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Abstract

Background: Optimal timing for tracheotomy for critically ill COVID-19

patients requiring invasive mechanical ventilation (IMV) is not established.

Methods: Multicenter prospective cohort including all COVID-19 patients

admitted to intensive care units (ICUs) in 36 hospitals who required tracheot-

omy during first pandemic wave. With a target emulation trial framework, we

studied the causal effects of early (7–10 days) versus late (>10 days) tracheot-

omy (LT) on time from tracheotomy to weaning, postoperative mortality, and

tracheotomy complications.

Results: Of 696 patients, 20.4% received early tracheotomy (ET). ET was asso-

ciated with faster weaning (hazard ratio [HR] [95% confidence interval, CI]:

1.25 [1.00–1.56]) without differences in mortality (HR [95% CI]: 0.85 [0.60–
1.21]) or complications (adjusted rate ratio [95% CI]: 0.56 [0.23–1.33]).
Conclusions: ET had a similar or lower post-tracheotomy weaning time than

LT, potentially shortening IMV and ICU stays, without changing complication

or mortality rates in COVID-19 patients.
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1 | INTRODUCTION

Tracheotomy is the most common procedure performed
for patients in the intensive care unit (ICU), required by
10%–24% of patients under invasive mechanical ventila-
tion (IMV) for prolonged respiratory support or
weaning.1 Although substantial variation in the type and
timing of this procedure has been reported,2 some studies
have suggested that performing an early tracheotomy
(ET) may reduce the lengths of IMV and ICU care
required.3,4

About 3% of patients hospitalized with COVID-195,6

suffer from respiratory failure and require IMV. Trache-
otomy is therefore the most frequent surgical procedure
performed during lockdowns for the SARS-CoV-2 pan-
demic.7 The main indications for a tracheotomy are long-
term intubation, management of secretions, sedation
reduction needs, progression to weaning, and prevention
of laryngeal edema. Tracheotomy in these patients mini-
mizes the long-term risk of laryngotracheal stenosis and
reduces the lengths of mechanical ventilation and ICU

stay.8 This last aspect is crucial when ICU space is under
strain.

Early in the SARS-CoV-2 pandemic, there were con-
cerns that performing a tracheotomy could put the surgi-
cal team at risk of infection. Some centers were unable to
perform the procedure as they lacked adequate personal
protective equipment (PPE).9 Published high mortality
rates and the difficulties and risks of transferring patients
from the ICU to the operation room were also draw-
backs.6 Many scientific societies issued guidelines and
recommendations so that the procedure could be per-
formed safely for both patient and surgeon.10–12 Many of
the recommendations were based on the experience
gained from SARS-CoV-1 and Middle East respiratory
syndrome and drew on the opinions of expert surgeons
and epidemiologists.13 As it was believed that it would be
safer to perform the procedure when the patient's viral
load was lower, many guidelines recommended late or
very late tracheotomy (LT).14 However, guidance dis-
agreed on which type of tracheotomy was safest (open
surgical vs. percutaneous) or where it should be
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performed.15 All guidelines agreed that maneuvers gener-
ating aerosols should be minimized at the time of tra-
cheal entrance to protect surgical teams.9,16,17

Preliminary data from different centers during the
pandemic showed that a tracheotomy could be performed
safely, even at the patient's bedside, if the standard PPE
recommendations were followed.18 The complication
rates under this scenario seemed to be similar to those
reported before the pandemic.18 Some data suggested that
ET might reduce time to weaning and ICU length of
stay.4,18

We therefore evaluated the effect of disease- and
tracheotomy-related variables on the weaning and mor-
tality rates in a large multicenter cohort of COVID-19
ICU patients that required a tracheotomy during IMV.
The study was performed in Spain during the first wave
of the COVID-19 pandemic and focused on determining
the optimal time to perform a tracheotomy for these
patients.

