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Abstract 

Background: Some academic organizations recommended that physicians intubate patients with COVID-19 with a 
relatively lower threshold of oxygen usage particularly in the early phase of pandemic. We aimed to elucidate whether 
early intubation is associated with decreased in-hospital mortality among patients with novel coronavirus disease 
2019 (COVID-19) who required intubation.

Methods: A multicenter, retrospective, observational study was conducted at 66 hospitals in Japan where patients 
with moderate-to-severe COVID-19 were treated between January and September 2020. Patients who were diag-
nosed as COVID-19 with a positive reverse-transcription polymerase chain reaction test and intubated during 
admission were included. Early intubation was defined as intubation conducted in the setting of ≤ 6 L/min of oxygen 
usage. In-hospital mortality was compared between patients with early and non-early intubation. Inverse probability 
weighting analyses with propensity scores were performed to adjust patient demographics, comorbidities, hemody-
namic status on admission and time at intubation, medications before intubation, severity of COVID-19, and institu-
tion characteristics. Subgroup analyses were conducted on the basis of age, severity of hypoxemia at intubation, and 
days from admission to intubation.

Results: Among 412 patients eligible for the study, 110 underwent early intubation. In-hospital mortality was lower 
in patients with early intubation than those with non-early intubation (18 [16.4%] vs. 88 [29.1%]; odds ratio, 0.48 [95% 
confidence interval 0.27–0.84]; p = 0.009, and adjusted odds ratio, 0.28 [95% confidence interval 0.19–0.42]; p < 0.001). 
The beneficial effects of early intubation were observed regardless of age and severity of hypoxemia at time of 
intubation; however, early intubation was associated with lower in-hospital mortality only among patients who were 
intubated later than 2 days after admission.

Conclusions: Early intubation in the setting of ≤ 6 L/min of oxygen usage was associated with decreased in-hospital 
mortality among patients with COVID-19 who required intubation.

Trial Registration None.
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Background
Coronavirus disease 2019 (COVID-19) causes respiratory 
failure and often requires mechanical ventilation (MV) 
[1, 2]. Although several medications prevent disease 
progression and improve clinical outcomes [3–7], many 
patients still die following long-term MV management. 
Rapid deterioration of oxygenation is also a particular 
feature of COVID-19, impeding physicians from deter-
mining the optimal timing of intubation [8, 9].

The idea of early intubation with relatively preserved 
lung function arose based on early data, where the initia-
tion of MV after developing severe acute respiratory dis-
tress syndrome (ARDS) had devastating consequences in 
patients with COVID-19 [10, 11]. Avoiding self-induced 
lung injury due to spontaneous breathing is another 
pathophysiological benefit of early intubation [12], 
although obvious favorable outcomes following such 
a strategy have not been validated [13]. Notably, some 
academic organizations recommended that physicians 
intubate patients with COVID-19 with a relatively lower 
threshold of oxygen usage, such as 6–8  L/min, without 
any scientific data [14, 15].

Given the potential benefit of early intubation, several 
studies compared different intubation times for respira-
tory failure due to COVID-19 and identified increased 
mortality and prolonged MV use in patients who were 
intubated in a later phase [16, 17]. However, most stud-
ies defined early intubation using days from admission 
to intubation, rather than the degree of preserved pul-
monary function at the time of intubation; therefore, 
immortal time bias is a concern [18]. Moreover, the lack 
of patient characteristics at the time of intubation dis-
turbs data interpretation, and it remains unclear whether 
the timing of initiation of MV simply reflects COVID-19 
severity.

Therefore, we examined patients with COVID-19 who 
required intubation using a multicenter database to elu-
cidate the clinical benefit of early intubation, which was 
defined as intubation for patients with a limited amount 
of oxygen usage. We hypothesized that early intubation 
is associated with decreased in-hospital mortality among 
patients with COVID-19.

