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Abstract

Background: Since the 2009 pandemic influenza, we have nationally established a committee of the extracorporeal
membrane oxygenation (ECMO) project. This project involves adequate respiratory management for severe
respiratory failure using ECMO. This study aimed to investigate the correlations between changes in respiratory
management using ECMO in Japan and outcomes of patients with influenza-associated acute respiratory failure
between 2009 and 2016.

Methods: We investigated the incidence, severity, characteristics, and prognosis of influenza-associated acute
respiratory failure in 2016 by web-based surveillance. The correlations between clinical characteristics, ventilator
settings, ECMO settings, and prognosis were evaluated.

Results: A total of 14 patients were managed with ECMO in 2016. There were no significant differences in age, sex,
and the acute physiology and chronic health evaluation II score between 2009 and 2016. The maximum sequential
organ failure assessment score and highest positive end-expiratory pressure were lower in 2016 than in 2009 (p = 0.03
and p = 0.015, respectively). Baseline and lowest partial pressure of arterial oxygen (PaO2)/fraction of inspiratory oxygen
(FIO2) ratios were higher in 2016 than in 2009 (p = 0.009 and p = 0.002, respectively). The types of consoles, circuits,
oxygenators, centrifugal pumps, and cannulas were significantly changed between 2016 and 2009 (p = 0.006, p = 0.003,
p = 0.004, p < 0.001, respectively). Duration of the use of each circuit was significantly longer in 2016 than in 2009 (8.5
vs. 4.0 days; p = 0.0001). Multivariate analysis showed that the use of ECMO in 2016 was an independent predictor of
better overall survival in patients with influenza-associated acute respiratory failure (hazard ratio, 7.25; 95% confidence
interval, 1.35–33.3; p = 0.021).

Conclusions: Respiratory management for influenza-associated acute respiratory failure using ECMO was significantly
changed in 2016 compared with 2009 in Japan. The outcome of ECMO use had improved in 2016 compared with the
outcome in 2009 in patients with influenza-associated acute respiratory failure.
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Background
Influenza virus can occasionally induce severe respiratory
failure, including acute respiratory distress syndrome. The
Centers for Disease Control and Prevention reported that
more than approximately 20,000 influenza-associated
deaths annually occurred in the USA [1]. Extracorporeal
membrane oxygenation (ECMO) can be a lifesaving
method in patients with potentially reversible acute respira-
tory failure, including influenza-associated acute respiratory
failure [2, 3]. However, Takeda et al. showed that the sur-
vival rate of influenza-associated acute respiratory failure
managed with ECMO in Japan was inferior compared with
that in other countries during the pandemic of H1N1 influ-
enza in 2009 [4–6]. Inadequate use of ECMO equipment
(cannula, pump, and oxygenator), insufficient understand-
ing of the ECMO strategy by physicians and other medical
staff, and insufficient centralization of ECMO treatment
might have affected this poor survival rate in Japan [4].
Since the 2009 pandemic of H1N1 influenza, we have

nationally established a committee of an ECMO project,
which is expected to guide adequate respiratory manage-
ment for severe respiratory failure using ECMO. Intro-
duction and simulation education by the ECMO project
includes the physiology of ECMO, cannulation tech-
niques, repositioning of the cannula, monitoring skill,
daily management, and troubleshooting.
This study aimed to investigate the incidence, severity,

characteristics, and prognosis of pandemic of
influenza-associated acute respiratory failure that
occurred in Japan in 2016. We also aimed to evaluate
the correlations between changes in respiratory man-
agement using ECMO and outcomes of patients with
influenza-associated acute respiratory failure in 2009
and 2016.

Methods
This study involved adult patients with acute respiratory
failure that was associated with H1N1 influenza who
were admitted to the institutes of the ECMO project
from January to April in 2016. A database was created
based on the information collected from the institutes
that participated in this study. A total of 87 institutes
participate in the ECMO project, and 463 patients with
various kind of respiratory failure who underwent
ECMO have been registered in the database. Among
them, 14 patients in 2009 and 14 patients in 2016 who
suffered from influenza-associated acute respiratory fail-
ure were analyzed in this study. Data extracted from a
previous study [4] were simultaneously analyzed and
compared with those in the ECMO 2016 group. In-
formed consent was obtained from each individual by
document or the opt-out procedure. Collected data in-
cluded baseline characteristics (age, sex, body weight,
body temperature, acute physiology and chronic health

