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Abstract
Background: This study aimed to quantitatively analyze the available randomized controlled trials (RCTs) and investigate whether
early tracheotomy can improve clinical endpoints compared with late tracheotomy in critically ill patients undergoing mechanical
ventilation.

Methods: The electronic databases of PubMed, Embase, and the Cochrane library were systematically searched in August 2019.
The investigated outcomes were calculated using relative risks (RRs) and standardized mean differences (SMDs) with corresponding
95% confidence intervals (CIs) through the random-effects model for categories and continuous data, respectively.

Results: The electronic searches yielded 2289 records, including 15 RCTs comprising a total of 3003 patients and found to be
relevant for the final quantitative analysis. The summary RRs that indicated early versus late tracheotomywere not associated with the
risk of short-term mortality (RR: 0.87; 95% CI: 0.74–1.03; P= .114) and ventilator-associated pneumonia (RR: 0.90; 95% CI: 0.78–
1.04; P= .156). Moreover, early tracheotomy was associated with shorter intensive care unit (ICU) stay (SMD: –1.81; 95% CI: –2.64
to –0.99; P< .001) and mechanical ventilation duration (SMD: –1.17; 95% CI: –2.10 to –0.24; P= .014). Finally, no significant
difference was observed between early and late tracheotomy for hospital stay (SMD: –0.42; 95% CI: –1.36–0.52; P= .377).

Conclusions: The present meta-analysis suggests that early tracheotomy can reduce the length of ICU stay and mechanical
ventilation duration, but the timing of the tracheotomy was not associated with the short-term clinical endpoints in critically ill patients
undergoing mechanical ventilation.

Abbreviations: CIs = confidence intervals, ICU = intensive care unit, RCTs = randomized controlled trials, RRs = relative risks,
SMDs = standardized mean differences.
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1. Introduction

Tracheotomy is a frequently performed surgical procedure in
critically ill patients, that is, patients admitted to the intensive care
unit (ICU)andrequiringprolongedmechanical ventilationorairway
protection due to coma, asphyxia, respiratory muscular paralysis,
and hypoxia.[1–3] Studies have already shown the advantages of
tracheotomy compared with endotracheal intubation, including
shorter ICU or hospital stay, lowered airway resistance, improved
pulmonary toilet and fewer lung infections, protection for direct
laryngeal injury, facilitated nursing care, improved patient comfort,
and benefits for oral feeding, which are associated with the
administration of smaller amounts of sedative.[4–6]Nevertheless, the
risks of tracheotomy include bleeding, wound infection, tracheal
stenosis, and, occasionally, death.[7,8]

The timing for tracheotomy in critically ill patients undergoing
mechanical ventilation is an important question regarding the
clinical outcomes. Tracheotomy should be usedwhen the duration
of mechanical ventilation exceeds 14 days.[9] Another recommen-
dation is that the patient shouldbe endotracheally intubatedwithin
10 days, and tracheotomy should be performed if the duration of
mechanical ventilation is predicted to be exceeding 21 days.[10]

However, the optimal timing for tracheotomy in critically ill
patients undergoing mechanical ventilation remains uncertain.
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Numerous studies investigated the efficacy and safety of early
versus late tracheotomy for critically ill patients undergoing
mechanical ventilation. However, conflicting results were
obtained, and hence clinicians have difficulty in making
decisions. Several systematic reviews and meta-analyses explored
the effects of early versus late tracheotomy on critically ill patients
undergoing mechanical ventilation. One of them indicates that
early tracheotomy is not associated with short-better outcomes in
critically ill patients.[11] Two meta-analyses showed that early
tracheotomy is associated with shorter ICU stay, shorter
mechanical ventilation duration, and lower risk of mortality,
but without impact on hospital-acquired pneumonia,[12,13] while
yet another meta-analysis showed that the only improved
outcome is short-term mortality.[14] Meng et al[15] reported that
early tracheotomy might be able to reduce the duration of
sedation but did not significantly alter the mortality or
complications. Nevertheless, the previous meta-analysis based
on RCTs did not include stratified analyses according to patient
characteristics. In addition, some of those meta-analyses date
from a few years, and novel RCTs were published since then.
Therefore, the present updated meta-analysis of RCTs was

conducted to systematically compare the treatment efficacy of
early tracheotomy versus late tracheotomy in critically ill patients
undergoing mechanical ventilation.

