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Management of cardiogenic shock in
patients with acute coronary syndromes

ABSTRACT

Cardiogenic shock remains a major problem affecting a large proportion of
patients with acute coronary syndromes, with a persistent high mortality rate.
Although mechanical reperfusion with percutaneous coronary intervention has
improved outcomes following acute coronary syndromes, there is limited evidence
supporting the other current treatments used to manage patients with cardiogenic
shock (intra-aortic balloon pumps, percutaneous left ventricular assist devices
and extracorporeal membrane oxygenation). This article looks at these options,
assessing current evidence and recent advances. It also discusses areas that still
require research to ensure there is improvement in these high-risk patients, such
as coordinated regionalised approaches to cardiogenic shock management with
multidisciplinary care provided in designated tertiary shock centres.

ardiogenic shock complicates the management of
7-10% of patients with acute coronary syndromes,
and carries a high mortality rate (40-50%),
being the commonest cause of death in patients
with acute coronary syndromes (Goldberg et al,
2009). Mechanical reperfusion with primary percutaneous
coronary intervention and advances in pharmacological
treatment have improved outcomes following acute coronary
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syndromes (Keeley et al, 2003) but the highest risk patients
who present with acute coronary syndrome continue to lag
behind. In addition to percutaneous coronary intervention
or coronary artery bypass grafting, catecholamines, fluids,
intra-aortic balloon pumping and percutaneous left
ventricular assist devices are widely used for management
of cardiogenic shock. However, there is only limited evidence
for any of these treatments except early revascularization,
with recent data suggesting that some of these widely used
therapies, e.g. intra-aortic balloon pumping, and strategies,
e.g. complete coronary revascularization, may not provide
the benefit first thought. This article outlines the diagnostic
criteria, underlying causes and treatment of cardiogenic
shock complicating acute coronary syndromes, providing a
focused update on therapeutic advances, both mechanical
and pharmacological, and recent clinical trial data.

Definition of cardiogenic shock

Cardiogenic shock is characterized by inadequate tissue
perfusion as a result of a reduced cardiac output which leads
to hypotension, pulmonary congestion and impaired vital
organ or tissue perfusion. Cardiogenic shock is generally
defined clinically, but some trials have used additional
haemodynamic parameters to define cardiogenic shock,
such as assessment of left ventricular filling pressures
or cardiac index (Hochman et al, 1999). Although not
mandated, these objective haemodynamic parameters can
help confirm the diagnosis and enable comparison across
cohorts and clinical trials. Definitions in clinical practice
guidelines and operationalised definitions used in key
clinical trials are presented in 7able 1.

Incidence and outcome

The incidence of cardiogenic shock in patients with acute
coronary syndromes differs depending on the definition
of cardiogenic shock and the treatment era, ranging from
4% to 15%. It is generally accepted by large contemporary
series from Denmark, the UK and the USA that rates
of cardiogenic shock are increasing with little change
in mortality. A report from the Nationwide Inpatient
Sample Database in the USA between 2003 and 2010
demonstrated a rise in the prevalence of cardiogenic shock
from 6% to 10% in the overall population. Furthermore,
in patients >75 years of age (with ST elevation myocardial
infarction), the prevalence increased from 7% to 12%
(Kolte et al, 2014). In Denmark a study conducted over
lyear in two centres, covering two-thirds of the Danish
population (Obling et al, 2018), observed cardiogenic
shock in 10% of all ST elevation myocardial infarction
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Table 1. Definitions of cardiogenic shock used in clinical trials and guidelines

Trial Clinical criteria

SHOCK trial (in myocardial infarction
complicated by left ventricular
dysfunction (predominantly)) (Hochman
et al, 1999)

IABP-SHOCK Il (in acute myocardial
infarction) (Thiele et al, 2013)

Systolic blood pressure <90 mmHg for >30 minutes or support to maintain
systolic blood pressure >90 mmHg and end-organ hypoperfusion (urine output and pulmonary capillary wedge
<30ml/h or cool extremities)

