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OBJECTIVES: To investigate the ICU survival of venovenous extracorporeal 
membrane oxygenation (ECMO) patients suffering from COVID-19–related acute 
respiratory distress syndrome (ARDS) versus ECMO patients without COVID-19 
(non-COVID-19)–related ARDS.

DESIGN: Preliminary analysis of data from two prospective ECMO trials and ret-
rospective analysis of a cohort of ARDS ECMO patients.

SETTING: Single-center ICU.

PATIENTS: Adult ARDS ECMO patients, 16 COVID-19 versus 23 non-COVID-19 
patients. Analysis of retrospective data from 346 adult ARDS ECMO patients.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: COVID-19 and non-COVID-19 
ARDS patients did not differ with respect to preexisting disease or body mass 
index. ICU survival rate was 62% for COVID-19 ECMO patients and 70% for 
non-COVID-19 ECMO patients. COVID-19 ECMO survivors were supported 
with ECMO for a median of 43 days (interquartile range [IQR], 18–58 d) versus 
16 days (IQR, 19–39 d; p = 0.03) for non-COVID-19 patients. The median du-
ration of ECMO therapy for all ARDS patients between 2007 and 2018 was 15 
days (IQR, 6–28 d). The subgroup of patients suffering from any viral pneumonia 
received ECMO support for a median of 16 days (IQR, 9–27 d), survivors of influ-
enza pneumonia received ECMO support for 13 days (IQR, 7–25 d).

CONCLUSIONS: COVID-19 patients required significant longer ECMO support 
compared with patients without COVID-19 to achieve successful ECMO wean-
ing and ICU survival.

KEY WORDS: COVID-19; duration of extracorporeal membrane oxygenation 
therapy; extracorporeal membrane oxygenation survival; pulmonary fibrotic 
remodeling; venovenous extracorporeal membrane oxygenation

Venovenous extracorporeal membrane oxygenation (ECMO) can sup-
port systemic oxygenation as “bridge to recovery” in acute respira-
tory distress syndrome (ARDS)-related to COVID-19. The high global 

burden of COVID-19 cases resulted in a worldwide increase in ECMO use, 
although pooled data from the beginning of the pandemic demonstrated an 
ECMO survival rate below 10% in respective patients (1–3).

Barbaro et al (4) reported a 90-day inhospital mortality of only 37% for 
COVID-19 ECMO patients, but only 30% of these patients were discharged 
home or to a rehabilitation facility 90 days after initiation of ECMO.

Considering the potential of COVID-19–related ARDS to result in pul-
monary fibrosis, prolonged ECMO support may be required compared with 
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non-COVID-19 ECMO patients to generate a sur-
vival benefit (5, 6). Thus, we investigated preliminary 
data with respect to ECMO survival and ECMO du-
ration of COVID-19 versus non-COVID-19 ECMO 
patients.

MATERIALS AND METHODS

Study Population

The study population consisted of 21 patients from a 
pilot trial (ClinicalTrials.gov: NCT03200314; written 
consent was obtained from the Charité ethics com-
mittee prior to each study start, ethics approval (EA) 
number: EA2/083/17) and 18 patients of a recruiting 
trial (NCT04754854; EA1/156/20) and was stratified 
to 16 COVID-19 versus 23 non-COVID-19 patients. 
All ARDS patients were 18 years or older, required 
venovenous ECMO, and were treated at the anes-
thesiological ICU of the ARDS ECMO center of the 
Charité—Universitätsmedizin Berlin.

The reports of the CT scans of all patients from 
both prospective studies were screened for findings 
of pulmonary fibrotic lesions, except for two non-
COVID-19 patients who suffered from cystic fibrosis 
and were consequently not included into this analysis. 
All CT scans were interpreted by radiologists of the de-
partment of radiology of the Charité who were una-
ware of this study.

The retrospective ECMO cohort consists of 346 
patients who suffered from ARDS and were treated 
between January 2007 and December 2018 with one 
round of venovenous ECMO therapy (EA1/223/12, 
EA4/054/21). Data were analyzed for the duration of 
ECMO therapy with respect to the underlying etiology.

Statistics

Metric data were tested with the nonparametric 
Mann-Whitney U test because of the small sample size 
and failure to meet normal distribution (D’Agostino-
Pearson normality test) with GraphPad Prism 9.2.1 
(GraphPad Software, San Diego, CA). Categorical data 
were tested with Fisher exact test except for the degree 
of mobilization at discharge (chi-square test). All tests 
were performed two-sided. Statistical significance was 
assumed for p value of less than 0.05. Comparisons of 
Kaplan-Meier estimates were performed with the log-
rank test.

RESULTS

COVID-19 patients did not differ from non-COVID-19 
ARDS patients with respect to preexisting disease or 
body mass index (Supplemental Table 1, http://links.
lww.com/CCX/A962). All COVID-19 patients were 
at least 48 years old, with exception of a 27-year-old 
patient, who suffered from COVID-19–related ARDS 
after chemotherapy for Hodgkin lymphoma.

More COVID-19 patients were proned and treated 
with inhaled nitric oxide compared with non-COVID-19 
patients before transfer to the ARDS ECMO center, al-
beit the difference did not reach statistical significance 
(Supplemental Table 1, http://links.lww.com/CCX/A962).