evaluation [APACHE] II score, and predicted death rate),
sequential organ failure assessment (SOFA) score, adminis-
tered drugs, ventilator settings, ECMO equipment and set-
tings, and outcome. Maximum SOFA score was defined as
the highest SOFA score before starting ECMO. Overall sur-
vival rate was defined as the survival rate during the
follow-up. Inclusion criteria were as follows: (1) patients
with influenza-associated acute respiratory failure who were
treated in institutes that participated in the ECMO project
and (2) age older than 20 years. Categorical differences be-
tween the survival and non-survival groups were compared
using Fisher’s exact test or the chi-square test. Numerical
differences were compared using the Mann–Whitney U
test. Multivariate analysis was conducted after adjustment
for the predicted death rate. All statistical analyses were
performed using SPSS software (Abacus Concepts,
Berkeley, CA, USA). All values are reported as median
(interquartile), and all p values less than 0.05 were consid-
ered statistically significant. This study was approved by the
ethical committee in Hiroshima University with the
approval number of E-390-1. Each institute obtained insti-
tutional ethics approval and consent to participate.

Results
Patients’ characteristics
A total of 14 patients from 16 institutes participating in
ECMO project were enrolled as the ECMO 2016 group in
this study (Table 1). There were no significant differences
in age, sex, weight, body mass index, and APACHE II
score between the groups. Maximum SOFA scores in the
ECMO 2016 group were significantly lower than those in
the ECMO 2009 group. (ECMO 2009 group, 16 [12-19];
ECMO 2016 group, 11 [9-13]; p = 0.030). There were no
significant differences in the underlying conditions, com-
plications, and the use of rescue and adjunctive therapies
(prone positioning, renal replacement therapy,
non-invasive positive pressure ventilation) between the
groups. The use of peramivir was significantly increased,
and the use of oseltamivir was significantly decreased in
2016 compared with 2009. The baseline pressure of
arterial oxygen/fraction of inspiratory oxygen ratio (80
vs 55; p = 0.009) and the lowest pressure of arterial
oxygen/fraction of inspiratory oxygen ratio (70 vs 50;
p = 0.002) were higher in 2016 compared with 2009.
The highest positive end-expiratory pressure was
lower in 2016 compared with 2009 (15 vs 24 cmH2O;
p = 0.015). The lowest compliance in 2016 was 31
(9–42) mL/cmH2O.

Changes in ECMO equipment
There were significant changes in the proportions of the
console, circuit, oxygenator, and centrifugal pump between
2009 and 2016. The ECMO equipment models used in
2016 widely varied, whereas those in 2009 were almost
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Table 1 Baseline characteristics of the patients enrolled

Year 2009 2016 p value

n 14 14

Age 54 (43–60) 52 (43–63) 0.70

Sex (male/female) 12/2 12/2 > 0.99

Weight (kg) 70 (64–80) 67 (59–78) 0.50

BMI NA 23 (22–27)

Body temperature (°C)