2. Methods

2.1. Data sources, search strategy, and selection criteria

This studywas carried out following the PreferredReporting Items
for Systematic Reviews and Meta-Analysis Statement issued in
2009.[16] The following databases were systematically searched
through August 2019 on PubMed, Embase, and the Cochrane
library, and “tracheotomy” OR “tracheostomy” OR “intra-
tracheal intubation” AND (“mechanical ventilation” OR “artifi-
cial respiration”) AND “randomized controlled trials” were used
as keywords. The ongoing trials were also searched from the
website http://clinicaltrials.gov/ (US NIH) and the metaRegister of
Controlled Trials to identify studies already completed but yet not
published. Furthermore, the reference lists of retrieved studieswere
reviewed to identify other potential studies of interest.
The literature search and study selection were carried out by 2

independent authors, and discrepancies between the 2 authors
were resolved by a third author. The inclusion criteria were:
population: critically ill patients who received mechanical
ventilation; intervention: early tracheotomy; control: late
tracheotomy; outcomes: short-term mortality, ventilator-associ-
ated pneumonia, ICU stay, mechanical ventilation duration, and
hospital stay; and study design: RCT.

2.2. Data collection and quality assessment

The data were extracted following a standardized form
independently by 2 authors, and any inconsistencies between
the authors were settled by group discussion or consulting the
corresponding author. The collected information included the
first authors’ surname, publication year, country, setting, sample
size, age, percentage of male patients, disease severity, tracheot-
omymethods, timing of early and late tracheotomy, and reported
outcomes. Early and late tracheotomies were based on the
definition of each individual study. The quality of each included
study was assessed using the Jadad scale for randomization,
blinding, allocation concealment, withdrawals and dropouts, and
2

the use of intention-to-treat analysis.[17] Each item was allocated
1 or 0 scores for each of the included studies, and the scoring
system ranged from 0 to 5. The quality assessment was carried
out independently by 2 authors, and any disagreement was settled
by an additional author reviewing the original study.
2.3. Statistical analysis

The outcomes of early versus late tracheotomy were segregated as
categorical and continuous data. Relative risks (RRs) or
standardized mean differences (SMDs) with corresponding 95%
confidence intervals (CIs) were calculated in an individual trial
before data pooling.The pooled analyses for all reported outcomes
were calculated using the random-effects model.[18,19] The
heterogeneity across included trials was assessed using I2 and Q
statistic, and I2>50.0% or P< .10 was considered as significant
heterogeneity.[20,21] The robustness of pooled results was assessed
using the sensitivity analysis by sequentially excluding individual
trials.[22] Subgroup analyses for short-term mortality and ventila-
tor-associated pneumonia were conducted based on country,
sample size, mean age, percentage of male patients, tracheotomy
methods, and study quality. The differences between subgroups
were calculated using the interaction P-value, which was based on
the t test due to the smaller number of included studies.[23]

Publication biases for short-term mortality and ventilator-
associated pneumonia were also evaluated using the funnel plots
and Egger and Begg test results.[24,25] The P-value for pooled
resultswas 2-sided, and the inspection levelwas .05. Stata software
(Version 10.0; StataCorp, TX) was employed for all statistical
analyses.
2.4. Ethical statement

As this meta-analysis was based on previously published studies,
ethical approval was not necessary.

3. Results

3.1. Literature search

The details of the literature search and study selection processes
are shown in Fig. 1. The initial electronic databases yielded 2289
records; 538 studies were excluded because of duplication. A
total of 69 studies were retrieved for full-text evaluations after
irrelevant topics were excluded. After this, 54 studies were
excluded because of the following reasons: no appropriate
control (n=21); not RCT (n=17); and review or meta-analysis
(n=16). The manual search of the reference lists of these studies
did not yield any new eligible study, and all of these studies were
contained in the initial electronic searches. Finally, 15 RCTs
comprising a total of 3003 patients were selected for the final
meta-analysis.[26–40]

