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Context
Since the first cases were reported in Wuhan,
China, in December 2019, coronavirus disease
2019 (COVID-19) has become a pandemic affecting
millions of people. As of November 10, 2020, over
49.7 million cases and over 1.2 million deaths
have been reported globally since the start of the
pandemic [1]. Early reports from China revealed
that COVID-19 could range from an asymptomatic
state to severe lung involvement progressing to
acute respiratory distress syndrome (ARDS). Wu et
al. [2] reported that 81% of cases were mild, 14%
were severe and 5% were critical. Management
of patients who developed ARDS is especially
challenging. Several treatment guidelines were
proposed during the pandemic [3, 4] and have been
updated frequently in accordance with emerging
evidence. Extracorporeal membrane oxygenation
(ECMO) has already been used for ARDS resulting
from other causes. At the beginning of the
pandemic certain organisations recommended
using ECMO on severe cases of COVID-19 [5, 6].

However, data from large patient populations were
missing and initial reports of COVID-19 ECMO
support had high mortality rates [7, 8]. These
reports were not from specialised centres and
patient selection for ECMO remained uncertain.
For this reason, Schmidt et al. [9] performed a
retrospective cohort study in a specialised referral
ECMO centre.
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Methods
This study was a retrospective cohort study
performed in a network of intensive care units
(ICU) of the Paris Sorbonne University Hospitals.
ECMO care was given in two hospitals and pre and
post ECMO patients were managed in a separate
hospital. ECMO referrals were evaluated by a central
committee that included at least two experienced
intensivists. Potential candidates for ECMO need to
satisfy the Berlin definition of ARDS, and despite
optimum ventilation strategy (including prone
positioning and neuromuscular blockade) had at
least one of the followings: arterial oxygen tension
(PaO2)/fraction of inspired oxygen (FiO2) <50 mmHg
for at least 3 h or PaO2/FiO2 <80 mmHg for at least
6 h or arterial blood pH<7.25 and arterial carbon
dioxide tension (PaCO2) ≥80 mmHg for at least
6 h. Patients were defined as ineligible for ECMO
if they were older than 70 years or had severe
comorbidities incompatible with recovery such
as metastatic malignancy, unmanageable organ
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failure, unreversible neurological impairment and
invasive ventilation duration longer than 10 days.
Once a patient was accepted for ECMO the patient
was put on ECMO at their bedside and transferred
to the predefined ECMO hospital. Due to reports of
COVID-19-associated coagulopathy, anticoagulation
targets were elevated by the study team (a target
of activated partial thromboplastin time to
65–75 s or anti-Xa activity of 0.3–0.5 IU·mL−1). An
ultraprotective mechanical ventilation strategy was
used during ECMO therapy. Patients were evaluated
for ECMO weaning every day according to criteria set
by previous ECMO studies.
The primary outcomes were, being on ECMO,
being in the ICU and weaned-off ECMO, being alive
and out of ICU or death at 28, 40, 50, 60, 70, 80
and 90 days. Secondary outcomes include duration
of ECMO, length of ICU stay, time of ECMO weaning,
ICU and ECMO related complications. To clearly
define patients’ outcomes in the ICU during study
period a multi-state model was utilised.

Main results
From March 8 to May 2, 2020, 492 patients were
admitted to network ICUs with a diagnosis of COVID19. Overall, 83 patients were treated with ECMO for
severe ARDS. Most of them were male (n=61; 73%).
Median (interquartile range) age was 49 (41–56)
years. Venovenous femoro-jugular approach was
the most frequent technique for ECMO cannulation
(n=79; 95%). Median (interquartile range) duration
of invasive mechanical ventilation before ECMO was
4 (3–6) days. Baseline SAPS II score was 45 (29–56)
and sequential organ failure assessment (SOFA)
score was 12 (9–13). Most frequent comorbidities
were hypertension (n=32; 39%) and diabetes
(n=26; 31%). At the end of the study (July 10,
2020) median (minimum–maximum) follow-up
duration was 104 (70–120) days. At the end of
study period one patient was still on ECMO, four
patients were weaned of ECMO but still in ICU and
48 patients were alive and discharged from ICU.
Of the 48 patients alive, 34 had returned home
and 14 were still hospitalised or in a rehabilitation
centre. Overall, 30 (36%) patients died during study
period. Up until day 60, complete follow-up data
were available for all patients. Median (interquartile
range) duration of ICU length of stay and ECMO
support were 36 (23–60) days and 20 (10–40) days
respectively. Although 20 patients were still in the
ICU at day 60, the probability of death at day 60
was reported as 31% (95% CI 22–42%), probability
of being on ECMO was 6% (95% CI 3–14%) and
mean duration of ECMO was 24.6 days. Probability
of being alive and out of ICU at day 60 was 45%
(95% CI 35–56). At day 90, data from seven patients
were not available. Probability of death by day 90
was reported as 36% (95% CI 27–48%), probability
of being on ECMO was 1% (95% CI 0–8%) and
mean duration of ECMO was 25.4 days. Probability
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of being alive and out of ICU at day 90 was 56%
(95% CI 46–67%).
Massive haemorrhage occurred in 35 (42%)
patients mostly from the oronasal region. Of all
patients treated with ECMO, 64 (77%) required more
than one unit of packed red blood cell transfusion.
Severe thrombocytopenia during the first 3 days of
ECMO was seen in 5 (6%) patients. One patient died
due to ECMO device failure. Pulmonary embolism
seen in 16 (19%) patients.

