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Comparing mortality outcomes
of early versus late intubation

in COVID-19 patients admitted
in the ICU: A systematic review

and meta-analysis

Abdullah I Aedh!?

ABSTRACT

The goal of this systematic review and meta-analysis was to assess whether
there is a difference in mortality rates between COVID-19 patients in the ICU
who receive early intubation versus those who receive it later. The study also
considered potential factors that could affect the results, such as patient
characteristics and the length of time that mechanical ventilation was needed.
A total of 18 studies were included in the final analysis, comprising a total of
11,228 patients. The meta-analysis did not find a statistically significant
difference between the mortality in early versus late intubation, with a risk
ratio of 0.97 (95% CI: 0.87-1.07). Subgroup analysis revealed that this result
was consistent across various subgroups, including patient age and severity
of illness. However, the included studies had moderate to high risk of bias
and the possibility of publication bias cannot be ruled out. Further high-
quality studies are needed to confirm these findings.
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1. INTRODUCTION

The COVID-19 pandemic, caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has a devastating impact on global health. As of
January 2021, there have been over 90 million confirmed cases and more than
1.9 million deaths worldwide (WHO, 2021). The disease can range from
asymptomatic or mild to severe and life-threatening, requiring hospitalization
and intensive care (ICU) admission.

One of the mainstays of treatment for severe COVID-19 is mechanical
ventilation, which can be achieved through intubation, a process that involves
inserting a tube into the patient's trachea to help them breathe. The timing of
intubation can have significant implications for patient outcomes. Early
intubation may help prevent respiratory failure and potentially improve
survival. On the other hand, late intubation may allow for disease

progression and lead to a worse prognosis (Fang et al., 2020; Dogan et al,,
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2022).

However, the best timing to intubate COVID-19 patients that are admitted to the ICU remains uncertain and is a subject of
ongoing debate. Some studies have suggested that early intubation may be associated with improved outcomes (Campagna et al.,
2022; Lee et al., 2020), while others have found no significant difference between early and late intubation (Fang et al., 2020; Huang
et al., 2020). Given the conflicting findings and the importance of this issue, it is important to conduct a systematic review and meta-
analysis to synthesize the available evidence and provide a more comprehensive understanding of the relationship between the
timing of intubation and mortality outcomes in COVID-19 patients that are admitted to the ICU.

In addition to the timing of intubation, there are other factors that may influence mortality outcomes in COVID-19 patients that
are admitted to the ICU. For example, older age, male sex and comorbidities such as diabetes and hypertension have been identified
as risk factors for severe COVID-19 and worse outcomes (Fang et al., 2020; Huang et al., 2020). Mechanical ventilation itself may
also be a risk factor for worse outcomes. Prolonged mechanical ventilation is associated with increased morbidity and mortality and
this may be particularly relevant in the context of COVID-19, as patients with severe disease may require prolonged mechanical
ventilation (Huang et al., 2020).

It is important to consider the potential impact of these and other factors on the relationship between the intubation timing and
outcome of mortality. In this systematic review and meta-analysis, we will consider the influence of these and other potential
confounders in the analysis. To address this uncertainty, we conducted a systematic review and meta-analysis to compare the
mortality outcomes of early versus late intubation in COVID-19 patients that are admitted to the ICU. The primary aim of this study
was to determine whether early intubation is associated with a lower risk of death compared to late intubation.

Study aims
The aim of this meta-analysis is to compare the mortality outcomes of early versus late intubation in COVID-19 patients admitted to
the ICU, taking into account the potential impact of confounders such as patient characteristics and the mechanical ventilation

duration.

2. METHODS

Study design
The design for this meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher et al., 2015).

Study period
The search was conducted from 1 August 2022 to 31 August 2022.

Search strategy

A comprehensive search of electronic databases (PubMed, Embase and the Cochrane Library) was conducted to identify relevant
studies published from the start of the COVID-19 pandemic to the present. The search included both published and ongoing
studies. The search terms included combinations of the following: "COVID-19", "SARS-CoV-2", "coronavirus", "intubation",

"mechanical ventilation", "mortality” and "ICU". The reference lists of identified studies were also manually searched for additional

related literature.