Methods
Study design and setting
A retrospective, multicenter, observational study was 
conducted by the J-RECOVER study group, which was 
established in 2020 to investigate multiple clinical issues 
related to COVID-19, using data between January and 

September 2020 [19]. Sixty-six hospitals, where patients 
with moderate-to-severe COVID-19 were treated, par-
ticipated in the study. Before study initiation, collabo-
rating hospitals obtained individual local institutional 
review board (IRB) approval for conducting research 
with human subjects. This study was approved by the 
IRB of the Keio University School of Medicine (applica-
tion number: 20200317) for conducting research with 
humans. The requirement for informed consent was 
waived because of the anonymous nature of the data 
used.

In Japan, after sporadic COVID-19 cases were noted in 
January 2020, there were two surges of newly diagnosed 
COVID-19 cases during the study period. During those 
surges, several academic organizations were concerned of 
nosocomial infection among healthcare providers during 
the invasive respiratory care of patients with COVID-19, 
and they recommended avoiding noninvasive positive-
pressure ventilation (NIPPV) and high-flow nasal can-
nula (HFNC) for patients with COVID-19. Additionally, 
physicians at some institutions preferred to intubate 
patients with COVID-19 with lower thresholds of oxygen 
usage, such as 6–8 L/min.

Study population
We included patients who met the following three inclu-
sion criteria: (1) diagnosis of COVID-19 with a positive 
reverse-transcription polymerase chain reaction (RT-
PCR) result for severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2), (2) at least 18 years of age, and 
(3) intubated during admission. Patients were excluded 
if they were transferred from another health care facility 
after intubation or they were re-admitted for recurrent 
COVID-19 symptoms.

Data collection and definitions
Participating hospitals obtained data from medical 
charts and the Japanese Diagnosis Procedure Combina-
tion (DPC) records at each hospital [20]. DPC is used 
for administrative claims and, therefore, includes demo-
graphic data; diagnosis at admission, comorbidities, and 
post-admission complications that are coded with the 
International Classification of Diseases, 10th Revision; 
chronic cardiopulmonary status, including Hugh–Jones 
and New York Heart Association (NYHA) functional 
classifications; treatments provided during hospitaliza-
tion, including medications, blood products, surgery, 
and interventional procedures, along with dose and date; 
and discharge abstract data. Data are recorded using a 
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uniform data submission format across the country, and 
physicians at each institution are mandated to confirm 
that data are correctly submitted with reference to medi-
cal charts. As DPC is a record for inpatients, data after 
hospital discharge are not available.

Data were also obtained from medical charts that 
included the following: the date of onset of COVID-19 
symptoms, positive RT-PCR test, and admission; type 
of initial symptom; vital signs, hemodynamic score of 
Sequential Organ Failure Assessment (SOFA), arterial 
blood gas assay (i.e., pH, partial pressure of oxygen and 
carbon dioxide  [PaO2 and  PaCO2, respectively]), and 
lactate value on hospital admission; intubation data, 
including the amount of oxygen administered immedi-
ately before intubation, Glasgow Coma Scale (GCS) and 
hemodynamic score of SOFA before intubation, arterial 
blood gas assay before and after intubation, and initial 
setting of MV; days of MV and NIPPV as well as usage of 
HFNC; prone ventilation, extracorporeal membrane oxy-
genation (ECMO), and reintubation; and laboratory data 
measured during admission. Additionally, data regarding 
particular medications, including but not limited to rem-
desivir, complications, and cause of death were obtained 
from medical charts to complement the DPC data.

Early intubation was defined as intubation that was 
conducted when the amount of oxygen administered 
immediately before intubation was ≤ 6  L/min, whereas 
non-early intubation was defined when the amount of 
oxygen was > 6  L/min or when HFNC or NIPPV was 
used before intubation. The frequency of early intuba-
tion at each institution was calculated, and participating 
hospitals were categorized into the following three dif-
ferent frequencies of early intubation, using cutoff values 
that trisect the number of patients as equally as possi-
ble: low (< 20% of patients with COVID-19 underwent 
early intubation), moderate (20–40%), and high (≥ 40%). 
Blood test on hospital admission was defined as the earli-
est data within 7 days after admission, whereas pre-intu-
bation blood test was defined as the data on the day of 
intubation.

Outcome measures
The primary outcome was in-hospital mortality. Second-
ary outcomes included hospital- and ventilator-free days 
to day 30 after intubation, requirement of prone ventila-
tion and ECMO, and incidence of re-intubation. Noso-
comial infection of COVID-19 due to HFNC or NIPPV 
usage at each institution was also included in secondary 
outcomes.