Commentary
In contrast to previous reports of patients managed
with ECMO for ARDS due to COVID-19, this study
showed lower mortality rates compared with recent
non COVID-19 ARDS studies for ECMO. The authors
compared their results with the Extracorporeal
Membrane Oxygenation for Severe Acute Respiratory
Distress Syndrome (EOLIA) trial from 2018 [10]. The
baseline patient characteristics indicated a worse
severity of ARDS compared to EOLIA trial. However,
the patient population in this study were younger than
aforementioned study (median age 49 versus mean
age 51.9). This may be associated with exclusion
criteria. In EOLIA trial advanced age was not an
exclusion criterion while patients older than 70 years
of age were excluded in this report. Another factor
that could affect outcome is duration of mechanical
ventilation/intubation before ECMO. While median
time since intubation to ECMO was reported as 34 h
in EOLIA trial, current study showed that median time
from intubation to ECMO was 8 days. Probability
of dying was reported as 31% (95% CI 22–42%)
which is comparable to mortality rate in EOLIA trial
(35% with 44 patients in ECMO group). In this study
authors reported substantially longer ICU length of
stay and ECMO duration as opposed to EOLIA trial
(median duration of ECMO 11 days versus 20 days,
median ICU length of stay 23 days versus 36 days).
In a resource limited and high demand setting like
pandemic it would be difficult to sustain best care and
choosing candidates properly if a patient needs to stay
in ICU over 20 days. Also, generalisability of results
can be challenging because it is from a high volume
ECMO referral centre. However, quite similar results
were obtained in another study published after this
report [11].Unfortunately, ECMO success depends on
various factors but also experience [12]. ECMO related
bleeding and rate of pulmonary embolism should be
examined in more depth. They seemed to be higher
compared to other data. Haemorrhagic complications
were reported as 14% in a Chinese report [8]. But
bleeding events requiring transfusion were reported
in 57 (46%) patients in EOLIA trial [10]. However,
one should note higher targeted anticoagulation
levels in this report while interpreting bleeding
complications (activated partial thromboplastin time
target of 40–55 s or 0.2–0.3 IU·mL−1 anti-Xa activity
in the EOLIA trial). Authors reported an unusually
high rate of pulmonary embolism on ECMO which
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is not reported in EOLIA trial. These findings raise an
important question which is whether these bleeding/
thrombosis events are related to ECMO (e.g. circuitassociated defibrination and thrombocytopenia,
disseminated intravascular coagulation, acquired
von Willebrand syndrome) or related to coagulation
anomalies seen in COVID-19. However, other
studies regarding ECMO and thromboembolism have
reported noticeably less pulmonary embolisms [13].
It may be reasonable to assume that these events
were associated to COVID-19 itself.
From early days of pandemic, it has been
suggested that prone positioning could have
improve oxygenation and outcome. Authors
reported that prone positioning utilised in 94%
in the study population before initiation of ECMO.
However, in EOLIA trial pre-ECMO prone positioning
was reported as 56% in ECMO group. Additionally
despite controversial data and recommendations
against [14] using routinely, neuromuscular
blocking agents were used in 96% of patients before
ECMO which is again higher than EOLIA trial ECMO
group (92%).
Main differences of this report form previous
ones other than it was conducted at an expert center
should be stressed. Studies reported by Henry et al.
[7]. were observational studies. All had very small
numbers of ECMO patients (1–7) and did not have
specific ECMO criteria. The only study specifically
designed for ECMO was a multicentre descriptive
study by Yang et al. [8]. However, in this study
population only 21 patients received ECMO (total
number of patients was 59). This study had ECMO
initiation criteria nearly identical to Schmidt et al.
[9]. However, patient profiles of these two studies

were significantly different. Schmidt et al. [9]
included younger patients (median age 49 versus
58 years), but more patients had organ failures
according to SOFA score (median score 12 versus
6.5), duration of mechanical ventilation before
ECMO was longer (median 4 days versus 36 h).
While ECMO application is a not an easy
task, it will be challenging to do this under
pandemic conditions. To overcome this issue,
best possible practice would be referring ECMO
patients to a dedicated centre as recommended
by the Extracorporeal Life Support Organization
(ELSO) [6]. This is perfectly achieved in this study by
implementing an ICU network and a referral centre.

Implications for practice
This study provided mortality rates compared
to previous non-COVID-19 ARDS studies. Its
results in terms of mortality were corroborated by
another report with COVID-19 patients. Despite
discouraging early results from small sample sized
reports, ECMO delivered through a network of ICUs
proved its strength. However, longer length of stays,
both in ICU and hospital, may have a significant
impact on healthcare providers and limited ICU
and ECMO resources. Unfortunately, it is already a
challenge to design and implement a randomised
clinical trial regarding ECMO because of small effect
size and huge needed sample size. Although from
an academic viewpoint it would be good to see a
randomised trial of ECMO on severe ARDS patients
with COVID-19, but it would be impractical in this
extraordinary state of emergency.
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