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ABSTRACT
Objective  To analyse the effects of tracheostomy timing 
on COVID-19 outcomes by comparing mortality rates at 
different time points (7, 10 and 14 days).
Design  Systematic review and meta-analysis.
Data sources  PubMed, Embase, Cochrane Library, Web of 
Science and Scopus were searched from 31 August 2023 
to 6 September 2023.
Primary and secondary outcomes measures  The 
primary outcome was short-term mortality, defined as 
intensive care unit (ICU) mortality, hospital mortality and 
28-day or 30-day mortality. The secondary outcomes 
included mechanical ventilation duration, ICU and hospital 
days.
Results  Among 3465 patients from 12 studies, the 
10-day subgroup analysis revealed higher mortality for 
earlier tracheostomy than for later tracheostomy (49.7% 
vs 32.6%, OR 1.91, 95% CI 1.37–2.65). No significant 
differences were observed at 7- and 14-day marks. Earlier 
tracheostomy was associated with shorter mechanical 
ventilation (mean difference=−7.35 days, 95% CI −11.63 to 
−0.38) and ICU stays (mean difference=−11.24 days, 
95% CI −18.50 to −3.97) compared with later 
tracheostomy. Regarding hospital stay, the later 
tracheostomy group exhibited a trend towards longer-term 
inpatients, with no significant difference.
Conclusions  No significant difference in short-term 
mortality was observed between patients undergoing 
tracheostomy at 7 and 14 days; however, at 10 days, 
later tracheostomy resulted in a lower mortality rate. 
Accordingly, subtle timing differences may impact short-
term results in COVID-19 patients. Considering that 
the later tracheostomy group had longer mechanical 
ventilation and ICU stays, additional research is required to 
determine an optimal timing that reduces mortality cost-
effectively.

INTRODUCTION
The coronavirus disease (COVID-19) spread 
rapidly, leading to a global pandemic within 
3 months of its emergence.1 Although most 
infected patients experienced mild upper 
respiratory symptoms, approximately 44.1% 

of severe cases required admission to the 
intensive care unit (ICU), and up to 23.6% 
required mechanical ventilation.2 Notably, 
with the development of drugs such as dexa-
methasone and tocilizumab that improve 
COVID-19 outcomes,3 4 an increasing number 
of patients faced the possibility of requiring 
prolonged mechanical ventilation.

Tracheostomy is a common procedure 
performed to replace the endotracheal 
tube in cases of prolonged mechanical 
ventilation. While it is a temporary device 
and not a therapy, it offers several advan-
tages, including easier separation from 
mechanical ventilation, reducing complica-
tions associated with prolonged intubation, 
preventing laryngeal damage, improving 
patient comfort and facilitating oral feeding 
and communication.5 However, tracheos-
tomy also carries the risk of acute complica-
tions, such as haemorrhages and infections, 
as well as long-term complications such as 
laryngeal stenosis and fistulas.6 7 Therefore, 
determining the appropriate timing for 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The present study included high-quality studies with 
stringent inclusion and exclusion criteria to assess 
clinical outcomes in patients undergoing early and 
late tracheostomy during the COVID-19 pandemic.

	⇒ The meta-analysis included data from an obser-
vational study, which poses potential confounding 
factors.

	⇒ Consistency of the results is limited by considerable 
heterogeneity in the criteria and definitions used 
among the included studies.

	⇒ The study was conducted in the early stages of 
COVID-19 pandemic; thus, it could not capture most 
recent advancements in its treatment.

	⇒ Our study focused only on short-term mortality.
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tracheostomy is important to maximise its benefits and 
minimise its drawbacks.

The ongoing debate on the optimal timing of trache-
ostomy for improving COVID-19 outcomes further 
complicates the decision-making process for healthcare 
providers. Initial reports during the early stages of the 
COVID-19 pandemic highlighted high mortality rates 
and concerns about virus transmission to healthcare 
workers during tracheostomy, leading to recommenda-
tions against early tracheostomy (ET) in most published 
guidelines.8–10 Previous meta-analyses that examined the 
impact of ET and late tracheostomy (LT) on mortality 
did not provide a clear conclusion, primarily due to vari-
ations in the definition of ET in different studies and the 
fact that many studies were conducted during the initial 
phases of the pandemic from 2020 to 2021.11 12 In the 
present study, we addressed this inconsistency by analysing 
mortality outcomes at different ET intervals (≤7 days, ≤10 
days and ≤14 days). By examining these distinct time 
points, we aim to suggest the value of consistent ET defi-
nitions for future studies. This approach addresses the 
‘timing dilemma’ observed in the literature, which may 
have meaningful implications for optimising COVID-19 
patient outcomes and guiding clinical practice with 
clearer timing considerations.

METHODS
This article followed the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses guidelines 
for reporting, and detailed information regarding the 
reporting process is available in online supplemental 
table 1. Informed consent was not required for this study 
because it involved a systematic analysis using previously 
published data.

Search strategy and study selection
A systematic review was conducted by two independent 
investigators (BKK and EJK) from 31 August 2023 to 6 
September 2023, up to the final search date. We systemat-
ically searched the following databases: PubMed, Embase, 
Cochrane Library, Web of Science and Scopus, using 
Boolean operators such as AND, OR or NOT to refine 
and broaden search results.

