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Abstract

Patients with acute myocardial infarction (MI) complicated by cardiogenic shock (CS) have poor prognosis. Over the last two decades,
there has been some improvement in mortality rates associated with CS. Initial measures to stabilise patients should follow a shock
protocol, including therapies such as volume expansion, inotropes/vasopressors, and early coronary revascularisation. The use of me-
chanical circulatory support (MCS) devices demonstrated better haemodynamic and metabolic profiles for patients with CS. However,
these benefits have not been consistently translated into significant reductions in cardiovascular adverse events. This review aims to
discuss emerging concepts related to CS including an update on its classification and pathophysiology. The focus is on recent evidence
regarding the use of MCS and the timing of initiating in patients with CS.
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1. Introduction
Cardiogenic shock (CS) is a direct consequence of low

cardiac output state leading to circulatory failure and hy-
poperfusion. It can result from impairment of either left or
right ventricle function andmay occur as an acute ischaemic
or non-ischaemic event or due to progression in longstand-
ing disease affecting the myocardium [1]. Acute myocar-
dial infarction (MI) remains the predominant aetiology of
CS, accounting for 60–80% of all cases [1,2]. Moreover,
patients presenting with ST-segment elevationMI (STEMI)
complicated by CS have a mortality rate of 40–60% [3].
Importantly, the incidence of CS is 5–10% of STEMI cases
[4].

Over the last two decades, there has been some im-
provement in the in-hospital mortality rate related to CS.
Such improvement is likely to be multifactorial. Early
recognition of CS, better triage, use of invasive haemody-
namic monitoring and development of mechanical circula-
tory support (MCS) may have contributed to the decline in
mortality [5]. Better understanding of the pathophysiology
and developing standardised classification/terminology of
CS have led to a better decision making regarding interven-
tion. This review article discusses the pathophysiology and
contemporary management of CS with focus on contempo-
rary MCS devices.

2. Definition and classification of CS
CS is defined as a persistent systolic blood pressure

(SBP) of less than 90 mmHg for at least 30 min in the pres-
ence of primary cardiac condition with evidence of end or-
gan dysfunction, despite adequate filling pressure [6]. The
need for inotropes or vasopressor to maintain SBP ≥90 is
included in the majority of guidelines/trials’ definitions, but
less universally accepted as a criterion of CS definition. The
use of MCS support was recently included in the Cardio-
genic Shock Working Group and the Society of Coronary
Angiography and Intervention (SCAI) definitions [7]. One
of the earliest definitions of CS was proposed by Killip and
Kimball as part of their classification of acute MI severity
[8]. Accordingly, CS was defined as hypotension (systolic
pressure of 90 mmHg or less) and evidence of peripheral
vasoconstriction such as diaphoresis, cyanosis, and oliguria
[8]. The mortality rate in this group was almost three-fold
higher than patients without cardiogenic shock [8]. How-
ever, variations in the definition of CS are evident in con-
temporary clinical trials adding more challenges to the in-
terpretation and application of their results to current prac-
tice [6,9]. These variations are mainly related to the used
criteria of defining end organ damage, which include low
urine output, mottled skin, cold extremities, metabolic aci-
dosis or raised lactate (Table 1, Ref. [10–15]). Importantly,
these variations highlight the need to view CS as a contin-
uum which progresses over time from pre-shock state to re-
fractory CS [9].
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To overcome these limitations, the Society of Coro-
nary Angiography and Intervention (SCAI) has developed
a system for classifying CS (Table 2) [7]. This classifica-
tion was found to accurately predict mortality when applied
to patients presenting with acute MI on admission and after
24 hours [16]. Survival to hospital discharge was the low-
est (58%) in patients in stage E compared to 76% in earlier
stages C & D [16]. Other risk scores such as Card-Shock
and IABP-SHOCK II are also available for risk stratifica-
tion and mortality prediction in CS [2,6]. These scores and
classification systems can help triage and assess suitability
of patients for MCS devices.

3. Pathophysiology
In acute MI, CS primarily results from reduced my-

ocardial contractility leading to diminished cardiac output,
hypotension and systemic vasoconstriction and worsening
of cardiac ischaemia. The hallmark of CS is peripheral
vasoconstriction and vital end-organ damage as a result of
ineffective cardiac output and insufficiency of circulatory
compensation. Although peripheral vasoconstriction is ini-
tially considered to be beneficial and leads to better coro-
nary and peripheral perfusion, it can eventually lead to in-
creased cardiac afterload jeopardizing an already burdened
myocardium [17,18]. Compensatory mechanisms can be
maladaptive and their effects can be deleterious with pro-
gressive tissue injury leading to a vicious cycle of further
cardiac injury. Therapeutic interventions should attempt to
interrupt this cycle by restoring cardiovascular haemody-
namic stability [18].

Whist most cases of cardiogenic shock are caused by
impaired LV function secondary to acute MI, mechanical
and arrhythmic complications are also potential causes of
CS. Other aetiologies of CS include acute and chronic heart
failure, severe valvular regurgitation, non-ischaemic car-
diomyopathies, acute myocarditis, and pericardial disease.
Obstructive shock secondary to valvular disease or pul-
monary embolism is another aetiology of CS. Right ven-
tricle (RV) failure is a well-recognized cause of mortality
in patients with CS [19]. Mechanistically, RV failure may
occur because of contractile dysfunction secondary to is-
chaemia in acute MI setting or inflammation in cases of
acute myocarditis [20]. Right-sided valvular insufficiency
or increased venous return are recognized as mechanisms of
volume overload in RV failure [20]. Left-sided heart failure
or pulmonary hypertension can also lead to pressure over-
load and RV failure [20]. Recognizing the mechanism of
CSwould guide the use ofMCS, including those that specif-
ically target RV failure.

