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Abstract
Cardiogenic shock (CS) is a critical condition which often complicates the evolution of an acute myocardial infarction 
(AMI). At the same time, co-existence of chronic multi-vessel disease can lead to the development of cardiogenic 
shock in cases with pronounced haemodynamic instability. Different clinical studies have tried to identify the most 
appropriate treatment for critical cases of CS complicating AMI. This review aims to present the current status of 
recommended therapeutic strategies for severe cases of CS presenting as a complication of AMI, and try to shed light 
on the most appropriate therapeutic strategy as outlined in the current literature. The paper will discuss the differ-
ent current strategies available for use in the treatment of this condition, includig interventional revascularisation, 
(complete or culprit), the role of new devices for providing mechanical circulatory support, and the potential role of 
new drug therapies and of hypothermia.
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Cardiogenic shock (CS) is a critical condition which 
often complicates the evolution of an acute myocardial 
infarction (AMI). Large infarcts are frequently associ-
ated with a severe reduction in cardiac output, espe-
cially in occlusions of the Left Main (LM) or Left An-
terior Descending Artery (LAD). These arteries supply 
the anterior cardiac wall, which is the most important 
contributor to left ventricular global performance, and 
their occlusion has a significant impact on over-all ven-
tricular function [1]. CS usually develops when more 
than 40% of the total ventricular myocardial mass is 
akinetic, as a consequence of the infarction, and this 
happens usually in the context of a large anterior in-
farction [2]. However, right ventricular (RV) infarction 
may also be associated with CS, though predominant 
RV shock is rare [3]. At the same time, coexistence of 
a chronic multi-vessel disease may favour the develop-
ment of cardiogenic shock in cases with pronounced 
haemodynamic instability [4]. 

Cardiogenic shock frequently occurs in the acute 
stage of an infarction and raises difficult questions re-
garding the optimal therapeutic strategy to be used to 
reopening the occluded coronary artery. Despite recent 
progress in the treatment of myocardial infarction, the 
mortality rate remains high at 50% in CS associated 
with AMI. Moreover 50% of deaths occur in the first 
48 hours after the patient has been admitted to hos-
pital [5]. This results from an advancement of severe 
pump failure, despite the administration of modern 
therapeutic measures including revascularisation, in-
traaortic balloon counterpulsation or usage of circula-
tory support devices. 

Different clinical studies have tried to identify the 
most appropriate treatment for critical cases of CS 
complicating AMI. This review aims to present the 
current status of recommended therapeutic strategies 
in the light of the recent advancements in the treatment 
of this critical condition. 
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Current questions related to selection of the most 
appropriate therapeutic strategy in CS complicating 
AMI are summarised in Table 1.

��Conservative treatment  
or revascularisation?

The first landmark trial attempting to answer the ques-
tion of whether conservative treatment or revasculari-
sation was better, was the SHOCK trial (SHould we 
use emergently revascularize Occluded Coronaries in 
cardiogenic shocK? NCT00000552), which showed 
that although overall mortality at 30 days was not sig-
nificantly reduced by revascularization compared with 
the conservative group (46.7% vs 56.0%, p=0.11), six-
month mortality was significantly lower in the revascu-
larization group (50.3% vs 63.1%, p=0.027). The study 
concluded that early revascularization is the procedure 
of choice for patients with acute myocardial infarction 
complicated by cardiogenic shock [6-12].

In a Natiowide Inpatients Sample Study, analysis of 
data from 60,833 patients with AMI and CS indicated 
that a revascularisation strategy is associated with a sig-
nificantly lower mortality compared with a conserva-
tive strategy, in all patients groups, including the elder-
ly [13]. The results of this study suggested a clear need 
for a more aggresive management approach in case of 
CS complicating AMI. 

Timing of primary percutaneous intervention (PCI) 
is another key issue in CS. Although it is generally ac-
cepted that primary PCI should only be performed in 
the first 12 hours after the onset of symptoms in AMI, 
in the case of CS complicating myocardial infarction, 
a survival benefit may be recorded even when PCI is 

performed at 48 hours after the onset of ischemia and 
at 18 hours after the onset of shock [4,14].

��Complete revascularisation  
or culprit vessel  
revascularisation?