The included studies included articles written in 
English and studies involving human subjects, with no 
restriction on region, race or sample size. Detailed search 
strategies are provided in online supplemental table 2. 
Abstracts, case reports, reviews, editorials, commentaries 
and practice guidelines were excluded from the analysis. 
Additionally, we reviewed all cited references as an addi-
tional search tool to identify relevant literature that met 
our criteria.

Two investigators (BKK and CYK) independently 
assessed the eligibility of titles and abstracts. Full-text 
articles were examined to evaluate the suitability of our 
analysis. In cases of discord, suitability was discussed and 
resolved through consensus.

Inclusion and exclusion criteria
Studies were included in the analysis if they met 
the following inclusion criteria: focused on patients 
confirmed with COVID-19; provided short-term mortality 
data for patients who underwent ET or LT, with a clear 
definition of the exact ‘early’ timing within the study and 
reported on patients requiring mechanical ventilation 
due to respiratory failure who underwent a percutaneous 
or open surgical tracheostomy.

Studies that met the following exclusion criteria were 
excluded from this analysis: irrelevant publication types, 
study results that did not align with the scope of our anal-
ysis and the timing of the tracheostomy was unclear or did 
not align with our criteria.

Data collection and quality assessment
Data collection was conducted by two independent 
reviewers (BKK and CYK) using a predetermined data 
extraction form. The following data were collected: 
author, publication year, study design, definition of 
mortality, study country, study period, tracheostomy 
method, definition of ET, number of participants, age, 
sex, short-term mortality, duration of mechanical venti-
lation, length of stay in the ICU and days in the hospital.

The primary outcome of this study was short-term 
mortality, defined as ICU mortality, hospital mortality 
and 28-day or 30-day mortality. If no clear definition of 
mortality was provided in the study, it was considered short-
term mortality. The study initially analysed outcomes for 
ET and LT as defined in each paper, regardless of their 
specific definitions. Subsequently, ‘earlier’ and ‘later’ 
were further classified into ≤7 days versus >7 days, ≤10 days 
versus >10 days and ≤14 days versus >14 days for further 
comparisons. The secondary outcomes of this study were 
mechanical ventilation duration, length of stay in the ICU 
and hospital days, whenever relevant data were available.

The quality assessment of the studies was conducted 
using the Newcastle–Ottawa Scale (NOS),13 and the 
results are presented in online supplemental table 3. 
Briefly, the NOS is used to evaluate the quality of observa-
tional or cohort studies, with scores assigned for selection 
(0–4 points), comparability (0–2 points) and outcome 
(0–3 points). A higher total score is considered indica-
tive of higher methodological quality: low quality (scores 
0–3), moderate quality (scores 4–6) and high quality 
(scores 7–9).

Statistical analysis
For dichotomous outcomes, two different groups were 
expressed as ORs with 95% CIs using the Mantel–
Haenszel statistical method. Continuous outcomes are 
represented as weighted mean differences with a 95% CI 
using the inverse variance statistical method. Continuous 
variables are reported as medians and SD from IQRs (Wan 
et al).14 Individual study weights were calculated based on 
the variance of their estimates, assigning less weight to 
smaller studies with larger variances and more weight to 
larger studies with smaller variances.
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Heterogeneity was assessed using the I2 statistic, 
following the Cochrane Handbook (Cochrane Handbook 
for Systematic Reviews of Interventions V.6.5, published 
2024, accessed 27 October 2024, available at https://​
training.cochrane.org/handbook/current) guidelines, 
with a random-effects model applied in cases of substan-
tial heterogeneity (I2≥50%) and a fixed-effects model 
used when heterogeneity was not substantial (I2<50%). 
Sensitivity analyses were conducted by removing one 
study at a time, starting with the study with the highest 
I2, to assess its impact on heterogeneity. Publication bias 
was evaluated using funnel plots, considering a p value 
<0.05 as statistically significant. All statistical analyses were 
conducted using Review Manager 5.2 (RevMan 5.2; The 
Cochrane Collaboration, Oxford, UK) and R V.4.3.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

Patient and public involvement
This study follows a meta-analysis design, and there was 
no direct participation from patients or the public. The 
research was conducted using previously published data, 
and therefore, there is no additional information to 
provide in this section.

RESULTS
Study selection and clinical characteristics
We performed a search using five databases (PubMed, 
Embase, Cochrane Library, Web of Science and Scopus) 

and retrieved a total of 651 studies. After excluding 348 
duplicate studies, we reviewed the titles and abstracts 
of the remaining 303 studies. During this review, BKK 
and CYK discussed and excluded five studies through 
consensus. Consequently, considering the suitability of 
the research, we selected 21 studies as final candidates 
and thoroughly examined the full texts of these studies. 
In the subsequent review, we excluded 13 studies that 
did not meet the inclusion criteria, leaving us with eight 
studies for the final analysis. Furthermore, by checking 
the references of other studies, we identified four studies 
relevant to our research, which were added, resulting 
in a total of 12 studies included in the final analysis. No 
further disagreements requiring additional consensus 
occurred. The study selection flow chart can be found in 
figure 1.