3.2. Study characteristics

The baseline characteristics of the included studies are summa-
rized in Table 1. Of 15 included studies, 6 were conducted in the
United States, and the remaining 9 studies were conducted in
Morocco, France, Italy, Germany, UK, Spain, and China. The
mean age of the included patients ranges from 37.6 to 67.7 years,
and 44 to 899 patients were included in each individual trial.
Four of the included trials used open tracheotomy, 7 used
percutaneous tracheotomy, 2 used both methods, and the
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Figure 1. Flow diagram for the study selection process.
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remaining 2 did not report the tracheotomy method. The study
quality was assessed using the Jadad scale; 3 trials had a score of
5, 6 a score of 4, 4 a score of 3, 1 a score of 2, and the remaining a
score of 1.
3.3. Short-term mortality

The data for the effect of early versus late tracheotomy on the risk
of short-term mortality were available in 14 trials. The summary
Table 1

Baseline characteristic of studies included in the systematic review

Study Country Setting
Sample
size Age, y

Percentage
of male

patients (%)

Dunham 1984[26] US Trauma 74 17.0–75.0 NA
Rodriguez 1990[27] US Trauma 106 37.6 79.2
Sugerman 1997[28] US Mixed 112 NA NA
Saffle 2002[29] US Burn 44 48.0 NA
Bouderka 2004[30] Morocco Head injury 62 40.6 61.3

Rumbak 2004[31] US Medical 120 63.0 54.2
Barquist 2006[32] US Trauma 60 51.7 76.7
Blot 2008[33] France Medical 123 56.5 71.5
Terragni 2010[34] Italy Mixed 419 61.5 66.8
Trouillet 2011[35] France After cardiac surgery 216 65.0 66.2
Koch 2012[36] Germany Neurosurgery or

neurotrauma
100 58.8 64.0

Zheng 2012[37] China Medical 119 67.7 62.2
Bösel 2013[38] Germany Neurological illness,

neurosurgery, or
neurotrauma

60 61.0 66.7

Young 2013[39] UK Mixed 899 63.9 58.6
Diaz-Prieto 2014[40] Spain Mixed 489 64.7 67.3

APACHE= acute physiology and chronic health evaluation; GCS=Glasgow Coma Score; ISS= injury se
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RR indicated no significant difference between the effect of early
and late tracheotomy on the risk of short-term mortality (RR:
0.87; 95% CI: 0.74–1.03; P= .114; Fig. 2), and no potential
significant heterogeneity among included trials (I2=35.9%;
P= .088). This conclusion was stable and not changed by
sequentially excluding individual trials (Supplemental Digital
Content [Figure S1, http://links.lww.com/MD/F552]). The sub-
group analyses suggested that early versus late tracheotomy
might exert beneficial effects on the risk of short-termmortality if
the trials were conducted in the United States (sample size ≥100,
mean age ≥60.0 years, and patients used percutaneous
tracheotomy, but with no statistically significant difference)
(Table 2). Moreover, the interaction P test indicated that the
country might affect the treatment effect of early and late
tracheotomy on the risk of short-term mortality (P= .044).

3.4. Ventilator-associated pneumonia

The data for the effect of early versus late tracheotomy on the risk
of ventilator-associated pneumonia were available in 13 trials.
The risk of ventilator-associated pneumonia in patients who
underwent early tracheotomy was reduced by 10%, but with no
statistically significant difference (RR: 0.90; 95% CI: 0.78–1.04;
P= .156; Fig. 3). Moreover, significant heterogeneity was
observed across included trials (I2=68.3%; P< .001). The
sensitivity analysis indicated that the pooled conclusion was
not altered by excluding any particular trial (Supplemental
Digital Content [Figure S2, http://links.lww.com/MD/F553]).
The subgroup analysis indicated that early tracheotomy was
associated with a reduced risk of ventilator-associated pneumo-
nia if the sample size of pooled trials was ≥100, whereas no
significant differences were detected between early and late
tracheotomy (Table 3). Moreover, the interaction P test indicated
that the effect of early versus late tracheotomy on the risk of
ventilator-associated pneumonia was affected by sample size
and meta-analysis.