Up to 87% of patients with CS complicating AMI have a 
multi-vessel disease. The strategy of multi-vessel revas-
cularization employs balloon angioplasty and stenting 
of all the lesions in both infarct-related artery (defined 
as culprit lesion revascularization) and non-infarct 
related arteries, which have been identified by a coro-
nary angiography, performed in the acute phase [15]. 
As myocardial infarction is caused by a sudden occlu-
sion of the coronary flow in one of the three coronary 
arteries, while in many cases severe coronary stenosis 
coexist in the other two coronary arteries, or even in 
the same infarct-related artery, but proximal or distal 
to the culprit lesion, one logical question is whether 
all the lesions identified during coronary angiography 
should be stented in the emergent condition or only the 
one responsible for infarction. 

In stable conditions, multi-vessel revascularization 
leads to unnecessary prolongation of intervention times 
and complications, therefore the so called “staged” in-
tervention is planned, represented by immediate revas-
cularization of only the culprit lesion (i.e. the coronary 
plaque whose abrupt occlusion caused the infarction), 
followed by stenting of the other lesions at a later stage, 
when the myocardium has recovered its function and 
metabolism. It should be noted, that it is far from easy 
to identify the culprit lesion, especially in cases with 
non-obstructive coronary plaques. In these case, imag-

Table 1. Crucial questions in treatment of patients with CS and AMI

Crucial question Clinical trial

Conservative treatment or revascularisation? SHOCK [6-12], NIS [13]

Complete revascularisation or culprit vessel revascularisation? CULPRIT-SHOCK

Use of balloon counterpulsation pump IABP-SHOCK [17], SHOCK [6-12]

Use of new devices for mechanical circulatory support ISAR-SHOCK [21]

Use of new drugs CLOTILDE, TRIUMPH [27], LEAF

Hypothermia for CS complicating AMI Dixon et al [30]
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istic techniques may be crucial in the identification of 
myocardial areas with akinesia (marker of infarction), 
by echocardiography, or the exact location of infarction 
by modern magnetic resonance techniques or positron 
emission tomography, correlated with the distribution 
of the coronary arteries supplying the territory suffer-
ing from ischemic injury.

On the other hand, in cases of CS complicating an 
AMI, the haemodynamic instability may require a 
more aggressive approach consisting in complete re-
vascularization of all significant coronary artery sten-
oses, as the revascularization of the culprit lesion alone 
may be insufficient in re-establishing the haemody-
namic balance of a severely affected myocardium [16].

The ongoing CULPRIT-SHOCK trial (Prospective 
Randomized Multicentre Study Comparing Immediate 
Multi-vessel Revascularization by PCI Versus Culprit 
Lesion PCI With Staged Non-culprit Lesion Revascu-
larization in Patients With Acute Myocardial Infarction 
Complicated by Cardiogenic Shock. NCT01927549) 
tries to identify if multi-vessel revascularization and 
stenting was more efficient than the revascularization 
of the culprit vessel alone, possibly followed, in patients 
with cardiogenic shock and acute myocardial infarc-
tion, by stent implantation in the other vessels at a later 
stage.

In this trial, two approaches will be compared: 
a.	 Immediate multi-vessel PCI, represented by stenting 

of the culprit vessel followed by immediate stenting 
of all additional stenoses higher than 70% in any 
other major coronary artery, 

b.	Stenting only the culprit lesion, leaving all other le-
sions untreated in the acute phase, though subse-
quently they will be re-vascularized if non-invasive 
tests identify associated severe ischaemia.

��Use of intraaortic  
balloon counterpulsation  
pump

The use of an intra-aortic balloon couterpulsation 
pump (IABP) remains a controversial issue in the 
treatment of CS associated with AMI, since the IABP-
SHOCK II trial (Randomized Clinical Study of Intra-
aortic Balloon Pump Use in Cardiogenic Shock Com-
plicating Acute Myocardial Infarction. NCT00491036) 
showed no mortality benefit in patients with CS com-
plicating AMI who underwent early revascularisation 

[17]. In this trial, 598 critically ill patients with CS and 
AMI were randomised to primary angioplasty plus 
IABP plus standard medical treatment (300 patients) 
or to primary angioplasty plus medical treatment with-
out IABP (298 patients) [18]. Mortality rates at 30 days 
were 39.7% in the IABP group and 41.3% in no-IABP 
group, there being no statistically significant difference 
between the groups (p=0.69). 

