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Summary

Veno-arterial extracorporeal membrane oxygenation (ECMO) is utilised as 

a short-term mechanical circulatory assist device for treatment of refrac-

tory acute cardiogenic shock. After a period of support, called “bridge to 

decision”, the options for ensuing therapy include weaning from ECMO, 

switch to a long-term ventricular assist device, or heart transplantation, 

depending on the occurrence of myocardial recovery and the presence of 

comorbidities. The femoral vessels are the standard access for implanta-

tion. The subclavian artery or central cannulation are the alternatives in 

peripheral artery disease. Early survival rates amount to approximately 

40%. Patients who survived the early period have a good long-term sur-

vival. The poor outcome of ECMO therapy results from the high frequency 

of complications, including vascular, bleeding, neurological, infectious 

and renal adverse events, as well as from the particular circumstances of 

cardiogenic shock. The condition triggers a cascade of systemic inflamma-

tion, which is aggravated depending on the duration of the hypotensive 

period. The extent of the subsequent multiorgan dysfunction syndrome 

substantially affects outcome. As a consequence, early ECMO implanta-

tion is advocated. In unclear neurological conditions and severely compro-

mised end-organ function, the anticipated poor outcome has to be 

weighed very carefully against ethical and economical aspects before 

ECMO is initiated.
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with those on ventilator therapy only [1], the use of 
ECMO for ARDS has grown tremendously. Also for car-
diac failure, usage of vaECMO becomes more and more 
popular. The technical advancement of ECMO pumps 
and tubing, as well as the unfavourable results of the 
SHOCK II trial for the use of the intraaortic ballon 
pump in cardiogenic shock [2] have led to a broader 
 application of vaECMO. In postcardiotomy syndrome, 
vaECMO therapy is associated with rather poor results 
due to the critical myocardial damage during cardiac 
surgery [3]. The management of ECMO is still challeng-
ing and should be reserved for experienced interdisci-
plinary teams, consisting of cardiac surgeons, inten-
sivists and cardiologists. Nonphysician personnel, 
such as perfusionists and intensive care nurses, are 
also of crucial importance for the successful manage-
ment of patients on ECMO. This report focuses on 
 vaECMO for acute cardiogenic shock. It outlines the 
 intention to treat of ECMO, technical aspects and out-
come with respect to survival and complications, while 
it takes into consideration the particular circum-
stances of cardiogenic shock.

The state of cardiogenic shock

Cardiogenic shock is far more than loss of cardiac con-
tractility with subsequent low output syndrome. It is 
a complex, degenerating clinical downward spiral of 
multiorgan dysfunction that begins when the heart is 
no longer able to provide sufficient flow to the periph-
eral organs [14]. Hypotension, systemic hypoperfusion 
and end-organ ischaemia follow. Compensatory vaso-
constriction is insufficient, at least in part because of 
the developing systemic inflammatory response 
 syndrome (SIRS). Proinflammatory cytokines such as 
inter leukin (IL)-1β, IL-6, IL-8, tumour necrosis factor-α 
(TNF-α), as well as C-reactive protein, soluble adhesion 
molecules, leucocytes and the complement system are 
upregulated in cardiogenic shock following myocar-
dial infarction [15, 16]. Intestinal hypoperfusion consti-
tutes an important origin for the evolution of SIRS in 
cardiogenic shock, since it facilitates bacterial trans-
migration which, in turn, promotes systemic inflam-