2 | METHODS

2.1 | Study design and setting

We used a prospective cohort study design. All patients
receiving a tracheotomy between March 11, 2020 and
July 20, 2020 in 36 hospitals who met the inclusion
criteria were included. Fifty patients of the series have
been reported elsewhere.18

A data collection proposal was sent to all members of
the Spanish Society of Otorhinolaryngology and Head
and Neck Surgery by the senior author (F. X. A.-J.).
Thirty-six hospitals showed interest. Researchers from
each hospital collected the data from ICU admission to
weaning/death/end of study and filled in on an MS Excel
sheet (MS Excel for mac v16.16.27. Microsoft 2018) sent
to each center at the beginning of study. Once the recruit-
ment period was over, each hospital sent the database
anonymously to the coordinator (F. X. A.-J.) via a secure
server. Treatment, weaning criteria, and sedation agents
were not standardized among centers.

2.2 | Inclusion and exclusion criteria

Patients suffering from respiratory failure caused by
SARS CoV-2 infection, confirmed by polymerase chain
reaction, requiring IMV and subsequent tracheotomy,
performed before July 20, 2020 were included.

Patients with a missing tracheotomy, orotracheal
intubation, or outcome date or missing age or sex were
excluded. Following our target trial framework, we

excluded patients with a tracheotomy performed in the
first 7 days after orotracheal intubation.

2.3 | Target trial and follow-up

We used a trial emulation framework to minimize con-
founding and bias. Our exposure was ET or LT. Our deci-
sion time (D7) was 7 days after the initiation of IMV
(D0), when we expect a decision of whether a patient
should have a tracheotomy to be made and when we
would expect to randomize in a randomized trial. All
baseline characteristics were considered before or on this
date. As all of the study participants received a tracheot-
omy, an intention-to-treat analysis was impossible, and
we instead used a per-protocol analysis. We followed up
participants from the day of the tracheotomy (T0) until
death, weaning, or the end of July 20, 2020, whichever
was sooner. Participants who had not died or weaned by
this date were then censored. Figure 1 describes these
timings.

2.4 | Study outcome

The main outcome was time to weaning, defined as days
from tracheotomy to weaning from IMV. Secondary out-
comes included death, defined as days from tracheotomy
to death, and rates of intraoperative bleeding (excessive
bleeding that difficult standard tracheotomy or requiring
additional hemostatic measures), postoperative bleeding
(bleeding that required revision of stoma) and ventilatory
complications (air leak).

2.5 | Exposures and measurements

The main exposure variable was ET versus LT. “Early”
was defined as occurring on Day 7–10 after orotracheal
intubation, and “late” as on Day 11 or later. Sex and year
of birth were acquired at hospital admission. We selected
the comorbidities that were most likely to be risk factors
for COVID-19 based on previous literature. We included
hypertensive disease, immunosuppression, heart failure,
autoimmune disease, chronic obstructive pulmonary dis-
ease, pregnancy, diabetes mellitus, neuromuscular dis-
ease, and ischemic heart disease. We registered the start
and end days of pronation cycles. We obtained measures
of the PaO2/FiO2 ratio (PAFI) and positive end-expiratory
pressure (PEEP) at intubation (D0), 7 days after intuba-
tion (decision date, D7), and at tracheotomy (T0).
APACHE II and SOFA scores were obtained at ICU
admission. We collected the international normalized
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ratio (INR), use of anticoagulants, use of vasoactive
drugs, presence of secretion problems, and indication at
surgery. We also collected total lymphocyte and leuko-
cyte count, INR, D-dimer, ferritin, lactate dehydrogenase,
and C-reactive protein at admission. These variables are
obtained from the electronic medical records, which
included analytical parameters, dates of procedures, and
ventilatory parameters.

2.6 | Ethical approval and informed
consent

The local ethics committee approved the study protocol
and waved informed consent given the observational
nature of the study.

2.7 | Statistical analysis

We calculated the proportion or mean and SD of each
variable for the population as a whole and stratified by
exposure and included/excluded status. We computed
weekly and total incidence rates (events per 100 person-
day) of weaning and death overall and stratified by ET
versus LT. We plotted cumulative incidence curves of
weaning and death by exposure. We fitted a multivariable
Cox model to estimate cause-specific hazard ratios
(csHRs) of weaning and death for ET versus LT.