Pulmonary artery catheter (PAC) helps better under-
standing of the pathophysiology of CS. Its use is essen-
tial in classifying the stages of shock and provides infor-
mation regarding the type of shock. Multiple information
obtained from PAC can help categorizing shock including
filling pressures, cardiac output, cardiac index, systemic

vascular resistance and pulmonary vascular resistance, and
cardiac power output (CPO). CPO is calculated using this
formula: mean arterial pressure × cardiac output / 451.

CPO was found to be the strongest predictor of mor-
tality in CS patients and its value of less than 0.6 Watts was
found to be an independent predictor of mortality [21,22].
Pulmonary artery pulsatility index (PAPi) is a hemody-
namic parameter that is derived from right atrial and pul-
monary artery pulse pressures, and calculated using this for-
mula:

Pulmonary artery systolic pressure – pulmonary
artery diastolic pressure / right atrial pressure

Several reports have described the prognostic value of
PAPi in patients with advanced heart failure, cardiogenic
shock and in predicting right ventricular failure post left
ventricular assist device implantation [23]. PAPi has been
used to identify RV failure postMI [24]. RV failure could be
isolated in acute MI from right coronary infarction but also
frequently complicates LVfailure and it could be masked by
the LV failure. The availability of PA catheter data before
device selection and after device implantation would guide
early initiation of RV MCS [19].

A recent retrospective study showed improved in-
hospital mortality in patient with CS who received PAC to
guide management [25]. Moreover, the National Cardio-
genic Shock Initiative (NCSI) demonstrated that adherence
to a protocol-based approach emphasising “best practices”
which included the utilisation of PA catheter (92% of pa-
tients had PA catheter monitoring) was associated with im-
proved outcomes [22].

4. Revascularisation in CS
Since acute MI is the main aetiology of CS, revascu-

larisation of the culprit lesion forms the cornerstone of treat-
ment. In fact, Hochman et al. [26] highlighted that early
revascularisation, within 6 hours, was associated with 28%
relative risk reduction of death at one year (HR (Hazard ra-
tio) 0.72; 95% CI (confidence interval) 0.54 to 0.95). Addi-
tionally, the absolute risk reduction was reported as 13.2%
which translated into number needed to treat of 8 patients
with CS to prevent one death following early revasculariza-
tion [26].

Whilst revascularising the culprit lesion is essential in
the management of CS, intervening on non-culprit, but po-
tentially haemodynamically significant lesions in patients
with CS remains debatable. The CULPRIT SHOCK trial
randomised 706 acuteMI patients with multi-vessel disease
complicated by CS into either percutaneous coronary inter-
vention (PCI) of the culprit-lesion only with the option of
staged revascularisation of the non-culprit lesions at later
stage, or immediate multi-vessel PCI [10]. Notably, 24%
of patients in the immediate multi-vessel PCI group had
chronic total occlusion (CTO) and revascularisationmay in-
crease the risk of complications and contrast use with likely
low success rate. In fact, PCI CTO in the CULPRIT
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Table 1. Definition of cardiogenic shock in main trials and guidelines.
Shock Trial [12] Triumph [14] IABP-SHOCK II [13] EHS PCI [15] ESC-HF Guidelines [11] Culprit Shock [10]

SBP <90 mmHg for ≥30 min or
vasopressor support to maintain
SBP >90 mmHg

Refractory cardiogenic shock
>1 h after PCI with SBP
<100 mmHg despite vasopres-
sors (dopamine ≥7 µg/kg/min
or norepinephrine or epinephrine
≥0.15 µg/kg/min) associated
with end organ hypoperfusion

MAP <70 mmHg or SBP
<100 mmHg despite adequate
fluid resuscitation (at least 1 L
of crystalloids or 500 mL of
colloids)

SBP <90 mmHg for 30 min or use
of inotropes to maintain SBP ≥90
mmHg with evidenceof end organ
damage and increased filling
pressure

SBP <90 mmHg with appropria
fluid resuscitation with clinical and
laboratory evidence of end-organ
damage (cold extremities, oliguria,
altered mental status, narrow pulse
pressure, metabolic acidosis, elevated
serum lactate, elevated serum creati-
nine

SBP <90 mmHg for >30 min or
use of catecholamines to maintain
SBP >90 mmHg

Evidence of end-organ damage
(urine output <30 mL/h or cool
extremities)

Clinical or haemodynamic criteria
for elevated left ventricular filling
pressure with left ventricle ejection-
fraction <40%

Evidence of end-organ damage
(Altered mental status, mottled
skin, urine output <0.5 mL/kg
for 1 h, or serum lactate >2
mmol/L)

Pulmonary congestion with impair-
ed organ perfusion (Altered mental
status, cold/clammy skin and extre-
mities, urine output <30 mL/h,
lactate >2.0 mmol/L

Hemodynamic criteria: cardiac
index <2.2 and pulmonary capil-
lary wedge pressure >15 mmHg
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Table 2. Society of Coronary Angiography and Intervention (SCAI) classification of shock [7].
Stage Cardiovascular Lung Neurology Renal & liver function Lactate & BNP Haemodynamic

A (At Risk)

Warm and well perfused

Clear Intact Normal Normal

CI ≥2.5
Strong distal pulses CVP <10
Normotensive PA sat ≥65%
Normal JVP

B (Beginning of CS)

Warm and well perfused

Rales in lung fields Intact Minimal impairment

Normal CI ≥2.2
Strong distal pulses Elevated BNP PA sat ≥65%
Tachycardia (≥100) and Hypoten-
sion (SBP <90, or MAP <60, or 
>30 mmHg drop from baseline)
without hypoperfusion
Elevated JVP

C (Classic CS)

Cold & clammy
Hypotension (SBP <90, or MAP
<60, or >30 mmHg drop from base-
line) and drugs/device used to main-
tain BP beyond volume resuscitation
to restore perfusion.