A total of 3465 patients from 12 studies conducted 
between 2020 and 2023 were included in the final anal-
ysis.15–26 Most of these studies were rated as of high 
quality, scoring 7 or higher on the NOS scale (refer to 
online supplemental table 3). All studies were conducted 
between 2020 and 2021, and most published their 
results in 2022 (5 of 12, 41.7%). Most of the studies were 
retrospective in nature (9 of 12, 75.0%), with an equal 
representation of single-centre and multicentre studies. 
Tracheostomy was performed using open surgical and 
percutaneous methods in most studies (5 of 12, 41.7%), 
and in half of the studies, ET was defined as within 10 

Figure 1  Flow diagram for study inclusion in the meta-analysis.
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days. Detailed information can be found in online supple-
mental tables 4 and 5.

Overall mortality and subgroup analysis between early and 
late tracheostomy
A total of 1426 patients (41.1%) underwent ET, whereas 
2039 patients (58.8%) underwent LT, according to the 
timing defined in each individual study, with a total of 

3456 patients analysed. The overall mortality rate was 
27.4% (n=951/3,465), and there were no significant 
differences in short-term mortality between the ET and 
LT groups (29.1% vs 26.3%, OR 1.30, 95% CI 0.89–1.90, 
I2=60.65%, p=0.003) (figure  2). Furthermore, when 
observing the funnel plot, the symmetry of overall 

Figure 2  Forest plot of overall mortality and subgroup analysis between early and late tracheostomy in COVID-19 patients. 
The forest plot illustrates ORs calculated using the Mantel–Haenszel method, with heterogeneity assessed through the I2 
statistic (cut-off at 50%) and the application of a random- or fixed-effects model. In the overall analysis, the terms ‘early’ and 
‘late’ tracheostomy are used based on the definitions provided in each individual study. For the subgroup analysis, ‘early’ and 
‘late’ tracheostomy are categorised according to the cut-off points (≤7 days, ≤10 days and ≤14 days) defined in the present 
study. FE, fixed effect; RE, random effect.
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short-term mortality suggested a low probability of publi-
cation bias (online supplemental figure 1).

In the subgroup analysis, according to the 10-day crite-
rion, mortality rates were 49.7% (n=146/294) for ET and 
32.6% (n=127/390) for LT, showing a statistically signifi-
cant difference (OR 1.91, 95% CI 1.37–2.65, I2=35.31%, 
p=0.172). However, according to the 7-day and 14-day 
criteria, there was no difference in mortality rate (ET 
18.7% (n=14/75) vs LT 25.0% (n=20/80); ET 24.1% 
(n=255/1,057) vs LT 24.8% (n=389/1,569), respectively) 
and in OR and 95% CI between the two groups (OR 0.56, 
95% CI 0.14 to 2.28, I2=58.78%, p=0.119; OR 1.04, 95% CI 
0.69–1.58, I2=64.47%, p=0.038, respectively) (figure 2).

Secondary outcome comparison between early and late 
tracheostomy
A total of eight studies provided data on the duration 
of mechanical ventilation. In the ET group, comprising 
463 individuals, mechanical ventilation was applied for 
an average of 17.3 days (SD±1.5 days), whereas in the LT 
group, consisting of 1019 individuals, mechanical ventila-
tion was applied for an average of 24.4 days (SD±2.9 days). 
The difference in mechanical ventilation duration 
between the two groups was −7.35 days (95% CI −11.63 to 
−3.08), indicating a significantly longer duration in the 
LT group (I2=91.71%, p<0.001).

Data on the length of stay in the ICU were available 
in five studies. In the ET group of 231 individuals, the 
average stay in the ICU was 18.5 days (SD±2.0 days), 
whereas the LT group, which included 587 individuals, 
had an average stay in the ICU of 29.9 days (SD±3.9 days). 
The difference in the length of stay in the ICU between 
the two groups was −11.24 days (95% CI −18.50 to −3.97), 
and the LT group showed a significantly longer stay in the 
ICU (I2=89.86%, p<0.001).

Hospital days were reported in four studies. In the ET 
group of 316 individuals, the average hospital stay was 
33.6 days (SD±4.4 days), whereas the LT group, consisting 
of 757 individuals, had an average hospital stay of 43.2 days 
(SD±5.5 days). The difference in in-hospital stay between 
the two groups was −9.72 days (95% CI −24.89 to 5.44), 
indicating a trend of longer hospitalisation in the LT 
group, which was not statistically significant (I2=93.11%, 
p<0.001) (figure 3).

DISCUSSION
This meta-analysis, which involved 3465 patients with 
COVID-19 from 12 studies, compared short-term 
mortality between ET and LT. In general, no significant 
differences were found in short-term mortality between 
ET and LT. However, in the subgroup analysis, on the 
10-day criterion, ET showed significantly higher short-
term mortality compared with LT, whereas there were 
no statistically significant differences on the 7-day and 
14-day criteria. These results suggest that the timing of 
the tracheostomy may influence short-term mortality in 
patients with COVID-19, providing potential insight for 

future clinical decisions. Furthermore, the ET group had 
shorter durations of mechanical ventilation and stays 
in the ICU compared with the LT, with a trend towards 
shorter hospital stays in the ET group.