We fitted multivariable Poisson models to estimate
the relative risk of intraoperative and postoperative
bleeding and ventilatory complications. All models were
repeat-adjusted for age and sex. All models were further

adjusted for age, sex, PAFI, PEEP, anticoagulant use, and
pronation days.

Missing PAFI, PEEP, APACHE II, anticoagulant use,
and comorbidity data were imputed using multiple impu-
tation with chained equations. We used predictive mean
matching with 5 k nearest neighbors for continuous vari-
ables and logistic models dichotomic variables, generat-
ing 100 imputed data sets.19 We pooled estimators using
Rubin's rules.20

We tested for interactions between tracheotomy
timing and age, sex, APACHE II, SOFA, PEEP, PAFI,
and days of pronation. We compared the participants in
the ET group who did and did not wean within 14 days
of intubation.

We performed data management in SPSS 27 (IBM
Corp. Released 2020. IBM SPSS Statistics for Windows,
Version 27.0. Armonk, NY: IBM Corp). We performed all
analyses in STATA version 16.0 (StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX:
StataCorp LLC).

2.8 | Study report

We followed the reporting guidelines of the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) statement for cohort studies.21

3 | RESULTS

Of 794 possible participants, 98 were excluded. Figure 2
shows the flow of patients and numbers included and

FIGURE 1 Target trial description. OTI, orotracheal intubation; PAFI, PaO2/FiO2 ratio; PEEP, positive end-expiratory pressure [Color

figure can be viewed at wileyonlinelibrary.com]
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excluded for each criterion. Table S1 compares the char-
acteristics of the included and excluded patients.

Table 1 shows the baseline characteristics of the study
participants, overall and stratified by tracheotomy timing.
Of 696 participants receiving a tracheotomy, 215 (30.9%)
were women and 142 (20.4%) received an ET. The partici-
pants had a mean age of 63 years old. ET and LT recipients
did not differ on any collected variables except for PAFI at
ICU admission, PEEP on tracheotomy day, use of anticoag-
ulant drugs, and days of pronation before tracheotomy.

Table S2 compares the frequency of pronation, days
of pronation, and whether pronation finished after or
before tracheotomy in the two groups. Participants with
LTs had more total days of pronation (9.5 days for late
vs. 6.8 for early) and more often had their last pronation
cycle before tracheotomy (50% for late and 33% for early).

The proportion of participants pronated in the first 7 days
after orotracheal intubation and how many days these
participants were pronated were similar in the LT and ET
groups.

The ET group weaned more quickly than the late group
(Table 2). The median follow-up time from tracheotomy to
weaning or death was 13 days for LT and 12 days for
ET. Among those who were successfully weaned, partici-
pants with an ET was seen 11 days of weaning since trache-
otomy and 19 days since orotracheal intubation, whereas
LT group was seen 12 days and 29 days, respectively.

The LT group had a lower rate of successful weaning:
360 of the 554 participants in the LT group were weaned
before the end of follow-up (3.1 patients weaning per
100 patient-days [2.8–3.4]), whereas 102 out of 142 were
weaned in the ET group (3.9 patients weaning per

FIGURE 2 Inclusion and

exclusion of study participants

[Color figure can be viewed at

wileyonlinelibrary.com]
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TABLE 1 Baseline characteristics in tracheotomized patients stratified by tracheotomy timing after imputation

