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ARTICLE INFO ABSTRACT

Keywords:
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Objective: To elucidate the clinical epidemiology and outcomes of patients with COVID-19 who received extra-
corporeal membrane oxygenation (ECMO) in the Osaka Prefecture, Japan.

ECMO
ARDS
mortality

Methods: We conducted a retrospective study of COVID-19 patients who received ECMO. Among patients diag-
nosed with COVID-19 between January 29 and November 9, 2020, we targeted patients who received ECMO.
The outcome was all-cause mortality. The baseline characteristics of the COVID-19 patients who received ECMO
were summarized according to the outcome. A univariable logistic regression model was applied to evaluate the
association of each factor (sex, age group, city of residence, presence of comorbidities, presence of close con-
tact, use of dialysis, and wave) with all-cause mortality. Odds ratios (ORs) with 95% confidence intervals were
calculated.

Results: Among the 14,864 patients diagnosed with COVID-19 during the study period, 39 patients received
ECMO. Fourteen patients (35.9%) died. All patients aged 30-39 years survived, whereas all patients aged >80
years died. Higher mortality was observed among patients in the higher age group, and the P value for trend was
significant (P value for trend: 0.04).

Conclusions: Of the 14,864 COVID-19 patients in Osaka Prefecture until November 2020, 39 underwent ECMO.

Of these, 14 died.

Introduction

COVID-19 has spread to almost every country worldwide. In Japan,
419,015 COVID-19 cases were confirmed as of February 17, 2021
(Ministry of Health LaW 2021). The Osaka Prefecture, the largest
metropolitan area in western Japan, has the second-highest number of
COVID-19 patients in Japan (Hirayama et al., 2021, Takeuchi et al.,
2020a, Takeuchi et al., 2020b). The cumulative number of confirmed
COVID-19 cases in the Osaka Prefecture was 46,247 as of February 17,
2021 (Osaka Prefectural Government, 2021).

Some COVID-19 patients develop severe disease, including severe
acute respiratory distress syndrome (ARDS) (Barbaro et al., 2020,
Schmidt et al., 2020). Extracorporeal membrane oxygenation (ECMO)

support is used to treat lung injury in these severe ARDS patients
(Barbaro et al., 2020, Combes et al., 2018, Schmidt et al., 2020). Pre-
vious studies outside Japan have reported the characteristics and out-
comes of COVID-19 patients who received ECMO (Barbaro et al., 2020,
Bartlett et al., 2020, Biancari et al., 2021, Haiduc et al., 2020, Ma et al.,
2020, Ramanathan et al., 2020, Schmidt et al., 2020, Shaefi et al., 2021,
Zhu et al., 2021).

Although a previous study by the “Japan ECMOnet for COVID-19”
(a nationwide registry of COVID-19 patients with ECMO) reported the
characteristics of the first 14 COVID-19 cases that involved ECMO use
(Takeda, 2020), details on the clinical epidemiology and outcomes of
COVID-19 patients treated using ECMO in Japan are not fully under-
stood. In this study, we aimed to elucidate the clinical epidemiology
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and outcomes of COVID-19 patients who received ECMO by conducting
a retrospective study in the Osaka Prefecture, Japan.

Methods
Study design, data collection and patients

We conducted a retrospective study of COVID-19 patients who re-
ceived ECMO in the Osaka Prefecture, Japan. Details of the data collec-
tion are described elsewhere (Hirayama et al., 2021, Katayama et al.,
2021, Tanaka et al., 2021, Zha et al., 2021). In the Osaka Prefecture,
in accordance with the Infectious Diseases Control Law (Osaka Prefec-
tural Government, 2020c, Hirayama et al., 2021), an investigation was
conducted to collect epidemiological information on COVID-19 patients
(Osaka Prefectural Government, 2020c, Hirayama et al., 2021); there-
fore, the requirement for informed consent was waived. We targeted
patients who received ECMO among COVID-19 patients registered in
the system by the end of November 2020 and whose follow-up was com-
plete. Of the COVID-19 cases enrolled by the data collection system from
January to November 2020, we only considered those from Osaka Pre-
fecture with a complete follow-up history. Our study was approved by
the Osaka University Hospital Ethical Review Committee (reference no.
20397).

Measurements

Information on COVID-19 patients who received ECMO was col-
lected, including sex, age, city of residence, comorbidities, cluster, close
contact with infected individuals, use of dialysis, onset date, symp-
toms at diagnosis, date of medical treatment, date of hospital admission,
date of discharge, reason for discharge, date a change in symptoms oc-
curred, date of ECMO initiation, date of ECMO termination and date of
death (for patients who died during the observation period). The on-
set date was defined as the date when symptoms appeared. If the onset
date was missing, we substituted the onset date with the date of medical
treatment, the date of hospital admission, or the date a change in symp-
toms occurred, whichever occurred first. The age groups were clustered
for every 10 years in the available data. ECMO patients were defined as
those with information on either the date of ECMO initiation or termi-
nation.