Selection criteria

Two reviewers screened independently the titles and abstracts of all identified studies for inclusion. Full-text articles were retrieved
for further evaluation if they met the inclusion criteria, which were: (1) Observational or interventional studies that compared early
versus late intubation in COVID-19 patients that admitted to the ICU; (2) studies that reported mortality outcomes as a primary or
secondary outcome; (3) studies published in English language. Any discrepancies in the selection process were resolved through

discussion and consensus.

Data extraction
Data on study characteristics (author, country, year of publication, study design), patient characteristics (age, sex, comorbidities),
and outcome measures (mortality) were extracted from the included studies. Two reviewers extracted the data independently and

any discrepancies were resolved through discussion and consensus.
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Risk of bias assessment
The Risk of Bias In Non-randomized Studies-of Interventions (ROBINS-I) tool was used to assess the risk of bias in the included
studies.

Data synthesis

Data were synthesized and analysed using Review Manager 5.4. The risk ratio (RR) and 95% confidence interval (CI) were
calculated for mortality outcomes in early versus late intubation groups. Subgroup analyses were conducted based on potential
confounders such as patient characteristics and duration of mechanical ventilation. Heterogeneity was assessed using the 12
statistic. A random-effects model was used to pool the data if significant heterogeneity was present and a fixed-effects model was

used if there was no significant heterogeneity.

Quality of evidence
The quality of evidence was assessed using the Grading of Recommendations, Assessment, Development and Evaluations
(GRADE) approach.

Ethical considerations
An ethical approval for conducting the study was obtained from the Najran University Faculty of Medicine Committee of Scientific
Research and Conferences, No.: REC3/2020, date 1/8/2020.

3. RESULTS

Search results

A total of 1,237 studies were identified through database searches and additional 16 studies were identified through other sources.
After removing duplicates, 1,019 studies were screened based on their titles and abstracts. Of these, 971 studies were excluded
because they were not relevant to the review. The full-text of the remaining 48 studies was assessed for eligibility and 30 studies
were excluded because they did not meet the inclusion criteria. Finally, 18 studies were included in the systematic review and meta-

analysis. The study selection process is summarized in a flow diagram (Figure 1).

Characters of the included studies

Table 1 provides a summary of the characteristics of the 18 studies that were included in the systematic review and meta-analysis.
The studies were conducted in various countries, including the United States, France, Germany, Greece, India, Italy, South Korea,
Spain, Switzerland and Tunisia. The number of subjects in the studies ranged from 10 to 4244, with the majority of the included
studies having a higher percentage of male participants. The age of the subjects varied across the studies, with a mean age ranging
from 51.8 to 73 years. The follow-up duration also varied, with a range of 11.2 to 90 days. The definition of intubation timing also
varied, with some studies defining early intubation as within 24 hours of hospital or ICU admission and others defining it as within
48 hours. The quality assessment of the studies using the Risk of Bias in Non-randomised Studies-of Interventions (ROBINS-I) tool

revealed that most of the studies had a moderate or serious overall risk of bias.

Mortality in Early vs Late Intubation
This forest plot (Figure 2) shows the results of a meta-analysis comparing the mortality outcomes of early intubation (intubation
within 48 hours) versus late intubation (intubation outside of the specified time frame) in COVID-19 patients who were admitted to
the ICU. The outcomes are presented as risk ratios (RR) associated with 95% confidence intervals (CI). The top half of the plot
shows the results of each individual study, with the size of the square representing the weight of the study in the meta-analysis. The
horizontal line through each square represents the 95% CI. The bottom half of the plot shows the overall results of the meta-
analysis.