Introduction

Extracorporeal membrane oxygenation (ECMO) is 
 established as veno-venous ECMO (vvECMO) for respir-
atory failure and as veno-arterial ECMO (vaECMO) for 
cardiogenic shock which may result from acute or 
acute-on-chronic heart failure and from postcardi-
otomy syndrome subsequent to cardiac surgery. Ther-
apy with ECMO has been steadily increasing over the 
past few years. This is mainly due to its application as 
vvECMO in respiratory failure, particularly acute res-
piratory distress syndrome (ARDS). Since the CESAR 
trial documented a survival and quality-of-life benefit 
for ARDS patients treated with vvECMO as compared 
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mation [15, 17]. The effects of proinflammatory cyto-
kines are mediated, to a large extent, through 
upregulation of nitric oxide (NO) production. Excessive 
NO decreases myocardial contractility, suppresses 
mito chondrial respiration, reduces the responsiveness 
to catecholamines and, thus, inhibits the positive ino-
tropic response and induces inappropriate systemic 
vasodilation, leading to generalised hypoperfusion of 
peripheral organs [14, 15]. High levels of NO are gener-
ated by induction of inducible nitric oxide synthase 
(iNOS), which is expressed in rather small amounts 
 under physiological conditions and is upregulated in 
inflammatory states [15, 18]. Inhibition of the iNOS, 
however, could not be shown to improve outcome in 
cardiogenic shock. The randomised multicentre 
 TRIUMPH trial, designed to test the effect of NOS inhi-
bition on mortality in patients with persistent cardio-
genic shock complicating myocardial infarction, did 
not detect a difference in 30-day and 6-month mortal-
ity between patients who received the nonselective 
NOS inhibitor tilarginine and those who received 
 placebo [15, 19]. The main reason for the failure of NOS 
 inhibition to improve outcome in cardiogenic shock 
might be that a nonselective NOS inhibition was 
 applied, which also inhibited the two other NOS iso-
forms, endothelial (eNOS) and neuronal (nNOS) and, 
thereby, adversely affected the protective actions of 
constitutively generated NO [15]. In septic shock, non-
selective NOS inhibition has been shown to even in-
crease mortality [20]. Other trials examining the 
 effects of various mediator-specific anti-inflammatory 
agents in septic shock, directed against TNF-α, IL-1, 
platelet activating factor, and others, were not able 
 either to demonstrate an improvement in outcome 
[15, 21]. More general, nonspecific anti-inflammatory 
treatment of septic shock with low-dose steroids 
achieved, in contrast to high dosage, beneficial effects 
on survival, presumably since low steroid doses still 
 attenuate the deleterious effects of systemic inflam-
mation, while they do not eliminate the favourable 
 actions of low-grade cytokine activation [15, 22]. This 
concept might be a way to improve outcome also in 
cardiogenic shock. The restoration of cardiac output 
via ECMO is intended to reverse this inflammatory 
 cascade.

ECMO treatment strategies

Veno-arterial ECMO for cardiogenic shock is implanted 
in an emergency situation. There is not much time to 
make a decision about which therapeutic approach will 
follow ECMO. Potential comorbidities and the psycho-
social environment cannot be evaluated, but this is a 

precondition before a therapeutic concept can be elab-
orated. Therefore, ECMO is implanted as a bridge to de-
cision to make time for further evaluation. Once the 
investigations are completed, one of the following four 
options may be chosen for the ensuing treatment 
(fig. 1): (I) weaning the patient from ECMO in case of 
myocardial recovery; (II) bridge the patient to a ven-
tricular assist device (VAD); (III) heart transplantation 
if the heart does not recover and investigations did not 
reveal contraindications; (IV) terminate ECMO therapy 
if myocardial failure persists and contraindications 
prohibit a bridge to VAD or heart transplantation. The 
most recent Guidelines of the European Society for 
 Cardiology for the diagnosis and treatment of acute and 
chronic heart failure, published in 2012, outline that 
short-term mechanical circulatory support may be 
considered as a “bridge to decision” in patients deterio-
rating rapidly before a full diagnostic and clinical 
 evaluation can be made [4]. It is regarded as a class IIb 
recommendation with a level of evidence C. If the un-
derlying disease which leads to ECMO implantation is 
of a potentially reversible cause, such as viral myocar-
ditis, or a surgically correctable condition (e.g. acute in-
terventricular septal rupture), the guidelines upgrade 
ECMO therapy to a class IIa recommendation, still with 
a level of evidence C.

Technical aspects: ECMO mode  
and configuration

The indication for ECMO determines the ECMO mode 
and configuration. While in respiratory failure, ECMO 
is implanted as a veno-venous circuit, cardiogenic 
shock requires ECMO in a veno-arterial configuration. 
For venous drainage, a cannula is inserted into the 
right atrium through puncture of the common femo-
ral vein (CFV). The right CFV is preferred since advance-
ment of the cannula might be easier on the right side 
than the left side as a result of the bent course of the 

Figure 1: ECMO in acute cardiogenic shock: intention to treat. 

