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Introduction

Extracorporeal membrane oxygenation (ECMO) is one of
several mechanical circulatory support devices used for
patients with cardiac failure (Fig. 1). Advances in both
extracorporeal technology and cannulation techniques,
which have led to an improved risk–benefit profile, have
increased the use and broadened the potential applications
for ECMO in these circumstances. Additional data is
ultimately needed to select the most appropriate patients
and circumstances for extracorporeal support [1].

Myocardial infarction-associated cardiogenic shock

Recent non-randomized studies suggest a survival
advantage from the early use of ECMO in cardiogenic

shock complicating acute myocardial infarction (Table 1).
An observational study comparing patients with ST-seg-
ment elevation myocardial infarction-related cardiogenic
shock undergoing percutaneous coronary intervention
(PCI), before and after the availability of ECMO, revealed
a significantly lower 30-day mortality among the ECMO
recipients (39.1 vs. 72 %, p = 0.008) [2]. Interpretation of
this data is limited by the comparison of groups over two
consecutive time periods, with discrepancies in both
medical and interventional management over time.

Fulminant myocarditis

Patients with cardiogenic shock from non-ischemic etiolo-
gies, including fulminant myocarditis, may likewise benefit
from ECMO support. In a cohort of patients who received
either a biventricular assist device (n = 6) or ECMO
(n = 35) for fulminant myocarditis with refractory cardio-
genic shock, intensive care unit (ICU) survival was 68 % [3].
Among a subset with long-term follow-up, health-related
quality of life scores were lower than matched controls but
comparable to other subjects who had received ventricular
assist devices (VADs) as bridge to heart transplantation.
ECMO may be as effective in supporting fulminant myo-
carditis as a VAD. In a cohort of 11 patients supported with
either ECMO or a biventricular assist device, there was no
significant difference in survival to discharge without
transplantation (83 vs. 80 %). Those receiving ECMO had
more rapid renal and hepatic recovery, despite a higher
severity of illness prior to device implantation [4].

Sepsis-associated cardiomyopathy

Profound myocardial depression is a well-recognized
consequence of severe septic shock. Emerging data
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suggests that ECMO may have a role in supporting
patients who develop sepsis-associated refractory cardiac
failure [5]. Additional studies are needed to better define
the role of ECMO in these circumstances.

Pulmonary hypertension

In decompensated pulmonary hypertension with right
ventricular failure, ECMO may be considered as either a
bridge to recovery when there is a reversible process or as
a bridge to transplantation for end-stage disease [6].
Novel configurations that avoid femoral cannulation have
recently been developed, including the combination of
internal jugular venous drainage and subclavian arterial
return (via an end-to-side graft). For those with an atrial
septal defect or patent foramen ovale, a bicaval dual-

lumen cannula may be inserted in the internal jugular vein
with the reinfusion jet directed across the defect, thereby
creating an oxygenated right-to-left shunt with right heart
decompression [6].

Bridging to VAD or transplantation and post-
operative support

The use of ECMO has been reported as a bridge to VAD
or heart transplantation, although its success depends in
large part on pre-ECMO patient characteristics and organ
availability in cases where transplantation is the goal [7].
In patients with biventricular dysfunction undergoing left
ventricular assist device (LVAD) implantation, ECMO
may be used to provide peri- and postoperative right
ventricular support to avoid right ventricular distention
and failure and poor LVAD filling [8]. In post-cardiotomy
cardiogenic shock, ECMO may be considered as tempo-
rary support, particularly in those who cannot be weaned
from cardiopulmonary bypass, although mortality remains
high in this patient population [9]. Primary graft failure
(PGF) after heart transplantation is likewise associated
with a high mortality. However, those with PGF sup-
ported with ECMO who survive beyond the early post-
transplant period have comparable long-term survival to
non-PGF transplant recipients [10].

Pulmonary embolism and refractory shock

Patients with massive pulmonary embolism, including
those in active cardiac arrest, may benefit from the use of
ECMO for hemodynamic and respiratory support. ECMO
combined with anticoagulation, thrombolysis, surgical
embolectomy, or catheter-directed thrombectomy has
been reported with variable success.