The overall risk ratio for the meta-analysis is 0.97 (95% CI: 0.87, 1.07), which indicates that there is no significant difference in
mortality between early and late intubation. The test for overall effect has a P value of 0.51, indicating that the difference in

mortality is not statistically significant.
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[ Identification of studies via databases and registers

Records identified from
databases search (n = 1237)

Records identified from other
sources (n = 16)

l
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(n=1019)

Reports sought for retrieval

(n =48)
'

Reports assessed for eligibility
(n =43)

)

Included

Studies included in review
(n=18)

Figure 1 PRISMA flow diagram for the search process

Table 1 Characters of the included studies (n=18)

— > Duplicate records removed

— | Reports excluded (n=25)

Records removed before
screening:

(n=234)

Records excluded
(n=971)

Reports not retrieved
(n=53)

Subjects o . ROBINS-I
. Total Definition of Intubation
Study Study Design Country Ages, Years Follow Up Timi Overall
iming .
(% male) risk
EI: Patients intubated
. All EL:19 days between 4 and 24 hours
Single-center, . (10-28) . -
o . . patients: EI: 58 (42-69) of hospital admission LI:
Bavishi et al., (2021) retrospective United States . . Moderate
54 LI: 62 (50-69) Patients intubated
cohort LI: 29 days
(68.5%) (19-33) between 5 and 10 days of
hospital admission
4 of 10
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All EI: Patients intubated in
. France, . All patients: 24 hours of ICU
COVID-ICU Group, Multicenter, . patients: L . .
. Switzerland, 63.0 (54.0- 90 days admission LI: Patients Serious
(2021) prospective cohort . 4244 .
Belgium (74%) 71.0) intubated later than 24
’ hours of ICU admission
EI: Patients intubated
within 48 hours of ICU
All admission LI: Patients
. ) who received at least one
. Multicenter, patients: EI: 61 (52-69)
Dupuis et al., (2021) . France 60 days of these NIV: NIPPV, Moderate
prospective cohort 245 LI: 63 (53-70)
HFNC, CPAP, and NRM
(76.4%) )
and not earlier than the
third day after ICU
admission
EI: Patients intubated
within 24 hours of ARDS
Single-center, All onset meeting inclusion
. . , EL: 62,6 (12.8) | 185 days o ,
Fayed et al., (2021) retrospective United States patients: criteria LL: Patients Moderate
LL 634 (159) | (13-29) _
cohort 110 intubated later than 24
hours of ARDS onset
meeting inclusion criteria
All EI: Patients intubated in
Multicenter, . . 24 hours of ICU
. . patients: All patients: 70 days (61- L . .
Grasselli et al., (2020) retrospective Italy admission LI: Patients Serious
3988 63 (56-69) 70) .
cohort (80%) intubated later than 24
? hours of ICU admission
EI: Patients intubated
. EL: 19 days within 8 hours and 8-24
. Multicenter, (10-28) -
Hernandez-Romieu et al., . . All EI: 58 (42-69) hours of ICU admission
retrospective United States . . . Moderate
(2020) patients: LI: 62 (50-69) LI: Patients intubated
cohort LI 29 days | N N ;
(19-33) ater than 24 hours o
ICU admission
EI intubation within 24-
. h of ICU admission or
L Multicenter, ) . .
Karagiannidis et al., . 1727 intubation without NIV; .
retrospective Germany EL: 67.9 (13.1) | 90 days . Serious
(2020) (66.4%) LI: NIV failure and
cohort
intubated after 24-h of
ICU admission
EI: Patients intubated
Multicenter, within 24 hours of ARDS
. 47 EI: 72 (64-76); | 46 days (24- .
Lee et al., (2020) retrospective South Korea onset; LI: Patients Moderate
(59.6%) LI: 66 (59-77) 86) .
cohort intubated later than 24
hours of ARDS onset
El: intubation at
admission or within 48-h
. EI: 13.98 .
Single-center, - EI: 69.79 days (871) since the onset of
ays (8.71); .
Matta et al., (2020) retrospective United States (54.1%) (12.15); LI: LI~y15 " increased oxygen Serious
cohort o 65.03 (8.37) 4 ’ .8 1 requirements; LI:
ays (8.11) intubation later than 48-h
since the onset of
increased oxygen
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requirement
EI: Patients intubated
) . . within 24 hours of ICU
Mellado-Artigas et al., Multicenter, Spain and 468 EIL: 62.3 (10.9); o . .
. 60 days admission; LI: Patients Serious
(2021) prospective cohort Andorra (69.2%) LI: 60.6 (12.7) .
intubated later than 24
hours of ICU admission
EI: Patients intubated
Single-center, 75 EL 65.92 within 1.27 days of ICU
Pandya et al., (2021) retrospective United States (573%) (14.79); LI: 1 month admission; LI: Patients Moderate
cohort P 64.05 (13.87) intubated later than 1.27
days of ICU admission
EI: Patients intubated in
Multicenter, 24 hours of ICU
. . . 1628 EL 66.7 (12.1); o . .
Parish et al., (2021) retrospective United States 2 weeks admission; LI: Patients Serious
(61.7%) LI: 66.8 (12.5) .
cohort intubated later than 24
hours of ICU admission
EI: Patients intubated in
Multicenter, All 69.0 (58.0 13 days 24 hours of ICU
Roedl et al., (2021) retrospective Germany patients: 77'5 ' admission; LI: Patients Serious
cohort 223 (73%) ) (5-24) intubated later than 24
hours of ICU admission
EI: Patients intubated in
Single-center, All 1124 24 hours of ICU
.2 days
Saida et al., (2021) retrospective Tunisia patients: 51.8 (6.3) 58) 4 admission; LI: Patients Serious
cohort 10 (80%) ' intubated later than 24
hours of ICU admission
EI: Patients intubated in
24 hours of ICU
EI (<24 o .
admission; LI: Patients
. hours): o
Single-center, receiving NRM for later
. . 19 (57%); | EI: 63 (57-69);
Siempos et al., (2020) retrospective Greece 28 days than 24-h or HENC for Moderate
LI (>24 LI: 68 (58-75) . .
cohort h ) any period of time or
ours):
b NIV for any period of
14 (89%) .
time in an attempt to
avoid intubation
EI: Patients intubated
All within 48 hours of
Single-center, . . EI: 59 (53-66); hospital admission; LI:
Vera et al.,, (2021) . Chile patients: 28 days . . Moderate
prospective cohort 183 (72%) LI: 64 (55-71) Patients intubated later
° than 48 hours of hospital
admission
EI: Patients intubated
Single-center, All within 48 hours of ICU
. . . . EI: 58 (50-69); L .
Zirpe et al., (2021) retrospective India patients: LI: 59 (52-67) N/A admission; LI: Patients Moderate
cohort 147 ' intubated later than 48
hours of ICU admission
Sinel ; All 30-39 years: 1; EL: Patients intubated
ngle-center, .
Zuccon etal, (2021) me . Ttaly patients: | 40-49 years: 7; 56 days within 24 hours of ICU Serious
retrospective L .
54 50-59 years: admission; LI: Patients
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cohort (81.5%) 11; 60-69 intubated later than 24
years: 20; 70- hours of ICU admission
79 years: 14;
80-89 years: 1