Extensive rales

Acute alteration in mental status

Creatinine doubling or  >50% drop in GFR Lactate ≥2 CI <2.2
Killip class 3 or 4 Urine output <30 mL/h Elevated BNP PCWP >15
BiPap or mechanical ventilation Increased LFTs RAP/PCWP ≥0.8

PAPI <1.85
cardiac power output≤0.6

D (Deteriorating/Doom)

Cold & clammy
Hypotension (SBP <90, or MAP <60,
or >30 mmHg drop from baseline) and
failing to re-spond to initial interventions
with drugs/device requiring multiple pre-
ssors or addition of mechanical circu-
latory support devices to maintain
perfusion

Extensive rales

Deteriorating from stage C Deteriorating from stage C

Lactate ≥2

Deteriorating from stage C

Killip class 3 or 4 Elevated BNP
BiPap or mechanical ventilation

E (Extremis)
Near Pulselessness

Mechanical ventilation Unconscious Deteriorating from stage D
PH ≤7.2

Cardiac collapseNo SBP without resuscitation Lactate ≥5
PEA or refractory VT/VF with on-
going CPR
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SHOCK trial was successful in only one third of patients.
This becomes more important since the primary endpoint
was the composite of death and severe renal failure leading
to renal replacement therapy which occurred in 46% in the
culprit lesion-only group compared to 55.4% in the multi-
vessel PCI (relative risk 0.83, 95%CI 0.71 to 0.96, p = 0.01)
[10]. The relative risk of death was 0.84 (95% CI 0.72 to
0.98, p = 0.03) favouring the former group. Similarly, the
relative risk of renal placement therapy was 0.71 (95% CI
0.49 to 1.03, p = 0.07).

Of note, only 28% of patients in the CULPRIT
SHOCK receivedMCS. Recent data from the NCSI regard-
ing patients with multivessel disease presenting with acute
MI and receiving early MCS, showed that intervening on
the non-culprit lesions was safe and associated with com-
parable rate of death and acute kidney injury to patients
who received PCI of the culprit-lesion only [27]. Interest-
ingly, this data suggested that in patients presenting with
non-ST-segment elevation MI (NSTEMI) with multi-vessel
disease and CS, revascularisation of the non-culprit lesions
was associated with a lower risk of in-hospital mortality but
a higher risk of bleeding and need for renal replacement
therapy [28]. Nevertheless, mortality rate in those who sur-
vived to hospital discharge was comparable between the
two groups over 7 years follow up [28]. Current guide-
lines recommend immediate revascularisation of the culprit
vessel and complete revascularisation should be considered
during the index admission in patients with CS [3].

5. Pharmacotherapy in the management of
CS

Stabilising patients with CS starts by identifying the
mechanism of the shock. Fluid challenge, unless there is
overt signs of fluid overload, vasopressor and inotropes are
considered part of the initial measures. Vasopressors should
be used in minimum doses and there is paucity of data to
suggest an optimal blood pressure target with these agents
[6,29]. Noradrenaline is considered the vasoconstrictor of
choice in CS [11]. Noradrenaline had lower mortality rate
when compared with dopamine [30], and a better metabolic
and safer profile compared to epinephrine [31,32].

Inotropic support to improve cardiac contractility is
also used in patients with CS. Dobutamine is the most com-
monly used agent [11]. Caution should be exercised when
inotropic agents are used particularly at high doses as these
agents can worsen ischaemia in an already compromised
myocardium. Newer agents such as levosimendan have re-
ceived some interest given their mechanism of action in im-
proving cardiac contractility without increasing oxygen re-
quirement. Nonetheless, levosimendan was not associated
with mortality benefits or organ protection in patients un-
dergoing cardiac surgery [33]. More recently, milrinone
was compared to dobutamine in 192 patients with CS. The
primary endpoint of in-hospital death, resuscitated cardiac
arrest, receipt of a cardiac transplant or mechanical circu-

latory support, nonfatal myocardial infarction, transient is-
chemic attack or stroke, or initiation of renal replacement
therapy was comparable between the two agents (relative
risk 0.90, 95% CI 0.69 to 1.19, p = 0.47) [34]. Overall, ex-
isting evidence does not support the use of a single inotropic
agent over another, but a signal of mortality reduction was
evident when inotropes were added to vasopressors [35].

