also acti-
vating B2 and al-receptors peripherally [14, 15].
The net effect is increased heart rate, stroke
volume (SV), contractility, and mixed vasodila-
tion and vasoconstriction [15]. Advantages of
dobutamine include its short half-life, thereby
quickly reaching steady-state, and that it can be
used with renal disease. However, caution must
be used among patients who are already tachy-
cardic or have a history of arrhythmia, as
dobutamine is significantly pro-arrhythmic
[14, 15, 23]. Milrinone is a phosphodiesterase-3
inhibitor which, by further downstream mech-
anisms, leads to increased intracellular calcium
to increase contractility and decrease SVR and
PVR [14, 135]. It is a first-line agent for acute
decompensated heart failure, causes less tachy-
cardia than dobutamine, and is useful in cases
of pulmonary hypertension and RV failure
[14, 15, 23]. The utility of milrinone in CS is
somewhat limited by its longer half-life, nearly
exclusive renal excretion, and the relative con-
traindication of hypotension [15]. Milrinone
has the added benefit that patients can remain
on beta-blockade, which has been associated
with improved outcomes in cases of decom-
pensated heart failure [15]. While beta-blockers
are frequently discontinued with dobutamine,
recent studies suggest improved outcomes with
their continued use [23, 24]. Finally, levosi-
mendan is a myofilament calcium sensitizer,
available only in Europe and the United King-
dom, with a hemodynamic profile and limita-
tions similar to milrinone [14, 15].

Like inotropes, vasopressors also increase
intracellular calcium, albeit peripherally to
cause vasoconstriction [14]. Norepinephrine,
epinephrine, dopamine (as a precursor to the
former two agents), and phenylephrine exert
their effect by directly acting on al receptors,
while vasopressin and angiotensin-II have their
own dedicated receptors [14, 15]. While vaso-
pressors are typically thought of primarily as
vasoconstrictors, norepinephrine, epinephrine,
and dopamine all have some degree of B1 ago-
nism; however, debate remains on their degree
of inotropic augmentation and proarrhythmia
[14, 15]. Dopamine also has the unique prop-
erty of exerting different hemodynamics at dif-
ferent doses: at up to 5 mg/kg/min, it primarily

I\ Adis



372

Cardiol Ther (2022) 11:369-384

increases renal blood flow; between 5 and
10 mg/kg/min, inotropic augmentation pre-
dominates; and at doses > 10 mg/kg/min, it is a
primary vasoconstrictor [14]. Phenylephrine, as
a synthetic catecholamine, primarily causes
vasoconstriction and is particularly useful
among hypotensive patients with arrhythmia
(e.g., atrial fibrillation) [14]. Similarly, vaso-
pressin and angiotensin-II are primary vaso-
constrictors, but are most useful as adjunctive
agents to sensitize response to other vasopres-
sors, the latter of which is especially beneficial
in cases of vasodilatory CS [14].

There is a paucity of high-quality evidence
supporting such decision-making, since avail-
able data are marred by heterogeneity in design
and patient populations [3, 22, 23, 25]. As such,
guidelines differ on which vasopressor or ino-
trope to initiate as first-line therapy [1, 3]. The
ESC recommends norepinephrine as a first-line
vasopressor with secondary addition of dobu-
tamine if needed [1]. The AHA suggests that
norepinephrine can be considered a first-line
vasopressor, but acknowledges the scant evi-
dence supporting an affirmative recommenda-
tion, while further suggesting that vasopressor
selection be individualized to the patient, based
on clinical markers of adequate end-organ per-
fusion while counterbalancing any deleterious
effects [3]. Of note, the use of norepinephrine as
first-line therapy in heart failure is controversial
because of the generally counterproductive
increase in heart rate and SVR [15]. The FREN-
SHOCK (FREnch observatory on the manage-
ment of cardiogenic SHOCK) registry, in which
over 60% of cases were nonischemic in etiology,
norepinephrine use was one of six independent
risk factors for 30-day mortality identified by
multivariate analysis (OR 2.55, 95% CI
1.69-3.84) [26] (Table 1). In the DOREMI
(DObutamine compaREd with Mllrinone) trial,
a single-center, double-blind study of 192
patients randomized to either milrinone or
dobutamine, there were no significant differ-
ences in major adverse cardiovascular events or
need for renal replacement therapy (RRT)
between the groups [23]. Separate studies eval-
uating levosimendan compared to placebo or
dobutamine have demonstrated inconsistent
results on its effect on mortality [14, 15].