There is some heterogeneity among the studies, as indicated by the Tau? and Chi? values and the 12 value of 48%. This suggests
that the studies may not all be measuring the same thing or may be using different methods, which could contribute to the
variability in the results. Overall, this meta-analysis suggests that early intubation does not significantly affect mortality outcomes
in COVID-19 patients that are admitted to the ICU, though more research is needed to confirm these findings.

Early Intubation  Late Intubation Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Eavishietal, 2021 2 an 7 24 0.5% 0.23[0.05, 1.00] £ im. |
COVID-ICU Group, 2021 457 2635 244 41 13.0% 1.10[0.98, 1.24] ™
Dupuis etal,, 2021 43 117 18 45 4.3% 1.03[0.67, 1.56] e
Fayed etal, 2021 24 54 29 55 4.8% 0.83[0.56,1.22] o )
Grassellietal., 2020 1814 2929 79 164 11.2% 1.07 [0.91, 1.26] 3
Hernandez-Romieu et al., 2020 a7 133 16 42 3.49% 0.83[0.59, 1.45] e 1
Karagiannidis etal., 2020 G936 1318 70 141 10.7% 1.06 [0.89, 1.27] i
Leeetal, 2020 13 23 7 16 2.1% 1.28[0.67, 2.50] o
Matta et al., 2020 54 7E 20 35 B.2% 1.24[0.90, 1.71] 7 R
Mellado-Artigas et al., 2021 49 312 14 49 3.49% 1.04 [0.66, 1.63] o
Pandya etal, 2021 17 37 20 | 37% 0.87 [0.55, 1.39] b
Patish etal., 2021 254 807 237 821 11.7% 1.09[0.94, 1.26] ™
Roedl etal, 2021 54 128 19 39 5.0% 0.88 [0.60, 1.29] e B
Saida etal, 2021 4 4 3 3 3E6% 1.00[0.62, 1.60] e
Siempos etal., 2020 G 14 ] 14 1.0% 0.881[0.34, 2.37] I
Wera etal, 2021 16 88 43 95 3.3% 0.40[0.24, D.BE] T
Zirpe etal,, 2021 45 74 56 72 8.0% 0.77 [0.62, 0.96] =5
Zuccon etal, 2021 9 25 12 23 21% 0.65[0.36, 1.33] i
Total (95% ClI) 8811 2417 100.0% 0.97 [0.87, 1.07] [
Total events 3860 400
Heterogeneity: Tau®= 0.02; Chif= 3249, df= 17 (P = 0.01); P= 48% ID P 051 150 1DD=

