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Introduction
This focus editorial embraces a series of recent publica-
tions on extracorporeal life support (ECLS), including 
state-of-the-art reviews [1], areas of uncertainties [2], 
challenges in producing clinical evidence [3–5], as well 
as ethical considerations [6]. Finally, the recent EOLIA 
trial on the use of veno-venous extracorporeal membrane 
oxygenation (VV-ECMO) in patients with severe acute 
respiratory distress syndrome (ARDS) is discussed [7].

Indications for ECLS
Growing evidence documents the capability of available 
ECLS modes to effectively restore gas exchange and cir-
culation in pulmonary and/or cardiac failure. VV-ECMO 
and extracorporeal  CO2-removal  (ECCO2R) are usu-
ally employed in the settings of respiratory failure [1, 8], 
whereas veno-arterial (VA-)ECMO and other short-term 
percutaneous mechanical circulatory support (MCS) 
devices are primarily used in patients with cardiogenic 
shock [2, 9]. At the extreme end, extracorporeal car-
diopulmonary resuscitation with ECMO (ECPR) may be 
attempted [10]. Principal indications include bridge to 
recovery, transplantation, as well as preliminary or defi-
nite mechanical assist devices.

Open questions
Available data suggest improved outcome in patients 
treated with ECLS [2, 8]. In addition to improved gen-
eral intensive care management, growing center experi-
ence, larger case volumes [11], technical breakthroughs 
in ECMO equipment, the establishment of the Extracor-
poreal Life Support Organization (ELSO, https ://www.
elso.org) and research networks such as the International 

ECMO Network (http://www.inter natio nalec monet work.
org), the organization of ECLS programs on a regional 
and national level [12, 13], the establishment of ECMO 
retrieval teams, and the development of clinical predic-
tion rules have likely contributed to this improvement. 
Nevertheless, essential questions about specific indica-
tions, impact on clinical outcomes, and concerns about 
safety remain (Fig.  1). In plain language, even though a 
good rationale to use ECLS measures for several indica-
tions does exist, high-quality evidence supporting rou-
tine use of ECLS is lacking as of today.

Consequently, a panel of experts have identified a series 
of randomized controlled trials (RCTs) to be pressing, 
including on VV-ECMO for severe respiratory failure, 
VA-ECMO and other MCS devices versus medical treat-
ment for patients with cardiogenic shock, transfusion 
and anticoagulation strategies, mobilization and physi-
cal therapy in ECMO patients, and pre-hospital versus 
in-hospital ECPR [2]. Other potential topics for RCTs 
include the role of  ECCO2R in patients with ARDS or 
chronic obstructive pulmonary disease. Other uncer-
tainties include LV unloading in VA-ECMO, physio-
logic studies evaluating optimal ventilation strategies in 
ECMO, the role of nutrition therapy in ECMO patients, 
drug pharmacokinetics and pharmacodynamics, and 
large high-quality studies on adverse events [2].

Role of randomized controlled trials 
in extracorporeal life support
While potential targets for research seem to be agreeable 
among ECLS experts, the appropriate scientific meth-
ods are not. In particular, the question whether RCTs are 
suitable formats to generate clinically relevant evidence 
in ECLS is a matter of intense debate. “Advocators” of 
RCTs argue that the highest level of evidence must be 
sought in high-risk and resource-intense techniques such 
as ECLS, as alternative designs, including observational 
studies, are at significant risk of confounding by indica-
tion and residual confounding [5]. On the other side, 
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“sceptics” argue that, under rescue conditions, including 
acute life-threatening hypoxia or refractory cardiogenic 
shock, potentially life-saving interventions should not be 
prone to randomization due to ethical reasons and lack of 
equipoise [3]. Furthermore, clinically relevant and realis-
tic treatment effects would necessitate larger sample sizes 
than in ongoing and existing ECLS trials, which would 
likely be challenging within a reasonable time frame [3]. 
Eventually, variabilities concerning ECLS techniques, 
overall management, centers, and different patient pop-
ulations may furthermore hamper the interpretation of 
results derived from RCTs [4], according to “sceptics”.

The EOLIA trial
In the recently published Extracorporeal Membrane 
Oxygenation in Severe Acute Respiratory Distress 
Syndrome (EOLIA) trial [7], subjects with very severe 
ARDS were randomized to ECMO or optimal conven-
tional mechanical ventilation (with control subjects 
all receiving neuromuscular blockade and 90% under-
going prone positioning). Although it was terminated 
early for futility in reaching the primary endpoint of a 
20% absolute reduction in mortality at 60  days, there 

was a strong indication toward a reduction in mortal-
ity (35% vs. 46%; relative risk 0.76; 95% CI 0.55–1.04, 
p = 0.09), as well as a low rate of complications in both 
groups. Secondary endpoints and post hoc sensitiv-
ity and exploratory analyses  were all favoring the use 
of ECMO. Notably, patients with severe hypoxemia 
(oxygen saturation < 80% for > 6  h despite the use of 
adjunctive therapies, including prone positioning) who 
crossed over from conventional management to ECMO, 
had a substantially higher 60-day mortality (57%) than 
those in the control group that did not cross over (41%) 
and than those in the ECMO group (35%) [7].

Open discussions concede that this trial is not “tra-
ditionally positive”, while “ECMO probably has some 
benefit” in this context [14]. Other authors argue 
that “reserving ECMO for patients whose life-threaten-
ing hypoxemia persists” despite comprehensive conven-
tional measures seems reasonable, thus acknowledging 
a place for ECMO at least as a rescue measure in severe 
ARDS [15]. Likely, meta-analyses incorporating the 
results of EOLIA will strengthen the evidence on the 
effectiveness of VV-ECMO in severe ARDS.

ECCO2R: extracorporeal CO2-removal; ECMO: extracorporeal membrane oxygena�on; ECPR: extracorporeal cardiopulmonary resuscita�on; VA: veno-
arterial; VV: veno-venous
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Fig. 1 Open questions in extracorporeal life support. ECCO2R extracorporeal  CO2-removal, ECMO extracorporeal membrane oxygenation, ECPR 
extracorporeal cardiopulmonary resuscitation, VA veno-arterial, VV veno-venous
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Ethical considerations
The results of published and ongoing trials and their 
interpretation enhance our knowledge and view of the 
potential benefits of different ECLS modes. However, we 
should not conceal that, under real-life circumstances 
outside of clinical trials, reasonable indications are 
stretched and mortality of affected patients seems to be 
considerably higher [16]. Whenever ECLS does not bear 
realistic chances of bridging a patient to either recov-
ery or destination therapy like organ transplantation or 
mechanical assist, futility must be discussed. What if no 
such option seems attainable and ECLS basically prevents 
a patient from dying? In these cases, the answer to the 
question “who decides?” should be sought together with 
close guidance of patients and relatives, preventive eth-
ics including daily interdisciplinary rounds, advance care 
planning, and ethics consultation policies in conflicting 
situations, as well as support by spiritual and palliative 
care providers [6]. Any center should seek to add respec-
tive behaviors, cooperation, structures, and resources on 
top of their technical ECLS skills.
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