Disease severity
Tracheotomy
methods

Early
tracheotomy

Later
tracheotomy

Jadad
scale

NA Open 4 days 14 days 2
ISS: 28/27; GCS: 10/10 NA 1–7 days >8 days 1
NA Both 5 days 14 days 3
NA Open 4 days 14 days 4
SAPS score: 5.4/6.0 NA 5–6 days Prolonged

endotracheal
intubation
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APACHE II score: 27.4/26.3 Percutaneous 2 days 14 days 3
APACHE II score: 12.1/13.1 Open 8 days 28 days 4
SAPS II score: 50/50 Open 4 days 14 days 5
SAPS II score: 51.1/49.7 Percutaneous 8 days 15 days 5
SAPS II score: 47.2/45.8 Percutaneous 5 days 15 days 5
APACHE II score: 21.0/22.0 Percutaneous 4 days 6 days 4

APACHE II score: 19.6/19.6 Percutaneous 3 days 15 days 3
APACHE score: 16.0/17.0 Percutaneous 3 days 7 days 4

APACHE II score: 19.6/20.1 Both 4 days 10 days 4
APACHE II score: 20.0/19.0 Percutaneous 8 days 14 days 3

verity score; SAPS= simplified acute physiologic score.

http://links.lww.com/MD/F552
http://links.lww.com/MD/F553
http://www.md-journal.com


Figure 2. Effects of early versus late tracheotomy on the risk of short-term mortality.
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(P< .001), percentage of male patients (P= .005), and tracheot-
omy methods (P< .001).

3.5. ICU stay, mechanical ventilation duration, and
hospital stay

The data for the effect of early versus late tracheotomy on ICU
stay were available in 8 trials. The pooled SMD suggested that
patients treated with early tracheotomy had shorter ICU stay
(SMD: –1.81; 95% CI: –2.64 to –0.99; P< .001; Fig. 4);
significant heterogeneity was observed among included trials
(I2=98.4%; P< .001). This conclusion was robust and not
changed by sequentially excluding individual trials (S1–S4
Table 2

Subgroup analyses for short-term mortality.

Factors Subgroup RR and 95% CI P-value H

Country US 0.70 (0.47–1.04) .080
Other 0.93 (0.80–1.09) .373

Sample size ≥100 0.89 (0.78–1.02) .087
<100 0.63 (0.23–1.70) .358

Mean age, y ≥60.0 0.84 (0.69–1.03) .090
<60.0 0.94 (0.63–1.40) .752

Percentage of male patients (%) ≥70.0 0.91 (0.61–1.36) .638
<70.0 0.85 (0.69–1.05) .140

Tracheotomy methods Open 0.94 (0.60–1.45) .770
Percutaneous 0.78 (0.60–1.01) .061
Both 0.97 (0.83–1.14) .752

Study quality High 0.92 (0.76–1.11) .397
Low 0.82 (0.58–1.15) .246

RRs= relative risks.
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Figs., http://links.lww.com/MD/F552, http://links.lww.com/
MD/F553, http://links.lww.com/MD/F554, http://links.lww.
com/MD/F555). Moreover, the data on the effect of early
versus late tracheotomy on mechanical ventilation duration
were available in 8 trials. Early tracheotomy was associated
with shorter mechanical ventilation duration compared with
late tracheotomy (SMD: –1.17; 95% CI: –2.10 to –0.24;
P= .014; Fig. 5), and significant heterogeneity was detected
across included trials (I2=98.0%; P< .001). Nevertheless, this
conclusion was not stable, especially after excluding the trial
conducted by Rodriguez et al,[27] which specifically included
younger patients (Supplemental Digital Content [Figure S3,
http://links.lww.com/MD/F554 and Figure S4, http://links.
eterogeneity (%) P-value for heterogeneity P-value between subgroups

26.4 .246 .044
25.9 .213
15.1 .304 .802
68.8 .022
54.3 .032 .548
0.0 .436
0.0 .454 .782
54.2 .026
0.0 .484 .309
51.3 .055
0.0 .396
27.0 .204 .195
47.7 .105
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Figure 3. Effects of early versus late tracheotomy on the risk of ventilator-associated pneumonia.
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lww.com/MD/F555]). Finally, only 3 trials reported the effect
of early versus late tracheotomy on hospital stay, but with no
significant difference (SMD: –0.42; 95% CI: –1.36–0.52;
P= .377; Fig. 6); significant heterogeneity was observed across
included trials (I2=93.4%; P< .001).