Definition

Review IS

Haemodynamic criteria

Systolic blood pressure <90 mmHg for >30 minutes or catecholamines
to maintain systolic blood pressure >90 mmHg and clinical pulmonary

congestion and impaired end-organ perfusion (altered mental status, cold/
clammy skin and extremities, urine output <30 ml/h or lactate >2.0 mmol/litre)

European Society of Cardiology heart
failure guidelines (Steg et al, 2012)

IABP-SHOCK Il = Intraaortic Balloon Pump in Cardiogenic Shock Il; SHOCK = SHould we emergently revascularise Occluded Coronaries for cardiogenic shocK.

patients, which was present on admission in over half the
cases, with only a small portion (28%) developing shock
post-procedure. This was still associated with mortality
rates of 50%. Similar findings have been reported from
a 10-year survey of all primary percutaneous coronary
interventions performed in London (Rathod et al, 2018).
The overall rate of cardiogenic shock complicating ST
elevation myocardial infarction was 8.9%, but with
increasing rates from 7.0% in 2005 to 13% in 2015. It
is not clear why this rate increased, but one possibility
could be that there is enhanced reporting of cardiogenic
shock over the years, particularly following the initiation
of operator-reported outcomes.

Causes

ST elevation myocardial infarction with subsequent
left ventricular dysfunction is the commonest cause of
cardiogenic shock complicating acute coronary syndromes.
The median time after ST elevation myocardial infarction
for the occurrence of shock is 5—-6 hours (Hochman et
al, 1999), whereas in patients presenting with non-ST
elevation myocardial infarction, cardiogenic shock tends
to develop after a longer time. The difference in underlying
pathophysiology is likely to reflect this time difference,
but autopsy studies have generally shown that a loss of
more than 40% of functional myocardium is required to
cause cardiogenic shock (Wackers et al, 1976). However,
mechanical complications, such as ventricular septal defect,
free wall rupture and papillary muscle rupture, historically
thought to be late complications after acute coronary
syndromes, most commonly present within 24 hours of
hospitalization (Kutty et al, 2013) and also contribute to
cardiogenic shock after acute coronary syndromes. An index
of suspicion and rapid echocardiography are required for
such diagnoses with studies demonstrating that cases of
cardiogenic shock involve ventricular septal defects in 3.9%,
ischaemic mitral regurgitation in 6.9% and importantly
1.4% for cardiac tamponade (Hochman et al, 2000).

Systolic blood pressure <90 mmHg for >30 minutes or support to maintain
systolic blood pressure >90 mmHg and end-organ hypoperfusion (urine output and pulmonary capillary wedge
<30ml/h or cool extremities)

Non-acute coronary syndrome-related cardiogenic
shock is worth bearing in mind especially in patients
with normal coronary arteries on angiography and may
be caused by decompensated valvular heart disease, acute
myocarditis and arrhythmias with heterogeneous treatment
options revolving around the identification and treatment
of the underlying cause. Figure I demonstrates the vicious
cycle that can occur in cardiogenic shock following
acute coronary syndromes unless adequate and timely
revascularization takes place.

Treatment

Revascularization

Early revascularization is the most important treatment
strategy in cardiogenic shock complicating acute myocardial
infarction and is the only strategy supported by trial data
to reduce mortality in this patient group. These data were
provided by the SHould we emergently revascularise
Occluded Coronaries for cardiogenic shocK (SHOCK) trial
(Hochman et al, 1999). Although the trial failed to meet
the primary endpoint (superiority of early revascularization
over medical therapy on 30-day mortality: 46.7% vs 56.0%,
P=0.11) there was a significant mortality reduction at longer
follow up of 6 months, 1 and Gyears. Despite the majority of
patients being treated by percutaneous coronary intervention
(64%) in this trial, 36% underwent early coronary artery
bypass grafting, a fact often overlooked by many. The
number needed to save one life by early revascularization
compared to initial medical stabilization is <8.