Following the definitions outlined by Osaka Prefecture, we defined
COVID-19 infection waves according to the onset date as follows: the
first wave (until 13 June 2020), the second wave (from 14 June to 9
October 2020), and the third wave (from 10 October 2020) (Osaka Pre-
fectural Government, 2020a, Osaka Prefectural Government, 2020b).
High-risk comorbidities, such as diabetes; heart failure; respiratory dis-
eases, including chronic obstructive pulmonary disease; chronic kidney
diseases requiring dialysis; and the use of immunosuppressants and anti-
cancer drugs, were summarized in this database (Osaka Prefectural Gov-
ernment, 2020b). A cluster was defined as a group of 5 or more COVID-
19 positive cases with an epidemiological link to the primary identi-
fied COVID-19 cases identified from various facilities, such as nursing
homes, medical institutions and restaurants (National Institute of Infec-
tious Diseases, 2021). Clusters were categorized as: no, medical institu-
tion and others. Local public health centers identified close contacts as
those who lived with the confirmed cases or had prolonged contact with
the patients; those who examined, nursed or cared for the confirmed
cases without personal protection equipment; those who were likely to
have had direct contact with contaminated materials; or those who had
contact with confirmed cases for >15 min at a short distance (approxi-
mately 1 m) without personal protection equipment (National Institute
of Infectious Diseases, 2021). Symptoms at diagnosis were classified as
follows: asymptomatic, mild (cough only, without breathlessness or res-
piratory symptoms), moderate (breathlessness, pneumonia or necessity
of oxygen therapy) and severe (necessity of stay in the intensive care
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unit or the use of mechanical ventilation) (Hirayama et al., 2021). Hos-
pitalized patients were identified through having one of the following
data items: date of hospitalization and/or discharge or reason for dis-
charge.

Outcomes and follow-up period

The outcome was all-cause mortality. Follow-up started on the day
of ECMO initiation and ended on the day of ECMO termination or the
day the patient died, whichever occurred first. To deal with the situa-
tion where the day of ECMO initiation was equal to the day of ECMO
termination, we added one day to the observation period for all the pa-
tients.

Statistical analyses

The baseline characteristics of the COVID-19 patients who received
ECMO in the Osaka Prefecture, Japan, were summarized according to
the outcome (survivors/non-survivors). Categorical variables were sum-
marized by count and proportion, and continuous variables were sum-
marized by median and interquartile range. The distribution of follow-
up status (survivors under follow-up, subjects with discharged alive or
released alive, deaths) of the study population was summarized by time
since ECMO initiation (10 days, 20 days, 30 days, 40 days, 45 days).
In this analysis, patients with missing information on the date of ECMO
initiation were excluded. A univariable logistic regression model was
used to evaluate the association of each factor (sex, age group, city of
residence, presence of comorbidities, presence of close contact, use of
dialysis, and wave) with all-cause mortality. The reference category was
as follows: sex, male; age group, 60-69 years; city of residence, Osaka
City; presence of comorbidities, without; presence of having a close con-
tact, without; use of dialysis, without; and wave, first wave. Odds ratios
(ORs) with 95% confidence intervals (CIs) were calculated.

All P values were two-tailed, and P <0.05 was considered statistically
significant. All statistical analyses were conducted using STATA version
14.0 MP software (StataCorp LP).

Results

In the Osaka Prefecture, Japan, 14,864 patients were diagnosed with
COVID-19 between January 29 and November 9, 2020. Among them, 39
patients received ECMO support (Figure 1). Table 1 describes the base-
line characteristics of the 39 COVID-19 patients who received ECMO
according to the outcome (survivors/non-survivors). Among the 39 pa-
tients, 25 (64.1%) survived, and 14 (35.9%) died. All female patients
survived, whereas 39% of the male patients died. All patients in the
youngest age group (30-39 years) survived, whereas all the patients in
the highest age group (>80 years) died. Fifty percent of patients with co-
morbidities died, whereas 26% of patients without comorbidities died.
The median number of days from onset to ECMO initiation was shorter
among patients who died (12 days) than among those who survived
(14 days). The median days from ECMO initiation to ECMO termination
were also shorter among patients who died (10 days) than among those
who survived (15 days).