Total Late (>10 days after OTI) Early (≤10 days after OTI)

p-valueN = 696 N = 554 N = 142

Sex, female 30.9% 29.4% 36.6% 0.10

Age (years) 63.0 (10.2) 63.0 (10.4) 63.2 (9.2) 0.86

Tobacco consumption 0.44

Never 74.6% 74.2% 76.1%

Smoker 16.1% 15.3% 19.0%

Missing 9.3% 10.5% 4.9%

Smoking index (pack/year) 3.4 (12.6) 3.3 (12.6) 3.4 (12.6) 0.96

Missing 16.8% 17.1% 15.5% 0.64

Weight (kg) 83.1 (15.5) 83.0 (15.1) 83.2 (17.3) 0.92

Missing 19.7% 19.7% 19.7% 0.99

Height 168.6 (9.1) 168.8 (9.0) 167.9 (9.3) 0.35

Missing 21.8% 22.0% 21.1% 0.82

BMI 29.3 (5.4) 29.2 (5.2) 29.8 (6.3) 0.31

Missing 23.7% 23.5% 24.6% 0.77

Comorbidities

HBP 46.6% 44.6% 54.2% 0.04

Immunosuppression 7.0% 7.6% 4.9% 0.27

Heart failure 3.4% 3.4% 3.5% 0.96

Autoimmune disease 5.7% 6.1% 4.2% 0.38

COPD 7.2% 7.0% 7.7% 0.77

Pregnancy 0.4% 0.5% 0.0% 0.38

DM 21.6% 20.8% 24.6% 0.31

Neuromuscular disease 1.4% 1.4% 1.4% 0.97

Ischemic cardiopathy 9.3% 8.8% 11.3% 0.38

APACHE II 15.1 (6.6) 15.3 (6.7) 11.2 (6.1) 0.12

Missing 18.2% 16.8% 23.9% 0.05

SOFA 6.1 (3.6) 6.0 (3.4) 6.7 (4.4) 0.09

Missing 21.8% 22.6% 19.0% 0.36

INR at tracheotomy 1.6 (2.1) 1.5 (1.9) 1.8 (2.7) 0.15

Missing 17.8% 18.6% 14.8% 0.29

PAFI at intubation 142.1 (70.0) 139.2 (69.2) 153.8 (72.1) 0.03

Missing 0.0% 0.0% 0.0%

PAFI at Day 7 182.9 (73.6) 182.6 (74.7) 183.9 (69.8) 0.86

Missing 13.2% 14.6% 7.7% 0.03

PAFI at tracheotomy 192.7 (69.3) 195.0 (69.7) 184.1 (67.4) 0.10

Missing 7.6% 8.7% 3.5% 0.04

PEEP at intubation 12.6 (5.1) 12.6 (5.6) 12.5 (3.2) 0.99

Missing 10.8% 12.3% 4.9% 0.01

PEEP at Day 7 11.1 (7.8) 11.3 (8.6) 10.6 (3.3) 0.41

Missing 13.9% 15.2% 9.2% 0.07

PEEP at tracheotomy 9.7 (3.0) 9.5 (2.9) 10.6 (3.4) <0.001

Missing 0.0% 0.0% 0.0%
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100 patient-days [3.1–4.7]). The ET group therefore had a
crude csHR of 1.25 (1.00–1.56) and 1.18 (0.93–1.51) after
adjusting of weaning post-tracheotomy (Table 3).

Both groups had a mortality rate of 0.32 deaths per
100 patient-days (0.23–0.44), with 170/554 participant
deaths in the late group and 38/142 in the early group

TABLE 1 (Continued)

Total Late (>10 days after OTI) Early (≤10 days after OTI)