Revascularization in patients with multi-vessel
coronary artery disease

Approximately 50-80% of patients with cardiogenic
shock present with multi-vessel coronary artery disease
(Hochman et al, 1999) — these patients have a higher
mortality than patients with single vessel disease (Hochman
et al, 1999). Randomized trials have demonstrated the
benefit of complete vs culprit-only revascularization

pressure >15mmHg

pressure >15mmHg

Cardiac index of <2.2 litre/min/m?

Cardiac index of <2.2 litre/min/m?
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Figure 2. Diagram demonstrating how an acute myocardial infarction can lead to left ventricular dysfunction and hypoperfusion, which can then lead
to increased preload and afterload. Finally, this results in a vicious cycle of hypoperfusion and acidosis via compensatory neurohormonal mechanisms.
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in patients without cardiogenic shock, but there is no
consensus on the optimal management of significant ‘non-
culprit’ coronary artery lesions in patients with cardiogenic
shock, uncertainty reflected in current guidelines (O’Gara
et al, 2013) and a meta-analysis of observational studies
suggesting no benefit (de Waha et al, 2017).

A contemporary randomized controlled trial was
needed. As a result CULPRIT-SHOCK, a multicentre,
international trial, was undertaken, which randomized 706
patients with multi-vessel disease and acute myocardial
infarction complicated by cardiogenic shock. This
demonstrated that at 30 days, the composite primary end-
point of death or renal replacement therapy had occurred
in 158 of the 344 patients (45.9%) in the culprit-lesion-
only percutaneous coronary intervention group and
in 189 of the 341 patients (55.4%) in the multi-vessel
percutaneous coronary intervention group (risk ratio 0.83;
95% confidence interval 0.71-0.96; P=0.01) (Thiele et al,
2017). The time to haemodynamic stabilization, the risk of
catecholamine therapy and the duration of such therapy,
the levels of troponin T and creatine kinase, and the rates
of bleeding and stroke were similar between the groups,
supporting the concept of culprit-only revascularization in
cardiogenic shock. This well-conducted clinical trial sheds
doubt on current guidelines disputing the benefit of multi-
vessel intervention in patients with cardiogenic shock.

Fluids, inotropes and vasopressors

Cardiogenic shock treatment includes initial stabilization
with volume expansion to obtain optimal filling pressures,
vasopressors and inotropes, plus additional therapy for muldi-
organ system dysfunction, e.g. renal. Fluid administration
should be based on pathophysiological considerations and

has not been studied in adequate randomized controlled
trials. Despite the frequent use of pharmacological support
in cardiogenic shock, there is little clinical outcome data to
guide the selection. The SOAP 1I trial (Sepsis Occurrence
in Acutely Ill Patients) examined first-line vasopressor
selection in patients with generalized shock and included
a prespecified cardiogenic shock subgroup (De Backer et
al, 2010). Dopamine was associated with a higher rate
of arrthythmias overall and was associated with a higher
mortality in patients with cardiogenic shock.

Current European Society of Cardiology guidelines (Steg
etal, 2012) state that inotropic or vasopressor agents should
be considered in patients with cardiogenic shock, with Ila
C recommendations for dopamine and dobutamine and
class IIb B recommendation for noradrenaline, which is
slightly confusing given the results of the SOAP II trial
discussed above. The most recent national guidelines
focusing specifically on cardiogenic shock from Austria and
Germany are more precise in stating that dopamine should
no longer be used in the treatment of cardiogenic shock
(Werdan et al, 2012). The authors therefore recommend
that noradrenaline should first be titrated until the systolic
arterial pressure rises to at least 80 mmHg, with intravenous
dobutamine subsequently commenced, because of its 32-
adrenergic effects, to try and improve cardiac contractility.