Table 2 shows the distribution of the follow-up status at each point
(10 days, 20 days, 30 days, 40 days, 45 days) from ECMO initiation. In
this analysis, 2 patients with missing information on the date of ECMO
initiation were excluded. Table 3 shows the results of the univariable lo-
gistic regression analysis. Higher mortality was observed among patients
in the higher age group, and the P-value for the trend was significant
(P=0.04). Other factors were not significantly associated with mortality.

Discussion

To the best of our knowledge, the present study is the first in Japan to
elucidate in detail the clinical epidemiology and outcomes of COVID-19
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Figure 1. Flow diagram of patients with extracorporeal membrane oxygenation (ECMO).

patients treated using ECMO. Our retrospective analysis of 39 COVID-19
patients who received ECMO in the Osaka Prefecture, Japan, revealed
a mortality rate of 35.9% (14 of 39 patients died). All patients aged
30-39 years survived, whereas all patients aged >80 died. The most
noteworthy result of our findings is that 65% (13 of 20) of patients aged
60-79 years survived.

Studies conducted in other countries report a similar mortality
rate for COVID-19 patients who received ECMO (Barbaro et al., 2020,
Bartlett et al., 2020, Biancari et al., 2021, Haiduc et al., 2020, Ma et al.,
2020, Ramanathan et al., 2020, Schmidt et al., 2020, Shaefi et al.,
2021, Zhu et al., 2021). In the Extracorporeal Life Support Organiza-
tion (ELSO) registry, the in-hospital mortality 30, 60 and 90 days af-
ter the initiation of ECMO support was estimated to be approximately
30%, 37% and 37%, respectively (Barbaro et al., 2020). A study us-
ing data from the Study of the Treatment and Outcomes in Critically Il
Patients with COVID-19 (STOP-COVID) reported that 34.6% of COVID
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patients who received ECMO died within 60 days from ECMO initiation
(Shaefi et al., 2021). Although the mortality observed in the present
study was similar to that of previous studies, a longer follow-up period
is needed to determine the mortality of COVID-19 patients who received
ECMO in Japan.

Similar to our findings, studies in other countries have reported
that higher age was associated with higher mortality among COVID-
19 patients who received ECMO. In a report from the ELSO registry
(Barbaro et al., 2020), significantly higher mortality was observed
among patients aged >60 years compared with patients aged 16-39. An-
other study from 5 European countries reported that the proportion of
patients aged >60 years was higher among 6-month non-survivors than
among 6-month survivors (Biancari et al., 2021). In a statement from
a shared research group in Japan, higher age was known to be one of
the adverse prognostic factors among COVID-19 patients who received
ECMO (Shared Research Group in Ministry of Health, 2020). ECMO sup-
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Table 1
Characteristics of the study population

Survivors Non-survivors  Total

N=25 N=14 N=39
Sex*
Male 22 (61) 14 (39) 36 (100)
Female 3(100) 0(0) 3(100)
Age group (years)*
30-39 2 (100) 0(0) 2(100)
40-49 3(75) 1(25) 4(100)
50-59 7 (78) 2(22) 9 (100)
60-69 7 (58) 5 (42) 12 (100)
70-79 6 (75) 2 (25) 8(100)
>80 0 (0) 4 (100) 4 (100)
City of residence*
Osaka city 10 (56) 8 (44) 18 (100)
Other cities 15 (71) 6 (29) 21 (100)
Comorbidities*
Without 17 (74) 6 (26) 23 (100)
With 8 (50) 8 (50) 16 (100)
Having close contact*
Without 22 (67) 11 (33) 33 (100)
With 3(50) 3(50) 6 (100)
Use of dialysis*
Without 24 (69) 11 (31) 35 (100)
With 1(25) 3(75) 4 (100)
Wave*
First wave (January 29, 2020 — June 13, 2020) 15 (63) 9(38) 24 (100)
Second wave (June 14, 2020 — November 9, 2020) 10 (67) 5(33) 15 (100)
Days from onset to extracorporeal membrane oxygenation initiationf 14 (10-18) 12 (9-14) 12 (10-16)
Days from extracorporeal membrane oxygenation initiation to ECMO terminationt 15 (10-19) 10 (4-15) 12 (8-19)

*N (%) is shown.
TMedian and interquartile range are shown.
ECMO with extracorporeal membrane oxygenation.

port may therefore not be recommended for COVID-19 patients aged
>80 years because of the higher mortality among these patients.

