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Epidemiology and volume-outcome relationship of
extracorporeal membrane oxygenation for respiratory
failure in Japan: A retrospective observational study using a
national administrative database

Kohei Muguruma,1 Susumu Kunisawa,1 Kiyohide Fushimi,2 and Yuichi Imanaka1

1Department of Healthcare Economics and Quality Management, Graduate School of Medicine, Kyoto University,
Kyoto City, Japan, and 2Department of Health Policy and Informatics, Graduate School of Medicine, Tokyo
Medical and Dental University, Tokyo, Japan

Aim: To describe the epidemiology of patients on extracorporeal membrane oxygenation (ECMO) and investigate the possible asso-
ciation between outcomes for respiratory ECMO patients and hospital volume of ECMO treatment for any indications.

Methods: Using data from the Diagnosis Procedure Combination database, a nationwide Japanese inpatient database, between
1 July 2010 and 31 March 2018, we identified inpatients aged ≥18 years who underwent ECMO. Institutional case volume was defined
as the mean annual number of ECMO cases; eligible patients were categorized into institutional case volume tertile groups. The pri-
mary outcome was in-hospital mortality. For ECMO patients with respiratory failure, the association between institutional case volume
group and in-hospital mortality rate was analyzed using a multilevel logistic regression model including multiple imputation.

Results: Extracorporeal membrane oxygenation was carried out on 25,384 patients during the study period; of those, 1,227 cases
were for respiratory failure. Respiratory cases were categorized into low- (<8 cases/year), medium- (8–16 cases/year), and high-vol-
ume groups (≥17 cases/year). The overall in-hospital mortality rate for respiratory ECMO was 62.5% in low-, 54.7% in medium-, and
50.4% in high-volume institutions. With reference to low-volume institutions, the adjusted odds ratios (95% confidence interval) of the
medium- and high-volume institutions for in-hospital mortality were 0.72 (0.50–1.04; P = 0.082) and 0.65 (0.45–0.95; P = 0.024),
respectively.

Conclusions: The present study showed that accumulating the experience of using ECMO for any indications could positively affect
the outcome of ECMO treatment for respiratory failure, which suggests the effectiveness of consolidating ECMO cases in high-volume
centers in Japan.
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INTRODUCTION

EXTRACORPOREAL MEMBRANE OXYGENATION
(ECMO) is used for patients with acute severe cardiac

or respiratory failure who are refractory to optimal conven-
tional therapy.1 Recent studies reported on the increasing
number and improving outcomes of ECMO cases, especially
for patients on ECMO for respiratory support.2,3 Signifi-
cantly, most of the favorable outcomes of adult respiratory
ECMO were reported by high-volume ECMO centers.4–7

Because ECMO is a complex and high resource-use pro-
cedure, consolidating ECMO treatment in high-volume, ded-
icated centers have been proposed to improve outcomes and
optimize health-care resources.8 It has been also suggested
that any ECMO indications would contribute to the
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accumulation of experience in respiratory ECMO, as ECMO
for respiratory failure could be one component of the full
spectrum of extracorporeal support.8

By contrast, in Japan, insufficient centralization of respi-
ratory ECMO treatment is clinically often said to adversely
affect mortality and pursuing the centralization of respiratory
ECMO cases remains an issue.9 However, few studies other
than some involving small-sized questionnaire surveys or
registry data have attempted to describe institutional ECMO
volume in Japan,10,11 which implies that the efficacy of cen-
tralizing ECMO cases remains unclear.

Thus, the aim of this study was twofold: to investigate the
epidemiology of ECMO in Japan by using a national-level
inpatient database and to examine the possible association
between mortality in respiratory ECMO cases and the insti-
tutional case volume of ECMO for any indications.

METHODS

Data source

FOR OUR ANALYSIS, we used the national-level Diag-
nosis Procedure Combination (DPC) administrative

claims database. The DPC system involves a case-mix clas-
sification for insurance reimbursements and is used in more
than 1,700 acute-care hospitals with approximately 490,000
beds. In 2018, DPC hospitals accounted for 83% of all
acute-care beds in Japan.12 The data were collected by the
DPC Study Group, funded by the Japanese Ministry of
Health, Labour and Welfare, and were obtained from
approximately 80% of all DPC hospitals, with approxi-
mately 8 million inpatient episodes per year. The DPC data
contain not only claims data for all clinical procedures and
prescribed drugs during hospitalization, but also clinical
summaries of the hospitalizations, such as patient demo-
graphics, diagnoses, comorbidities, and outcomes at dis-
charge. Diseases are classified on the basis of the
International Classification of Diseases, 10th Revision (ICD-
10) codes.