Levosimendan is a calcium sensitiser and ATP-dependent
potassium-channel opener (Papp et al, 2012) developed
for the treatment of acute decompensated heart failure,
with solid evidence of efficacy and safety (Nieminen et al,
2016). Although levosimendan is one of the best studied
inotropic agents in patients with acute heart failure, in
view of its vasodilatory effects, with subsequent blood
pressure lowering, the clinical evidence to date in patients
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with cardiogenic shock is limited. However, some clinical
observations indicate that levosimendan can improve
haemodynamics in the context of cardiogenic shock
after acute coronary syndromes, when combined with
catecholamines, to maintain adequate perfusion pressures.
An expert review paper recommends its use in combination
with noradrenaline in patients with cardiogenic shock
related to acute coronary syndromes (Nieminen et al, 2016).

Haemodynamic monitoring

Haemodynamic data provided by pulmonary artery
catheters can confirm the presence and severity of
cardiogenic shock, involvement of the right ventricle,
and particularly cardiac power and stroke work index
provide powerful short-term prognostic value (Fincke et
al, 2004). However, there has been a decline in pulmonary
artery catheter use as shown by the change in criteria for
including patients in cardiogenic shock trials, which
relates to controversy regarding the benefit of their use,
as shown in a meta-analysis (Shah et al, 2005). Although
non-invasive devices may be used, their reliability in
this setting has not been well studied and individualised
pulmonary artery catheter use is still recommended (IIb
B European Society of Cardiology recommendation) to
monitor haemodynamic variables or treatment in patients
with severe heart failure not responding to appropriate
treatment (Steg et al, 2012).

Percutaneous mechanical support

Intra-aortic balloon pump

Intra-aortic balloon pumping is still commonly used to
mechanically assist patients with cardiogenic shock where
pharmacological therapy is not adequate (Sjauw et al,
2009). Made of a polyurethane membrane mounted on a
vascular 7F-8F catheter, the intra-aortic balloon pump is
positioned in the descending thoracic aorta just distal to
the left subclavian artery. The device is timed to inflate and
deflate in concert with the cardiac cycle, thereby increasing
the diastolic blood pressure and reducing the systolic blood
pressure. Intra-aortic balloon pumping can augment blood
flow in the coronary arteries, unload the left ventricle and
therefore enhance myocardial oxygen supply by improving
the peak diastolic pressure and lowering the end-systolic
pressure by means of diastolic inflation and rapid systolic
deflation (Kern et al, 1993).

Although a number of factors are physiologically
beneficial with the use of intra-aortic balloon pumping,
evidence from several meta-analyses, registries and
randomized controlled trials (IABP-SHOCK 1II) raise
significant doubts regarding its effectiveness as an adjunct
to the management of cardiogenic shock, even suggesting
no benefit of its use in clinical practice (Thiele et al,
2013; Ahmad et al, 2015). Cochrane meta-analyses have
found intra-aortic balloon pumping use associated with
significantly higher rates of major bleeding and other
arterial complications, which highlights its potential
detrimental effects (Unverzagt et al, 2015).

In addition, another mechanism for the ineffectiveness
of intra-aortic balloon pumps in patients with cardiogenic
shock may be related to the lack of haemodynamic efficacy
with counterpulsation pumps when native left ventricular
function is severely impaired. During cardiogenic shock,
irreversible damage can occur as a result of diminished
organ perfusion and the systemic inflammatory response,
so providing mechanical haemodynamic support may
not be enough to reverse the damage that has already
occurred (Ouweneel et al, 2017). The American College
of Cardiology/American Heart Association and European
Society of Cardiology guidelines have downgraded the
level of recommendation for the use of intra-aortic balloon
pump therapy (Steg et al, 2012; O’Gara et al, 2013), and
neither recommends the routine use of intra-aortic balloon
pumping in patients with cardiogenic shock (Windecker
et al, 2014). Correspondingly clinical rates of intra-aortic
balloon pumping are low (15-30%) (Cohen et al, 2003)
and falling (shown by a study from a large registry of 76474
patients; Sandhu et al, 2015), highlighting the need for
other methods of mechanical support to manage patients
with cardiogenic shock or more targeted approaches to
focus on those most likely to benefit.