On admission 38.8 (37.1–39.1) 37.5 (36.7–38.2) 0.11

Maximum 39.4 (38.7–39.8) 38.2 (37.7–39.7) 0.21

APACHE II score 17 (12–25) 20 (5–37) 0.30

Predicted death rate (%) 24.9 (14.6–54.1) 38.0 (34.5–47.8) 0.24

Maximum SOFA score 16 (12–19) 11 (9–13) 0.030

Underlying condition

Immunosuppression 0 (0) 3 (21) 0.22

Drug abuse 1 (7) 0 (0) > 0.99

Pregnancy 1 (7) 0 (0) > 0.99

COPD 0 (0) 2 (14) 0.46

Chronic renal failure 0 (0) 2 (14) 0.46

Vaccination 1 (7) 1 (7) > 0.99

Influenza antigen/PCR (A/B) 14 / 0 14 / 0 > 0.99

Complications

Acute renal failure 7 (50) 9 (64) 0.70

Acute hepatic failure 4 (29) 1 (7) 0.32

Culture-confirmed infection 5 (36) 10 (71) 0.13

Shock 4 (29) 5 (36) > 0.99

Cardiac failure 0 (0) 0 (0) > 0.99

Respiratory failure 1 (7) 2 (14) > 0.99

Neurological impairment 0 (0) 0 (0) > 0.99

Medical treatment

Peramivir 5 (36) 14 (100) 0.001

Oseltamivir 6 (43) 0 (0) 0.021

Zanamivir 1 (7) 1 (7) > 0.99

Laninamivir 0 (0) 0 (0) > 0.99

Antibiotics 13 (93) 13 (93) > 0.99

gamma-globulin 5 (36) 3 (21) 0.68

Corticosteroid

High-dose methylprednisolone 9 (64) 6 (43) 0.45

Low dose 7 (50) 6 (43) > 0.99

Sivelestat 5 (36) 1 (7) 0.17

Vasoactive drugs 13 (93) 11 (79) 0.24

Rescue and adjunctive therapies

Prone 3 (21) 5 (36) 0.68

Nitric oxide 1 (7) 2 (14) > 0.99

CRRT 7 (50) 7 (50) > 0.99
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homogeneous. The diameters of drainage and return can-
nulas were significantly larger in 2016 compared with
2009 (p = 0.0097, p = 0.022, respectively; Fig. 1). The dura-
tions of each circuit were 4.0 (3.3–4.9) days in 2009, and
8.5 (6.5–14.9) days in 2016, respectively (p = 0.0001).

Approach sites and complications of ECMO
Table 2 shows the approach sites and complications of
ECMO. A drainage cannula was inserted in the femoral
vein in all of the patients, and a return cannula was
inserted into the right jugular vein in 86% of patients in
2009. However, in 2016, the approach sites of drainage
and return cannulas were markedly changed. Femoral and
right jugular veins became used for either drainage or a

return cannula. There were no differences in the incidence
of complications, such as oxygenator failure, blood clots,
cannula-related problems, pump head complications,
massive bleeding, hemolysis, and venous thrombosis.
There were also no differences in the incidence of adverse
events indirectly associated with the ECMO circuit, such
as massive bleeding, hemolysis, disseminated intravascular
coagulation, and venous thrombus.

Outcomes of patients
Outcomes of the patients enrolled are shown in Table 3.
Ventilator days before ECMO were shortened from
5.0 days (1.0–7.0 days) to 1.0 day (1.0–2.8 days), but this
difference was not significant. Total ventilator days were

Fig. 1 Diameters of the drainage and return cannulas. Box plot graph showing the diameters of a the drainage cannula and b return cannula
used in 2009 and 2016. The diameters of both cannulas were significantly larger in 2016 compared with those in 2009

Table 1 Baseline characteristics of the patients enrolled (Continued)

Year 2009 2016 p value

HFOV 0 (0) 0 (0) > 0.99

APRV 13 (93) 5 (36) 0.006

NPPV 3 (21) 4 (29) > 0.99

Respiratory impairment before starting ECMO

PaO2/FIO2 before starting ventilation 55 (46–65) 80 (64–80) 0.009

PaO2/FIO2 at starting ventilation 78 (58–86) 96 (72–150) 0.09

Lowest PaO2/FIO2 during ventilation 50 (41–52) 70 (58–75) 0.002

PEEP at starting ventilation (cmH2O) 10 (10–11) 11 (8–14) 0.48

Highest PEEP during ventilation (cmH2O) 24 (17–30) 15 (14–19) 0.015

PIP at starting ventilation (cmH2O) 25 (21–29) 21 (18–27) 0.17

Highest PIP during ventilation (cmH2O) 30 (30–34) 28 (25–30) 0.10

OI at starting ventilation NA 16 (3–21)

Highest OI during ventilation NA 20 (8–27)

Data are expressed as median (interquartile) or number (%)
BMI body mass index, APACHE acute physiology and chronic health evaluation, SOFA sequential organ failure assessment, COPD chronic obstructive pulmonary
disease, PCR polymerase chain reaction, DIC disseminated intravascular coagulation; CRRT continuous renal replacement therapy, HFOV high-frequency oscillatory
ventilation, APRV airway pressure release ventilation, NPPV non-invasive positive pressure ventilation, ECMO, extracorporeal membrane oxygenation, PaO2/FIO2

pressure of arterial oxygen/fraction of inspiratory oxygen ratio, PEEP positive end-expiratory pressure, PIP peak inspiratory pressure, OI oxygenation index, ICU
intensive care unit, NA not available
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not significantly different between the ECMO 2016
group and the ECMO 2009 group. Duration of the use
of each circuit was significantly longer in 2016 than in
2009 (p = 0.0001). There was no difference in the num-
ber of patients per institute in 2016 compared with
2009. The length of intensive care unit (ICU) stay was
significantly longer in 2016 than in 2009 (p = 0.038). The
overall survival rate tended to be better in 2016 com-
pared with 2009 (p = 0.054).