p-valueN = 696 N = 554 N = 142

Pronation days at Day 7 4.9 (2.9) 5.0 (2.5) 4.6 (4.1) 0.19

Complications 0.41

Ventilator problems 13.9% 14.4% 12.0%

Missing 1.1% 1.4% 0.0%

Anticoagulant treatment 56.2% 60.1% 40.8% <0.001

Vasoactive drugs at tracheotomy 40.4% 40.8% 38.7%

Missing 12.8% 13.9% 8.5%

Vasoactive drugs at OTI 52.3% 52.7% 50.7% 0.67

Missing 4.9% 4.9% 4.9%

Secretions problems 0.33

No 73.7% 72.0% 80.3%

Increase pressure 12.6% 13.2% 10.6%

Obstruction 3.9% 3.4% 5.6%

Missing 9.8% 11.4% 3.5%

Indication tracheotomy 0.07

Prolonged mechanical ventilation 81.6% 83.2% 75.4%

Secretions management 10.2% 9.6% 12.7%

Other 8.0% 7.0% 12.0%

Missing 0.1% 0.2% 0.0%

Lymphocyte count 5304.9 (26 886.6) 6167.0 (29 741.4) 1961.1 (9140.1) 0.10

Missing 1.9% 2.0% 1.4% 0.65

INR 1.6 (2.3) 1.5 (2.0) 2.1 (3.0) 0.02

Missing 8.5% 8.8% 7.0% 0.49

D-dimer 1515.0 (1734.6) 1511.5 (1733.5) 1528.3 (1746.4) 0.93

Missing 22.1% 22.6% 20.4% 0.58

Ferritin 1367.7 (1312.6) 1385.0 (1298.7) 1300.2 (1369.6) 0.55

Missing 24.9% 24.9% 24.6% 0.95

LDH 599.0 (705.3) 571.5 (564.8) 70.4 (1081.7) 0.06

Missing 13.8% 14.3% 12.0% 0.48

Leukocyte count 4538.0 (9721.8) 4497.1 (10 380.7) 4697.2 (6581.9) 0.83

Missing 1.6% 1.6% 1.4% 0.85

Lymphocytes 62.0 (180.1) 64.5 (186.3) 52.6 (154.2) 0.48

Missing 1.4% 1.8% 0.0% 0.11

CRP 20.9 (22.7) 21.2 (22.5) 20.0 (23.7) 0.65

Missing 44.1% 47.3% 31.7% <0.001

Note: Categorical variables are expressed in count (%) and continuous variables are expressed in mean (SD).
Abbreviations: APACHE, Acute Physiology and Chronic Health disease Classification System; BMI, body mass index; COPD, chronic obstructive pulmonary
disease; CRP, C-reactive protein; DM, diabetes mellitus; HBP, high blood pressure; INR; international normalized ratio; LDH, lactate dehydrogenase; OTI,

orotracheal intubation; PAFI, PaO2/FiO2 ratio; PEEP, positive end-expiratory pressure; SOFA, Sequential Organ Failure Assessment score.
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(0.32 deaths per 100 patient-days [0.23–0.44]), giving an
unadjusted csHR of 0.85 (95% confidence interval
[CI] = 0.60–1.21) and a fully adjusted csHR of 0.90 (0.62–
1.30). Figures 3 and 4 show cumulative incidence func-
tion plots for weaning and death and Table 3 reports
csHRs for weaning and death in unadjusted, age- and
sex-adjusted, and fully adjusted multivariable models.

ET was associated with a risk ratio for intraoperative
complications of 0.57 (95% CI = 0.24–1.34) in the crude
analyses and fully adjusted of 0.56 (0.23–1.33) in the
adjusted analyses. We did not observe any differences in
the risk of any studied intraoperative or postoperative
complications between the two groups (Table 4).

Participants with ET who were weaned in less than
14 days after orotracheal intubation were younger (63.8
vs. 60.2 years) and had a higher PAFI at the time of

tracheotomy (216.6 vs. 177.6) than those who took more
than 2 weeks to be weaned (Table S4).

4 | DISCUSSION

To the best of our knowledge, this is the largest study
evaluating the optimal timing of tracheotomy in a multi-
center prospective cohort of ICU-admitted patients with
COVID-19 who required IMV. Our results suggest that
ET leads to similar or faster weaning without increased
complications or mortality. When clinically appropriate,
the ET strategy might therefore be preferable, as it can
release ICU space.

The optimal timing of tracheotomy may be influenced
by many factors, such as the initial cause of IMV, the
severity of the disease, neurological status, complications,
and the possibility of recovery. In the COVID-19 sce-
nario, the initial cause of IMV is always severe respira-
tory failure, which may have high pronation
requirements and be complicated by systemic failure,
thrombosis, or other COVID-19-related conditions.