Percutaneous left ventricular assist devices
Percutaneous ventricular assist devices, e.g. Impella or
HeartMate PHP, and other newer therapies such as
extracorporeal membrane oxygenation have been developed
but data to date are limited. The Impella 2.5 (Abiomed,
Danvers, MA) has not been found to be effective on
outcomes in both a European registry (Impella-EURO-
SHOCK) (Lauten et al, 2013) and a small randomized
controlled trial (25 patients) where Impella was compared
with intra-aortic balloon pumping, despite superior
haemodynamic measurements in Impella patients (Seyfarth
et al, 2008). Recently, this device has been Food and Drug
Administration approved for use in patients with cardiogenic
shock and one randomized controlled trial IMPRESS in
Severe Shock trial) has shown no significant benefit in the
reduction of 30-day mortality in patients with cardiogenic
shock compared to intra-aortic balloon pumping (Ouweneel
et al, 2017). Ongoing randomized controlled trials are
evaluating Impella CP in the setting of cardiogenic shock,
e.g. the Danish Cardiogenic Shock Trial NCT01633502,
which will help answer the question if completed.

The HeartMate PHP is a different newer catheter-based
percutaneous blood pump with collapsible axial flow
impeller and cannula at the distal end which sits across the
aortic valve rather than in the left ventricle. The SHIELD
I trial, a prospective, non-randomized, multicentre, open-
label trial, evaluated its use in 50 patients undergoing high-
risk percutaneous coronary intervention, with encouraging
results — haemodynamic stability was achieved in all patients
with a low incidence of adverse events (Dudek et al, 2018).

An alternative mechanical support device is the
TandemHeart percutaneous ventricular assist device.
The TandemHeart is a left atrial-to-femoral artery bypass
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system that can pump and deliver flow rates up to 4.0 litres/
min. In Burkhoff et al’s (2006) study 42 patients with
cardiogenic shock were randomized to treatment with intra-
aortic balloon pumping or TandemHeart percutaneous
ventricular assist device. TandemHeart significantly
improved haemodynamic parameters, even in patients
failing on intra-aortic balloon pumping. A similar sized
study by Thiele et al (2005) found much the same, with
improvement in cardiac output and other haemodynamic
indices with the percutaneous ventricular assist device
compared to an intra-aortic balloon pump.

Finally, the iVAC2L is a transfemoral pulsatile
percutaneous ventricular assist device. The percutaneous
femoral approach means that iVAC2L can support, with a
pulsatile flow, patients with impaired left ventricular function
who require a mechanical circulatory support as bridge to
decision or bridge to bridge (left ventricular assist device).
Use of the iVAC2L is effective in high risk percutaneous
coronary intervention procedures (Samol et al, 2017).

Current European Society of Cardiology guidelines
recommend considering the short-term use of percutaneous
mechanical circulatory support devices in refractory
cardiogenic shock in order to stabilize patients and preserve
organ perfusion (oxygenation) as a bridge to recovery of
myocardial function, cardiac transplantation or even left
ventricular assist device therapy (Ibanez et al, 2018). This
recommendation is based on expert consensus as the
scientific evidence is lacking, although there is most data
for the Impella device. As well as the type of mechanical
support, the timing of its initiation could also have an
effect on clinical outcome of cardiogenic shock. Mechanical
support is often started relatively late after admission to
the intensive cardiology care unit when it becomes clear
that revascularization and the escalating use of inotropes
and vasopressors have failed to improve the haemodynamic
condition of the patient. One hypothesis is that shortening
the ‘door to unloading’ and ‘door to support’ time may
allow more effective reperfusion therapy in patients with ST
elevation myocardial infarction presenting in cardiogenic

shock (Kapur and Davila, 2017).