Mechanical ventilation plays a crucial role in the treat-
ment of respiratory failure by reducing respiratory muscle 
workload and improving oxygenation.27 However, as the 
duration of mechanical ventilation increases, it can lead 
to complications such as laryngeal damage, sinusitis and 
pneumonia due to prolonged intubation.28 29 Tracheos-
tomy serves as an alternative to prolonged intubation, 
offering advantages such as increased patient comfort 
and reduced resistance of the airways, making oral care 
easier.30 Additionally, in clinical practice, the greatest 
advantage is that tracheostomy facilitates weaning even in 
patients who do not meet all extubation criteria. However, 
tracheostomy is associated with short- and long-term 
complications such as bleeding, stoma infection, stenosis, 
tracheomalacia and fistula, leading to the ongoing debate 
on the appropriate timing for this procedure, and a defin-
itive consensus has not yet been reached.6 7

Patients with COVID-19 typically present with mild 
upper respiratory symptoms,1 but within 8 days, approx-
imately 42% of patients progress to acute respiratory 
distress syndrome, which requires mechanical ventila-
tion.31 32 Consequently, in the era of COVID-19, the impor-
tance of tracheostomy has become more pronounced. 
Early guidelines emphasised delayed tracheostomy due 
to the high risk of transmission to healthcare providers 
through aerosols generated during the procedure.8–10 
However, with an improved understanding of COVID-19 
and the development of treatments that improve patient 
survival, recent studies suggest that early percutaneous 
tracheotomy in COVID-19 patients carries a low transmis-
sion risk to healthcare personnel,33 leading to renewed 
discussion about the appropriate timing for tracheostomy.

Interestingly, a multicentre study conducted in Switzer-
land found that more than one-third of tracheostomies 
are performed during the second week of endotracheal 
intubation. However, the timing of the tracheostomy 
varies considerably, ranging from within the first week 
to the third week or even longer.34 Furthermore, even 
previous guidelines related to tracheostomy have different 
definitions for 'early’ tracheostomy,35–37 and there is no 
clear consensus.38 It is not yet clear whether discrepancies 
influenced outcomes, as previous studies have reported 
that tracheostomy can reduce the incidence of pneu-
monia, shorten the duration of mechanical ventilation, 
decrease the sedation time, lower mortality and lead to a 
shorter ICU stay.39 40 However, some studies have shown 
contrasting results, contributing to the lack of a definitive 
conclusion.41 42

Chong and Tan conducted a comparative analysis of 
clinical outcomes between ET and LT in patients with 
COVID-19 from January 2020 to December 2021.11 They 
included a total of 12 studies involving 2222 patients. 
Among these patients, 34.5% underwent ET, and there 
was no significant difference in the mortality rate between 
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the two groups (32.9% vs 33.1%; OR 1.00; p=0.98). Simi-
larly, Ji et al reviewed the effects of ET on 2371 patients 
with COVID-19 in 14 studies from 1 December 2019 to 
24 August 2021.12 Among these patients, 39.6% under-
went ET, and there was no significant difference in the 
mortality rate between the two groups (32.1% vs 29.3%, 
OR 1.09, p=0.59). Both studies, as in our study, did not 
identify a significant difference in mortality between the 
general ET and LT groups. Interestingly, Chong and 
Tan’s study, as in our study, conducted subgroup anal-
yses with a cut-off of 10 and 14 days. However, neither 
group demonstrated a mortality advantage. A plausible 
reason for this could be inferred from the selection of 
studies included in their analysis, whereby mortality at 3 
months was included without distinction,43 and studies 
that defined the ET group as up to 7–10 days were also 
incorporated.44 Such subtle differences could explain the 
observed variations compared with those in our study.

Chong and Tan reported a shorter duration of mechan-
ical ventilation in the ET group (20.5 days vs 28.9 days, 
p<0.001) and also a shorter stay in the ICU in the ET 
group (23.2 days vs 30.5 days, p<0.001).11 Similarly, Ji et 

al also consistently found a shorter duration of mechan-
ical ventilation of 9.08 days (95% CI (−10.91 to −7.26), 
p<0.001) and a shorter stay in the ICU of 9.41 days 
(95% CI (−12.36 to −6.46), p<0.001) in the ET group.12 
This consistent pattern in all studies, including our own, 
suggests a significant association between the time of the 
tracheostomy and the duration of mechanical ventilation 
and ICU stay.

In the present study, there was no significant difference 
in mortality at other time points; however, when trache-
ostomy was performed around the 10-day mark, the 
group that received tracheostomy within 10 days showed 
higher mortality. The results suggest that subtle differ-
ences in the timing of tracheostomy may influence short-
term mortality in COVID-19 patients, and the potential 
mechanisms are as follows. First, patients in the within-
10-day group may have been in a more critical condition 
or deteriorated to the point where tracheostomy was 
needed urgently. Second, in COVID-19 patients, exces-
sive inflammatory responses such as cytokine storms may 
occur,45 and tracheostomy could exacerbate this inflam-
matory response, adversely affecting patient outcomes. 