Statistical analysis
Patient data were classified as early intubation and 
non-early intubation groups based on the timing of 

intubation, and unadjusted analysis was performed on 
the primary outcome with the Chi-square test.

Inverse probability weighting (IPW) analyses with 
propensity scores were performed to adjust patient 
background between the two groups and compare the 
primary and secondary outcomes [21, 22]. The propen-
sity score was developed using a logistic regression model 
to estimate the probability of being assigned to the early 
intubation group. Relevant covariates were selected from 
known or possible predictors for early intubation with 
relatively preserved pulmonary function in patients with 
COVID-19 [2–5, 23, 24] and included age, sex, comor-
bidities (Charlson index), chronic cardiopulmonary sta-
tus (Hugh–Jones and NYHA functional classifications), 
clinical status on admission (GCS, hemodynamic score 
of SOFA, and oxygen requirement), days from the onset 
of symptoms to intubation, pre-intubation hemodynamic 
score of SOFA, arterial blood gas assay before intubation, 
and medications for COVID-19 (corticosteroid, remdesi-
vir, and tocilizumab) before intubation. To adjust institu-
tional characteristics, early intubation frequency was also 
included in the model; patients with missing covariates 
were excluded. Discrimination and calibration precision 
of the propensity score was analyzed using the c-statis-
tic and the Hosmer–Lemeshow goodness-of-fit test, 
respectively [21]. IPW analyses were then performed as 
adjusted analyses where the primary outcome was com-
pared with the Chi-square test [22]. Secondary outcomes 
were evaluated with odds ratios (ORs) or median differ-
ences using the Hodges–Lehmann estimator.

Three sensitivity analyses were conducted to exam-
ine the robustness of primary results. We performed 
an instrumental variable (IV) analysis to simulate the 
random assignment of patients to early intubation to 
account for unmeasured confounding [25]. The fre-
quency of early intubation (early intubation rate) at 
each institution was used as an IV to examine the 
relationship between early intubation and in-hospital 
mortality. Moreover, multivariate logistic regression 
analysis with the forward stepwise method was per-
formed to confirm that the results were not dependent 
on the propensity score calculation. IPW with restric-
tion was also conducted to avoid extreme weights, 
where patients with a propensity score > 0.95 and < 0.05 
were excluded [22].

Subgroup analyses analyzed the association between 
early intubation, clinical characteristics, and in-hospital 
mortality. IPW analyses were repeated in patient sub-
groups determined by age (< 65 vs. ≥ 65  years), severity 
of hypoxemia before intubation (< 60 vs. ≥ 60 mm Hg of 
 PaO2), inadequate resuscitation before intubation (> 2 vs. 
≤ 2 mmol/L of arterial lactate), and days from admission 
to intubation (≤ 2 vs. ≥ 3 days).



Page 4 of 10Yamamoto et al. Critical Care          (2022) 26:124 

Descriptive statistics are presented as the median 
(interquartile range [IQR]) or a number (percentage). 
Results are shown using standardized difference and 95% 
confidence interval (CI), and a standardized difference 
< 0.1 was considered non-significant. The hypothesis was 
tested on the primary outcome in which a two-sided α 
threshold of 0.05 was considered statistically significant. 
Secondary outcomes were compared with Chi-square 
test or nonparametric median test as appropriate. All sta-
tistical analyses were conducted using IBM SPSS Statis-
tics for Windows version 27.0 (IBM Corp., Armonk, NY), 
R Version 4.0.2 (R Foundation for Statistical Computing, 
Vienna, Austria), and Microsoft Excel (Microsoft Corp., 
Redmond, WA).

Results
Patient characteristics
Among 4700 patients with COVID-19 in the J-RECOVER 
database, 412 adult patients were intubated after hospi-
tal admission and were therefore eligible for this study 
(Fig. 1). A total of 110 (26.7%) patients underwent early 
intubation for whom ≤ 6 L/min of oxygen was adminis-
tered immediately before intubation.