In a meta-analysis of 19 studies and 2478
patients evaluating the effect of dobutamine,
milrinone, levosimendan, epinephrine, nore-
pinephrine, vasopressin, or dopamine on mor-
tality in AMI-CS, Karami et al. found no
differences between any agent [27]. From the
SOAP 1I trial (Sepsis Occurrence in Acutely Il
Patients), a pre-specified subgroup analysis of
CS patients demonstrated norepinephrine in
comparison to dopamine, was associated with
improved survival and fewer arrhythmias
[3, 28, 29]. In a small, prospective, multi-center,
double-blind, randomized study, Levy et al.
found that among patients with AMI-CS, nore-
pinephrine and epinephrine were equivalent in
improving CI and other hemodynamic param-
eters. At the same time, the latter was associated
with a higher incidence of refractory CS (37%
vs. 7%, p = 0.011) [30]. Finally, Pirracchio et al.
found that 30-day mortality was higher among
CS patients treated with a vasopressor alone
(epinephrine, norepinephrine, or dopamine)
than with a vasopressor plus an inotrope [31].

Medications may not offer sufficient support,
and recent evidence suggests that early initia-
tion of MCS, especially with AMI-CS, is associ-
ated with improved survival [2]. The goal of
MCS is to augment CO and reduce MVO,
through ventricular unloading and enhanced
circulatory support [12]. Selecting an MCS
device depends on patient-specific factors and
comorbidities, including RV function, valvular
or structural heart disease, arrhythmias, and
systemic factors, especially with respect to the
potential for limb ischemia and bleeding
[32-34]. Determining when and which MCS to
implement for specific CS hemodynamic pro-
files has not been established [2, 3]. All forms of
MCS may increase the risk of thromboembolic
events, cause some degree of thrombocytopenia
and hemolysis, and are relatively or absolutely
contraindicated in cases of peripheral vascular
disease (PVD) and aortic insufficiency [35].

The intra-aortic balloon pump (IABP) is a
fixed, counter-pulsation, pneumatic pump
placed in the descending thoracic aorta that
inflates during diastole, increasing coronary
perfusion, and deflates during systole, generat-
ing a pressure sink that reduces left ventricular
(LV) afterload [12, 32, 34]. The net effect of the
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Table 1 Summary of major studies of inotropes and vasopressors for treatment of cardiogenic shock

Major studies of inotrope or vasopressor effect on outcome in cardiogenic shock

Study Year Interventions and Design n Etiology Findings
objective
De Backer et al. 2010 Dopamine vs. Multicenter 1679; Any Norepinephrine was
(SOAP 1I) [30] norepinephrine in any ~ RCT 280 associated with
form of shock; with improved CS survival
subgroup analysis of CS at 28 days (0.5 vs. 0.4
CS in Kaplan—Meier
analysis, respectively;
2 = 0.03)
Levy et al. 2018 Safety and efficacy of Multicenter 57 AMI-CS No difference in
(OptimaCC) norepinephrine vs. RCT improvement in
[31] epinephrine cardiac index or
mortality to 28 days
(p = 0.11).
Epinephrine
associated with higher
incidence of refractory
CS (37% vs. 7%,
p = 0.011)
Mathew et al. 2021 Dobutamine vs. Multicenter 192 Any Composite primary
(DOREMI) [24] milrinone in RCT outcome (all cause in

treatment of CS

hospital mortality,
resuscitated cardiac
arrest, cardiac
transplant, or
mechanical circulatory
support, nonfatal
myocardial infarction,
transient ischemic
attack, or stroke, or
initiation of RRT)
occurred in 54% of
dobutamine recipients
compared to 49% of
the milrinone cohort
(RR 0.90, 95% CI
0.69-1.19
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Table 1 continued