Table 1 Indications for ECMO in cardiac failure

Indication for ECMO Highest quality studies available

Myocardial infarction-associated cardiogenic shock Cohort studies
Fulminant myocarditis Cohort studies
Sepsis-associated cardiomyopathy Case series
Decompensated pulmonary hypertension with right ventricular failure Case series
Bridge to VAD or heart transplantation Cohort studies
Right ventricular support during LVAD implantation in biventricular failure Cohort studies
Pulmonary embolism with refractory shock Case series
Post-cardiotomy cardiogenic shock Cohort studies
Primary graft failure post-heart transplantation Cohort studies
Cardiac arrest (ECPR) Cohort studies with

propensity analyses

VAD ventricular assist device, LVAD left ventricular assist device, ECPR extracorporeal cardiopulmonary resuscitation

Fig. 1 Femoral venoarterial extracorporeal membrane oxygena-
tion. Venoarterial ECMO involves draining venous blood from a
central vein, pumping it through a gas exchange membrane, and
reinfusing the oxygenated blood into a central artery. In contrast to
venovenous ECMO, which reinfuses oxygenated blood into a
central vein and provides only respiratory support, venoarterial
ECMO provides both respiratory and hemodynamic support
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The role of ECMO in cardiopulmonary resuscitation

The most controversial and potentially expansive use of
cardiac ECMO is as a means of restoring circulation
during cardiac arrest, referred to as extracorporeal car-
diopulmonary resuscitation (ECPR). A prospective
matched propensity analysis demonstrated higher survival
to discharge and 1-year survival among witnessed, in-
hospital cardiac arrest patients who received ECPR as
compared to conventional cardiopulmonary resuscitation
(CPR) [11]. A more recent analysis confirmed these
findings with a significantly higher rate of 2-year survival
with minimal neurological impairment for ECPR recipi-
ents [12]. Younger age, shorter duration of CPR, and
subsequent cardiac intervention all independently pre-
dicted good neurological outcome. ECPR has also been
associated with higher neurologically intact survival at
3 months in out-of-hospital cardiac arrest.

The greatest potential for ECPR may come from its
ability to increase coronary perfusion pressure while
intra-arrest PCI is performed in patients with an acute
coronary syndrome. The feasibility of such multimodal
therapy has been demonstrated in a study combining
ECMO with coronary angiography, with or without PCI
[13]. Those receiving ECMO and PCI had higher rates of
30-day survival and favorable neurological outcome than
those receiving ECMO and coronary angiography alone.

Ethical implications of ECPR

ECPR is an area with profound ethical implications. If not
approached with measured consideration, our technical
abilities could easily overrun our ethical obligations. First,
the emerging role for ECMO in the setting of cardiac
arrest must be carefully weighed against the potential for
inappropriate use of this resource-intense technology.
Second, the indiscriminate use of ECPR may result in
patients dependent on ECMO without hope for recovery
or the ability to bridge to destination therapy, the so-
called ‘‘bridge to nowhere.’’ Third, we must acknowledge

the inevitability of cardiac arrest at the end of life, and
offer ECPR only to those who may potentially benefit, not
indiscriminately during every cardiac arrest. In centers
performing ECPR, there should be strict criteria for ini-
tiating and withholding such therapy. These criteria
should incorporate factors most likely to predict favorable
outcomes, an area we hope will be further clarified as
more data emerges.

Transporting on ECMO for refractory cardiogenic
shock

Many patients with refractory cardiogenic shock, who are
too unstable for transfer, do not have access to ECMO and
other advanced cardiac therapies that are available only at
specialized centers. Mobile ECMO transport teams offer
the potential to stabilize patients for transport on ECMO
to such centers and may result in improved survival [14].

Conclusion

The role of ECMO is rapidly expanding in cardiac failure.
Additional data, including the development of outcomes
prediction models, are needed to identify the patients
most likely to benefit from this therapy [15].
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