Many consensus documents were published in 2020
on best practices for tracheotomy in critically ill COVID-
19 patients, generally aiming to prevent surgeon infec-
tion. Most recommended delayed tracheotomy,14 while
others focused on the type of tracheotomy,15 the neces-
sary protective equipment,16,17 or where best to perform
a tracheotomy.22 Almost no existing guidance evaluated
which clinical parameters influence weaning outcomes,
total days of IMV, or mortality.

Bier-Laning et al. analyzed the tracheotomy protocols
and practices put in place by 29 institutions around the
world in response to the COVID-19 pandemic. They

TABLE 2 Days to weaning by

tracheotomy timing, since orotracheal

intubation and since tracheotomy

Early tracheotomy Late tracheotomy

Median p25 p75 Median p25 p75

Days to weaning or death or censoring

Since tracheotomy (T0) 12 6 22 13 7 26

Since decision (D7) 13 8 24 23 16 37

Since orotracheal intubation (D0) 20 15 31 30 23 44

Days to weaning (those who wean)

Since tracheotomy (T0) 11 6 17 12 7 21

Since decision (D7) 12 8 20 22 16 33

Since orotracheal intubation (D0) 19 15 27 29 23 40

Days to death (those who die)

Since tracheotomy (T0) 13 7 23 14 7 25

Since decision (D7) 16 9 26 24 17 35

Since orotracheal intubation (D0) 23 16 33 31 24 42

TABLE 3 Associations of tracheotomy timing with time to

weaning and time to death

Weaning Death

csHR
(95% CI)

csHR
(95% CI)

Early vs. late tracheotomy

Cox 1.25 (1.00–1.56) 0.85 (0.60–1.21)

Cox age and gender
adjusted

1.25 (1.00–1.56) 0.87 (0.61–1.25)

Cox fully adjusted 1.18 (0.93–1.51) 0.90 (0.62–1.30)

Note: Fully adjusted model included PAFI, PEEP, anticoagulant treatment,
and pronation days as covariates.
Abbreviations: CI, confidence interval; csHR, cause-specific hazard ratio;
PAFI, PaO2/FiO2 ratio; PEEP, positive end-expiratory pressure; RR, relative

risk; sdHR, subdistribution hazard ratio.
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FIGURE 3 Cumulative incidence of weaning by tracheotomy timing [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 Cumulative incidence of death by tracheotomy timing [Color figure can be viewed at wileyonlinelibrary.com]
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found insufficient evidence for recommending a specific
timing for tracheotomy in COVID-19-related respiratory
failure.23 Tornari et al. conducted an observational cohort
study to understand the factors that influenced the trajec-
tory from tracheotomy to decannulation to facilitate ICU
capacity planning and improve outcomes. Higher FiO2 at
tracheotomy time and higher pretracheotomy peak cough
flow were associated with longer delays in decannulation
of COVID-19 tracheotomy patients.24

Recent publications have suggested that earlier tra-
cheotomy might facilitate the weaning process and
reduce the length of mechanical ventilation required.
Avilés-Jurado et al.18 evaluated 50 consecutive patients
that required tracheotomy in the first wave of the pan-
demic in Spain in one single center. ET reduced the dura-
tion of IMV by reducing the days between orotracheal
intubation and the tracheotomy procedure, releasing ICU
beds for other patients. Our multicenter study of
696 tracheotomized patients from the first wave of
COVID-19 confirms their preliminary findings. We found
a 31% (2%–81%) reduction in the time from orotracheal
intubation to weaning when tracheotomy was performed
early (fully adjusted HR [95% CI]: 1.31 [1.02–1.81]), with-
out increasing complications or mortality rates.