Peripheral veno-arterial extracorporeal membrane
oxygenation

In recent years, peripheral veno-arterial extracorporeal
membrane oxygenation has been increasingly used as
a method of temporary mechanical cardiac support
for patients with cardiogenic shock complicating ST
elevation myocardial infarction. Extracorporeal membrane
oxygenation is a form of cardiopulmonary life support,
where blood is drained from the vascular system, circulated
outside the body by a mechanical pump and then reinfused
(veno-arterial or venous-venous). While outside the body,
haemoglobin becomes fully saturated with oxygen and
carbon dioxide is removed. Oxygenation is determined by
flow rate, and carbon dioxide elimination can be controlled
by adjusting the rate of countercurrent gas flow through
the oxygenator (Schmidt et al, 2013).

Veno-arterial extracorporeal membrane oxygenation
provides both respiratory and haemodynamic support
and is therefore used in patients with cardiogenic
shock. During veno-arterial extracorporeal membrane
oxygenation, blood will bypass both the heart and the
lungs. Blood is extracted from the right atrium or vena
cava (for drainage), and returned to the arterial system
through peripheral cannulations via femoral, axillary or
carotid arteries (for infusion) bypassing both the heart
and the lungs. Extracorporeal membrane oxygenation
can be rapidly set up if the expertise and infrastructure
is available locally and could provide a cost-effective
treatment for cardiogenic shock. However, there are no
randomized controlled trials comparing extracorporeal
membrane oxygenation to intra-aortic balloon pumping
or other support therapies and a meta-analysis of 20 studies
of over 1800 patients with cardiogenic shock or cardiac
arrest showed high complication rates with extracorporeal
membrane oxygenation, with high rates of lower extremity
ischaemia and major or significant bleeding (Cheng et
al, 2014), suggesting more study is needed. However,
European Society of Cardiology guidelines currently
recommend considering the short-term use of veno-
arterial extracorporeal membrane oxygenation in refractory
cardiogenic shock (Ibanez et al, 2018) based on expert
consensus.

Regional shock networks

Regional systems of care that allow immediate transfer of
patients with cardiogenic shock to advanced ‘shock’ centres
(van Diepen et al, 2017) need to be developed globally.
By lowering the door to support time in these regional
networks, patients with cardiogenic shock could be treated
before they start developing irreversible haemodynamic as
well as metabolic shock. The French-based RESCUE study,
which transferred patients with cardiogenic shock to a
central hub centre using a mobile extracorporeal membrane
oxygenation team, successfully demonstrated the feasibility
of a regional hub and spoke cardiogenic shock network
(Beurtheret et al, 2013). This study had a network of
22 tertiary and 53 non-tertiary centres that transferred
cardiogenic shock patients to three designated centres using
a mobile extracorporeal membrane oxygenation team. Of
75 patients that were stabilized, there were no adverse
events during transfer, 32 patients were alive at discharge
and 30 patients were still alive at 1-year follow up. This
demonstrated the feasibility of mobile teams facilitating
early support and management of patients with cardiogenic
shock in specialized centres. Figure 2 shows the location of
veno-arterial extracorporeal membrane oxygenation centres

in the UK.

Expert opinion

Cardiogenic shock remains the commonest cause of in-
hospital death in patients presenting with acute coronary
syndromes, and only a few treatment strategies, i.e. early
revascularization, are based on randomized trial evidence.
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The application of best practice with patients treated

according to guidelines (early reperfusion for all patients

and optimal intensive care treatment) can reduce the

mortality of cardiogenic shock to 40% but more research

is needed. Too many questions remain unanswered:

B What is the best definition of cardiogenic shock?

B Is the current clinical definition too broad to identify
those who really benefit?

B Should pulmonary artery catheters be routinely used
to guide therapies?

B Which vasopressor agent should be used and when?

B Which mechanical support device should be used and
when?

Going forward these questions need answers and future

studies in cardiogenic shock, so difficult to perform, are

needed. Crucially outcomes may improve with coordinated

regionalised approaches to cardiogenic shock management

with multidisciplinary care provided in designated tertiary

shock centres, that have the expertise, clinical volume

and resources necessary to centralize the delivery of the

medical, surgical and mechanical therapies to optimize

outcomes. BJHM

Figure 1 is adapted from http:/fwww.emdocs.net/cardiogenic-shock/
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