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We thank Karagiannidis et al. for reporting important
mortality data of COVID-19 patients supported with
extracorporeal membrane oxygenation (ECMO) in
Germany [1]. The mortality they reported was notably
higher than in other large cohorts [2]. The data come
from nationwide billing data of all hospitals in Germany;
therefore, the risk of selection bias or underreporting of
negative results is lower than in previous cohorts.

The authors argue against the unselective use of ECMO
in patients who have a high risk of dying during the
course of treatment. We agree that ECMO is an expen-
sive and resource-intensive support option. Therefore,
it should be used only in selected patients after careful
risk—benefit evaluation. This assessment should take into
account all available and relevant prognostic information
and the (presumed) patient will. During the COVID-19
pandemic, the availability of trained medical staff and the
utilization of available intensive care resources must also
be taken into consideration [3].

Yet, one of the major difficulties in patient selec-
tion is to predict with sufficient accuracy the progno-
sis of individual patients. This is true for both patients
with ECMO support and without. A more liberal use
of ECMO in healthier patients who might have had a
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favorable outcome even without ECMO improves the
survival probability attributed to the procedure, as does
a restrained use in very sick and older patients who have
a rather poor prognosis with or without ECMO (Fig. 1)
[2, 4]. However, in our view, the expansion of the scope
of indications may nevertheless be justified or even war-
ranted. This may be the case when experienced phy-
sicians base their decisions on a responsible bedside
assessment of the individual patient and expect poorer
outcome without the use of ECMO. This approach was
recently described as “salvage ECMO” [5].

For a comprehensive appraisal of the role of ECMO for
the treatment of severe respiratory failure, we believe that
it is not sufficient to look at the survival rates of patients
who eventually received ECMO. Instead, the entire
cohort of invasively ventilated patients with defined
severity criteria must be considered, including patients
in whom ECMO was not chosen, both due to futility and
based on the assessment that they will recover even with-
out ECMO. Consequently, the approach that achieves the
best overall outcome should be considered superior. This
way may help us to offer each patient the optimal therapy
and improve our algorithms for making decisions for or
against the use of ECMO.
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Fig. 1 Graphical representation of the challenges of adequate patient selection for ECMO. A very liberal provision of ECMO (“ECMO for all”),
considering ECMO for a large proportion of patients, both very severely and less severely diseased (A), will achieve the highest absolute number
of ECMO survivors. This will be at the expense of a comparably high number of complications (fatal and non-fatal) in patients who would have
survived even without ECMO and a large number of futile treatments. When ECMO is considered only for the sickest patients, the proportion

of futile care is high and the overall ECMO survival is low; ECMO-related complications in healthier patients may be prevented at the expense

of serious irreversible ventilator-induced lung injury, leading to invalidity or death (B). Positive preselection and provision of ECMO only for

those patients that are having a high chance of survival will ensure prevention of irreversible lung injury, but at the expense of ECMO-related
complications in a number of patients who would have survived even without ECMO. Overall survival of the entire cohort treated with ECMO and
without is lowest, as compared to the other approaches (C). We argue for a strategy of rational ECMO use aiming at the optimal balance between
“saved lungs”and limited complications on the one hand and “saved lives”and limited futile care on the other hand (D). This approach is likely to
achieve the highest number of patients surviving in the entire cohort. ECMOextracorporeal membrane oxygenation
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We thank Dr. Supady and colleagues for their thoughtful
letter regarding the difficulty with divining who should
be placed on ECMO based on our data demonstrating
high mortality with the use of ECMO for COVID-19 in
Germany [1]. Implicit in their argument is that declaring
a mortality rate to be high or low requires that we know
what mortality rate should actually be expected with-
out the use of ECMO in COVID-19, an information that
uncontrolled observational data cannot provide [6] . This
is an important argument for conducting well-designed
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randomized clinical trials. However, absent such evi-
dence, how should we proceed? Nonetheless, we believe
that the overall mortality rate should be seen as high
relative to the investment of resources, suggesting that
the use of ECMO in this population may indeed be too
liberal.

One further point that merits discussion is that, while
Supady et al. use the term “selection” regarding the deci-
sion to implement ECMO, we prefer the term “indica-
tion” Indication is based on the careful assessment of the
realistic rehabilitation potential of the patient in asso-
ciation with a given intervention (e.g., ECMO) to allow
the patient to resume a reasonable quality of life and to
achieve a well-defined therapeutic goal in concert with
the goals and values of the individual patient [7]. This
concept also aims to balance benefit (survival) against
harm (invasive treatment, pain, sedation, immobili-
zation and the psychological burden on surrogates).
Therefore, the indication for ECMO should be based on
several anamnestic, demographic, medical and prognos-
tic parameters in each individual patient to avoid futile
treatments as well as high in-hospital mortality. We agree
with Dr. Supady’s framing of the balanced and rational
use of ECMO; however, the reality in Germany—as
expressed in our letter—shows that we are far from the
rational use of ECMO. This has also been clearly empha-
sized by a recent paper showing that 40% of ECMO cases
in Germany are performed in hospitals with 2 or fewer
cases per year [8] with no assurances regarding the qual-
ity of ECMO delivery, which may reasonably be expected
to contribute to high mortality.

For these reasons, we are confident that the high mor-
tality rate in German ECMO patients reflects an oppor-
tunity to insist on a more rational ECMO application, to
reflect both on the organizational approach to its use and
on the indications that should be broadly acceptable.
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