Patient selection

We identified patients aged ≥18 years who underwent
ECMO between 1 July 2010 and 31 March 2018. The
ECMO procedure codes in DPC contain codes for cardiopul-
monary bypass used in the operating room for cardiac sur-
gery, so we excluded patients who underwent ECMO only
on the operation day. Based on previous studies using an
administrative database, ECMO indications for ECMO-trea-
ted patients were classified by the operation codes or highest
resource-use diagnoses as follows: post-cardiotomy,

cardiogenic shock (ICD-10 codes I05–08, I20–28, I33–35,
I40–42, I46, and I49–51), cardiopulmonary failure (I26–28),
respiratory failure (J09–18 and J40–99), trauma/hypother-
mia/drowning (S%, T0%, T68, T751, and W65–74), sepsis
(A40–41), pre- and post-heart transplant status, and pre- and
post-lung transplant status.3,13,14 The classification process
was undertaken by using a hierarchical system of diagnostic
or procedure code criteria to create mutually exclusive
groups.

Variables and outcomes

Institutional case volume, the main independent variable
of interest, was defined as the mean annual number of
patients receiving any ECMO at each institution during
the study period. We calculated this mean annual number
of cases considering the data available periods of each of
the institutions. The institutions were categorized into ter-
tiles based on the institutional case volume, with approxi-
mately equal numbers of patients in each group. We
included patient age and sex and the institutional case
volume group as baseline characteristics of the ECMO
cases classified by ECMO indication. The primary out-
come was all-cause in-hospital mortality. The secondary
outcome was the fraction of patients who were transferred
to other institutions while on ECMO.

For the patients with ECMO indications for respiratory
failure, the following patient characteristics, stratified by
institutional volume, were also evaluated based on several
variables included in the Respiratory Extracorporeal Mem-
brane Oxygenation Survival Prediction (RESP) score,15 the
model for predicting survival for patients receiving ECMO
for respiratory failure. These variables were age (18–49, 50–
59, and ≥60 years), immunocompromised status, central
nervous system dysfunction, acute associated non-pul-
monary infection, cardiac arrest, the etiologies of acute res-
piratory failure, and procedures carried out before ECMO,
including bicarbonate infusion and neuromuscular blockade
agents, and the duration of mechanical ventilation use prior
to initiation of ECMO (0–2, 3–6, and ≥7 days). The etiolo-
gies of acute respiratory failure were extracted based on the
RESP score as well, such as viral pneumonia (ICD-10 codes
J13–18), bacterial pneumonia (J09–12 and A%), asthma
(J45–46), trauma and burn (S60–70 and T60–70), aspiration
pneumonia (J69), other acute respiratory diagnoses (J90–
94), or non-respiratory and chronic respiratory diagnoses.15

Statistical analyses

Continuous variables were calculated as means and standard
errors; categorical variables were calculated as percentages
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(proportions). The Kruskal–Wallis test and Pearson’s v2-test
were applied as appropriate to assess differences between
groups. For the respiratory failure group, a multivariable
logistic regression analysis was carried out to investigate the
association of in-hospital mortality with various factors,
including institutional case volume and several components
of the RESP score,15 while also accounting for the correla-
tion among the patients treated at the same institution using
random effects models. As some values for the duration of
mechanical ventilation use prior to initiation of ECMO were
missing, we undertook multiple imputations to replace these
missing values with a set of substituted plausible values by
creating 20 filled-in complete datasets using the chained
equations technique that modifies the predictive mean
matching method to impute missing data.16 We regarded the
missing pattern as missing completely at random or missing
at random, and assumed that any systematic differences
between the missing and observed values could be explained
by differences in the observed data.17 We carried out a com-
plete case analysis as well. As a sensitivity analysis, we
examined the volume-outcome relationship by redefining
the institutional case volume groups as the cut-off points <6,
6–14, 15–30, and >30 based on previous studies on institu-
tional volume of ECMO.7 All hypotheses were tested using
a two-sided test with a significance level of 0.05, and all sta-
tistical analyses were undertaken using the R statistical ver-
sion 3.5.0 software.

Ethical considerations

This study was approved by the ethics committee of the
Kyoto University Graduate School of Medicine (approval
no. R0135; Kyoto, Japan). In accordance with the Japanese
Ethical Guidelines for Medical and Health Research Involv-
ing Human Subjects as stipulated by the Japanese national
government, the requirement for informed consent was
waived in the present study because of the patients’ anonym-
ity.