Patient characteristics are summarized in Table  1. 
Patients who underwent early intubation had a higher 
Charlson index and higher C-reactive protein and 
D-dimer blood levels on the day of intubation than those 
who did not undergo early intubation. Additionally, more 
patients with early intubation had a severe chronic car-
diopulmonary status (Hugh–Jones classification > III 
and NYHA functional classification > II), ≥ 2  mmol/L of 
lactate at intubation, and received remdesivir and tocili-
zumab before intubation compared with those without 
early intubation. Conversely, fewer patients in the early 
intubation group required ≥ 4 L/min of oxygen on hospi-
tal admission. The median number of days from the onset 
of symptoms to intubation was 8  days in both groups, 
and  PaO2 before intubation was comparable between the 
two groups.

A propensity model to predict the assignment of 
patients to early intubation was developed, and the dis-
crimination and calibration were calculated, with a 
c-statistic of 0.821 (0.773–0.869) and Hosmer–Leme-
show goodness of fit of p = 0.800, respectively. Eighteen 
patients in the early intubation group and 39 patients in 
the non-early intubation group were excluded from IPW 
analyses due to missing covariates for propensity score 
calculation; hence, IPW analyses were performed for 355 
patients (Fig. 1). The characteristics of patients after IPW 
are summarized with standardized differences in Table 1, 
where all covariates were successfully adjusted.

Post-intubation characteristics (Table  2) showed 
that patients with early intubation have a higher  PaO2/

fraction of inspired oxygen  (FiO2) (P/F) ratio and lower 
 PaCO2 than those without early intubation. In addition, 
fewer patients with early intubation had > 2  mmol/L 
of lactate after intubation. Furthermore, although the 
tidal volume of MV was similarly set in both groups, the 
peak and mean inspiratory pressures were lower among 
patients with early intubation.

In‑hospital mortality and secondary outcomes
In-hospital mortality was significantly lower in patients 
who underwent early intubation than those who did 
not undergo early intubation in unadjusted analysis (18 
[16.4%] vs. 87 [28.8%]; OR, 0.48 [95% CI 0.28–0.85]; 
p = 0.010; Table 3). Moreover, adjusted analysis identified 
similar results (9.9% vs. 27.6%; OR, 0.29 [95% CI 0.19–
0.44]; p < 0.001; Table 3).

Early intubation was also associated with less frequent 
ECMO usage (1.6% vs. 14.4%; OR, 0.10 [95% CI 0.04–
0.23]; Table  3), whereas the frequency of prone ventila-
tion was similar regardless of the timing of intubation. 
Furthermore, hospital- and ventilator-free days to day 30 
after intubation were related to early intubation, while 
there were no differences in the incidence of re-intuba-
tion. Moreover, nosocomial infection of COVID-19 due 
to HFNC or NIPPV usage at each institution was not 
identified in either group (Table 3).

Sensitivity analysis using IV identified a relationship 
between early intubation and decreased in-hospital mor-
tality (OR, 0.46 [95% CI 0.23–0.90]; Additional file  1: 
Table  S1), where the early intubation rate at each insti-
tution was strongly associated with early intubation, 
but not with in-hospital mortality. Multivariate logistic 
regression and IPW with restriction similarly revealed 
that early intubation was associated with decreased in-
hospital mortality (OR, 0.38 [95% CI 0.24–0.60] and OR, 
0.49 [95% CI 0.32–0.77], respectively; Additional file  1: 
Table S1).

Subgroup analysis
In subgroup analyses (Table  4), a relationship between 
reduced in-hospital mortality and early intubation 
was observed in several subgroups, namely elderly 
(≥ 65  years) and non-elderly adults (< 65  years) and 
severe hypoxemia before intubation  (PaO2 < 60  mm Hg) 
and non-severe hypoxemia  (PaO2 ≥ 60 mm Hg).

Conversely, patients with ≤ 2 mmol/L of pre-intubation 
lactate have comparable mortality regardless of intuba-
tion timing, whereas those patients with > 2  mmol/L 
of lactate have significantly lower in-hospital mortal-
ity when they underwent early intubation. Moreover, 
when patients were intubated within 2 days after hospi-
tal admission, in-hospital mortality was similar between 
groups; however, when they were intubated later than 
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2 days, early intubation was associated with decreased in-
hospital mortality.

