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In an article recently published in Intensive Care Medi-
cine, Karagiannidis et  al. analyze data from the Federal 
Statistical Office of Germany (Statistisches Bundesamt, 
Wiesbaden, Germany) on the use of extracorporeal 
membrane oxygenation (ECMO) in venovenous (vv) and 
venoarterial (va) mode in Germany [1] regarding the 
demographic of the treated population, the incidence 
and mode of ECMO use, and the outcomes for the period 
between 1 January 2007 and 31 December 2014. This edi-
torial focuses on aspects of ECMO in the vv mode.

Historically, ECMO was used an adjunct to mechani-
cal ventilation whenever blood gas tensions deviated 
significantly from physiological normal limits despite 
extreme ventilator settings. The external “artificial lung” 
was only an “add on” and did not reduce the deleterious 
power transmitted to the lungs with each tidal volume. 
The extracorporeal lung’s potential to allow less harmful 
ventilator settings was first described by Gattinoni and 
co-workers [2]. It is interesting that, to begin with, venti-
latory strain was mainly reduced by lowering the respira-
tory frequency, and not so much by reducing the power 
transmitted during each inflation.

In the two decades following the negative results of 
two randomized controlled trials [3, 4], a small number 
of centers continued to use ECMO when they were con-
vinced that mechanical ventilation alone would not be 
sufficient to prevent the death of the patient.

ECMO existed peacefully in this niche—in some cent-
ers even very successfully with quite large numbers of 

treated patients [5]—while knowledge of the injurious 
effects of mechanical ventilation steadily accumulated. 
This finally led to a large randomized controlled trial that 
provided the first clear evidence that aggressive mechani-
cal ventilation was costing lives [6]. The underlying ven-
tilator-induced lung injury (VILI) and efforts to reduce 
it became the focus of research and clinical practice. The 
2007–2008 and 2008–2009 H1N1 influenza outbreaks 
catalyzed not only the renaissance of ECMO but also 
triggered a veritable hype that set off a worldwide explo-
sion in its use [1, 7–9]. The exaggerated expectations may 
have been additionally stimulated by the encouraging 
results of a randomized controlled trial [10].

H1N1 created a formidable number of “cannot venti-
late” patients. Consolidation of the entire lung made it 
impossible to apply any reasonable tidal volume. In this 
scenario, ECMO again became attractive for obvious 
reasons.

The renaissance of ECMO encountered an environ-
ment in which the prevention of VILI had become the 
holy grail of mechanical ventilation. Extracorporeal lung 
assist was recognized as a potentially powerful tool in 
this endeavor [11, 12]. As a consequence, “ECMO” in vv 
and av mode was applied with increasing frequency using 
flow ranges between 400 and 6000 ml/min to reduce VILI 
and/or to ensure adequate gas exchange. The enthusi-
asm was additionally driven by the belief that ECMO 
had become safer. While this might be true for the 
equipment, i.e., oxygenators, priming volumes, pumps, 
cannulas, etc., the inherent risks of ECMO with its expo-
sure to a large, non-endothelial surface, large-bore can-
nulas in central vessels, and most importantly the need 
for anticoagulation in a fine balance between bleeding 
and thrombosis had considerable potential for serious 
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complications—cerebral hemorrhage during ECMO is 
still a reality. Ignoring this fact led to the data presented 
in the publication by Karagiannidis and colleagues.

Karagiannidis and colleagues found that vv-ECMO 
use increased from 1.0:100,000 inhabitants/year 
in 2007 to 3.0:100,000 in 2012 with a decrease to 
2.4:100,000 in 2014. Mortality decreased slightly dur-
ing this period and leveled off at ca. 60 %. The propor-
tion of older patients receiving ECMO had increased 
steadily and included many patients older than 80 years 
even though mortality increases with age. Mortality 
was particularly high during the first 48 h after starting 
ECMO. A major finding was that the patients who had 
received ECMO for less than 48 h (25 %) had a mortal-
ity rate of 70 %. The simple but alarming truth behind 
these numbers is that ECMO was either not indicated 
in these patients or that they died of procedure-related 
complications.

Recent data from the USA show a similar trend with 
a fivefold increase of vv-ECMO use between 2006 and 
2011, and mortality rates of roughly 60 % [8]. The patients 
receiving ECMO in the USA were markedly younger than 
those in the study by Karagiannidis and colleagues.

The worldwide frequency and intensity of vv-ECMO 
use are definitely “outside the box”, the box being the 
rules that should govern the use of therapy options. We 
need more than proof of principle before a treatment is 
widely disseminated. We need exact information on its 
complication rates, and we need stronger evidence than 
currently available that its use improves survival com-
pared to conventional treatment.

The mortality of ECMO patients reported in the stud-
ies by Karagiannidis and Rush is higher than in epidemio-
logical studies on ARDS, and this also remains true for 
patients with severe ARDS [13, 14]. Conflicting data even 
exist for patients with the “ECMO trigger disease” H1N1. 
Two studies, one with ECMO as treatment option and 
the other without, had similar survival rates [15, 16].

The enormous increase in the use of ECMO despite the 
fact that clear evidence of its superiority for any currently 
used indication is lacking might have been promoted by 
national regulations and reimbursement policies. Across 
Europe the rules under which ECMO is performed vary 
widely. This is true for regulations dealing with a number 
of “ECMO centers” (restricted in the UK and Italy, not so 
in France and Germany). Sweden, which has no restric-
tions, has only one center except during pandemics, 
while in France and Germany the number of so-called 
ECMO centers and ECMO providers is out of control. 
The same diversity also exists for reimbursement, which 
ranges from no reimbursement (Switzerland, Sweden) 
to partial reimbursement (UK) or special extrabudgetary 
compensation (Germany). Financial interests, fascination 

with new gadgets, and ambition might be driving the 
development more than we imagine.

The three authors, although having used ECMO for 
roughly three decades, are now in the paradoxical situa-
tion of being strong advocates for a thorough evaluation 
of its indications, and a careful determination of its side 
effects at different levels of extracorporeal support, while 
realizing that we have is more belief than true knowledge.

To retain the opportunity of further developing and 
applying extracorporeal lung support techniques for our 
patients’ benefit, we must critically reflect on what we 
actually do. The work of Karagiannidis and colleagues 
strongly supports this approach. It is much better that 
physicians define the rules on how and when to apply 
ECMO properly, instead of waiting until negative risk/
benefit ratios, fatal outcomes, and stake holders with 
vested interests ban ECMO.
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