Figure 3  Forest plot comparing mean differences in duration of mechanical ventilation, length of ICU stays and hospital days 
between early and late tracheostomy in COVID-19 patients. Weighted mean differences were used for continuous outcomes, 
with a 95% CI. Heterogeneity was assessed using the I2 statistic, applying a random-effects model for significant heterogeneity 
(I2 ≥50%). ICU, intensive care unit; MV, mechanical ventilation; RE, random effect.
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Third, tracheostomy performed within 10 days may carry 
risks of various complications, including stomal infec-
tion, bleeding and fistula formation,5 which could have 
contributed to increased mortality. Lastly, tracheostomy 
is an invasive procedure that may impose psychological 
stress on the patient,46 potentially leading to worsening of 
their condition. Further research is required to explore 
these mechanisms in greater depth, verify the proposed 
pathways, and develop more tailored strategies for deter-
mining the optimal timing of tracheostomy in COVID-19 
and other critical care settings.

The strengths of our meta-analysis lie in the use of 
high-quality studies with stringent inclusion and exclu-
sion criteria to assess clinical outcomes in patients 
undergoing ET and LT during the COVID-19 pandemic. 
Furthermore, we applied various criteria to systemat-
ically classify ET, improving the clarity of its impact on 
clinical outcomes. However, our study also has a few 
limitations. First, all the studies included in the meta-
analysis were based on data from an observational study, 
which poses potential confounding factors. Ideally, it 
would be preferable to evaluate randomised controlled 
trials, but practical constraints make this challenging 
under the conditions of the COVID-19 pandemic. As a 
result, secondary outcomes would ideally be evaluated 
excluding mortality, but this was limited in our study. 
Future research should address these factors to provide 
more precise evaluations. Second, there is considerable 
heterogeneity in the criteria and definitions used among 
the included studies, which could limit the consistency 
of the results. To address this, we conducted the analysis 
based on a clear definition of mortality and introduced 
new subgroup definitions for ET and LT in an effort to 
mitigate this limitation. However, individual participant 
data meta-analysis, which is the recommended standard 
for evaluating subgroup effects, was not used in this 
study due to limited access to individual data. Therefore, 
caution is required when interpreting the results. Third, 
although our goal was to include the most recent studies, 
most of the research was conducted during the early stages 
of the COVID-19 pandemic, failing to capture important 
advances in patient treatment. There is uncertainty about 
how the results might change with future outbreaks or 
variants. Fourth, by excluding studies in languages other 
than English, there is a limitation in generalising our 
meta-analysis results to low- and middle-income coun-
tries. Fifth, achieving perfect control over factors such 
as drugs used and tracheostomy methods (surgical or 
percutaneous) in the included studies was challenging. 
Finally, we focused primarily on short-term mortality, and 
the insufficient information regarding long-term results 
warrants caution when interpreting the results.

In conclusion, tracheostomy performed at 10 days 
had a possible association with differences in short-
term mortality; however, no significant differences were 
observed in short-term mortality between ET and LT, as 
defined in individual studies, or at the 7-day and 14-day 
benchmarks. The findings suggest that subtle timing 

differences may affect short-term outcomes in COVID-19 
patients, underscoring the importance of determining 
the optimal timing and establishing a consistent defi-
nition for early timing. Taking into account the overall 
longer duration of mechanical ventilation and stay in the 
ICU in the LT group, efforts to identify the optimal time 
to effectively reduce the cost of mortality remain crucial 
and necessary. This emphasises the need for additional 
research that can contribute to the development of future 
treatment strategies and clinical decision-making.
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Supplementary Table 1. PRISMA 2020 checklist 

Section and 
topic  

Item 
# 

Checklist item  

Location 
where the 
item is 
reported  

TITLE   

Title  1 Identify the report as a systematic review. Page 1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. N/A 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. Page 6 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 6 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Pages 7-8 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists, and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

Page 7, 
Figure 1 

Search strategy 7 Present the full search strategies for all databases, registers, and websites, including any filters and limits used. Supp Table 
2 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 7 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

Page 7 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study 
were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

Page 7 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

Pages 7-8 

Study risk of bias 
assessment 

11 Specify the methods used to assess the risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 9 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Page 9 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

Page 7 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

Page 9 

13c Describe any methods used to tabulate or visually display the results of individual studies and syntheses. Table 1 

13d Describe any methods used to synthesise results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), 
method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

Page 9 
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Section and 
topic  

Item 
# 

Checklist item  

Location 
where the 
item is 
reported  

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Page9, 
Table 2 

13f Describe any sensitivity analyses conducted to assess the robustness of the synthesised results. Figure 2 

Reporting bias 
assessment 

14 Describe any methods used to assess the risk of bias due to missing results in a synthesis (arising from reporting biases). Supp figure 
1 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Figure 2 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the 
review, ideally using a flow diagram. 

Pages 9-10, 
Figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Pages 9-10, 
Figure 1 

Study 
characteristics  

17 Cite each included study and present its characteristics. Table 1 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Supp. Table 
3 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g. 
confidence/credible interval), ideally using structured tables or plots. 