Discussion
In this study, early intubation in a setting of ≤ 6 L/min of 
oxygen usage was associated with decreased in-hospital 
mortality among patients with COVID-19 who under-
went intubation. Importantly, this relationship remained 
after adjusting for patient background and disease 

severity at the time of intubation; multiple sensitivity 
analyses also confirmed the robustness of our results.

Several pathophysiological mechanisms underlying 
the relationship between early intubation and reduced 
in-hospital mortality can be considered. First, the early 
initiation of positive-pressure ventilation prevents alveo-
lar injury caused by the negative pressure of spontaneous 
breathing. Among patients with hypoxemic respiratory 
failure, including ARDS, patient self-induced lung injury 

Fig. 1 Patient flow diagram. Among 4700 patients with coronavirus disease (COVID-19) in the J-RECOVER database, 412 adult patients were 
intubated after hospital admission and were therefore eligible for this study. A total of 110 (26.7%) patients underwent early intubation for 
whom ≤ 6 L/min of oxygen was administered immediately before intubation. Eighteen patients in the early intubation group and 39 patients in 
the non-early intubation group were excluded from inverse probability weighting (IPW) analyses due to missing covariates for propensity score 
calculation; hence, IPW analyses were performed for 355 patients
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Table 1 Characteristics of COVID-19 patients with intubation

Before IPW After IPW

Early intubation Non‑early intubation Standardized 
difference

Early intubation Non‑early intubation Standardized 
difference

Cases, n 110 302

Age, years, median (IQR) 67 (54–74) 67 (57–76) 0.082 67 (55–71) 67 (56–76) 0.094

Sex, male, n (%) 79 (71.8%) 247 (81.8%) 0.238 313 (83.7%) 284 (80.7%) 0.079

Comorbidity, Charlson index, 
median (IQR)

0 (0–1) 0 (0–1) 0.122 0 (0–1) 0 (0–1) 0.095

Comorbidity, chronic lung 
disease, n (%)

1 (0.9%) 0 (0.0%) 0.136 0 (0.0%) 0 (0.0%) 0.000

Comorbidity, diabetes, n (%) 31 (28.2%) 76 (25.2%) 0.068 113 (30.2%) 98 (27.8%) 0.052

Chronic cardiopulmonary status

 Hugh–Jones classification, 
> III, n (%)

20 (18.2%) 39 (12.9%) 0.146 63 (16.8%) 53 (15.1%) 0.049

 NYHA functional classifica-
tion, > II, n (%)

1 (0.9%) 0 (0.0%) 0.136 1 (0.3%) 0 (0.0%) 0.073

Status on hospital arrival

 GCS, median (IQR) 15 (15–15) 15 (15–15) 0.098 15 (15–15) 15 (15–15) 0.000

 Respiratory rate, /min, 
median (IQR)

22 (18–27) 24 (20–28) 0.106 24 (20–28) 24 (20–28) 0.027

 Oxygen requirement, ≥ 4 L/
min, n (%)

50 (58.1%) 171 (70.4%) 0.259 242 (73.8%) 208 (69.8%) 0.089

 SOFA, hemodynamic score, 
median (IQR)a

0 (0–0) 0 (0–0) 0.219 0 (0–0) 0 (0–0) 0.000

SOFA on ICU admission, total 
score, median (IQR)

6 (4–8) 6 (4–9) 0.203 5 (3–6) 5 (4–7) 0.000

Status at intubation

 Days from onset of symp-
toms, median (IQR)

8 (5–10) 8 (6–10) 0.101 8 (6–10) 8 (6–10) 0.016

  PaO2, mm Hg, median (IQR) 70 (59–81) 69 (58–87) 0.046 67 (57–83) 71 (59–86) 0.047

 SOFA, hemodynamic score, 
median (IQR)a

0 (0–0) 0 (0–0) 0.206 0 (0–0) 0 (0–0) 0.000

 Lactate, ≥ 2 mmol/L, n (%) 6 (37.5%) 5 (15.6%) 0.511 9 (2.4%) 6 (1.7%) 0.050

Blood test at intubation, 
median (IQR)