6. Mechanical circulatory support in CS
Advances in technology have allowed rapid devel-

opment of devices that mechanically support the failing
heart. These devices range from intra-aortic balloon pump
(IABP), transvalvular axial flow pumps including Impella
2.5, LP, CP, 5.0 and 5.5, TandemHeart and extracorpo-
real membrane oxygenation (ECMO). These devices have
different mechanisms of supporting patients with CS and
different indications that need to be tailored to patients’
presentation and clinical status. For those with predomi-
nantly right ventricle failure, for example, RP Impella and
TandemHeart can be used whilst bilateral Impella and VA
ECMO would benefit patients with biventricular failure.
Moreover, the ability of MCS devices varies in altering
myocardial oxygen demand or augmenting coronary blood
flow and is based on the design of each device (Figs. 1, 2)
[36]. For example, ECMO decreases native cardiac out-
put, increases end-organ perfusion, improves tissue oxygen
delivery, but does not address the underlying pathophysi-
ology in CS. Evaluating patients for MCS should take into
consideration the haemodynamic deficit of the patient and
the therapeutic goal of whether MCS is a bridge to recov-
ery, long-term mechanical support (transplant or left ven-
tricular assist device, LVAD), or to a decision, particularly
in patients with an undetermined prognosis. Other factors
such as complication risk, operator expertise in device im-
plantation and management alongside institutional experi-
ence and the available level of care are all key aspects in the
decision of MCS in CS.

Additionally, the timing to use MCS devices to sup-
port the heart is also an important factor in preventing
progression of reversible haemodynamic to an irreversible
phase and refractory shock. In a relatively small registry
of 41 consecutive patients with CS, early use of MCS
alongside invasive haemodynamic monitoring was associ-
ated with improved survival when compared with historic
records from the same participating centres [37]. More re-
cently, the Door-To-Unload in STEMI Pilot Trial compared
the use of Impella CP with 30 min delay to unload the LV
to the use of Impella CP followed by immediate revascu-
larisation in 50 patients with anterior STEMI [38]. Clinical
adverse events were comparable and, likewise, infarct size,
quantified at 30 days, was similar between the two groups
[38]. Importantly, this study included anterior STEMI pa-
tients without cardiogenic shock but highlighted the safety
of using MCS prior to revascularisation as a novel way to
protect the myocardium from ischaemia-reperfusion injury.
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Fig. 1. Mechanical Circulatory Support devices. Schematic illustration of various mechanical circulatory support devices highlighting
vascular access and relationship to the heart. IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation.

Fig. 2. Changes in hemodynamic, cardiac output and oxygen consumption in response to various mechanical circulatory support
devices. Changes in after-load, left ventricle end diastolic pressure (LVEDP), mean arterial pressure (MAP), alongside maximal flow
are illustrated for intra-aortic balloon pump (IABP), Impella, TandemHeart, and VA-ECMO.

Early initiation of MCS devices before the onset of cardio-
genic shock is currently been studied using Impella in the
DanGer shock study [39], or using ECMO in the ECLS-
SHOCK, EURO-SHOCK, and the ECMO-CS trials [40–
42]. Table 3 summarized ongoing trials of patients present-
ing with CS.

7. Intra-aortic balloon pump (IABP)

IABP has been in use for approximately five decades,
and is considered the most commonly used MCS in CS [6].
It mainly works by augmenting diastolic pressure to im-
prove coronary perfusion pressure leading to an improve-
ment in cardiac output of up to 0.5 to 1 L/min depending on

the balloon size in relation to aorta [4]. IABP also leads to
a reduction in cardiac afterload leading to improvement in
myocardial oxygen consumption [4,6].

Earlier data from randomised and non-randomised tri-
als suggested mortality benefit from IABP in STEMI pa-
tients with CS, particularly in the thrombolytic era [43,44].
A sub-group analysis of the landmark SHOCK trial showed
an improved survival with IABP, although the survival ben-
efit was greater with early revascularization independent of
IABP use [12]. Mechanistically, De Silva studied the ef-
fects of IABP on coronary microcirculation in a small study
of thirteen patients with ischaemic cardiomyopathy under-
going PCI [45]. The authors highlighted that both coro-
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nary distal pressure as well as microcirculatory resistance
were increased in the presence of IABP without signifi-
cant changes to coronary flow which was quantified using
doppler-flow wire [45]. Following adenosine administra-
tion, coronary flow was significantly increased and closely
related to the diastolic forward pressure generated by IABP
[45]. The authors proposed that the autoregulatory feature
of coronary circulation ameliorated the effect of IABP and
concluded that the benefits of IABPwould be better realised
in patients with dysfunctional microcirculation reserve.

Nevertheless, both IABP-SHOCK and IABP-SHOCK
II trials failed to show any incremental benefits when using
IABP in CS when compared to standard medical therapy
[13,46]. IABP did not improve the haemodynamic profile
or the need for inotropic/vasopressors, nor did it result in
mortality reduction over 6 years follow up [13,46,47]. A
large meta-analysis of 12 randomised trials, including 2123
patients showed that IABP did not improve survival in pa-
tients presenting with acute MI, regardless of the presence
of CS [48]. Subsequently, the 2017 European Society of
Cardiology (ESC) guidelines discouraged the routine use
of IABP (Class IIIB) in patients with acute MI complicated
with CS [3].