RESULTS

Epidemiology of ECMO in Japan

WE IDENTI fied 25,384 patients from 725 hospitals
who received ECMO during the study period. Table 1

presents the size, baseline characteristics, and outcome vari-
ables of each indication group. During the study period,
1277 cases of respiratory ECMO were performed at 347
hospitals. Of all the ECMO indications, the fraction of respi-
ratory failure was 5.0%, and that of cardiogenic shock was
70.5%. With regard to institutional case volume, ECMO for
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respiratory failure, trauma, sepsis, and heart or lung trans-
plant tended to be undertaken in high-volume institutions.
The in-hospital mortality rate was lowest in the respiratory
failure group other than the transplant groups. In the respira-
tory failure group, the fraction of patients who were trans-
ferred to other institutions after initiating ECMO was not as
high as in the other groups.

Baseline variables of ECMO for respiratory
failure

Table 2 shows the backgrounds and outcomes of the respira-
tory ECMO cases stratified by the institutional case volume
groups. These respiratory cases were categorized into 400
low- (<8 cases/year, n = 200 institutions), 419 medium- (8–
16 cases/year, n = 96 institutions), and 498 high-volume

groups (≥17 cases/year, n = 51 institutions). No significant
differences were found in the distribution of patient age, sex,
respiratory ECMO indications, central nervous system dys-
function, acute associated non-pulmonary infection, or use
of neuromuscular blockade agents before ECMO among the
three institutional volume groups. The most common cause
of respiratory ECMO was bacterial infection. The high-vol-
ume group tended to initiate ECMO soon after starting
mechanical ventilation. Although the number of patients
with cardiac arrest before ECMO was significantly high in
the high-volume group, the number of those with immuno-
compromised status and those with bicarbonate infusion
before ECMO was significantly low in the high-volume
group. The low-, medium-, and high-volume groups showed
mortality rates of 62.5%, 54.7%, and 50.4%, respectively.
The number of patients referred to other institutions while

Table 2. Baseline characteristics and outcomes of extracorporeal membrane oxygenation (ECMO) for respiratory failure catego-

rized by annual institutional volume

Annual institutional case volume groups (cases/year) Low volume

(<8)
Medium

volume (8–16)
High volume

(≥17)
P-value

Number of patients 400 419 458

Number of institutions 200 96 51

Age group, years (%)

18–49 86 (21.5) 96 (22.9) 97 (21.2) 0.877

50–59 63 (15.8) 67 (16.0) 82 (17.9)

≥60 251 (62.7) 256 (61.1) 279 (60.9)

Male (%) 285 (71.3) 320 (76.4) 333 (72.7) 0.228

Immunocompromised status (%) 75 (18.8) 66 (15.8) 55 (12.0) 0.023

Duration of mechanical ventilation use before ECMO, days (%)

≤2 213 (53.2) 268 (64.0) 308 (67.2) 0.004

3–6 46 (11.5) 39 (9.3) 41 (9.0)

≥7 65 (16.2) 51 (12.2) 52 (11.4)

Null 76 (19.0) 61 (14.6) 57 (12.4)

Acute respiratory diagnosis group (%)

Viral pneumonia 24 (6.0) 40 (9.5) 44 (9.6) 0.58

Bacterial pneumonia 170 (42.5) 181 (43.2) 200 (43.7)

Asthma 19 (4.8) 14 (3.3) 15 (3.3)

Trauma and burn 5 (1.2) 4 (1.0) 5 (1.1)

Aspiration pneumonia 21 (5.2) 17 (4.1) 27 (5.9)

Other acute respiratory diagnoses 69 (17.2) 57 (13.6) 65 (14.2)

Non-respiratory and chronic respiratory diagnoses 92 (23.0) 106 (25.3) 102 (22.3)

Central nervous system dysfunction before ECMO (%) 20 (5.0) 26 (6.2) 21 (4.6) 0.542

Acute associated non-pulmonary infection (%) 113 (28.2) 130 (31.0) 153 (33.4) 0.265

Neuromuscular blockade agents before ECMO (%) 229 (57.2) 259 (61.8) 279 (60.9) 0.369

Bicarbonate infusion before ECMO (%) 125 (31.2) 146 (34.8) 123 (26.9) 0.037

Cardiac arrest before ECMO (%) 11 (2.8) 11 (2.6) 29 (6.3) 0.006

Transferred to other institutions while on ECMO (%) 2 (0.5) 3 (0.7) 2 (0.4) 0.845

Death (%) 250 (62.5) 229 (54.7) 231 (50.4) 0.002

Comparison between the three groups was evaluated with Pearson’s v2-test for categorical variables.
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on ECMO was quite small and nearly equal among the three
groups.