VAD = ventricular assist device; HTx = heart transplantation
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left iliac veins. The tip of the cannula is advanced to the 
right atrium and placed just into the entrance of the 
superior vena cava to obtain optimal drainage of the 
upper and lower body parts. This is guided by trans-
oesophageal echocardiography or fluoroscopy for safe 
and proper placement. The standard access for arterial 
cannulation is the common femoral artery (CFA). Per-
cutaneous puncture is preferred over surgical cut-
down. Before insertion of the cannula, a percutaneous 
vascular closure device is used in order to facilitate 
later percutaneous removal. An introducer sheath is 
inserted into the CFA distally to the cannula and 
 directed towards the superficial femoral artery (SFA) to 
maintain limb perfusion and prevent leg ischaemia, 
since the cannula in the CFA may be occlusive. It is 
 preferrable not to place the arterial and venous cannu-
lae on the same side to avoid a compartment syn-
drome, which might develop when arterial hypo-
perfusion caused by the arterial cannula and venous 
congestion provoked by the venous cannula act 
 together. If severe peripheral artery disease prohibits 
cannulation of the femoral arteries, the right sub-
clavian artery can be used, if implantation is not per-
formed under resuscitation. A graft is anastomosed to 
the subclavian artery in which a cannula is inserted. To 
prevent hyperperfusion of the arm, a vessel loop is 
placed around the artery distally to the anastomosis, 
which can adjust the flow to the arm. A radial artery 
line is required on the side of subclavian cannulation 
to control the arm perfusion. In exceptional cases, cen-
tral ECMO via sternotomy with cannulation of the 
right atrium and ascending aorta might be required, 
such as in case of refractory pulmonary oedema 
caused by a very low ejection fraction and the absence 
of left ventricular drainage, or postcardiotomy refrac-
tory cardiogenic shock. The technique described here 
is the preferred technique in our centre, it is based on 
available evidence and current practice, but some vari-
ations may be seen among implanting centres, includ-
ing high- volume centres. 

Outcome

Early survival
The outcome after ECMO therapy for cardiogenic shock 
is associated with low survival rates. But taking into 
 account that, without ECMO, survival would be 
 extremely poor, the outcome may be regarded as 
accept able. Several notable studies reported early sur-
vival of approximately 40% (fig. 2). The group in La 
Pitié, Paris, which is one of the most experienced cen-
tres in ECMO therapy, retrospectively examined 81 pa-
tients who were put on ECMO for cardiogenic shock 

due to medical, postcardiotomy or posttransplanta-
tion heart failure [5]. The analysis showed a 42% sur-
vival to hospital discharge and a 38% survival at 
3 months. Early indepen dent predictors of death in the 
intensive care unit (ICU) included ECMO implantation 
under resuscitation, severe renal or liver failure at the 
time of ECMO institution and female gender whereas 
myocarditis as cause of cardiogenic shock was associ-
ated with better outcomes. Mortality in the ICU was as 
high as 79% in patients with pre-ECMO liver failure, 
83% in patients with pre-ECMO renal failure, and 90% 
when both conditions were present. Cardiopulmonary 
resuscitation at the time of ECMO implantation was 
the strongest predictor for ICU mortality, being as high 
as 93%. The authors suggest that in such scenarios, the 
indication for ECMO should be highly selective, and 
 reinforce the importance of early recognition of pa-
tients in need for ECMO before end-organ failure devel-
ops. The reason for the association of female gender 
with poorer outcome cannot definitely be explained 
by the authors, but they speculate that, owing to wom-
en’s smaller femoral vessels, smaller calibres of cannu-
lae are chosen which might be the cause for subopti-
mal cardiac unloading and insufficient flow delivery 
by the pump. The association of myocarditis with 
 favourable outcome is explained by the frequently re-
versible cause of the condition which increases the 
 potential for successful weaning from ECMO. A very re-
cent, large analysis of the international Extracorporeal 
Life Support Organisation (ELSO) registry by Schmidt 
et al. focused on the establishment of a score to predict 
survival from refractory cardiogenic shock requiring 
ECMO [6]. The availability of a reliable score is a serious 
concern of each centre offering ECMO therapy. Because 
of the tremendous costs for specialised personnel, ICU 

Figure 2: Early survival following ECMO for acute cardiogenic 

shock, as depicted by three representative studies. 

ELSO = Extracorporeal Life Support Organisation

Source Number  
of  
patients

Survival to 
hospital 
discharge

Citation

La Pitié, Paris 
(Combes et al.  
[5])

  81 42.0% Crit Care Med
2008;36:1404–11

ELSO registry 
2003–2013 
(Schmidt et al.  
[6])

3 846 42.0% Eur Heart J
2015;36:2246–56

Meta-Analysis  
of 7 electronic  
databases  
2000–2013  
(Xie et al. [7])