 WBC,  103/μL 6.8 (4.7–8.5) 6.8 (5.2–9.5) 0.048 8.0 (5.0–8.0) 6.7 (5.5–8.5) 0.056

 CRP, mg/dL 11 (5–15) 10 (7–14) 0.150 14 (7–14) 11 (7–17) 0.048

 D-dimer, μg/dL 2.0 (1.1–4.7) 1.8 (0.8–2.9) 0.387 2.1 (1.5–2.1) 1.7 (0.9–2.7) 0.074

Medications, n (%)

 Remdesivir 37 (33.6%) 64 (21.2%) 0.282 99 (26.5%) 83 (23.6%) 0.067

 Tocilizumab 9 (8.2%) 7 (2.3%) 0.265 12 (3.2%) 12 (3.4%) 0.011

  Dexamethasoneb 28 (25.5%) 78 (25.8%) 0.009 86 (23.0%) 94 (26.7%) 0.086

Respiratory support before 
intubation, n (%)

 HFNC 0 (0.0%) 25 (8.3%) 0.425

 NIPPV 0 (0.0%) 1 (0.3%) 0.082

Frequency of early intubation, 
n (%)

 Low 6 (5.5%) 132 (43.7%) 0.992 149 (39.8%) 127 (36.1%) 0.078

 Moderate 43 (39.1%) 115 (38.1%) 0.021 121 (32.4%) 120 (34.1%) 0.037

 High 61 (55.5%) 55 (18.2%) 0.837 105 (28.1%) 106 (30.1%) 0.045

Days from arrival to intubation, 
days, median (IQR)

0 (0–3) 0 (0–2) 0 (0–1) 0 (0–2)
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Table 1 (continued)
COVID-19 coronavirus disease 2019, IPW inverse probability weighting, IQR interquartile range, NYHA New York Heart Association, GCS Glasgow Coma Scale, SOFA 
Sequential Organ Failure Assessment, ICU intensive care unit, PaO2 partial pressure of oxygen, WBC white blood cell count, CRP C-reactive protein, HFNC high-flow 
nasal cannula, NIPPV noninvasive positive-pressure ventilation
a The hemodynamic score of SOFA is on a scale of 0 to 4, where 0 indicates ≥ 70 mm Hg of mean arterial pressure
b Other corticosteroids equivalent to 6 mg of dexamethasone (or at a least half dose of it) are included

Table 2 Characteristics of COVID-19 patients after intubation

The numbers in the table were adjusted by weighing with propensity scores

COVID-19 coronavirus disease 2019, IQR interquartile range, P/F  PaO2/FiO2, PaO2 partial pressure of oxygen, PaCO2 partial pressure of carbon dioxide, FiO2 fraction of 
inspired oxygen, MV mechanical ventilation

Early intubation Non‑early intubation Standardized 
difference

Arterial blood gas assay

 P/F ratio, median (IQR) 195 (167–299) 159 (132–211) 0.654

  PaO2, mm Hg, median (IQR) 120 (94–156) 96 (77–137) 0.233

 pH, median (IQR) 7.37 (7.33–7.41) 7.36 (7.31–7.41) 0.000

  PaCO2, mm Hg, median (IQR) 40 (38–42) 43 (37–48) 0.483

 Lactate, ≥ 2 mmol/L, n (%) 17 (4.6%) 24 (7.1%) 0.108

MV setting, median (IQR)

  FiO2 0.5 (0.5–0.7) 0.6 (0.5–1.0) 0.509

 Tidal volume, mL 450 (400–480) 430 (380–500) 0.012

 Respiratory rate, breaths/min 18 (15–20) 16 (15–20) 0.196

MV measurements, median (IQR)

 Peak inspiratory pressure,  cmH2O 23 (20–24) 24 (21–27) 0.437

 Mean inspiratory pressure,  cmH2O 14 (11–15) 14 (12–16) 0.130

Table 3 Early intubation and clinical outcomes

OR odds ratio, CI confidence interval, IPW inverse probability weighting, IQR interquartile range, HFNC high-flow nasal cannula, NIPPV noninvasive positive-pressure 
ventilation, MV mechanical ventilation, ECMO extracorporeal membrane oxygenation, COVID-19 coronavirus disease 2019