Overall survival
Kaplan–Meier curves show the overall survival rates in
each group (Fig. 2). There was a significant difference
between the groups (p = 0.007, log-rank test). Univariate
analysis demonstrated that the use of ECMO in 2016
(hazard ratio, 6.33; 95% confidence interval [CI], 1.35–33.3;
p = 0.019) and the maximum SOFA score (hazard ratio,
0.86; 95% CI, 0.76–0.96; p = 0.010) were predictive factors
of better overall survival. In multivariate analysis, the
use of ECMO in 2016 (hazard ratio, 7.25; 95% CI,
1.35–33.3; p = 0.021) and the maximum SOFA score
(hazard ratio, 0.81; 95% CI, 0.69–0.95; p = 0.011) were
independent predictive factors of better overall
survival (Table 4).

Discussion
In this study, we showed that the ECMO equipment
used for acute respiratory failure in Japan was signifi-
cantly changed in 2016 compared with 2009. Addition-
ally, the overall survival rate had improved in patients
with influenza-associated acute respiratory failure by
2016. Multivariate analysis showed that the use of

Table 2 Approach sites and complications of ECMO

Year 2009 2016 p value

Approach site of drainage cannula 0.021

Femoral vein 14 (100) 8 (57)

Right jugular vein 0 (0) 6 (43)

Approach site of return cannula 0.0498

Femoral vein 2 (14) 6 (43)

Right jugular vein 12 (86) 6 (43)

Femoral artery 0 (0) 2 (14)

Adverse events directly related to the ECMO circuit

Oxygenator failure 7 (50) 6 (43) > 0.99

Blood clots

Oxygenator 3 (21) 8 (57) 0.12

Other circuit 1 (7) 2 (14) > 0.99

Cannula-related problems 3 (21) 3 (21) > 0.99

Pump head complications 1 (7) 1 (7) > 0.99

Adverse events indirectly related to the ECMO circuit

Massive bleeding

Surgical site 4 (29) 3 (21) > 0.99

Upper digestive tract 4 (29) 2 (14) 0.65

Cannulation site 2 (14) 2 (14) > 0.99

Pulmonary hemorrhage 1 (7) 0 (0) > 0.99

Hemolysis 2 (14) 1 (7) > 0.99

Disseminated intravascular coagulation 10 (71) 5 (36) 0.13

Venous thrombus 2 (14) 4 (21) 0.50

ECMO extracorporeal membrane oxygenation

Table 3 Outcomes of the patients enrolled

Year 2009 2016 p value

Ventilator days before ECMO (days) 5.0 (1.0–7.0) 1.0 (1.0–2.8) 0.11

Total ventilator days (days) 19 (9–25) 27 (14–38) 0.24

Ventilator-free days (days) 1.5 (0–10.5) 7.5 (4–27) 0.12

Length of ECMO therapy (days) 8.5 (4.5–10.0) 10.0 (8.3–32.5) 0.08

Number of circuits used 2.0 (1.3–3.0) 1.0 (1.0–2.0) 0.14

Duration of each circuit (days) 4.0 (3.3–4.9) 8.5 (6.5–14.9) 0.0001

Number of patients (per institute) 1.0 (1.0–1.0) 1.0 (1.0–1.8) 0.42

Length of ICU stay (days) 17 (9–26) 29 (20–41) 0.038

Length of ICU stay in survived patients (days) 24 (17–26) 24 (20–38) 0.57

Length of hospital stay (days) 25 (12–53) 41 (27–65) 0.14

Length of hospital stay in survived patients (days) 69 (40–77) 42 (23–70) 0.38

Days alive (days) 25 (14–46) 43 (37–73) 0.073

Overall survival rate 5 (36) 11 (79) 0.054

In-hospital survival rate 5 (36) 11 (79) 0.054

60-day survival rate 5 (36) 12 (86) 0.018

Data are expressed as median (interquartile) or number (%)
ECMO extracorporeal membrane oxygenation, ICU intensive care unit, NA not available
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ECMO in 2016 was an independent predictive factor for
a favorable survival.
Takeda et al. showed that the survival rate of patients