The ideal timing for a tracheotomy in patients receiv-
ing IMV also remains controversial in other disease sce-
narios, despite decades of experience of using this
technique. Two large randomized prospective studies
addressing this topic have been published so far. Terragni
et al. randomized 419 patients to ET (6–9 days of intuba-
tion) or LT (13–15 days of intubation).25 They found no
differences in complications, pneumonia associated with
mechanical ventilation or mortality at 28 days of intuba-
tion. Young et al. randomized 909 patients to early
(within 10 days of intubation) or LT (after 10 days of
intubation) and also found no difference in mortality.26

Neither of these randomized controlled trials examined

the days of mechanical ventilation as an outcome. Our
results agree with the trials' finding of no difference in
mortality between ET and LT, but we also found a 31%
reduction in IMV duration in the ET group.

A Cochrane review published in 2015 found that
patients who underwent early (≤10 days) tracheotomy
had a higher probability of discharge from the ICU at
Day 28 than those who underwent later tracheotomy.3 A
recent meta-analysis found that ET was associated with
shorter mechanical ventilation and hospital stays, with-
out differences in mortality.25 Our findings agree with
these synthesized results. Reducing IMV and ICU stays is
extremely important given the current shortage of
ICU beds.

In daily practice, the decision about when to perform
a tracheotomy is based on clinical and ventilatory
criteria, previous institutional experience, and staff avail-
ability to do the procedure. To overcome the lack of a
prospective randomized trial, we emulated a trial frame-
work randomizing at Day 7, which is approximately
when the necessity of doing a tracheotomy arises. We
included demographic and objective parameters of sever-
ity respiratory failure in the analysis. We also included
parameters known to influence the intensivist decision,
such as pronation requirements, PAFI, PEEP levels, age,
comorbidities, complications, difficulties in secretions
management, and poor prognosis. In our study, treat-
ment, sedation agents, and weaning criteria were not
standardized among centers. Although it may be seen as
a drawback, it represents real practice in the present pan-
demic scenario, and may give external validity to the
cohort.

McGrath et al.14 published a consensus document
suggesting that tracheotomy be delayed until at least
Day 10 of mechanical ventilation in COVID-19 patients
and only be considered if patients showed signs of clini-
cal improvement. They also advised against tracheotomy

TABLE 4 Associations of

tracheotomy timing with intraoperative

and postoperative complications

incidence

N Crude Fully adjusted

Early Late RR (95% CI) RR (95% CI)

Early vs. late tracheotomy

Intraoperative 6 41 0.57 (0.24–1.34) 0.56 (0.23–1.33)

Bleeding 4 20 0.78 (0.27–2.28) 0.80 (0.27–2.37)

Ventilatory problems 4 22 0.71 (0.24–2.05) 0.69 (0.23–2.05)

Postoperative 41 136 1.17 (0.83–1.66) 1.10 (0.77–1.59)

Bleeding 33 102 1.26 (0.85–1.87) 1.19 (0.79–1.79)

Ventilatory problems 8 34 0.92 (0.42–1.98) 0.85 (0.39–1.85)

Note: Fully adjusted model included PaO2/FiO2 (PAFI), positive end-expiratory pressure (PEEP),

anticoagulant treatment, and pronation days as covariates.
Abbreviations: CI, confidence interval; RR, relative risk.
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when patients needed high fractions of inspired oxygen
(FiO2), the prone position, or high ventilator require-
ments. Our participants in the ET and LT groups had
similar characteristics at admission. Although the early
group had higher PEEP at tracheotomy day (10.6 vs. 9.5,
p < 0.001), this difference has limited clinical value.

The prone position is often used to improve the venti-
lation/perfusion quotient in patients with COVID-19.
The presence of a tracheotomy can make pronation
maneuvers more difficult, and cannula displacement may
also be favored. Some guidelines suggest tracheotomy be
delayed if prone maneuvers are still required or even dis-
courage tracheotomy altogether.9,14 However, pronation
is not a formal contraindication for ET. As expected, our
LT group had greater pronation requirements than our
early group. Nonetheless, 63.4% of the ET patients were
proned at some point, mostly (60.6%) before tracheotomy.
Almost 25% continued pronation after tracheotomy with-
out major incidences. Our results therefore suggest that
pronation should not rule out ET and that patients
should be considered on a case-by-case basis.