3.6. Publication bias

The publication biases for short-term mortality and ventilator-
associated pneumonia were assessed using both qualitative and
quantitative methods (Fig. 7). No significant publication biases
were observed for short-term mortality (P-value for Egger: .513;
P-value for Begg: .443) and ventilator-associated pneumonia
(P-value for Egger: .117; P-value for Begg: .161).
Table 3

Subgroup analyses for ventilator-associated pneumonia.

Factors Subgroup RR and 95% CI P-value H

Country US 0.94 (0.77–1.15) .526
Other 0.86 (0.69–1.07) .185

Sample size ≥100 0.82 (0.68–0.98) .033
<100 1.05 (0.97–1.15) .229

Mean age, y ≥60.0 0.83 (0.60–1.15) .257
<60.0 0.94 (0.79–1.11) .463

Percentage of male patients (%) ≥70.0 0.95 (0.77–1.16) .598
<70.0 0.78 (0.58–1.05) .102

Tracheotomy methods Open 1.05 (0.97–1.15) .220
Percutaneous 0.74 (0.52–1.06) .103
Both 0.86 (0.60–1.23) .401

Study quality High 0.93 (0.78–1.11) .432
Low 0.85 (0.64–1.13) .262

CI= confidence interval; RR= relative risk.
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4. Discussion
This systematic review and meta-analysis assessed the pooled
effect of early versus late tracheotomy on critically ill patients
undergoing mechanical ventilation. The present updated meta-
analysis contained 3003 patients from 15 RCTs with a broad
range of patient characteristics. The results of this study suggested
that early versus late tracheotomy did not alter the risk of clinical
endpoints, whereas early tracheotomy was associated with
shorter ICU stay and mechanical ventilation duration. The
subgroup analyses indicated the potential beneficial effects of
early tracheotomy on the risk of short-term mortality and
ventilator-associated pneumonia. The effects of early versus late
tracheotomy were influenced by country, sample size, percentage
of male patients, and tracheotomy methods.
eterogeneity (%) P-value for heterogeneity P-value between subgroups

79.7 <.001 .535
53.2 .046
56.9 .017 <.001
0.0 .895
67.4 .009 .237
74.5 .001
72.5 .026 .005
66.8 .006
0.0 .922 <.001
71.5 .004
– –

69.5 .003 .061
65.8 .012
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Figure 4. Effects of early versus late tracheotomy on ICU stay. ICU= intensive care unit.
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Several systematic reviews and meta-analyses explored the
effects of early versus late tracheotomy on critically ill patients
undergoing mechanical ventilation. A meta-analysis conducted by
Wang et al[11] included 7 RCTs and found that early tracheotomy
was not associatedwith short-termmortality, long-termmortality,
ventilator-associatedpneumonia,mechanical ventilationduration,
sedation duration, ICU stay, hospital stay, and potential adverse
events in critically ill patients. Shan et al[12] conducted a meta-
analysisof6RCTsand5observational studies and found that early
tracheotomy was associated with shorter ICU stay, shorter
mechanical ventilation duration, and lower risk of mortality,
whereas no significant difference in the risk of hospital-acquired
pneumonia was found between groups. However, these con-
clusionswere variablewith pooledRCTs or non-RCTs, suggesting
that the conclusions should be interpreted cautiously. A meta-
Figure 5. Effects of early versus late tracheotom

6

analysis conducted by Liu et al[14] included 11 RCTs and found
that early tracheotomywas associatedwith a reduced risk of short-
term mortality; however, it had no significant effect on the risk of
ventilator-associated pneumonia. Moreover, another important
meta-analysis of 11 RCTs and found that early tracheotomy
conductedwithin 7 days of intubation could reduce the duration of
ICU stay; no significant differences in hospital mortality,
pneumonia, mechanical ventilation duration, laryngotracheal
injury, and sedation use were observed between groups.[13] Meng
et al[15] reported that early tracheotomymight be able to reduce the
duration of sedation but did not significantly alter the mortality,
incidence of VAP, duration of MV, and length of ICU stay.
Nevertheless, the previous meta-analysis based on RCTs did not
include stratified analyses according to patient characteristics.
Therefore, the present updated meta-analysis of RCTs was
y on the duration of mechanical ventilation.



Figure 6. Effects of early versus late tracheotomy on hospital stay.