Due to a lack of knowledge of the virus and clinical treatment experi-
ence at the beginning of the COVID-19 epidemic, the criteria to proceed
to ECMO support in Japan were based on the respiratory status of pro-
gressive deterioration, with PEEP10 cmH,0 and P/F <100, and were fi-
nal judged comprehensively by clinicians at each institution (Ministry of
Health Labour and Welfare, 2021, ECMOnet, 2020, Shared Research
Group in Ministry of Health, 2020). Therefore, there is no definite age
cutoff for decisions to proceed with ECMO support in Japan. Asai et al.
reported data on elderly patients with COVID-19 from Japan, describing
ECMO introduction in patients aged into their 80s (Asai et al., 2022). In
Badulak et al.’s study, no age cutoff of ECMO introduction is specified
(Badulak et al., 2021). In the ELSO registry analysis, some patients ap-
pear to be >70 years old, and the results are similar to those of our study,
indicating that proceeding to ECMO support for patients >75 years old
does not effectively improve the prognosis of severe and critical patients
with COVID-19 (Bartlett et al., 2020, Broman et al., 2021).

In our study, there was a small percentage of women (8% [3 of 39]),
and there were no deaths among female patients receiving ECMO sup-
port. The present investigation revealed a gender difference in terms
of whether women had a lower mortality, which was also found in the
ELSO registry (Barbaro et al., 2020). Although the reason for the vari-
ation in mortality is unclear, it may be associated with the differences
in the immunological response to COVID-19 between the genders. How-
ever, this study lacked information on smoking status, which may have
obscured confounding factors in the gender difference (Tanaka et al.,
2021). According to a recent study regarding smoking status and severe
illness in hospitalized COVID-19 patients in Japan (Matsushita et al.,
2021), smokers are more likely to develop smoking-related diseases such
as cardiovascular disease, cancer and lung disease. These comorbidities
contribute to the risk of severe and critical COVID-19, resulting in in-
creased mortality. Moreover, a systematic review and meta-analysis re-
ported that women were less likely to receive mechanical ventilation or
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renal replacement therapy than men and had shorter intensive care unit
stays. This is the result of a complex interaction between physiological
and societal factors (Asai et al., 2022). Additional research on gender
differences in COVID-19 patients is needed in Japan and globally.

Potential limitations

This study had several limitations. First, as already mentioned, we
did not provide detailed information on the types of comorbidities. Sec-
ond, following active epidemiological investigation, the data did not in-
clude detail on the clinical characteristics of COVID-19 patients who
received ECMO, such as the Sequential Organ Failure Assessment or
Respiratory Extracorporeal Membrane Oxygenation Survival Prediction
scores, ventilation parameters, laboratory parameters or blood gases.
Our study also did not report whether ECMO was veno-venous or veno-
arterial; no studies in Japan report this information. According to the
literature from other countries, 99% of ECMO is veno-venous. Further
large-scale observational studies to improve the prognosis of COVID-
19 patients receiving ECMO support in Japan are needed. Third, un-
measured confounding factors might have affected the results of our
study. Finally, we could not conduct multivariable analyses because of
the limited sample size. However, while the sample size is limited, to our
knowledge, the majority of papers focusing on ECMO support in Japan
are case reports, and no investigations from population-based epidemi-
ological data have been published. Given the scarcity of evidence from
Japan, our study is essential and likely to be used as fundamental data
that will connect to the next step of research on ECMO support in severe
and critical COVID-19 patients.
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Table 2

Distribution of follow-up status at each point from ECMO initiation
Period 10 days 20 days 30 days 40 days 45 days
Survivors under follow-up, n (%) 26 (70) 8 (22) 4(11) 103 103
Subjects with discharged alive or released alive, n (%) 4(11) 18 (49) 20 (54) 23 (62) 23 (62)
Deaths, n (%) 7 (19) 11 (30) 13 (35) 13 (35) 13 (35)
Total, N 37 (100) 37 (100) 37 (100) 37 (100) 37 (100)

*“Two patients with missing information on the date of ECMO initiation were excluded.

ECMO=extracorporeal membrane oxygenation

Table 3
Results of univariable logistic regression analysis
0dds ratio 95% CI
Sex
Male Reference
Female Unconverged
Age group (years)
30-39 Unconverged
40-49 0.47 0.04-5.90
50-59 0.40 0.06-2.80
60-69 Reference
70-79 0.47 0.07-3.34
>80 Unconverged
P for trend 0.04
City of residence
Osaka city Reference
Other cities 0.50 0.13-1.88
Comorbidities
Without Reference
With 2.83 0.73-10.95
Having close contact
Without Reference
With 2.00 0.35-11.58
Use of dialysis
Without Reference
With 6.55 0.61-70.23
Wave
First wave (January 29 — June 13, 2020) Reference
Second wave (June 14 — November 9, 2020) 0.83 0.22-3.23
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