Major studies of inotrope or vasopressor effect on outcome in cardiogenic shock

Study Year Interventions and Design n Etiology =~ Findings
objective
Delmas et al. 2022 Registry comparing Multicenter 772 Any; Multivariate analysis
(FRENSHOCK) interventions and cohort, 36.3% showed that
[27] outcomes for 30-day retrospective with norepinephrine (OR
CS survivors vs. non- review ischemic 2.55, 95% CI
survivors CS 1.69-3.84,
p < 0.001), was
associated with higher
30-day mortality
Pirracchio et al. [32] 2013 Comparison of Multicenter 1272 Any Patients who received
inopressor alone retrospective inodilator with
(norepinephrine, propensity- inopressor had
epinephrine, or matched improved 30-day
dopamine) vs. cohort survival (HR 0.61,
inopressor with 95% CI 0.52-0.71,
inodilator p < 0.05) compared
(dobutamine, to inopressor alone
levosimendan, or
phosphodiesterase-3
inhibitors)
Schumann et al. 2018 Review of vasodilators  Systematic 2001 Any Levosimendan may
[26] and inotropes review/meta- reduce short-term
analysis, mortality compared to
RCTs dobutamine (RR 0.60,

95% CI 0.37-0.95,

p < 0.05), but its
effect on long-term
mortality and its effect
compared to placebo
is undefined due to
lack of statistical

power
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Table 1 continued

Major studies of inotrope or vasopressor effect on outcome in cardiogenic shock

Study Year Interventions and Design n Etiology = Findings
objective
Karami et al. [28] 2020 Comparative meta- Systematic 2478 AMI-CS Levosimendan trended
analysis of inotropes review/meta- towards improved
and vasopressors analysis mortality up to

90 days, but this was
not significant (RR
0.69, 95% CI
0.47-1.00). There
were otherwise no
differences in
mortality between

therapies

IABP is that preload, afterload, and LV wall
stress are decreased, and therefore also MVO,,
while simultaneously increasing both SV and
CO [32, 34]. Its dependence on intrinsic cardiac
function limits the IABP, and it is less effective
in the setting of arrhythmia and reduced LV
functional reserve [12, 32, 35]. Studies evaluat-
ing IABP use in AMI-CS have demonstrated
mixed results regarding mortality benefits, with
IABP: randomized controlled trials not demon-
strating any survival benefit, while retrospective
cohort studies have, albeit marked by high
heterogeneity in study design [34, 36-39]
(Table 2). However, the hemodynamic profile of
AMI-CS differs from HF-CS, as the latter begins
with congestion and compensated CO [3]. As
such, there may yet be an undefined role for
IABP use outside of AMI-CS, such as in earlier
shock stages or as a bridge to alternative MCS
[32], but there have not yet been any large,
randomized studies evaluating such approaches
[12].

Additional MCS devices include rotary-flow
pumps categorized as either axial-flow or cen-
trifugal-flow, including the TandemHeart
device (TandemlLife, LivaNova, London, UK)
and veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) [12, 32, 34]. VA-

ECMO is a venous-to-arterial pump that can be
used for full cardiopulmonary support in the
setting of fulminant biventricular failure,
whereby the outflow cannula is placed in the
central venous system and inflow cannula in
the peripheral arterial system [12, 32, 33]. By its
design, VA-ECMO increases afterload and does
not significantly reduce LV volume; thus LV
pressure, wall stress, myocardial work, and
MVO, are increased [12]. The increase in after-
load can be mitigated by way of LV “venting”
via atrial septostomy (to allow left-to-right
shunting), a surgically placed LV vent, or by the
simultaneous placement of an IABP or Impella
(AbioMed, Danvers, MA, USA) [33]. VA-ECMO is
absolutely contraindicated in cases of aortic
insufficiency, intolerance to anticoagulation,
and severe PVD, the last of which may be
overcome by centrally inserting the inflow
cannula into the thoracic aorta [35]. There have
not been any randomized clinical studies or
meta-analyses evaluating VA-ECMO with a
mortality endpoint [2, 34].