Predictors of respiratory ECMO

Table 3 shows the results of a multivariable logistic regres-
sion model clustered by institutions with multiple imputa-
tion. After adjusting for the institutional case volume,

baseline patient characteristics, respiratory ECMO etiolo-
gies, and medical procedures before ECMO, the high-vol-
ume group showed a significantly lower mortality rate than
the low-volume group (odds ratio, 0.65; 95% confidence
interval, 0.45–0.95; P = 0.024), whereas the mortality rate
in the medium-volume group tended to be lower, but not
significantly so, than that in low-volume group (odds ratio,
0.72; 95% confidence interval, 0.50–1.04; P = 0.082). The
same tendency was observed in the complete case analysis
and the sensitivity analysis involving redefining the cut-off
points of annual institutional case volume (Tables 4 and 5).

Table 3. Multivariable logistic regression with multiple

imputation for analysis of annual institutional volume and

other variables clustered within institutions

OR (95% CI) P-value

Institutional case volume groups (cases/year)

Low (<8) Reference

Medium (8–16) 0.72 (0.50–1.04) 0.082

High (≥17) 0.65 (0.45–0.95) 0.024

Age group, years

18–49 Reference

50–59 1.59 (1.06–2.41) 0.027

≥60 2.85 (2.05–3.96) <0.001
Immunocompromised

status

1.30 (0.91–1.88) 0.151

Duration of mechanical ventilation use before ECMO, days

≤2 Reference

3–6 1.75 (1.12–2.75) 0.016

≥7 1.50 (0.97–2.31) 0.077

Acute respiratory diagnosis group

Viral pneumonia Reference

Bacterial pneumonia 1.10 (0.68–1.77) 0.694

Asthma 0.91 (0.41–2.01) 0.817

Trauma and burn 0.93 (0.25–3.42) 0.910

Aspiration pneumonitis 1.23 (0.60–2.54) 0.570

Other acute respiratory

diagnosis

1.16 (0.66–2.03) 0.607

Non-respiratory and

chronic respiratory

diagnosis

0.76 (0.44–1.29) 0.308

Central nervous system

dysfunction before

ECMO

1.90 (1.06–3.42) 0.032

Acute associated non-

pulmonary infection

1.16 (0.84–1.60) 0.377

Neuromuscular blockade

agents before ECMO

0.53 (0.41–0.70) <0.001

Bicarbonate infusion

before ECMO

2.70 (2.01–3.62) <0.001

Cardiac arrest before

ECMO

0.94 (0.49–1.80) 0.846

CI, confidence interval; ECMO, extracorporeal membrane oxy-

genation; OR, odds ratio.

Table 4. Adjusted odds ratios of annual institutional volume

and other variables clustered within institutions in complete

case analysis

OR (95% CI) P-value

Institutional case volume groups (cases/year)

Low (<8) Reference

Medium (8–16) 0.77 (0.52–1.15) 0.201

High (≥17) 0.58 (0.39–0.87) 0.008

ORs were adjusted for age (18–49, 50–59, and ≥60 years),

immunocompromised status, duration of mechanical ventilation

use prior to initiation of ECMO (0–2, 3–6, and ≥7 days), acute res-

piratory diagnosis group, central nervous system dysfunction

before ECMO, acute associated non-pulmonary infection, neuro-

muscular blockade agent before ECMO, bicarbonate infusion

before ECMO, cardiac arrest before ECMO.
CI, confidence interval; OR, odds ratio.

Table 5. Adjusted odds ratios of annual institutional volume

(cut-off points: <6, 6–14, 15–30, and >30) and other variables

clustered within institutions with multiple imputation

OR (95% CI) P-value

Annual institutional case volume, cases/year

<6 Reference

6–14 0.87 (0.59–1.28) 0.478

15–30 0.6 (0.40–0.91) 0.016

>30 0.78 (0.41–1.46) 0.436

ORs were adjusted for age (18–49, 50–59, and ≥60 years),

immunocompromised status, duration of mechanical ventilation

use prior to initiation of ECMO (0–2, 3–6, and ≥7 days), acute res-

piratory diagnosis group, central nervous system dysfunction

before ECMO, acute associated non-pulmonary infection, neuro-

muscular blockade agent before ECMO, bicarbonate infusion

before ECMO, cardiac arrest before ECMO.
CI, confidence interval; OR, odds ratio.
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DISCUSSION

THE PRESENT STUDY characterized the current prac-
tices of ECMO cases in Japan and revealed a vol-

ume-outcome relationship for adult respiratory ECMO by
using nationwide administrative data. Contrary to previous
studies using Extracorporeal Life Support (ELSO) registry
data or an administrative database in the USA, the pre-
sent study showed that the majority of the ECMO indica-
tions were for cardiac support; the proportion of ECMO
indications for respiratory failure was relatively small.
Thus, the selection of pumps, oxygenators, or cannulae
might not be especially well-suited for respiratory support
in some institutions, a fact that could affect the prognosis
of respiratory ECMO.