IABP was also proposed as a pre-emptive strategy to
prevent CS in patients undergoing high risk PCI. The Bal-
loon Pump Assisted Coronary Intervention Study (BCIS-1)
was one of the earliest trials that investigated the role of
IABP in 301 patients with severely impaired LV systolic
function and extensive coronary artery disease undergoing
PCI [49]. There was no difference in the in-hospital adverse
events between patients who received elective IABP and
those who did not (odds ratio, 0.94, 95% CI 0.51 to 1.76, p
= 0.85) [49]. Similarly, all-cause mortality at 6 months was
not different between the two groups [49]. Interestingly,
5 years follow up data suggested a significant reduction in
all-cause mortality [50]. Gu et al. [51] reported that the use
of IABP in high risk PCI was associated with a reduction in
inflammatory markers, troponin level, in-hospital and 30-
day mortality. However, the decrease in mortality was not
evident at 6 months [51]. This inconsistency in existing lit-
erature does not support the routine use of IABP in patients
undergoing high-risk PCI. Overall, the role of IABP in con-
temporary practice is restricted. Nevertheless, it should be
considered (class IIA) in patients with CS associated with
mechanical complication of acute MI [3]. Moreover, it can
potentially be used in combination with other MCS devices
pending new evidence from ongoing trials.

IABP is a generally considered a safe device, nonethe-
less, its use was associated with increased risk of stroke and
bleeding complications [52,53]. The relative contraindica-
tions of IABP use include severe peripheral vascular dis-
ease, the presence of significant coagulopathy or sepsis. It
is absolutely contraindicated in patients with severe aor-
tic regurgitation or aortic dissection. Complications occur
with a frequency of about 5% during or following IABP

insertion [54]. These complications are mainly vascular
related to trauma or dissection and can manifest itself as
haematoma, haemothorax, compartment syndrome, limb or
organ ischaemia either acutely or insidiously. The use of
smaller size or sheathless catheters may reduce the risk of
complications [55].

8. Impella
The Impella device is a catheter-basedmicroaxial flow

pump that delivers blood from the left ventricle into the as-
cending aorta or in case of RP device, from the inferior vena
cava into the pulmonary artery. The output using Impella
could reach up to 5.5 L/min depending on the used device.
The Impella family has a spectrum of devices with differ-
ent flow rates. Impella 2.5 (2.5 L/min) and Impella CP (up
to 4.3 L/min) are both inserted retrogradely via the femoral
artery. The Impella 2.5 requires 13F access site compared
to 14F when using Impella CP. The comparable access size
between the two devices has led to adoption of Impella CP
for CS. Impella 5.0 requires a surgical cut-down due its size.
This can be inserted via the axillary artery via a cut-down
procedure. This would facilitate patient mobilisation while
on Impella support.

Experimental studies suggested that Impella can of-
fload the left ventricle and improve coronary perfusion [56].
Early human studies have highlighted the role of Impella in
increasing cardiac output, reducing pulmonary wedge pres-
sure, and improving organ perfusion [57]. The ability to of-
fload the left ventricle is a useful feature to allow bridging
to recovery during the initial phase of ventricular stunning
in patients with acute MI complicated by CS.

There is a lack of adequately powered randomised tri-
als to assess the role of Impella in CS. The EURO-SHOCK
study was a retrospective multi-centre study of 120 patients
with acute MI complicated by CS [58]. The use of Impella
2.5 was associated with a significant reduction in lactate
level after 48 hours suggesting improved organ perfusion.
However, mortality rate remains high with only 1 in 4 pa-
tients survived after 10-month follow up [58]. In the Ef-
ficacy Study of LV Assist Device to Treat Patients With
Cardiogenic Shock (ISAR-SHOCK) study, Impella LP 2.5
was demonstrated to be safe and feasible in patients with
acute MI complicated by CS [59]. However, Impellla did
not improve 30-day mortality compared to IABP in this
randomised study of 25 patients, despite the significant in-
crease in cardiac index with Impella after 30 min of support
[59]. Moreover, the IMPella versus IABP Reduces mor-
tality in STEMI patients treated with primary PCI in Se-
vere cardiogenic SHOCK (IMPRESS) study showed that
the routine use of Impella did not improve 30-day or 6-
month mortality when compared to IABP [60]. In a rela-
tively small study of 25 patients, Impella 5.0 and upgrading
from Impella 2.5 to 5.0 was associated with improved clin-
ical outcomes when compared with Impella 2.5 [61]. How-
ever, this study was not randomised, and the reported mor-
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Table 3. Ongoing trials of mechanical circulatory support in cardiogenic shock.
Trial/Study Design Population Intervention Outcome

EuroShock
RCT, multicentre, open label ACS patients with CS

VA-ECMO support initiated early after PCI + Pharmac-
otherapy versus pharmacotherapy alone

30-day all-cause mortality(n = 428)
NCT03813134
REVERSE

RCT, single blinded (assessor) CS from various aetiologies
VA-ECMO with early initiation of CP LV venting versus
VA-ECMO alone per standard protocol

Recovery from cardiogenic shock at 30 days(n = 96)
NCT03431467
ECMO-CS

RCT, single blinded CS – various aetiologies
VA-ECMO + Standard management including PCI or
surgical revascularization versus Standard management
including revascularization

30-day Composite of death from any cause,
resuscitated circulatory arrest, and
implantation of another mechanical
circulatory support device

(n = 120)
NCT02301819
DanGer Shock

RCT, open label, multicentre,
prospective

AMICS
Impella CP

All-cause mortality at 180 days(n = 360) Placed before angioplasty in those with AMICS versus
standard managementNCT01633502

SMART-RESCUE II
Observational CS of various aetiologies

Comparison of those with CS who underwent MCS +
medical therapy including a vasopressor versus those who
were treated with medical therapy including a vasopressor