Alternatively, the TandemHeart device can
also provide full cardiac support, with the added
benefit of reducing LV preload by drawing
blood directly from the left atrium, thereby
reducing volume and pressure, wall stress,
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Table 2 Summary of major studies of temporary mechanical support in cardiogenic shock

Major studies of device intervention and outcome in cardiogenic shock

Study Year Interventions and Design n Etiology Findings
objective
IABP
Thiele et al. 2012 PCI with IABP vs. Multicenter 600 AMI-CS Routine use of IABP did not
(IABP- without in AMI-CS RCT reduce mortality at 30 days
SHOCK (RR 0.96, 95% CI 0.79-1.17)
10) [37]

Sjauw et al. 2008 ST-elevation myocardial

(38]

Unverzagt 2011
et al. [40]

Bahekar 2012
et al. [39]

TandemHeart

Thiele et al. 2001
[41]

Burkhoff 2006
et al. [43]

infarction outcomes
with/ without CS
treated with/without
TIABP

AMI-CS outcomes with
IABP vs. other or no

cardiac assist devices

AMI outcomes with or
without CS treated
with or without JABP

Hemodynamics after
placement among

patients with AMI-CS

Comparison of CS
outcomes with IABP

vs. TandemHeart

Meta-analysis
of RCTs
compared to
cohort

studies

Meta-analysis,
RCTs

Meta-analysis,
RCTs and
cohort

studies

Case series

Multicenter

RCT

11,538; AMI-CS Among RCTs, IABP was not

10,529
with

CS

190 AMI-CS

11,778; AMI-CS

5272
with
CS
18 AMI-CS
42 Any;
70%
with
AMI-
CS

associated with mortality at
30 days (OR 0.01, 95% CI
— 0.03 to 0.04; I* = 0%).
Among cohort studies, [ABP
was associated with improved
30-day mortality (OR — 0.11,
95% CI — 0.13 to — 0.19;
P = 93.6%)

IABP was not associated with
improvement in 30-day
mortality (HR 1.04, 95% CI
0.62-1.73)

IABP was associated with
improved inpatient mortality
(RR 0.72, 95% CI 0.60-0.86;
I = 58.9%)

Cardiac index improved by 41%
on average with concomitant
reduction in PCWP, CVP,

and pulmonary artery pressure

TandemHeart improved cardiac
index by 0.5 compared to only
0.2 for IABP (p < 0.05).
30-day mortality was 36% in
the IABP cohort vs. 47% for
TandemHeart (p > 0.05)
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Table 2 continued

Major studies of device intervention and outcome in cardiogenic shock

Study Year Interventions and Design n Etiology Findings
objective
Kar et al. 2011 Outcomes in ischemic vs. Single-center 117 Any; 4% Improved survival with non-
[44] non-ischemic patients retrospective with ischemic vs. ischemic CS (0.6
cohort AMI vs. 0.4 in Kaplan—-Meier
analysis, up to 1400 days
(p < 0.05)
Ni hlci 2020 Impella or TandemHeart Meta-analysis, 162 Any No difference in 30-day
et al. [48] vs. [ABP RCTs mortality with Impella or
TandemHeart individually
compared to IABP (RR 1.01,
95% CI 0.76-1.35)
IMPELLA
O’Neill 2014 AMI-CS outcomes of Retrospective 154 AMI-CS Pre-PCI patients had more
et al. [49] Impella 2.5 pre- vs. database complete revascularization
post-PCI review and better survival to
discharge (65.1% vs. 40.7%,
» = 0.003)
Miyashita 2021 Comparison of AMI-CS Meta-analysis, 432 AMI-CS Improved mortality acutely (RR
et al. [50] pre- vs. post-PCI cohort 0.62, 95% CI 0.50-0.76), and
studies at 6 months (HR 0.66, 95%
CI 0.44-0.97; I* = 0% for
all) Pre-PCI patients
Iannaccone 2020 Evaluation of CS Meta-analysis, 2210 Any; With placement of an Impella,
et al. [51] outcomes following cohort 75.9% 30-day mortality was 47.8%
Impella implant; no studies with
comparator group AMI
Chungetal. 2020 Evaluation of CS Single-center 100 Any Overall survival 64%, 50% for