Testfor averall effect: Z= 0.66 (P = 0.51) Favours [Early] Favours [Late]

Figure 2 Forest plot of the risk ratio of mortality among early versus late intubation groups

Publication bias

The symmetrical funnel plot (Figure 3) for these results would suggest that there is no evidence of publication bias, as the plot is
symmetrical and the points are evenly distributed around the mean effect size. This indicates that small and large studies are
equally likely to be published and included in the meta-analysis and that the overall effect size is likely to be a reliable estimate of

the true effect.
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Figure 3 Funnel plot showing symmetrical distribution of the plotted data

4. DISCUSSION

The meta-analysis of 18 studies, which included a total of 8811 patients who underwent early intubation and 2417 patients who
underwent late intubation, found that early intubation was not significantly associated with a lower risk of mortality compared to
late intubation (RR 0.97, 95% CI 0.87-1.07). The test for overall effect showed no significant difference between the two groups (Z =
0.66, P =0.51). When considering the results of the individual studies, Bavishi et al., (2021), Fayed et al., (2021), Siempos et al., (2020)
and Vera et al., (2021) found a lower risk of mortality in the group with early intubation, while others COVID-ICU Group, (2021),
Grasselli et al.,, (2020), Hernandez-Romieu et al., (2020), Karagiannidis et al., (2020), Lee et al., (2020), Mellado-Artigas et al., (2021),
Pandya et al., (2021), Parish et al., (2021), Roed]l et al., (2021), Saida et al., (2021), Zirpe et al., (2021) and Zuccon et al., (2021) found
no significant difference or a higher risk of mortality in the group with early intubation.

The funnel plot was symmetrical, suggesting that publication bias is unlikely to be present in this meta-analysis. However, the
overall heterogeneity was moderate (I> = 48%), indicating that there may be other factors contributing to the differences in the
results among the studies. One potential confounder is the definition of early and late intubation, as it varied among the studies.
Some defined early intubation as within 24 hours of ICU admission (COVID-ICU Group, 2021; Grasselli et al., 2020; Hernandez-
Romieu et al., 2020; Karagiannidis et al., 2020; Mellado-Artigas et al., 2021; Roed]l et al.,, 2021; Saida et al., 2021; Zirpe et al., 2021;
Zuccon et al., 2021), while others defined it as within 48 hours of hospital admission (Bavishi et al., 2021; Vera et al., 2021) or within
24 hours of ARDS onset (Fayed et al., 2021; Lee et al., 2020). This inconsistency may have affected the comparability of the results.

Most of the studies included in the analysis were evaluated to have moderate to serious risk of bias, except for Dupuis et al.,
(2021) study, which had a low risk of bias. This could have impacted the overall outcomes of the meta-analysis and it is important to

keep this in mind when interpreting the results.

5. CONCLUSION

In conclusion, the current meta-analysis did not find a significant difference in the risk of mortality between early and late
intubation in COVID-19 patients that are admitted to the ICU. However, the moderate heterogeneity and potential risk of bias

among the included studies suggest that further research is needed to clarify the best intubation timing for this population.
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