In-hospital mortality up to 12 weeks(n = 1000)
NCT04143893
CSWG

Registry CS of various aetiologies
Patients meeting criteria for CS as defined by the group,
and underwent MCS management by any of the available
devices

30-day and one-year mortality(n = 5000)
NCT04682483
CARDSUP

Registry CS of various aetiologies
All patients requiring MCS support with an any Impella
device or VA-ECMO

30-day mortality
NCT04117230
ECLS-SHOCK

RCT, prospective, open label AMICS
AMICS treated with ECLS (preferably before PCI) under-
going revascularization preferably by PCI versus revascul-
arization and standard medical therapy

30-day mortality(n = 420)
NCT03637205
Altshock-2
(n = 200)
NCT04295252

RCT, Multi-centre, Open label
Decompensated heart failure with
CS

Early initiation of IABP (within 6 hrs) in those with CS
versus standard medical therapy

Successful bridge to transplantation or LVAD (at
60 days)
Survival at 60 days

Outcomes of patients
treated with IABP

Observational
CS due to ACS, Heart failure
or post-cardiac surgery

Patients treated with IABP 30-day all-cause mortality
(n = 1000)
NCT04405856

ACS, Acute coronary syndrome; AMICS, Acute Myocardial Infarction with Cardiogenic Shock; CAD, Coronary Artery Disease; CS, Cardiogenic Shock; CSWG, Cardiogenic ShockWorking Group; CV, Cardiovascular;
ECLS, Extracorporeal Life Support; IABP, Intra-aortic Balloon Pump; LVAD, Left Ventricular Assist Device; MCS, Mechanical Circulatory Support; VA-ECMO, Veno-arterial Extra-corporeal Membrane Oxygenation.
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tality was the crude rate without adjustment for other clin-
ical variables [61]. Additionally, the use of surgically im-
planted Impella is more invasive and associated with more
complications, although the incidence of vascular compli-
cations is generally increased with the use of MCS devices
[62]. A study-level meta-analysis including four studies
highlighted the neutral effect of Impella in improving 30-
day mortality rate in patients with acute MI complicated by
CS [63]. Notably, vascular complications, including life-
threatening bleeding, were consistently associated with the
use of Impella compared to standard treatment or IABP use
[60,64]. This highlights the need to have a better patient
selection for MCS for both safety and efficacy. A signifi-
cant proportion of included patients could be classified as
stage E according to the SCAI Shock classification. This
group may have reached an irreversible stage of CS and
the use of MCS may be a too late to alter outcome. Ad-
ditionally, early timing for initiating haemodynamic sup-
port was suggested by the US registry of 154 consecutive
patients who underwent Impella 2.5 and PCI from 38 US
hospitals [65]. Patients who received haemodynamic sup-
port pre-PCI had more lesions treated, which was trans-
lated into significantly better in-hospital survival compared
to patients who received haemodynamic support post PCI
(65% vs. 41%, p = 0.003) [65]. Subsequently, the Detroit
CS Initiative highlighted the prognostic role of early initia-
tion ofMCS before PCI or receiving inotropes/vasopressors
in acute MI patients complicated by CS [37,66]. A recent
meta-analysis suggested a survival benefit when using Im-
pella pre- compared to post PCI [67]. Whilst current data
support the role of Impella in improving haemodynamic and
organ perfusion, optimal patient selection alongside tim-
ing of initiating haemodynamic support are plausible fac-
tors contributing to the lack of survival benefits when using
Impella. The Door-To-Unload (DTU)-STEMI pilot study
highlighted the safety and feasibility of early initiation of
haemodynamic support in anterior STEMI without cardio-
genic shock [38]. High risk PCI patients are another group
that may benefit from early haemodynamic support. A few
studies have investigated the role of Impella, mainly 2.5,
as pre-emptive strategy to prevent CS in patients undergo-
ing high risk PCI [68–70]. Nonetheless, the PROTECT II
study did not demonstrate mortality benefits with Impella
compared to IABP in 452 patients undergoing high risk PCI
[71]. The 30-day adverse clinical events were comparable
between the two groups (35% vs. 40%, p = 0.22) [71]. The
PROTECT IV trial is currently recruiting high risk PCI with
low EF and assessing the role of Impella in comparison to
IABP.

Impella devices are relatively contraindicated in pa-
tients with severe aortic stenosis, however, some centres
reported successful use of the device in this setting while
undergoing PCI or transcatheter aortic valve replacement
[72,73]. It is absolutely contraindicated in those who can-
not receive anticoagulation or those with severe peripheral

vascular disease. Ventricular septal defect is another major
contraindication as a significant right to left shunt would
be created by the device [74]. As with many MCS de-
vices, thrombosis is an important complication, which is
usually avoided by administering systemic anticoagulation
however at cost of high incidence of bleeding of up to 30%
with Impella devices [75]. Haemolysis is another signifi-
cant complication and its incidence is variably reported be-
tween 8% to 63% [69,76]. Such variation may reflect the
local methods of management of Impella and usually is ad-
dressed by repositioning the device ormanaging the preload
[77]. The incidence of other complications includes vascu-
lar (10%), bleeding requiring transfusion (17.5%) or requir-
ing surgical intervention (2.6%) [74]. These complications
were reported more frequently with Impella compared to
IABP [63,65].