COVID-19 ECMO survivors received longer ECMO 
support by a median difference of 27 days compared 
with non-COVID-19 patients (Supplemental Table 1, 
http://links.lww.com/CCX/A962; and Fig. 1, A and B).  
The shortest ECMO treatment time of a COVID-
19 ECMO survivor was 15 versus 6 days for a non-
COVID-19 ECMO survivor.

The majority of all COVID-19 patients showed CT 
morphological signs of fibrotic pulmonary lesions. 
Fibrotic pulmonary lesions were only diagnosed in one 
out of 15 non-COVID-19 ECMO survivors but were 
present in the majority of non-COVID-19 patients 
who died on ECMO (Supplemental Table 1, http://
links.lww.com/CCX/A962).

Patients treated between 2007 and 2018 were sup-
ported with venovenous ECMO for a median of 15 
days (interquartile range [IQR], 6–28 d). The duration 
of ECMO therapy was comparable between all exam-
ined subgroups, namely: pneumonia (median, 16 d; 
IQR, 9–27 d); ARDS due to all other causes (14 d; IQR, 
6–28 d) (Fig. 1C); ECMO survivors suffering from 
influenza (13 d; IQR, 7–25 d); and ECMO survivors 
suffering from community-acquired bacterial pneu-
monia(13 d; IQR, 6–29 d) (Fig. 1D).

DISCUSSION

This preliminary analysis indicates that COVID-19 
ECMO patients may require prolonged ECMO sup-
port compared with non-COVID-19 patients to re-
sult in ICU survival rates as reported by Barbaro et al 
(4). The probability of continued ECMO support was 
significantly higher for COVID-19 patients versus 
non-COVID-19 after exclusion of one patient, who 
was bridged with awake venovenous ECMO to lung 
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transplantation (Fig. 1, A and B). In fact, all COVID-19  
ECMO survivors were still supported with ECMO by 
day 14, whereas 20% of non-COVID-19 ECMO survi-
vors had already been weaned of ECMO.

The data of our retrospective ECMO cohort do not 
demonstrate prolonged duration of ECMO therapy 
for ARDS caused by viral pathogens different from 
COVID-19. Our clinical results are in accordance with 
recent findings, which emphasize the property of se-
vere acute respiratory syndrome coronavirus 2 to in-
duce pulmonary accumulation of macrophages with 
profibrotic transcriptome and proteome profiles and 
consequential pulmonary fibrosis (6).

Of note, 
COVID-19 patients 
who required me-
chanical ventilation 
in the state of Berlin 
were assigned 
to designated 
COVID-19 ICUs 
by a central orga-
nization unit (7).  
Daily telemedi-
cal consultations 
supported the 
widespread im-
plementation of 
awake proning, 
proning of venti-
lated patients, and 
early dexametha-
sone treatment. As 
a consequence, the 
majority of hypox-
emic COVID-19  
patients may have 
been sufficiently 
treated with me-
chanical ventilation 
and conservative 
therapy alone. Thus, 
only a subgroup 
of patients with fi-
brotic pulmonary 
remodeling and/or 
progressive venti-
lator-induced lung 

injury may have been transferred to the ARDS ECMO 
centers (5, 6, 8). We speculate whether this “selection” of 
patients may have resulted in the observed high preva-
lence of pulmonary fibrotic lesions in the CT findings as 
well as the prolonged duration of ECMO therapy.

Limitations of the study are the low number of 
enrolled patients.

Second, due to study design and ethics committee 
approval, we could only compare ICU survival, but not 
overall survival at, for example, 90 days.

Third, the diagnosis of pulmonary fibrotic lesions 
was made with lung CT scans. It included a variety of 
CT findings from unspecific septal thickening, which 

Figure 1. Probability of extracorporeal membrane oxygenation (ECMO) support over time with respect to 
the primary cause of acute respiratory distress syndrome (ARDS). Kaplan-Meier curves of the probability of 
continued venovenous  ECMO support for patients with COVID-19 infection (COVID-19) (A) versus patients 
without COVID-19 infection (non-COVID-19) (B) after exclusion of one non-COVID-19 patient who was 
bridged to lung transplantation for 71 d with awake ECMO. C, Probability for non-COVID-19 ECMO patients 
with viral pneumonia versus non-COVID-19 ECMO patients with ARDS without viral pneumonia (D) for non-
COVID-19 ECMO survivors with influenza versus non-COVID-19 ECMO survivors with community-acquired 
bacterial pneumonia. Comparisons were performed with the log-rank test.
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may resolve over time, to bronchiectasis and honey-
combing. Conceivably, the high burden of disease 
will have promoted interest in all respective clinical 
departments with a resulting frequent diagnosis of  
COVID-19–related pathologies. Hence, we cannot ex-
clude a detection bias concerning the findings of pul-
monary fibrotic lesions in our COVID-19 patients.

Last, but most importantly, we did not take lung 
biopsies from the investigated patients. Thus, we can 
neither verify the CT findings with histopathological 
examinations nor exclude further pathologies like 
COVID-19–related microthrombosis and microan-
giopathy, which may have also contributed to pro-
longed ECMO therapy durations (9). Further studies 
are needed to elucidate the true prevalence and disease 
burden of pulmonary fibrotic remodeling in COVID-
19 ARDS.

In conclusion, the preliminary data presented here 
indicate that COVID-19 patients require markedly 
longer ECMO support compared with patients without 
COVID-19 to achieve successful ECMO weaning and 
ICU survival.
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