Table 1, 
Figure 2 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Page 10 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

Figure 2 

20c Present results of all investigations of possible causes of heterogeneity among study results. Page 10 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesised results. Page 10 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Page 10 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Pages 10-
11 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Pages 11-
12 

23b Discuss any limitations of the evidence included in the review. Page 14 

23c Discuss any limitations of the review processes used. Page 14 

23d Discuss the implications of the results for practice, policy, and future research. Page 14 

OTHER INFORMATION  

Registration and 24a Provide registration information for the review, including the register name and registration number, or state that the review was not registered.  
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Section and 
topic  

Item 
# 

Checklist item  

Location 
where the 
item is 
reported  

protocol 24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 7 

24c Describe and explain any amendments to information provided at registration or in the protocol. Page 7 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Page 15 

Competing 
interests 

26 Declare any competing interests of review authors. Page 15 

Availability of 
data, code, and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review. 

N/A 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

For more information, visit: http://www.prisma-statement.org/  
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Supplementary Table 2. Detailed search strategy of individual databases 

Databases No. Search Query Search 

Results 

PubMed #1 Tracheostomy[mh] OR tracheostom*[tw] OR tracheotom*[tw] 30,084 

#2 early[tw] AND (late[tw] OR delayed[tw]) 254,764 

#3 Time Factors[mh] OR early[tw] OR late[tw] OR delayed[tw] OR timing[tw] 3,685,033 

#4 Comparative Study[pt] OR compar*[tw] OR versus[tw] OR group*[tw] 10,392,629 

#5 timing[ti] OR early tracheostom*[ti] OR late tracheostom*[ti] OR delayed 

tracheostom*[ti] 

27,929 

#6 #2 OR (#3 AND #4) OR #5 1,659,421 

#7 #1 AND #6 2,513 

#8 COVID-19[mh] OR SARS-CoV-2[mh] OR COVID-19[tw] OR COVID19[tw] 

OR severe acute respiratory syndrome coronavirus 2[tw] OR SARS-CoV-2[tw] 

OR coronavirus disease 2019[tw] OR novel coronavirus[tw] OR 2019-

nCoV[tw] OR 2019nCoV[tw] OR coronavirus 2019[tw] OR SARS-CoV2[tw] 

OR SARS coronavirus 2[tw] OR corona virus disease 2019[tw] OR COVID-

2019[tw] OR novel corona virus[tw] OR COVID2019[tw] OR novel 2019 

coronavirus[tw] OR nCoV 2019[tw] OR SARS-CoV-19[tw] OR nCoV2019[tw] 

OR corona virus 2019[tw] OR HCoV-19[tw] OR NCOVID-19[tw] OR 2019 

new coronavirus[tw] OR human coronavirus 2019[tw] 

377,901 

#9 #7 AND #8 124 

#10 (Animals[mh] NOT Humans[mh]) OR Models, Animal[mh:noexp] OR Disease 

Models, Animal[mh] OR Animal Experimentation[mh] 

5,358,021 

#11 Case Reports[pt] OR case report*[tw] OR case stud*[tw] OR case series[tw] 

OR case[ti] OR cases[ti] 

3,064,578 

#12 English[la] 31,336,147 

#13 #9 NOT #10 NOT #11 AND #12 110 

#1 tracheostomy/exp OR (tracheo$tom*):ti,ab,kw 49,101 

Embase #2 early:ti,ab,kw AND (late OR delayed):ti,ab,kw 338,210 

#3 ('time factor'/de OR (early OR late OR delayed OR timing):ti,ab,kw) 3,496,033 

#4 ('comparative study'/de OR (compar* OR versus OR group*):ti,ab,kw) 13,044,874 

#5 timing:ti OR ((early OR late OR delayed) NEXT/1 tracheo*tom*):ti 35,008 

#6 #2 OR (#3 AND #4) OR #5 1,685,889 

#7 #1 AND #6 3,873 

#8 ('coronavirus disease 2019'/exp OR (COVID-19 OR COVID19 OR 'severe 

acute respiratory syndrome coronavirus 2' OR SARS-CoV-2 OR 'coronavirus 

disease 2019' OR 'novel coronavirus' OR 2019-nCoV OR 2019nCoV OR 

'coronavirus 2019' OR SARS-CoV2 OR 'SARS coronavirus 2' OR 'corona virus 

disease 2019' OR COVID-2019 OR 'novel corona virus' OR COVID2019 OR 

'novel 2019 coronavirus' OR 'nCoV 2019' OR SARS-CoV-19 OR nCoV2019 

OR 'corona virus 2019' OR HCoV-19 OR NCOVID-19 OR '2019 new 

445,528 
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coronavirus' OR 'human coronavirus 2019'):ti,ab,kw) 

#9 #7 AND #8 256 

#10 (animal/exp NOT human/exp) OR 'animal model'/exp OR 'animal 

experiment'/exp OR [animal cell]/lim OR [animal experiment]/lim OR [animal 

model]/lim OR [animal tissue]/lim 

7,161,734 

#11 ('case report'/de OR 'case study'/exp OR (case NEXT/1 (report* OR stud* OR 

series)):ti,ab,kw OR (case OR cases):ti) 