9. Peripheral Veno-arterial ECMO
(VA-ECMO)

ECMO was first introduced in the 1970s to support
respiratory and cardiac function, with no conclusive evi-
dence of survival advantage over conventional therapies.
VA-ECMO involves oxygenating venous blood obtained
via 15–29F cannula and pumping it into arterial circula-
tion via a centrifugal pump providing a flow of about 4–
6 L/min. VA-ECMO can be connected centrally between
the right atrium and the aorta or peripherally by connect-
ing femoral vein and femoral artery. Whilst, VA-ECMO
can provide excellent biventricular support, it can increase
systemic afterload, LV dilation and stasis, and pulmonary
congestion requiring other tools to offload the left ventri-
cle. Decreasing pump flow may help in reducing LV after-
load, or by commencing inotropes or vasodilator to allow
LV venting. The well-oxygenated retrograde blood from
ECMO mixes with the native blood leaving the heart at a
mixing point. If this point is distal to the left subclavian,
then vital organs, i.e., brain and heart will receive poorly-
oxygenated blood while other organs will receive well-
oxygenated blood (Harlequin syndrome) [4]. This phe-
nomenon is not completely eliminated by providing ECMO
retrograde flow at proximal site to the femoral artery, i.e.,
left subclavian or innominate arteries), but rather by rein-
fusing well-oxygenated blood into both the arterial and ve-
nous cannulas (venoarterial-venous ECMO configuration)
[4].

Retrospective studies highlighted the feasibility of us-
ing ECMO in refractory CS [78–80]. Those studies high-
lighted a relatively better in-hospital survival rate of more
than 30% in critically unwell patients. Unsuccessful angio-
plasty, pulseless electrical activity, and complications re-
lated to ECMO were among the predictors of in-hospital
mortality. Bleeding complications and multi-organ failure
were observed at the induction of ECMO leading to early
treatment failure. In a meta-analysis of thirteen studies,
Ouweneel et al. [81] reported that the use of ECMO was
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associated with 13% absolute increase in 30-day survival
rate compared to patients without ECMO. Notably, in CS
patients ECMO was associated with 33% relative increase
in 30-day survival rate when compared with IABP. A dif-
ference that was not evident when ECMOwas compared to
TandemHeart or Impella [81].

Patients outcome was also shown to be time-sensitive
while on ECMO [82]. There wasmore than 50% increase in
the odds of death in patients who had their ECMO weaned
off before day 4, likely reflecting treatment failure [82].
In contrast, those who had their ECMO treatment for >4
but <12 days had 14% reduction in their in-hospital mor-
tality rate, with no difference in death after day 12 on
ECMO [82]. Age was also identified as a significant pre-
dictor of mortality in patients undergoing ECMO treatment
[83,84]. Despite similar initial hemodynamic response, in-
hospital and mid-term outcomes were worse in elderly pa-
tients i.e., above age of 60 (94% vs. 68%, p = 0.001)
[83,84]. Nonetheless, this group had an acceptable survival
rate to hospital discharge and age should not be considered
as an absolute contra-indication for ECMO treatment [85].

Brunner et al. [86] performed the first randomised
trial comparing the use of ECMO to no mechanical support
in 42 patients with acute MI complicated by CS. Almost all
patients (95%) had resuscitated cardiac arrest. Patients in
the control group were older and had a higher number of
diseased vessels. The primary endpoint was left ventricle
ejection fraction at 30 days which was comparable between
the two groups. Notably, the length of stay in intensive
care unit and duration of mechanical ventilation was signif-
icantly less in the ECMO group. Moreover, the 30-day sur-
vival rate was numerically higher in the ECMO compared
to the control group (33% vs. 19%, p = 0.37), and the dif-
ference remained similar after one-year follow up [86,87].
Ongoing randomised studies will add more insights into the
role of ECMO in patients with CS.

Severe peripheral vascular disease may preclude the
use of peripheral ECMO. The need for prolonged cannula-
tion would subject patients to access site complications and
bleeding, particularly when there is a continuous require-
ment for systemic anticoagulation. The most frequently re-
ported complications include bleeding 33%, sepsis 33%,
and acute renal failure requiring dialysis in 52%. Venous
thrombosis occurred in 10%, and limb ischaemia in 10% of
cases, while neurological complications were reported in up
to 8% of cases [88,89].

10. TandemHeart
This device pumps blood from the left atrium into the

aorta bypassing the LV and, hence, can decrease preload,
increase mean arterial pressure, and avoids problems with
pulmonary congestion that are seen with ECMO. However,
it can potentially increase the afterload secondary to the
retrograde aortic flow. The maximum circulatory support
can reach 5 L/min. TandemHeart relies on the right ventri-

cle function and as long as it is satisfactory, it can provide
haemodynamic support even with the occurrence of tran-
sient arrhythmias or in the presence of extreme tachycar-
dia. Its use is limited by the need for training and expertise
availability as it is more invasive compared to other MCS
requiring trans-septal puncture.

There is very limited evidence for the use of this de-
vice with only 2 small randomized trials performed [90,91].
TandemHeart improved haemodynamic, metabolic and car-
diac power index in a relatively small study of 41 patients
when compared to standard treatment, including IABP [90].
Similarly, TandemHeat increased mean arterial blood pres-
sure and significantly decreases pulmonary capillary wedge
pressure [91]. Nonetheless, the survival rate was compara-
ble between the two groups [90,91]. Importantly, the use of
TandemHeart was associatedwith increased limb ischaemia
and bleeding complications. Further studies are needed to
clarity its role among other MCS devices.

