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A B S T R A C T

Objective: To describe the detailed clinical course of patients with coronavirus disease 2019 (COVID-19)
who received invasive mechanical ventilation.
Methods: We conducted a case series of patients with COVID-19 who received invasive mechanical
ventilation in Osaka, Japan, between January 29 and May 28, 2020. We describe the patient
characteristics and clinical course from onset. Additionally, we fitted logistic regression models to
investigate the associations between patient characteristics and the 30-day mortality rate.
Results: A total of 125 patients who received invasive mechanical ventilation (median age [interquartile
range], 68 [57–73] years; male, 77.6%) were enrolled. Overall, the 30-day mortality was 24.0%, and the
median (interquartile range) length of ICU stay and length of invasive mechanical ventilation use were 16
(12–29) days and 13 (9–26) days, respectively. From clinical onset, 121 patients (96.8%) were intubated
within 14 days. In multivariable logistic regression analysis, age of 65 years or older (odds ratio, 3.56; 95%
confidence interval, 1.21–10.49; P = 0.02) and male sex (odds ratio, 3.75; 95% confidence interval, 1.00–
11.24, P = 0.04) were significantly associated with a higher 30-day mortality rate.
Conclusions: In this case series of patients with COVID-19 who received invasive mechanical ventilation in
Japan, the 30-day mortality rate was 24.0%, and age 65 years or older and male sex were associated with
higher 30-day mortality rate.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

In Japan, the first laboratory-confirmed case of coronavirus
disease 2019 (COVID-19) was detected on January 16, 2020.
Subsequently, the first case in Osaka was detected on January 29,
2020. On April 7, 2020, in response to the rapid spread of COVID-
19, the Japanese government declared a state of emergency
(Ministry of Health, Labour and Welfare of Japan, 2020a). Early
studies showed that 2–12% of patients required invasive
mechanical ventilation, and the mortality rate of these patients
was 26–97% (Zhou et al., 2020; Hu et al., 2020; Richardson et al.,
2020; Yang et al., 2020; Grasselli et al., 2020). However, detailed
information such as 30-day mortality rate, time from clinical
onset to intubation, or length of ICU stay for patients with
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laboratory-confirmed COVID-19 who required invasive mechani-
cal ventilation in the earlier phase of the COVID-19 outbreak in
Japan is scarce.
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ethods

We conducted a retrospective observational study using data
rom an active epidemiological investigation into COVID-19 that
as conducted under the Infectious Diseases Control Law
National Institute of Infectious Diseases, 2020). According to
he Guidelines for Epidemiological Studies established by the
inistry of Health, Labour and Welfare of Japan, this study did
ot require approval from an ethics committee (Ministry of
ealth, Labour and Welfare of Japan, 2020b). The detailed
ethods of the present study are described in Supplemental
ethods. We identified all consecutive hospitalized patients
ith laboratory-confirmed COVID-19 who received invasive

mechanical ventilation in Osaka from January 29 to April 28,
2020, and the last follow-up date was May 28, 2020. The primary
outcome of this study was the mortality rate 30 days after ICU
hospitalization. We categorized age into four groups: less than
50 years, 50–64 years, 65–74 years, and 75 years or more. The
Kruskal–Wallis test and Fisher’s exact test were used to compare
the variables across age categories. Univariable and multivari-
able logistic regression analyses were used to investigate the
association between patient characteristics and 30-day mortal-
ity rate. All P values were two-tailed, with P < 0.05 considered
statistically significant. All statistical analyses were performed
with Stata/MP version 16.0 (StataCorp, Lakeway Drive, College
Station, TX, USA).

able 1
linical course and outcome of patients with laboratory-confirmed coronavirus disease 2019 (COVID-19) who required mechanical ventilation by age.