3,832,070 

#12 [english]/lim 37,311,026 

#13 #9 NOT #10 NOT #11 AND #12 219 

#1 [mh Tracheostomy] OR (tracheo?tom*):ti,ab,kw 1,690 

Cochrane 

Library 

#2 early:ti,ab,kw AND (late OR delayed):ti,ab,kw 17,482 

#3 [mh "Time Factors"] OR (early OR late OR delayed OR timing):ti,ab,kw 261,116 

#4 [mh "Comparative Study"] OR (compar* OR versus OR group*):ti,ab,kw 1,386,488 

#5 timing:ti OR ((early OR late OR delayed) NEXT tracheo*tom*):ti 2,966 

#6 #2 OR (#3 AND #4) OR #5 207,488 

#7 #1 AND #6 346 

#8 [mh "COVID-19"] OR [mh "SARS-CoV-2"] OR ("COVID-19" OR COVID19 

OR "severe acute respiratory syndrome coronavirus 2" OR "SARS-CoV-2" OR 

"coronavirus disease 2019" OR "novel coronavirus" OR "2019-nCoV" OR 

2019nCoV OR "coronavirus 2019" OR SARS-CoV2 OR "SARS coronavirus 2" 

OR "corona virus disease 2019" OR "COVID-2019" OR "novel corona virus" 

OR COVID2019 OR "novel 2019 coronavirus" OR "nCoV 2019" OR "SARS-

CoV-19" OR nCoV2019 OR "corona virus 2019" OR "HCoV-19" OR 

"NCOVID-19" OR "2019 new coronavirus" OR "human coronavirus 

2019"):ti,ab,kw 

17,477 

#9 #7 AND #8 11 

#1 TS=(tracheostom* OR tracheotom*) 19,583 

Web of 

Science 

#2 TS=(early) AND TS=(late OR delayed) 585,096 

#3 TS=(early OR late OR delayed OR timing) 13,456,156 

#4 TS=(compar* OR versus OR group*) 15,939,532 

#5 TI=(timing) OR TI=((early OR late OR delayed) NEAR/0 tracheo*tom*) 1,173,166 

#6 #2 OR (#3 AND #4) OR #5 5,836,600 

#7 #1 AND #6 3,420 

#8 TS=(COVID-19 OR COVID19 OR "severe acute respiratory syndrome 

coronavirus 2" OR SARS-CoV-2 OR "coronavirus disease 2019" OR "novel 

coronavirus" OR 2019-nCoV OR 2019nCoV OR "coronavirus 2019" OR 

SARS-CoV2 OR "SARS coronavirus 2" OR "corona virus disease 2019" OR 

COVID-2019 OR "novel corona virus" OR COVID2019 OR "novel 2019 

coronavirus" OR "nCoV 2019" OR SARS-CoV-19 OR nCoV2019 OR "corona 

virus 2019" OR HCoV-19 OR NCOVID-19 OR "2019 new coronavirus" OR 

"human coronavirus 2019") 

470,591 

 

#9 #7 AND #8 174 
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#10 TS=(case NEAR/0 (report* OR stud* OR series)) OR TI=(case OR cases) 2,038,667 

#11 #9 NOT #10 161 

#12 Language restriction 158 

#1 TITLE-ABS-KEY(tracheo?tom*) 34,924 

Scopus #2 TITLE-ABS-KEY(early) AND TITLE-ABS-KEY(late OR delayed) 528,582 

#3 TITLE-ABS-KEY(early OR late OR delayed OR timing) 5,682,642 

#4 TITLE-ABS-KEY(compar* OR versus OR group*) 22,905,832 

#5 TITLE(timing) OR TITLE((early OR late OR delayed) PRE/0 tracheo*tom*) 67,099 

#6 #2 OR (#3 AND #4) OR #5 2,366,929 

#7 #1 AND #6 2,594 

#8 TITLE-ABS-KEY(COVID-19 OR COVID19 OR "severe acute respiratory 

syndrome coronavirus 2" OR SARS-CoV-2 OR "coronavirus disease 2019" OR 

"novel coronavirus" OR 2019-nCoV OR 2019nCoV OR "coronavirus 2019" OR 

SARS-CoV2 OR "SARS coronavirus 2" OR "corona virus disease 2019" OR 

COVID-2019 OR "novel corona virus" OR COVID2019 OR "novel 2019 

coronavirus" OR "nCoV 2019" OR SARS-CoV-19 OR nCoV2019 OR "corona 

virus 2019" OR HCoV-19 OR NCOVID-19 OR "2019 new coronavirus" OR 

"human coronavirus 2019") 

560,787 

#9 #7 AND #8 175 

#10 TITLE-ABS-KEY(case PRE/0 (report* OR stud* OR series)) OR TITLE(case 

OR cases) 

4,825,604 

#11 #9 AND NOT #10 157 

#12 Language restriction 153 
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Supplementary Table 3. Results of quality assessment by the Newcastle–Ottawa Scale 

Author Selection  Comparability  

 