Figure 7. Funnel plots for short-term mortality (A) and ventilator-associated
pneumonia (B).
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conducted to systematically compare the treatment efficacyof early
tracheotomy versus late tracheotomy in critically ill patients
undergoing mechanical ventilation.
Compared with the previous meta-analysis, this meta-analysis

noted no significant difference between the effects of early and
late tracheotomy on the risk of short-term mortality and
ventilator-associated pneumonia. Two of the included trials
reported that patients treated with early tracheotomy had a
reduced risk of short-term mortality.[31,38] The study by Rumbak
et al[31] included 120 critically ill patients and found that early
tracheotomy was superior to late tracheotomy in patients who
were predicted to need ventilation for >14 days, in terms of
shorter ICU stay and mechanical ventilation duration, lower risk
of mortality and ventilator-associated pneumonia, less damage to
the mouth and larynx, and less loss of airway control. Moreover,
Bösel et al[38] found that early tracheotomy was associated with a
lower risk of ICUmortality and 6-month mortality. The potential
reason for this could be the reduction in the use of sedatives and
opioids and the difference in illness severity and causes of death
between groups. Unfortunately, the early termination of sedation
could not be examined in this study because of inconsistent
reporting among the included trials. This is an important clinical
issue that should be the focus of future studies. Of note, training
of the staff might influence the results, and it must be highlighted
that ICU and emergency department staff should be trained for
cricothyrotomy in emergency situations.[41]

The summary result indicated no significant difference between
the effects of early and late tracheotomy on the risk of ventilator-
associated pneumonia. The subgroup analysis indicated that
early tracheotomy was superior to late tracheotomy when the
sample size of pooled trials was >100. Four of the included trials
indicated that early tracheotomy was associated with a reduced
risk of ventilator-associated pneumonia.[27,31,36,37] This might be
because of the large destruction of the structure by late
tracheotomy. Moreover, the definition of early tracheotomy
varied among included trials, and surgeons always chose the
timing of tracheotomy according to their experience.[42]

http://www.md-journal.com
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An early tracheotomy was associated with shorter ICU stay
and mechanical ventilation duration, whereas no significant
difference in hospital stay was found between groups. This is
because early tracheotomy was associated with reduced dead
space, less airway resistance, decreased breathing work, better
secretion removal by suctioning, reduced risk of tube obstruction
risk, and better glottic function.[43] Again, early termination of
sedation, one of the most important aspects of early tracheotomy,
could not be examined in any reliable manner in this meta-
analysis. Moreover, although no significant difference in hospital
stay was found between groups, this conclusion might be
unreliable due to the smaller number of included trials.
This study has several limitations. First, the illness severity of

the patients was defined with various criteria, restricting stratified
analyses according to the severity of the disease. Second, the use
of various tracheotomy methods biased the impact of the timing
of tracheotomy on critically ill patients, and 2 of the included
trials even did not report the type of tracheotomy method. Third,
the definition of early and late tracheotomy differed across the
included trials, affecting the prognosis of critically ill patients.
This results in an overlap between the 2 groups of included RCTs
(early tracheotomy ranging from 1 to 8 days and late
tracheotomy ranging from 6 to 28 days). Because we had no
access to the raw data of each included study, we could not
reclassify the patients according to a unified definition of early
versus late tracheotomy, and we had to use the grouping of each
study. This possibly influences the results. Fourth, the analysis is
based on published RCTs, and publication bias is inevitable.
Fifth, in some trials, the patients randomized to late tracheotomy
ultimately do not receive tracheotomy at all because of marked
improvement in condition, worsening of the condition, or death.
This, of course, affects all the outcomes across all included
studies, as well as the present meta-analysis. Last but not least, the
level of heterogeneity was very high for all analyses, indicating
that the results must be taken with caution despite the use of the
random effect model.
The results of this study suggest that early tracheotomy does

not have significant beneficial effects on short-term clinical
endpoints, whereas it can reduce the ICU stay and mechanical
ventilation duration. Further large-scale RCTs should be
conducted to verify the results of this study and evaluate the
long-term clinical endpoints between early and late tracheoto-
my for critically ill patients undergoing mechanical ventilation.
Future meta-analyses should specifically examine the advan-
tages of early termination of sedation when using early
tracheotomy.
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