1 199 40.2% J Cardiothorac 
Vasc Anesth
2015;29:637–45
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capacity and ECMO equipment, it is intended to offer 
ECMO therapy primarily to patients with a predicted 
potential survival benefit from ECMO. The study 
 extracted data of 3 846 patients from the international 
Extracorporeal Life Support Organisation (ELSO) regis-
try who were treated with ECMO for refractory cardio-
genic shock between January 2003 and December 2013 
[6]. Patients who received ECMO during cardio-
pulmonary resuscitation (CPR) were not included in 
the analysis.  Forty-two percent of patients survived to 
hospital discharge. Pre-ECMO organ failures, pre-
ECMO cardiac arrest, longer duration of mechanical 
ventilation before ECMO initiation and lower serum bi-
carbonate, among others, were identified to be associ-
ated with mortality. Acute myocarditis was found to be 
protective. Based on their findings, the authors devel-
oped the SAVE-score as a tool to predict survival for 
 patients receiving ECMO for refractory cardiogenic 
shock and validated the score in an Austra lian popula-
tion of 161 patients. A most recently published meta-
analysis by Xie et al. reported on outcome after ECMO 
for cardiogenic shock and cardiac arrest [7]. Twenty-
two observational studies from the year 2000 until 
January 2014 were included, each of which examined at 
least 10 adult patients who had received ECMO for re-
fractory cardiogenic shock or cardiac arrest. The meta-
analysis was performed on a total of 1 199 patients. 
Overall survival to discharge was 40.2%. Patients with 
cardiogenic shock had a significantly higher 30-day 
survival than patients with cardiac arrest (42.1% vs 
35.9%). The authors interpreted the findings as being 
similar to previously published meta-analyses, which 
reported 30-day survival rates of 47% [8] and 35% (20–
65%) [9], respectively. However, the investigation of 
Nichol et al. [8] differed from the recently published 
meta-analysis by Xie et al. [7] inasmuch as it included 
studies from 2005 back to 1966 when ECMO therapy 
was still at its beginning and absolutely not compara-
ble to current management. A large proportion (39%) 
of all included studies examined only up to four 
 patients, and 19% of all studies were single case reports 
[8]. The study of Cheng et al. [9] included 20 more  recent 
studies, dating from 2012 to 2000, comprising a total of 
1 866 patients. Prerequisite for inclusion of a study into 
the meta-analysis was that it investigated more than  
10 patients and also reported on complication rates  
on ECMO. The rather low cumulative survival of 35% 
may be explained by the fact that 10 of the 20 studies 
 included only patients with cardiogenic shock due  
to postcardiotomy syndrome, which is known to be as-
sociated with poor survival [3]. For all these reasons, 
the meta-analysis of Xie et al. [7] currently represents 
the best overview on early outcomes following ECMO 

for refractory cardiogenic shock, keeping in mind that 
large randomised studies have not been performed  
so far and, thus, at the moment pooled analysis re- 
presents the best available method for evaluating 
ECMO [7].

Long-term results
Long-term results following ECMO for refractory car-
diogenic shock are reported scarcely in the literature. 
In the meta-analysis by Xie et al. [7], the estimated 
3-year survival was 42.7%, which was rather compara-
ble to the survival to discharge, indicating that mortal-
ity was low once patients survived the initial hospitali-
sation for cardiogenic shock with subsequent ECMO 
therapy [7]. This has also been described in two other 
studies by Wu et al. [10] and Lidén et al. [11]. They 
 reported 88% 3-year and 100% 5-year survival, respec-
tively, of those patients who survived until hospital 
discharge following ECMO for nonpostcardiotomy 
cardio genic shock or cardiac arrest [10, 11]. This corre-
sponded with an overall 47% 3-year and a 63% 5-year 
survival, respectively. The Cleveland Clinic group 
 reported much lower 3-year and 5-year survival rates of 
26% and 24%, respectively [12]. This is explained by the 
fact that 53% of the 202 patients examined received the 
ECMO for postcardiotomy cardiogenic shock which is, 
as mentioned above, associated with poor outcome [3, 
12]. Patients who receive the ECMO for cardiogenic 
shock due to acute myocardial infarction seem to do 
better than patients in cardiogenic shock because of 
acute decompensating chronic cardiomyopathy [13]. 
Bermudez et al. found in their small cohort of 42 pa-
tients that at 2 years after ECMO therapy, 48% of infarct 
patients were alive, as compared with only 11% of 
 patients with previous chronic heart failure [13]. The 
poorer outcomes of patients with acutely decompen-
sated chronic heart failure might be explained by the 
higher frequency of systemic, hepatic and renal in-
volvement at the time of ECMO initiation, indicating 
the lower  reserve of such patients to withstand an 
acute decompensating event [13]. 