with 2009 H1N1 influenza-associated respiratory failure
managed with ECMO was limited to 36% [4]. They also
found that the majority of patients suffered from adverse
events associated with the use of ECMO. Previous studies
from Europe and Oceania showed the benefit of ECMO for
influenza-associated acute respiratory failure [7]. The sur-
vival rates in patients with 2009 H1N1 influenza-associated

respiratory failure managed with ECMO were 92% in
Sweden [6], 76% in the UK [5], 70% in Australia and New
Zealand [8], 68% in Italy [9], and 56% in France [10]. Des-
pite the variation in survival rate according to the country,
the survival rates in these countries were always better than
that in Japan. A recent meta-analysis regarding the benefit
of ECMO for influenza-associated acute respiratory failure
demonstrated the worst mortality in Japan of 65% com-
pared with the other 12 countries included in this
meta-analysis [11]. This finding might be partially explained
by the insufficient knowledge and skill in Japan in 2009 re-
garding ECMO equipment and the relevant physiology.
Based on the insufficient survival rate in 2009, the

ECMO project was established in Japan to improve the
survival rate of influenza-associated respiratory failure.
The educational activity by the ECMO project during
these years included the lecture regarding physiology of
ECMO, managements of bleeding, coagulation, infection
and sedation, selection of pumps, oxygenators and cannu-
lae, and the hands-on simulation for the replacement of
oxygenators and total circuits, shift from venovenous to
venoarterial ECMO, priming of circuits, and fixing mech-
anical problems. Activity and education by the committee
of the ECMO project in Japan might have changed the
strategy of ECMO use and promoted improvement of
ECMO management, and consequently, the survival rate
in patients with influenza-associated acute respiratory fail-
ure had improved in 2016. This was partly reflected by
changes in oxygenators and pumps shifting to the
long-term durability models, diameters of cannulas shift-
ing to a larger size, and the duration of each circuit use
becoming longer. In addition, the number of adverse
events was similar in 2009 and 2016 despite the longer
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Fig. 2 Kaplan–Meier curves for the overall survival rates. Kaplan–Meier
curves showing the overall survival rates in each group. The thick solid
line indicates the patients in 2016, and the narrow dotted line
indicates the patients in 2009. There was a significant difference
between the groups (p = 0.007)

Table 4 Univariate and multivariate analyses for better in-hospital and out-of-hospital overall survival

Variable β HR (95%CI) p value

Univariate analysis

Use of ECMO in 2016 1.85 6.33 (1.35–33.3) 0.019

Baseline PaO2/FIO2Baseline PaO2/FIO2 0.05 1.05 (0.98–1.11) 0.15

Lowest PaO2/FIO2Lowest PaO2/FIO2 0.03 1.03 (0.98–1.08) 0.27

Highest PEEP (cmH2O) Highest PEEP (cmH2O) − 0.07 0.93 (0.85–1.02) 0.12

Maximum SOFA score − 0.15 0.86 (0.76–0.96) 0.010

Use of peramivir 0.81 2.25 (0.68–7.14) 0.18

Use of oseltamivir − 0.85 0.43 (0.12–1.47) 0.18

Use of APRV − 0.36 0.70 (0.18–2.63) 0.60

Size of drainage cannula − 0.16 0.85 (0.43–1.69) 0.65

Size of return cannula 0.20 1.22 (0.57–2.63) 0.60

Multivariate analysis

Use of ECMO in 2016 1.98 7.25 (1.35–33.3) 0.021

Maximum SOFA score − 0.21 0.81 (0.69–0.95) 0.011

HR hazard ratio, CI confidence interval, ECMO, extracorporeal membrane oxygenation, PaO2/FIO2 partial pressure of arterial oxygen/fraction of inspiratory oxygen
ratios, PEEP positive end-expiratory pressure, SOFA sequential organ failure assessment, APRV airway pressure release ventilation
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duration of each circuit, which might have associated with
the improved management of ECMO.
Although the severity of an H1N1 influenza infection