11. Combined mechanical support
Combining different MCS devices has been used

to obtain better haemodynamic profile and/or to amelio-
rate side effects or shortcomings of some devices such
as ECMO. In an experimental study of 7 sheep mod-
els, the use of Impella alongside IABP provided the most
favourable haemodynamic profile compared to either de-
vice alone [92]. Human data are limited on the use of Im-
pella and IABP, however, a small randomised trial assessed
the change in haemodynamic in response to adding Impella
LP to acute MI patients complicated by CS and managed by
IABP [93]. After 12 hours, there was no significant differ-
ence in cardiac power index between the two groups, which
persisted even after 96 hours of Impella treatment. Subse-
quently, LV ejection fraction was comparable between the
two groups with higher incidence of major bleeding in the
combined group [93].

It is well-established that peripheral VA-ECMO can
lead to increased LV afterload with subsequent left ven-
tricular distension as a result of the retrograde aortic flow.
The worseningafterload can cause an increase in left atrial
pressure, pulmonary oedema and can result in myocardial
ischaemia. The combination of VA-ECMO with either a
surgical or percutaneous device might be required to de-
compress or vent the left ventricle. This becomes impor-
tant when the underlying pulsatility of the LV is unable to
adequately compete with the retrograde flow from ECMO
circuit leading to LV overload and thrombosis.

Data supporting the incremental benefits of concomi-
tant use of IABP and ECMO were conflicting and likely
related to the small sample size and the observational na-
ture of the included studies. Several meta-analyses reported
that the use of IABP alongside ECMO, particularly in pa-
tients with acute MI. The combination of ECMO and IABP
was associated with a significant reduction of 10–20% in
all-cause mortality compared to patients with ECMO only
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[94,95]. Importantly, gastrointestinal and limb ischaemia
were not different between the two groups [94,95]. A recent
small study of 18 patients presenting with STEMI compli-
cated with CS and underwent ECMO showed better neuro-
logical outcome compared to those receiving ECMO only
[96]. The survival rate was also better in the former group,
despite having more complex coronary anatomy.

Impella is increasingly being used as an adjunctive de-
vice to offload the LV in patients on ECMO. Moreover, the
combination is maybe indicated in patients with right ven-
tricle failure or persistent low cardiac output. In fact, it be-
comes a routine practice in some centres to concurrently
initiate support with both devices with a signal of improved
outcomes [97]. In the largest US retrospective registry, con-
comitant use of Impella and ECMO was associated with a
significant reduction in 30-day mortality when compared
with patients receiving ECMO alone (57% vs. 78%, p =
0.02) [98]. Likewise, the use of inotropes was lower in the
combination group with remarkably similar safety profile
[98].

Other forms of unloading the LV are reported using
percutaneous or surgical left atrial cannulation but data are
limited on its efficacy and the need to be done in highly
specialised centres [99]. A large meta-analysis of 17 obser-
vational studies including 2221 patients with cardiogenic
shock treated with ECMO, reported that a strategy of un-
loading the LV was associated with 21% relative risk re-
duction in all-causemortality when compared to those with-
out unloading the LV [100]. Importantly, the predominant
method to unload the LV was using IABP in 91.7% of cases
[100]. Future RCT will guide the clinical management of
whether and how to unload the LV in patients treated with
ECMO.

12. Role of cardiogenic shock teams
The role of the multidisciplinary shock team is in-

creasingly recognized as a strategy to improve outcomes in
patients presenting with CS [101,102]. The complex patho-
physiological nature of CS coupled with its sensitivity to
time have prompted more centres to adopt the concept of
shock teams. This includes specialists from critical care,
interventional cardiology, cardiac surgery, and advanced
heart failure. Early activation of the shock team is required
to prompt multidisciplinary discussion regarding manage-
ment, escalation and de-escalation strategies [101]. The
main purpose of the shock team is to streamline themanage-
ment of CS by early recognising patients with CS and tar-
geting treatment according to themechanism of shock. This
also includes early decision regarding the use of MCS and
the appropriate selection of a device. Several observational
studies have reported better outcomes when a dedicated
shock team is present [22,102–105]. A recent multicentral
study of 1242 patients presenting with CS showed that the
presence of shock team was independently associated with
lower mortality (odds ratio, 0.72, 95% CI 0.55 to 095, p =

0.016) [105]. Interestingly, centres with shock teams used
less MCS overall (35% vs. 43%) but more advanced types
of MCS rather than IABP [105]. A standardized multidis-
ciplinary protocol-based approach for the management of
CS may improve outcomes. Combining this with standard-
ised shock definitions such as the proposed classification in
the recent SCAI consensus would facilitate communication
among members of the shock team to guide early resusci-
tation and implementation of MCS according to the shock
stage.

13. Conclusions
Management of CS remains challenging. However,

the development of a shock protocol alongside better under-
standing of the pathophysiology of CS and optimal patient
selection may help reducing mortality associated with CS.
Numerous randomised clinical trials are testing the hypoth-
esis of early initiation of MCS to confer survival benefits
in a selected group of patients presenting with CS. Further
assessment of patient’s response after MCS implantation
alongside the local expertise and the level of care at the fa-
cility play a crucial rule in the management of CS. Develop-
ing the concept of shock team, that includes interventional
cardiology, cardiac surgeon, advanced heart failure and in-
tensivist, with group discussion in a timely forum will add
great value and optimal decision making for this high risk
group.
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