[52] outcomes (recovery,
LVAD, or transplant)
Impella 5.0; no

comparator group

retrospective

cohort

patients without definitive
advanced heart failure
therapy, 48% for patients who
underwent durable LVAD,
and 81% for patients who

underwent transplant

workload, and MVO, when compared to VA-
ECMO [33]. The inflow cannula is placed
peripherally in either femoral artery; thus, sim-
ilar limitations in use apply, as for other forms

of MCS. The main limiting factor to Tan-
demHeart use is the transeptal puncture, a
technically demanding procedure [32, 335].
Multiple small, randomized studies have shown
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that in the setting of AMI-CS, TandemHeart
improves acute hemodynamics, but without a
significant difference in 30-day mortality com-
pared to IABP [32, 34, 40-43]. Other studies
have demonstrated the feasibility of Tan-
demHeart as a bridge to more definitive therapy
[32, 44-46], but studies evaluating Tan-
demHeart use beyond AMI-CS are lacking [47].

The Impella is a continuous axial flow pump
that is placed transvalvular across the aortic
valve, and is available in 3 different levels of CO
augmentation, up to 2.5 L/min (Impella 2.5),
3.7 L/min (Impella CP), or 5.0 L/min (Impella
5.0) [32-34]. The former two can be placed
percutaneously, while the Impella 5.0 requires a
surgical cutdown of either the femoral or axil-
lary arteries [32, 34]. The Impella is dependent
on adequate RV function to supply enough
preload to the LV, and is absolutely con-
traindicated in cases of metallic aortic valves,
ventricular septal defects, left ventricular
thrombus, and severe PVD [35]. Unlike the
IABP, the Impella can be used in the setting of
tachyarrhythmias or electromechanical disas-
sociation [32, 35]. The Impella is advantageous
in decreasing myocardial energetics: blood is
removed directly from the LV and displaced
into the aorta independent of the aortic valve,
and wall stress and workload are decreased
[33, 34]. Simultaneously, peripheral arterial
pressure increases, and therefore coronary per-
tusion is also improved [33].

The Impella has been demonstrated to be
most beneficial when initiated early in the set-
ting of AMI-CS. In a retrospective analysis of the
USpella registry, O’Neill et al. demonstrated
that treatment of AMI-CS with early initiation
of hemodynamic support with the Impella 2.5
prior to PCI was associated with more complete
revascularization and less inpatient mortality
(absolute risk reduction 24.4%, p = 0.003;
OR =0.37, p=0.01) [48]. In a separate meta-
analysis of 5 observational studies evaluating
outcomes of Impella implant pre- versus post-
PCI among 432 patients with AMI-CS, the pre-
PCI group had lower in-hospital, 30-day, and
6-month mortality compared to patients in the
post-PCI group [49]. Studies with definitive
survival endpoints of Impella in non-AMI-CS
are lacking [50]. In a single-center, retrospective

analysis of 100 patients who presented with
either HF-CS (84%) or AMI-CS (16%), Chung
et al. found that the Impella 5.0 was beneficial
to support patients to recovery (n = 30), durable
left wventricular assist device implantation
(LVAD; n=23), or heart transplantation
(n = 47), with survival rates of 50%, 48%, and
81%, respectively [51]. In the recovery group, 11
had AMI-CS, 6 had HF-CS, and the remainder
from other causes; all patients had some form of
mechanical or pharmacological support prior to
Impella 5.0 insertion [51]. Eighteen patients
were weaned from the Impella, and 14 survived
to hospital discharge. Patient distributions
among those who underwent durable LVAD
implantation or transplantation, and outcome
differentiation between those with HF-CS and
AMI-CS, were not described [51].

Congestion, a central factor contributing to
poor outcomes in HF-CS, may persist despite
adequate circulatory support with MCS and
vasoactive therapies [12, 20]. Acute kidney
injury (AKI) in this setting is not uncommon,
and is associated with poor outcomes [3]. Up to
20% of patients with CS will require renal
replacement therapy (RRT), which is associated
with higher short- and long-term mortality and
the need for permanent dialysis [3, 52]. Angio-
tensin-II infusion in this patient population has
been associated with decreased mortality and
greater success of liberating from RRT [14].
Despite inherent risks, the AHA agrees with the
Kidney Disease Improving Global Outcomes
group that RRT can be considered for CS-related
stage 2 or worse AKI [3].