All <50 years 50–64 years 65–74 years �75 years P
n = 125 n = 16 n = 33 n = 45 n = 31

Median time (IQR) from clinical onset to intubationa, days 8 (6–10) 7 (5–8) 9 (7–11) 8 (5–11) 8 (6–10) 0.72
ECMO use, n (%) 20 (16.0) 4 (25.0) 7 (21.2) 8 (17.8) 1 (3.2) 0.14
Renal replacement therapy use, n (%) 22 (17.6) 2 (12.5) 1 (3.0) 10 (22.2) 9 (29.0) 0.02
Median length (IQR) of ICU stay, days 16 (12–29) 14 (6–19) 12 (11–19) 22 (12–36) 17 (12–34) 0.01
Median length (IQR) of invasive mechanical ventilation use, days 13 (9–26) 10 (6–13) 11 (8–16) 16 (11–36) 20 (10–28) 0.01
Median length (IQR) of ECMO use, days 11 (9–16) 13 (10–15) 9 (4–15) 13 (10–27) 11 (NA) 0.44
Median duration (IQR) of viral RNA shedding from clinical onsetb, days 35 (29–41) 34 (30–42) 33 (29–38) 35 (27–41) 43 (39–47) 0.13
Died within 30 days, n (%) 30 (24.0) 2 (12.5) 4 (12.1) 10 (22.2) 14 (45.2) 0.01
Still treated in the ICU at 30 days from ICU hospitalization, n (%) 28 (22.4) 1 (6.3) 3 (9.1) 15 (33.3) 9 (29.0) 0.02
Discharged alive from the ICU, n, % 67 (53.6) 13 (81.2) 26 (78.8) 20 (44.4) 8 (25.8) <0.001

ontinuous variables are shown as the median and interquartile range (IQR), and categorical variables are shown in the number and percentage. The Kruskal–Wallis test and
isher’s exact test were used to compare the variables across age groups.
CMO, extracorporeal membrane oxygenation; NA, not available.
a Information missing on date of clinical onset for four patients.
b Information missing on date of clinical onset for four patients and on date of viral RNA shedding for 57 patients.

able 2
atient characteristics and 30-day mortality rate among patients with laboratory-confirmed coronavirus disease 2019 (COVID-19) who required mechanical ventilation.

30-day mortality rate (%) Unadjusted OR (95%
CI)

P Adjusted OR (95%
CI)

P

Aged �65 years vs. aged <65 years 31.6 (24/76) vs. 12.2 (6/
49)

3.31 (1.24–8.83) 0.02 3.56 (1.21–10.49) 0.02

Men vs. women 26.8 (26/97) vs. 14.3 (4/
28)

2.20 (0.70–6.94) 0.18 3.75 (1.00–11.24) 0.04

Current/past smoker vs. never smoked 23.5 (12/51) vs. (25.6 (11/
43)

0.90 (0.35–2.30) 0.92 0.56 (0.19–1.67) 0.30

Comorbidities
Cancer vs. without cancer 54.6 (6/11) vs. 21.1 (24/

114)
4.50 (1.26–16.01) 0.02 – –

Cardiovascular disease vs. without cardiovascular disease 50 (8/16) vs. 20.2 (22/
109)

3.95 (1.34–11.71) 0.01 – –

Diabetes vs. without diabetes 37.2 (16/43) vs. 17.1 (14/
82)

2.88 (1.24–6.70) 0.01 – –

Diabetes with insulin use vs. diabetes without insulin use 50 (1/2) vs. 36.6 (15/41) 1.73 (0.11–29.78) 0.71 – –

Hypertension vs. without hypertension 17.2 (5/29) vs. 26.0 (25/
96)

0.59 (0.20–1.72) 0.34 – –

Immunodeficiency/immunosuppressant use vs. without immunodeficiency/
immunosuppressant

14.3 (1/7) vs. 24.6 (29/
118)

0.51 (0.06–4.43) 0.54 – –

Maintenance dialysis vs. without maintenance dialysis 50 (1/2) vs. 23.6 (29/123) 3.24 (0.20–53.46) 0.41 – –

Mental disorder vs. without mental disorder 100 (1/1) vs. 23.4 (29/
124)

NA NA – –

Respiratory disease vs. without respiratory disease 26.7 (4/15) vs. 23.6 (26/
110)