However, insertion of an intra-aortic balloon coun-
terpulsation pump was shown to improve coronary 
perfusion via diastolic inflation and may contribute 
to afterload reduction via systolic deflation, there-
fore being useful in certain clinical circumstances. At 
the same time, in the IABP Cardiogenic Shock Trial 
(NCT00469248) [19] insertion of IABP led to a signifi-
cant improvement of cardiac output, increasing from 
4.8 ± 0.5 to 6.0 ± 0.5 L/min, in parallel with a reduction 
of systemic vascular resistance from 926 ± 73 to 769 ± 
101 dyn · s(-1) · cm(-5).

��Use of new devices  
for mechanical circulatory  
support

Different new devices have been proposed as adjunc-
tive treatment in order to sustain cardiac output until 
the recovery of ventricular function following revascu-
larisation or as a bridge to surgical bypass [20].

Three new commercially available devices exist on 
the market for mechanical circulatory support. The 
Impella (Abiomed-Impella CardioSystems GmbH, 
Aachen, Germany), Tandem Heart (Cardiac Assist, Inc, 
Pittsburgh, Pensylvania) and Extracorporeal Mem-
brane Oxygenation (ECMO) systems are designed to 
increase cardiac outout, blood pressure and coronary 
perfusion in parallel with a reduction of pulmonary 
capillary wedge pressure. 

The ISAR-SHOCK study (Efficacy Study of LV As-
sist Device to Treat Patients with Cardiogenic Shock. 
NCT00417378) evaluated the safety and efficacy of a 
left ventricular assist device in comparison to an intra-
aortic balloon pump (IABP) in patients with cardio-
genic shock complicating an acute myocardial infarc-
tion [21]. The study showed that LV assist device was 
superior to IABP in terms of efficacy of haemodynamic 
support in patients with CS. The left ventricular as-
sist device consists of a small rotary blood pump (Im-
pella LP2.5, Abiomed-Impella CardioSystems GmbH, 
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Aachen, Germany), that is placed retrograde through 
the aortic valve, aspirates the blood from the left ventri-
cle and ejects it to the ascending aorta [22].

The TandemHeart (Cardiac Assist, Inc, Pittsburgh, 
Pa) is another device intended for improving ventricu-
lar function, consisting of a cannula inserted into the 
left atrium via the femoral vein and trans-septal punc-
ture so as to remove and recirculate blood from the left 
atrium [23]. 

Extracorporeal membrane oxygenation consist of an 
implanted veno-arterial system dedicated to increase 
tissue perfusion. This has the advantage of rapid inser-
tion which is extremely useful in cases with very poor 
haemodynamic status. The ExtraCorporeal Membrane 
Oxygenation in the Therapy of Cardiogenic Shocks-
tudy (ECMO-CS.NCT02301819) noted the effect of 
such a device on ventricular function in patients with 
severe CS [24].

In the „Comparison of Standard Treatment Versus 
Standard Treatment Plus Extracorporeal Life Support 
(ECLS) in Myocardial Infarction Complicated With 
Cardiogenic Shock” study (NCT00314847), two treat-
ment regimens were compared in 44 patients. One 
group received standard treatment alone, a second 
group received standard treatment plus being put on an 
extracorporeal life support system. The latter consisted 
of extracorporeal circulation of blood through a mem-
brane oxygenator which was subsequently replaced 
with an Impella Ventricular Assist device (Impella Car-
diosystems AG, Aachen, Germany).

��Use of new drugs

Several new drugs have been suggested in association 
with already established medical therapy in order to 
help the recovery of the damaged myocardium or to 
improve the results of percutaneous revascularization. 

For instance, intravenous administration of glyco-
protein IIb/IIIa inhibitors during percutaneous inter-
ventions has been proved to be safe and effective in 
patients with CS undergoing a revascularization pro-
cedure for an AMI. 

A sub-analysis of the PRAGUE-7 study on 37 venti-
lated patients with CS and AMI revealed that upfront 
administration of abciximab prior to revascularization 
led to a significantly lower incidence of the primary 
composite endpoint of death/stroke/re-infarction/new 
severe renal failure, which was 53% in the treatment 

arm compared with 60% in the control arm, associ-
ated with a significantly better TIMI flow (2.75 versus 
2.31, p<0.05) [25,26]. Another trial that will test this 
hypothesis is ongoing (Abciximab in Patients Under-
going Percutaneous Coronary Intervention for Cardio-
genic Shock trial, NCT00420030), having as endpoints 
angiographic TIMI flow, left ventricular function and a 
combined clinical endpoint.