Given the increased heterogeneity of shock
presentations, the expanding armamentarium
and the time-sensitive nature of CS manage-
ment, multidisciplinary shock teams have
emerged as an effective strategy for optimizing
care [53]. While the constituent members of
shock teams may vary depending on the insti-
tution, teams typically include intensivists,
advanced heart failure and transplant cardiolo-
gists, interventional cardiologists, and cardio-
thoracic surgeons. Teams are generally activated
when defined CS shock criteria are met, and,
while team composition may differ across
institutions, the goals are quite consistent, and
include rapid triage, early diagnosis and
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phenotyping, and timely implementation and
escalation of effective therapies. The use of
shock teams is included among the most
promising interventions designed to improve
outcomes, including survival, in patients with
CS [53].

The lack of uniform criteria defining CS has
been a hindrance to clinical trial design in CS,
an impediment to the interpretation of data,
and an obstacle to the dissemination of
knowledge [54]. The recently developed SCAI
shock staging system has demonstrated promise
in framing and defining CS for future investi-
gation and therapeutic guidance. The SCAI
classification system was developed by a multi-
disciplinary panel of experts, in an effort to
standardize communication between clinicians
by employing a multi-domain classification
system (physical examination, biochemical,
and hemodynamic criteria) for definition and
risk stratification (Table 3) [54]. Stage A repre-
sents patients “at risk” for CS (e.g., have AMI or
pre-existing heart failure), who are normoten-
sive with normal laboratory values and no
physical examination findings of volume over-
load [54]. Stage B patients have “beginning CS”,
such that vital signs and physical examination
findings are consistent with compromised car-
diac output, but with minimal laboratory
derangements (i.e., preserved perfusion) [9, 54].
Stage C is “classic CS”, with many of the signs,
symptoms, and abnormal objective diagnostic
criteria described in the SHOCK and IABP-
SHOCK II (Intra-Aortic Balloon Pump in car-
diogenic SHOCK 1I) trials: these patients are
hypo-perfused with impaired renal function, a
lactate level of > 2 mmol/L, and require at least
one form of pharmacotherapy or MCS to aug-
ment CO [9, 54]. Stage D patients are “deterio-
rating” stage C patients, who require additional
or escalating forms of hemodynamic support
[9, 54]. Finally, stage E represents CS patients in
“extremis” and “trying to die”: lactate
is > 8 mmol/L, hemodynamically significant
ventricular arrhythmia may be present, and
perfusion cannot be restored despite multiple
MCS, drugs, or increasing doses of pressors
[9, 54].

The SCAI shock classification system has
been validated to correlate with acute and

short-term mortality [9]. In a single-center, ret-
rospective analysis of 10,004 patients, Jentzer
et al. demonstrated that the initial SCAI stage
directly correlated with inpatient all-cause
mortality, whereby SCAI CS stages A through E
had mortalities of 3.0%, 7.1%, 12.4%, 40.4%,
and 67.0% (p < 0.001), respectively (Fig. 1) [55].
These results were consistent among patients
with AMI-CS and HF-CS [55]. In a prospective
analysis of 1414 patients with HF-CS (50.4%),
AMI-CS (34.9%), or other causes of CS (14.7%)
across 8 American tertiary care centers, Thayer
et al. also demonstrated that SCAI shock stage
correlated with acute inpatient all-cause mor-
tality [56]. All stage B patients survived their
hospitalization; among patients with HF-CS
compared to stage C, stages D and E patients
had respective increased mortality odds of 3.5
(95% CI 2.0-6.1) and 10.0 (95% CI 4.7-21.0)
[56]. Mortality odds for AMICS-related were
similar [56]. Finally, in a single-center,
prospective analysis of 166 patients, Baran et al.
demonstrated that initial CS stage upon patient
presentation and CS stage improvement within
24 h both correlated directly with all-cause
mortality at 30 days [57]. It is anticipated that
establishing this common language will
springboard future investigations and improve
the interpretability of clinical studies.