Early intubation Non‑early intubation p value OR (95% CI) Difference in 
median (95% 
CI)

In-hospital mortality

 Unadjusted, n/total (%) 18/110 (16.4%) 87/302 (28.8%) 0.010 0.48 (0.28–0.85)

 IPW analysis, % (95% CI) 9.9% (6.9–12.9%) 27.6% (22.9–32.2%) < 0.001 0.29 (0.19–0.44)

Hospital-free days to day 30 after intubation, days, median 
(IQR)

23 (16–27) 14 (0–25) < 0.001 3 (1–5)

Ventilator-free days to day 30 after intubation, days, median 
(IQR)

5 (0–14) 1 (0–15) 0.010 0 (0–2)

Requirement of prone ventilation, % (95% CI) 28.8% (23.8–33.8%) 33.4% (28.3–38.6%) 0.206 0.81 (0.58–1.13)

Requirement of ECMO, % (95% CI) 1.6% (0.3–2.9%) 14.4% (10.8–18.1%) < 0.001 0.10 (0.04–0.23)

Re-intubation, % (95% CI) 10.6% (7.3–14.0%) 7.7% (4.3–11.2%) 0.244 1.42 (0.78–2.58)

Nosocomial infection of COVID-19 due to HFNC/NIPPV, per 
institution, n/total (%)

 Pre-intubation usage 0/16 (0.0%)

 Post-intubation usage 0/2 (0.0%) 0/5 (0.0%)
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happens by high transpulmonary pressure due to sponta-
neous inspiratory drive [12, 26, 27]. An animal study also 
reported that spontaneous breathing caused overstretch 
of the dependent lung, followed by alveolar injuries [28, 
29]. Notably, patients with non-early intubation in this 
study had more severe lung injury (i.e., lower post-intu-
bation  PaO2, higher  PaCO2, and higher peak and mean 
inspiratory pressures), whereas pre-intubation  PaO2 
was comparable between early and non-early intubation 
groups. Considering that patients with COVD-19 who 
require MV frequently present with vigorous spontane-
ous breathing [2, 30], early lung-protective ventilation 
may further mitigate alveolar injury in this study.

Second, oxygenation deterioration during intuba-
tion affects the survival of patients with COVID-19. 
Prolonged hypoxemia after intubation was reported in 
patients with severe COVID-19 [31], and the post-intu-
bation P/F ratio was lower in patients with non-early 
intubation in this study, suggesting that aerated lung 
tissue was considerably reduced in such a population. 
Further, insufficient preoxygenation during intubation 
contributes to unfavorable outcomes in patients with 
non-early intubation [32].

Third, given that fewer patients with early intuba-
tion had > 2  mmol/L of lactate after intubation than 
those with non-early intubation, early intubation may 
minimize the hemodynamic instability of patients with 
severe COVID-19. As lung injury progression increases 
the positive pressure needed to open the collapsed lung 
[27, 28], MV usage for relatively preserved lung tis-
sue among patients with early intubation may have less 
disturbance on the hemodynamic stability. In addition, 
this speculation would be reflected in the results of sub-
group analyses, in which only patients with > 2 mmol/L 

of pre-intubation lactate benefited from early intubation. 
Hemodynamic disturbance during non-early intubation 
might have been manifested only among patients with 
preexisting hemodynamic instability.

Patient who underwent early intubation had higher 
number of hospital- and ventilator-free days, while 
requirement of prone ventilation and incidence of re-
intubation did not differ between early and non-early 
intubation groups. However, these results need to be 
interpreted with caution because the study size is lim-
ited. It should be emphasized that nosocomial infection 
of COVID-19 from HFNC or NIPPV usage was identified 
in this study population.