The present study showed a mortality rate for respira-
tory ECMO of 55.6%, which was less than the rate from
the ELSO registry data but comparable to the rate shown
in the US administrative data.2,13 During the H1N1 pan-
demic, the survival rate of patients on respiratory ECMO
in Japan was markedly low compared to that in other
countries.9 Therefore, the Japanese Society of Respiratory
Care Medicine started a training course for organized
ECMO-based respiratory programs in 2012 to introduce
the routine practice of respiratory ECMO and to build a
functional ECMO network system in Japan.18 Recent
studies reported that outcomes for ECMO use in cases
involving influenza-associated acute respiratory failure in
Japan markedly improved between 2009 and 2016.19

One of the contributing factors could be an improvement
of the ECMO management skills for adult respiratory
failure due to such ECMO training courses.

To the best of our knowledge, this is the first study based
on administrative data to suggest that accumulating experi-
ence in the use of ECMO for any indications could posi-
tively affect the outcome of ECMO for respiratory failure.
Generally, a volume-outcome relationship has been found in
some medical or surgical cases.20,21 Previous studies using
registry data between 1989 and 2013 showed a traditional
volume-outcome relationship in ECMO for respiratory fail-
ure; however, a study using US administrative data between
2002 and 2011 did not.7,13 Of course, ECMO is merely a
procedure for supportive care, so volume alone does not
guarantee best practices or good outcomes; still, high-vol-
ume centers could maintain robust expertise in the care and
ventilatory management of patients with severe respiratory
failure. Moreover, the criteria for determining ECMO imple-
mentation might differ depending on ECMO experience.
Thus, consolidating ECMO cases by assigning them to
expert referral centers could contribute to the improvement
of outcomes.

Despite evidence suggesting the efficacy of consolidation,
this study found that only a few patients under ECMO were
transferred to higher-volume facilities, which might indicate
that consolidating ECMO cases has been promoted only on
a very limited basis in Japan. Of course, transferring patients
under severe conditions always involves risks. However,
several studies have indicated that the transfer of patients on
ECMO might not significantly increase mortality beyond the
already-high risk of ECMO itself when accompanied by
high-level technical expertise or equipment.22,23 Recently,
the establishment of a mobile ECMO system has been
underway in Japan, a development that can be expected to
advance the centralization of ECMO cases.24

This study has several limitations. First, the DPC database
does not include complete data on physiology, illness sever-
ity, or the details of medical procedures, such as ventilator
settings or cannulation strategies. This lack of clinical infor-
mation is a fundamental limitation of administrative data.
Therefore, the severity adjustment in this study could be
insufficient. However, we used the high impact factors
included in the RESP score – the prognostic factors of hos-
pital discharge for respiratory ECMO – as independent vari-
ables.15 Moreover, we determined the robustness of our
model by imputing variables with missing values using the
multiple imputation method or through sensitivity analysis.
Second, our study samples were restricted to hospitals in the
DPC Study Group, which could lead to a certain degree of
selection bias. Nonetheless, this database included approxi-
mately 8 million inpatient records from >80% of all acute-
care beds in Japan.12 Thus, the large sample size and diverse
characteristics of the hospitals might reduce the potential
selection bias. Given these factors, our sample could be rea-
sonably considered representative of ECMO cases in Japan.
Finally, the present study sampled only ECMO cases, which
means that the results do not represent all patients with sev-
ere respiratory failure. As there may be no explicit standard
for the introduction of ECMO, the criteria for determining
ECMO implementation might differ between institutions.
Further studies investigating severe respiratory failure both
with and without ECMO are desirable for supporting our
results.

CONCLUSIONS

THE PRESENT STUDY showed that many of the insti-
tutions in Japan undertook ECMO mainly for cardiac

support. For cases involving ECMO for respiratory failure, a
higher institutional case volume of ECMO treatment for any
indications was significantly associated with lower in-hospi-
tal mortality. Centralizing ECMO cases could improve the
outcomes of patients needing respiratory ECMO.

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
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