Outcome  Total score 

A B C D a b c 

Hansson et al. + + + + + + + + 8 

Livneh et al. + + + + ++ + + - 8 

Vuu et al. + + + + ++ + + + 9 

Flinspach et al. + + + + + + + + 8 

Evrard et al. + + + + ++ + - + 8 

Volo et al. + + + + ++ + - - 7 

Avilés-Jurado et al. + + + + ++ + - - 7 

Chandran et al. + + + + ++ + + - 8 

Shreckengost et al. - - + + + + + + 6 

Navaratnam et al. + + + + + + + - 7 

Bui et al. + + + + ++ + - - 7 

Takhar et al. + + + + + + - - 6 

Selection 

A. Representatives of the exposed cohort  

B. Selection of the non-exposed cohort 

C. Ascertainment of exposure  

D. Demonstration that the outcome of interest was not present at the start of the study  

Comparability 

Comparability of cohorts based on the design or analysis 

Outcome 

a. Assessment of outcomes  

b. Was follow-up long enough for outcomes to occur  

c. Adequacy of follow-up of cohorts 
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Supplementary Table 4. Clinical characteristics of studies included in a systematic review 

1st author Publication 

year 

Design Outcome Country Study periods Approach Definition of 

early 

No. of 

patients 

Age Male 

Hansson et 

al. 

2022 Retrospective, 

multicenter 

30-day 

mortality 

Sweden Mar 14, 

2020–Mar 13, 

2021 

Both ≤7 days 117 66 (18–87) 90 (76.9%) 

Livneh et al. 2021 Retrospective, 

single–center 

Unspecified 

mortality 

Israel Mar 2020–Jan 

2021 

Open ≤7 days 38 64 (56–72) 33 (86.8%) 

Vuu et al. 2023 Retrospective, 

multicenter 

In-patients 

mortality 

USA Jan 1, 2020–

Sep 20, 2020 

N/A ≤10 days 395 61.9 ± 

12.7 

222 (56.2%) 

Flinspach et 

al. 

2022 Retrospective, 

single–center 

In-hospital 

mortality 

Germany Mar 2020–Jun 

2021 

Percutaneous ≤10 days 117 60.1 ± 

13.7 

97 (82.9%) 

Evrard et al. 2021 Retrospective, 

multicenter 

Unspecified 

mortality 

France Jan 27, 2020–

Mar 18, 2020 

Both ≤10 days 48 56 (47–65) 36 (75.0%) 

Volo et al. 2021 Retrospective, 

multicenter 

In-hospital 

mortality 

Italy Feb 22, 2020–

Apr 26, 2020 

Both ≤10 days 23 69 (42–84) 21 (91.3%) 

Avilés-

Jurado et al. 

2021 Prospective, 

single–center 

Unspecified 

mortality 

Spain Mar 16, 

2020–Apr 10, 

2020 

Open ≤10 days 50 63.8 ± 9.7 33 (66.0%) 

Chandran et 

al. 

2022 Prospective, 

single–center 

30-day 

mortality 

India Apr 1, 2020–

Jan 31, 2021 

Open ≤10 days 51 52 (23–83) 32 (62.7%) 
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Shreckengost 

et al. 

2022 Retrospective, 

multicenter 

30-day 

mortality 

Global Mar 1, 2020–

Mar 31, 2021 

Both ≤14 days 549 N/A 345 (63.8%) 

Navaratnam 

et al. 

2022 Retrospective, 

multicenter 

In-hospital 

mortality 

UK Mar 1, 2020–

Oct 31, 2020 

N/A ≤14 days 1777 N/A 1528 (70.7%) 

Bui et al. 2023 Retrospective, 

single–center 

All-cause 

mortality 

USA Mar 2020–

May 2022 

Open ≤14 days 219 N/A 139 (63.5%) 

Takhar et al 2021 Prospective, 

single–center 

Unspecified 

mortality 

UK Mar 21, 

2020–May 20, 

2020 

Both ≤14 days 82 52.9 ± 

12.2 

55 (67.9%) 

 

Categorical data are represented using numbers (percentages), whereas continuous variables are expressed as mean (standard deviation) or median (interquartile 

range), as reported in each study. Abbreviation: N/A, not applicable; USA, United States of America; UK, United Kingdom 
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Supplementary Table 5. Categorisation of the study and baseline characteristics 

Study and baseline characteristics Subcategorisation N (%) 

Publication year 2021 5 (41.7%) 

 2022 5 (41.7%) 

 2023 2 (16.7%) 

Study design Retrospective 9 (75.0%) 

 Prospective 3 (25.0%) 

 Single-centre 6 (50.0%) 

 Multicentre 6 (50.0%) 

Outcome In-hospital mortality 3 (25.0%) 

 30-day mortality 3 (25.0%) 

 Unspecified mortality 4 (33.3%) 

 All-cause mortality 1 (8.3%) 

 In-patient mortality 1 (8.3%) 

Continent of Surveyed Country Europe 6 (50.0%) 

 Asia 2 (16.7%) 

 North America 1 (8.3%) 

 Global 1 (8.3%) 

Tracheostomy approach Both 5 (41.7%) 

 Open 4 (33.3%) 

 Percutaneous 1 (8.3%) 

 N/A 2 (16.7%) 

Definition of “early” ≤7 days 2 (16.7%) 

 ≤10 days 6 (50.0%) 

 ≤14 days 4 (33.3%) 

This data represents a restructured analysis of baseline characteristics of studies included in the current meta-analysis, as provided 

in Table 1 of the main text, categorised by various parameters. Abbreviation: N/A, not applicable 
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Supplementary Figure 1. Funnel plot for overall short-term mortality. 
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