In conclusion, CS is a dynamic condition
representing a major health challenge. A review
of the literature demonstrates that a one-size-
fits all approach to CS is inadequate for
addressing the needs of this grievously ill
patient population. While there is a relative
abundance of evidence informing treatment of
AMI-CS, there are scarce data involving optimal
treatment of non-AMI-CS. Prior investigation
has also been marred by heterogeneous defini-
tions and the lack of a unified system to codity
the diversity of hemodynamic profiles. The
SCAI shock classification system has shown
great promise in this regard. Its multi-domain
methodology allows for flexibility in incorpo-
rating the diversity of presentation. This and
other emerging tools will enable more precise
evaluation of therapeutic interventions, which
can, in turn, define future evidence-based
practice. For now, cardiogenic shock remains
among the most daunting clinical challenges.
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Table 3 SCAI Shock Stage Classification. Adapted from SCAI Clinical Expert Consensus Statement on the Classification

of Cardiogenic Shock

Stage Description

Physical examination

Biomarkers

Hemodynamics

A “At risk” for CS without

signs and symptoms
Large AMI
Prior MI
Acute HF

B Relative hypotension or
tachycardia without

hypoperfusion

C Relative hypotension

Hypoperfusion requiring
intervention beyond

volume resuscitation
Inotropes

MCS

D Worsening Stage C and
failure to respond to

initial interventions

E Ongoing cardiac arrest

Requires support by
multiple interventions or

ECMO

Normal JVP

Clear lungs

Warm and well perfused
Strong distal pulses

Normal mentation

Elevated JVP

Rales in lungs

Warm and well perfused
Strong distal pulses

Normal mentation

Any of the following:
Unwell appearing
Volume overload
Extensive rales

Killip class 3 or 4
Mechanical ventilation
Cold, clammy

Acute AMS

Urine output < 30-ml/h

Any of Stage C AND
worsening signs and
symptoms of
hypoperfusion

Near pulselessness

Cardiac collapse

Mechanical ventilation

Defibrillator used

Normal labs

Normal renal

function

Normal lactate

Normal lactate

Mildly impaired

renal function

Elevated BNP

Any of the

following:

Lactate > 2

May be normal

in chronic HF

Creatinine
Tx2
OR > 50% |
GFR

Increased LFTs
Elevated BNP

Any of Stage C
AND

deteriorating
Lactate rising
CPR
pH <72

Lactate > 8

Normotensive

SBP > 100 or normal for patient

Hemodynamics
Cl > 25
CVP < 10
PA sat > 65%
Hypotensive

SBP < 90 OR MAP < 60
OR > | 30 from baseline

Pulse > 100
Hemodynamics
Cl>22

PA sat > 65%
Any of below:
Hypotensive

SBP < 90 OR MAP < 60
OR > | 30 from baseline

AND requires drugs/device to

maintain BP
Hemodynamics
Cl<22

PCWP > 15
RAP/PCWP > 0.8
PAPI < 1.85

CPO < 0.6
Any of Stage C AND

requiring multiple pressors,
escalating pressor doses, OR

MCS to maintain perfusion
NO SBP without resuscitation
PEA or refractory VI/VF

Hypotension despite maximal

support
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/A AT RISK

BEGINNING

CLASSIC

A patient with risk factors for CS without signs or symptoms. Examples: large acute or prior Ml, Acute or

chronic HF

A patient with clinical evidence of relative hypotension or tachycardia, without hypoperfusion

@ A patient with hypotension and hypoperfusion requiring intervention beyond volume

resuscitation (inotrope, pressor, MCS)

DETERIORATING

A patient who fails to respond to initial intervention, similar to stage C,

but worsening

EXTREMIS

A patient supported by multiple interventions who may be
experiencing cardiac arrest with ongoing CPR and / or
ECMO

Fig. 1 Mortality risk by SCAI stages [54]. *Unadjusted mortality risk by SCAI stage at ICU admission from a retrospective

analysis of 10,000 unique patients from a single center [55]
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