1.17 (0.34–4.00) 0.80 – –

No. of comorbidities �1 vs. no comorbidity 30.3 (23/76) vs. 14.3 (7/
49)

2.60 (1.02–6.65) 0.04 2.56 (0.91–7.21) 0.08
ECMO use vs. without ECMO use 25 (5/20) vs. 23.8 (25/
105)

1.07 (0.35–3.23) 0.91 0.85 (0.24–3.30) 0.80

Renal replacement therapy use vs. without renal replacement therapy use 40.9 (9/22) vs. 20.4 (21/
103)

2.70 (1.02–7.12) 0.04 1.47 (0.49–4.36) 0.49

dds ratios (ORs) were calculated by unadjusted and adjusted logistic regression analysis.
I, confidence interval; ECMO, extracorporeal membrane oxygenation; NA, not available.
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Results

As of April 28, 2020, a cumulative total of 1553 patients with
laboratory-confirmed COVID-19 were identified in Osaka, Japan. Of
these, 125 patients (8.1%) hospitalized in 18 hospitals received
invasive mechanical ventilation. Overall, the median age (inter-
quartile range) was 68 (57–73) years, and 97 patients (77.6%) were
male. Of these, 30 (24.0%) died within 30 days from ICU
hospitalization. Renal replacement therapy use, length of ICU
stay, length of invasive mechanical ventilation, and 30-day
mortality rate differed across age groups (all P < 0.05; Table 1).
A total of 121 patients (96.8%) were intubated within 14 days from
clinical onset (Supplemental Figure 1). In multivariable logistic
regression analysis, age 65 years or older (odds ratio, 3.56; 95%
confidence interval, 1.21 10.49; P = 0.02) and male sex (odds ratio,
3.75; 95% confidence interval, 1.00–11.24, P = 0.04) were
significantly associated with a higher 30-day mortality rate
(Table 2).

Discussion

Although the follow-up periods varied in each study, the
mortality rates of mechanically ventilated COVID-19 patients
differed across countries in the early stage of the COVID-19
pandemic. Early studies reported from other countries revealed
that 26–97% of patients who received invasive mechanical
ventilation died (Zhou et al., 2020; Richardson et al., 2020; Yang
et al., 2020; Grasselli et al., 2020). These reported higher mortality
rates were reflective of the different thresholds put in place for
hospitalization by each country during the early stages of the
outbreak. Although Japan also suffered from significant disarray
during the study period, medical resources were strategically
sourced in time to prevent severe disruption of the healthcare
system in Osaka. We found the median time from clinical onset to
intubation was 8 days, and 97% of patients were intubated within
14 days from clinical onset. In a case series of 21 critically ill
patients in the USA, the mean time from clinical onset to
hospitalization was 3.5 days, and 81% of those patients were
admitted to the ICU less than 24 h after hospitalization (Arentz
et al., 2020). A retrospective single-center study from Shanghai
revealed that 22 patients treated in the ICU were admitted 8.5 � 4.0
days from clinical onset (Chen et al., 2020). These findings support
our clinical implication that patients with laboratory-confirmed
COVID-19 should be carefully observed for at least 14 days from
clinical onset regardless of their symptoms.

Our study has several potential limitations. First, because the
data were analyzed as of May 28, 2020, 22.4% of patients (28 of 125)
were still being treated in the ICU. Second, we did not set a
common treatment protocol, and our data lacked detailed
information on in-hospital treatment (e.g., drug administrations,
details of mechanical ventilation, and adverse events that occurred
during treatment). Third, the number of PCR tests in Japan was less
than that in other countries in the early phase of the outbreak.
Nevertheless, as the present study was a case series of patients

who received invasive mechanical ventilation, the probability of
misclassification should be low in this population.

In conclusion, among the 125 patients with laboratory-
confirmed COVID-19 who received invasive mechanical ventila-
tion, 97% were intubated within 14 days from clinical onset, and
the 30-day mortality rate was 24.0%. The present prefecture-level
real-world evidence from Japan should facilitate preparedness
against COVID-19.
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