that occurred in Mexico and the USA in 2009 was simi-
lar to that of seasonal influenza, many patients devel-
oped severe respiratory failure that was not typical of
conventional seasonal influenza [4]. Our study showed
that the severity of influenza-associated acute respiratory
failure in Japan in 2016 was similar to that of in 2009
according to the APACHE II score and predicted death
rate. Despite the similar severity, we could have signifi-
cantly improved the survival rate. Recent advances in
technology (e.g., biocompatible artificial membranes,
heparin-coated circuits, and smaller devices), and net-
work organization with referral ECMO centers have
contributed to the dramatic increase in the use of
ECMO [12, 13]. However, despite these technological
improvements, ECMO is still associated with many com-
plications including bleeding, thrombosis, and nosoco-
mial infection [14–16]. Additionally, in-hospital
mortality still remains high (35%–45%), and long-term
impairment in physical/psychological function is also
significant [16, 17]. Considerable investment for high
costs of resources, staffing, and training might be im-
portant for improving survival rate and reducing compli-
cations. Therefore, improvement in overall survival
without any increase in complications observed in this
study was impressive. Although this improvement in
overall survival might have been associated with an ap-
plication of ECMO in milder cases, multivariate analysis
after adjustment for the SOFA score discounted this
possibility.
Baseline and lowest PaO2/FIO2 ratios were higher in

2016 than in 2009, suggesting better oxygenation and
lower severity status of the enrolled patients in 2016. In
addition, ECMO-associated equipment has been im-
proved in 2016. However, the length of ICU stay was sig-
nificantly longer in 2016, which was likely to be
associated with the improved ability of longer manage-
ment of ECMO with smaller number of complications.
Bleeding is a serious complication that is associated with

ECMO and occurs in approximately 20% of patients [18,
19]. The main mechanisms of bleeding include excessive
anticoagulation, thrombocytopenia, and consumption of
coagulation factors. Use of ECMO circuits
time-dependently activates plasma metalloproteinase-2,
a pathway of platelet aggregation, with a subsequent in-
crease in plasma soluble P-selectin concentrations [20].
The resultant platelet dysfunction persists after re-
peated transfusions of platelets to maintain sufficient
platelet counts. Acquired von Willebrand syndrome
could also be a complication associated with ECMO.
This is characterized by loss of the high molecular
weight of von Willebrand factor as a result of shear

stress, which impairs binding of von Willebrand factor
to platelets [21]. Therefore, adequate selection of
ECMO equipment is essential to minimize the shear
stress. A shift to the long-term durability models of ox-
ygenators and pumps and to the larger size of diameter
of cannulas could have contributed to the reduction in
platelet dysfunction, resulting in the longer durability
of each circuit in our study.
Previous studies have suggested that centralization of

ECMO use to expert referral centers may contribute to
improved survival [22, 23]. Propensity score matching
analysis suggested that transfer to an ECMO center was
associated with a 50% reduction in mortality [5]. Bryner
et al. suggested that ECMO centers experiencing more
than 30 cases/year were consistently associated with bet-
ter survival [24]. However, concluding that use of ECMO
itself improves survival is difficult because ECMO cen-
ters are usually centers of excellence, which can provide
better overall intensive care [25]. No definite conclusion
can be made because of the lack of randomized, con-
trolled trials. However, adequate use of ECMO after the
onset of acute respiratory failure can result in improved
survival. Although centralization of ECMO use in Japan
has been partially promoted, the number of patients per
institute has not yet significantly increased.
Despite the similar severity according to the APACHE II

score and predicted death rate, baseline PaO2/FIO2 ratios
before and during ventilation were significantly different
in both groups. Higher PaO2/FIO2 ratio in 2016 may have
associated with less severity in lung injury or early initi-
ation of ECMO. The indication criteria of ECMO are gen-
erally considered as patients with mortality risk of 50 to
80%, according to the Extracorporeal Life Support
Organization Guidelines [26]. However, the use of ECMO
can be associated with various severities of complications,
and permissive hypoxemia is an emerging concept in
which a lower level of arterial oxygenation can be ac-
cepted to avoid the harmful effects of high concentration
of inspired oxygen and invasive mechanical ventilation
[27]. Therefore, the indication criteria of ECMO might be
reconsidered in the future studies.
Our study includes several potential limitations. First,

this study was based on surveillance, which did not
cover all patients who received ECMO. Second, several
clinical items were not completely included because of
the retrospective design. Further prospective studies are
necessary for confirming the data observed in this study.

Conclusions
In conclusion, the surveillance in Japan showed that the
overall survival rate was significantly improved in
patients with influenza-associated acute respiratory fail-
ure, who were managed with ECMO in 2016 compared
with those in 2009. The procedures of respiratory
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management using ECMO have significantly changed in
2016. Adequate use of ECMO equipment and promoting
better understanding of ECMO physiology in medical
staff might have been associated with the improved
survival rate in patients with influenza-associated acute
respiratory failure in Japan.
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