Most previous studies on early versus delayed intu-
bation defined “early” as within 24–48  h after hospital 
admission and reported potential benefits of an early 
intubation strategy [16, 33, 34]. However, these retro-
spective studies introduced considerable discussion 
because the definition of early intubation by the timing 
during hospital stay may reflect the rapidness of disease 
exaggeration, rather than the treatment strategy. The 
present study defined patients based on oxygen usage at 
the time of intubation, and reduced in-hospital mortality 
was found in patients with early intubation after adjust-
ing for disease severity, degree of inflammation, and 
cardiopulmonary status at intubation. Furthermore, this 
benefit was observed only when patients were intubated 
later than 2 days after admission, suggesting that patients 
who needed intubation within 48 h after admission have 
unique features. Considering the results in this study, 
early intubation should be further investigated as a useful 
strategy in patients with COVID-19.

Our results must be interpreted within the context of 
the study design. We retrospectively retrieved data, which 

Table 4 In-hospital mortality in subgroup analyses

Inverse probability weighting analyses were performed in each subgroup and presented as % (95% CI)

OR odds ratio, CI confidence interval, PaO2 partial pressure of oxygen

Early intubation Non‑early intubation OR 95% CI

Age

 < 65 years 1.7% (0.0–3.7%) 11.1% (6.1–16.1%) 0.14 0.04–0.50

 ≥ 65 years 16.7% (11.6–21.9%) 40.0% (33.2–46.8%) 0.30 0.19–0.48

Severity of hypoxemia before intubation

  PaO2 < 60 mm Hg 3.4% (0.1–6.7%) 39.7% (27.6–51.8%) 0.05 0.02–0.16

  PaO2 ≥ 60 mm Hg 12.7% (7.6–17.7%) 26.7% (19.9–33.4%) 0.40 0.23–0.71

Inadequate resuscitation before intubation

 Lactate ≤ 2 mmol/L 6.8% (3.7–2.9%) 28.7% (22.0–35.5%) 0.47 0.16–1.37

 Lactate > 2 mmol/L 20.0% (5.7–34.3%) 34.7% (21.4–48.0%) 0.18 0.10–0.33

Days from admission to intubation

 ≤ 2 days 9.5% (6.2–12.7%) 27.9% (22.6–33.2%) 0.27 0.17–0.43

 ≥ 3 days 12.3% (3.8–20.8%) 26.0% (16.2–35.8%) 0.40 0.16–1.02
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do not record the indications of early intubation instead 
of non-early intubation. Therefore, our results may dif-
fer if the decision of early intubation with relatively pre-
served pulmonary function is dependent on unrecorded 
strong prognostic factors, such as the quality of critical 
care. However, it should be emphasized that IV analysis 
was conducted as a sensitivity analysis and the associa-
tion between early intubation and decreased in-hospital 
mortality was revealed even after unmeasured confound-
ers were adjusted. Another limitation is that details of 
clinical information related to early intubation, includ-
ing the degree of lung injury and transient hypoxia at the 
intubation, were not available. Although the post-intuba-
tion P/F ratio and inspiratory pressures were recorded, 
the potential consequences of such parameters follow-
ing early and non-early intubation cannot be evaluated 
on the basis of objective data. In addition, while work of 
breathing may influence decision for early intubation, we 
were not able to incorporate this into our model due to 
the absence of respiratory rate or respiratory rate oxygen-
ation (ROX) index in our database. Moreover, we investi-
gated only patients who required intubation. Considering 
that some patients who did not undergo early intubation 
could recover from respiratory failure and avoid intuba-
tion, our result may overestimate the beneficial effect of 
early intubation. Finally, as this study included patients 
in early months of the pandemic year, few patients used 
HFNC/NIPPV. Therefore, superiority of early intubation 
to HFNC/NIPPV was not examined in this study and our 
results do not deny the usefulness of HFNC/NIPPV for 
patients with COVID-19. Given that HFNC/NIPPV has 
been shown to effectively prevent intubation in patients 
with COVID-19[35, 36], as well as that early intubation 
strategy would deplete valuable resources including ven-
tilator, early intubation should be carefully considered 
in daily practice. A properly designed study is mandated 
to validate that early intubation before critical exag-
geration of lung function is a viable treatment option in 
COVID-19.

Conclusions
We revealed that early intubation in the setting of ≤ 6 L/
min of oxygen usage was associated with decreased in-
hospital mortality among patients with COVID-19 who 
required intubation. Relatively earlier intubation before 
pulmonary function is devastated due to COVID-19 
should be further validated in future studies.
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