Cyclosporine is another new drug which has been 
proposed for reduction of re-perfusion injury in cases 
of large size AMI complicated with CS. The CLOTIL-
DE trial (Cyclosporine in Acute Myocardial Infarction 
Complicated by Cardiogenic Shock, NCT01901471),  
tested the hypothesis that administration of cyclo-
sporine during the reperfusion phase of AMI would 
reduce the infarct size by 20-40%, reduce the risk of 
multi-organ failure and improve the clinical status of 
these patients. 

In the TRIUMPH study (A Study of the Safety and Ef-
ficacy of Nitric Oxide Reduction in Patients With Car-
diogenic Shock After a Heart Attack, NCT00112281), 
Tilarginine Acetate (a drug that prevents the release 
of nitric oxide) was injected intravenously to test the 
hypothesis that reduction of nitric oxide (which is re-
leased in excess following myocardial infarction) may 
improve the clinical status and limit further progres-
sion of CS by preventing a drop in blood pressure as-
sociated with high serum levels of nitric oxide and thus 
increase the perfusion of vital organs [27]. 

Pyruvate is a drug which has been proven to con-
tribute to improved cardiac performance. In the study  
“Effects of Pyruvate in Patients With Cardiogenic 
Shock and Intra-aortic Balloon Counterpulsation” 
(NCT00604331), intracoronary administration of 
pyruvate was shown to be associated with an increase 
in the cardiac index (CI 2.23 ± 0.53 vs. 1.95 ± 0.45 L 
min(-1) m(-2); p < 0.05) and stroke volume index (SVI, 
29 ± 6 vs. 26 ± 5 mL m(-2); p < 0.05) [28]. 

In the LEAF study (Levosimendan in acute heart 
failure following primary percutaneous coronary inter-
vention-treated acute ST-elevation myocardial infarc-
tion), administration of Levosimendan calcium sensi-
tizer currently used for the improvement of ventricular 
function in the treatment of advanced cases of chronic 
heart failure, significantly increased myocardial con-
tractility in patients with AMI complicated by CS, as 
was demonstrated by a superior improvement of wall 
motion score index (from 1.94 ± 0.20 to 1.66 ± 0.31 vs. 
1.99 ± 0.22 to 1.83 ± 0.26, respectively, p = 0.031) [29]. 
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��Hypothermia for CS complicating 
AMI

Hypothermia is now an accepted therapeutic strategy 
in severe cases of CS associated with AMI, especially 
in those cases which present with cardiac arrest. Dif-
ferent cooling protocols have been proposed for cases 
with cardiac arrest, however the role of this treatment 
in the context of CS complicating an AMI, has yet to 
be evidenced. An ongoing prospective, randomized, 
single-centre, controlled, open-label pilot-study 
(NCT01890317) to investigate whether induction of 
mild hypothermia in addition to primary percutane-
ous coronary intervention and optimal medical thera-
py in myocardial infarction complicated by cardiogen-
ic shock, improves cardiac power index after 24 h, tests 
the hypothesis that invasive cooling for 24 hours as-
sociated with primary percutaneous revascularization 
and optimal medical therapy may have a significant 
impact on reduction of the infarct size and improve-
ment of clinical outcomes [30]. 

��Treatment of CS caused by mechani-
cal complications in AMI

Mechanical complications in AMI with a high poten-
tial to progress to CS include rupture of the ventricu-
lar wall with consequent cardiac tamponade, rupture 
of the ventricular septum, causing an acute ventricu-
lar septal defect, or of the papillary muscle, leading to 
acute mitral insufficiency. In all of these cases, timely 
surgical intervention is crucial for survival of these 
patients and in many, IABP may be used to stimulate 
haemodynamic stabilization prior to subsequent sur-
gery [31,32].

��Conclusions

Despite all the recent progress in the development of 
different devices and introduction of new intervention-
al techniques, the mortality associated with CS compli-
cating AMI remains high. 

Multiple factors should be considered when select-
ing the best therapeutic choice in these critical cases 
with many questions still being tested in ongoing 
clinical trials in the attempt to identify the role of new 
drugs, devices or strategies.

At the interface of cardiology and intensive care 
where complex treatment is required for the critically 

ill patient, the need of close cooperation and a syner-
gistic approach between these two specialities is essen-
tial in ensuring the most appropriate treatment.
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