Complications

Vascular
Morbidity on ECMO is considerable and frequently has 
an unfavourable impact on outcome. More than half of 
all patients develop one or more major ECMO-related 
complication [5]. Peripheral cannulation of the femoral 
vessels can cause a severe perfusion issue. The cannula 
in the CFA compromises perfusion of the leg to a vary-
ing extent depending on the size of the vessel and the 
calibre of the cannula. If perfusion drops under a criti-
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cal limit, leg ischaemia develops, which may require 
fasciotomy and, in some cases, amputation. Lower 
limb ischaemia has been reported to occur in 10–20% 
of patients [5, 7, 9, 12]. As a consequence, in 2–10% of pa-
tients a fasciotomy is needed, and in 2–5% of patients 
an amputation is performed [7, 9, 12]. To prevent such 
complications, which may be life-determining, the 
current state of the art is to place a distal perfusion 
limb into the SFA at the time of ECMO implantation.

Bleeding
Bleeding complications are triggered by the dissemi-
nated intravascular coagulation disorder, which is fre-
quently associated with cardiogenic shock, insufficient 
production of coagulation factors resulting from liver 
failure, thrombocytopenia and the need for anticoagu-
lation on ECMO. Major bleeding is reported to occur in 
26–41% of patients [5, 7, 9]. Bleeding at the peripheral 
implantation site is described in 32% of patients [5]. 

Neurology
Neurological complications include ischaemic stroke, 
cerebral bleeding, diffuse anoxic and metabolic brain 
injury and brain death. They may result from insuffi-
cient cerebral perfusion in cardiogenic shock or car-
diac arrest before ECMO implantation, or develop un-
der ECMO therapy caused by the complex coagulation 
disorder following cardiogenic shock. Two large meta-
analyses reported the cumulative rate of all neuro-
logical complications to be at 13% [7, 9], another single- 
centre study described neurological events in 33% of 
patients [12]. In particular, ischaemic or haemorrhagic 
stroke is experienced by 6–8% of patients [7, 9].

Infection
Infectious complications include infections locally at 
the cannula implantation site and systemic infections 
such as pneumonia and sepsis. The exit sites of the 
ECMO tubes constitute an entry pass for microorgan-
isms. In addition, surgical scrubbing and draping may 
not reach the usual sterility standards if the ECMO is 
implanted in an emergency situation, thus favouring 
the incurrence of a local infection. Femoral exit site 
 infections have been described in 17% of patients [5]. 
Pneumonia may develop as a consequence of pulmo-
nary congestion during cardiogenic shock and follow-
ing prolonged ventilation. Sepsis occurs on the basis of 
the compromised immune system associated with 
the scenario of cardiogenic shock. Taking all types of 
infections together, the frequency of such events 
amounts to 25–49% [7, 9, 12, 13].

Kidney
Renal failure occurs quite frequently in patients on 
ECMO as a consequence of cardiogenic shock, despite 
restoration of sufficient circulation. It develops as 
acute renal failure in patients with prior normal kid-
ney function or as acute-on-chronic event in patients 
with a history of chronic cardiomyopathy which is 
 frequently associated with chronic nephropathy. The 
cumulative rate of renal injury in ECMO patients is as 
high as 47–55% [7, 9]. Renal replacement therapy is 
 required in 40–46% of all ECMO patients [9, 12, 13]. 

Concluding comment

The fact that cardiogenic shock is not just a compro-
mised circulation, unable to maintain sufficient organ 
perfusion, but also causes a complex cascade of syste-
mic inflammation, may explain the unsatisfactory 
outcome following ECMO therapy. Installation of 
ECMO can restore sufficient circulation, but it cannot 
stop the inflammatory insult, which has already occur-
red. The period of insufficient blood flow from the 
 beginning of cardiogenic shock until initiation of 
ECMO triggers the extent of organ damage and syste-
mic inflammation. It constitutes the crucial phase 
with decisive impact on outcome. The duration of this 
interval has been shown to be a risk factor for morta-
lity [5, 11]. This was most clearly shown in the extreme 
case scenario of the cardiogenic shock spectrum, na-
mely ongoing CPR treated with ECMO (ECPR) [23]. Rapid 
implantation of ECMO is required to keep the period of 
low output as short as possible and to break the vicious 
cycle of inflammation early in its evolution. This, how-
ever, implies organisational and structural challenges, 
including mobile ECMO teams. The significant compli-
cation rates of ECMO therapy have to be incorporated 
into the risk-benefit analysis before treatment is ini-
tiat ed [7]. In patients with unclear neurological status, 
e.g., following unwitnessed out-of-hospital arrest, or 
with advanced end-organ failure and metabolic de-
rangement, ECMO therapy may be denied since ethical 
and economical aspects argue against application of 
ECMO in patients with anticipated poor outcome.
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