We found that the shorter IMV duration seen in the
ET group was independent of ventilatory parameters at
admission or tracheotomy. Previous reports based on
smaller series have described similar, albeit not statisti-
cally significant, findings.18

One of the criticisms of doing an ET is that we may
perform more procedures than is strictly necessary. To
test this hypothesis, we compared our ET participants
who were weaned within 2 weeks of intubation (early)
with those who were weaned after 2 weeks. Participants
who weaned earlier were younger and had higher PAFI
at tracheotomy, suggesting that the tracheotomy decision
could be delayed in younger patients with clear signs of
improvement. One can argue that perhaps some of these
patients could have been extubated skipping a tracheot-
omy, or at least a trial of extubation being performed
first. However, in the early days of the pandemic, lack of
knowledge about the behavior of the disease, the risk of
infection of staff, and the possibility of reintubation led to
a conservative approach to risky maneuvers.

Another criticism of ET is the higher risk of complica-
tions in critically ill patients. The high mortality rate ini-
tially reported for COVID-19 patients favored avoiding
invasive maneuvers, including surgery. Many of these
patients also required intensive pronation, and some
received anticoagulant drugs due to concomitant throm-
bosis, which may increase tracheotomy complications.
Relevant postoperative complications after tracheotomy
in non-COVID-19 patients range between 5.6% and
27.2%.27–29 In contrast, Long and colleagues found that
up to 55.3% of tracheotomized COVID-19 patients were
seen postoperative complications within the first 30 days,

with no differences between percutaneous and open pro-
cedures.15 The main complications were local infection
(36%), hemorrhage (19%), and subcutaneous emphysema
(8.5%). Other studies have shown that minor bleeding
from the stoma, usually managed with local measures, is
the most common complication in tracheotomized
COVID-19 patients and that few patients need revision
surgery. We found a complication rate of 4.2% for ET and
11.2% for LT across our 696 participants from different
institutions, tracheotomy types, and timelines. This dif-
ference was not statistically significant.

Our study has limitations as well as strengths. The
study design and inclusion criteria prevented us from
analyzing the causal effects of tracheotomy timing on
total days of IMV. Although the observed differences in
total IMV duration post-tracheotomy described here are
attributable to the tracheotomy timing, the observed dif-
ferences in total duration of IMV were artificially inflated
by immortal time bias30 and should not be interpreted as
causal estimates. A randomized controlled trial with an
intention-to-treat analysis would be preferable to estab-
lish the effect of ET on the total duration of IMV for
patients admitted to ICU with COVID-19, although it is
unlikely that it can be performed in the pandemic
scenario.

As we used observational data, one can argue that
residual confounding could be at least partially responsi-
ble for the observed findings. The most important bias
could have been confounding by indication, where doc-
tors may have decided to postpone tracheotomy in
patients that were critically ill on the decision day. How-
ever, although the groups were not totally comparable,
we did not find any evidence of confounding by indica-
tion, with baseline characteristics well balanced between
the ET and LT groups. Moreover, multivariable adjust-
ment, including APACHE II, SOFA, PAFI, PEEP, antico-
agulant use, and pronation, did not attenuate the
observed effects, with a good statistical power.

Among the strengths of the present study are the
large number of participants and the prospective
cohort design. We designed the analyses following a
trial emulation framework31 with randomization at
Day 7 of intubation for robustness. Using multiple cen-
ters, each with their own local protocols, no standard-
ized weaning criteria or sedation agents, and variations
in the type of tracheotomy, we ensured that this study
has external validity. In addition, by collecting multi-
ple objective clinical and ventilatory variables, we were
able to gather wide, robust prognosis information.
These aspects could have influenced the observed
weaning and mortality rates. However, we expect any
potential differences to be hospital-specific and there-
fore uninformative.
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In conclusion, our prospective cohort study suggests
that ET, when appropriate, may provide quicker weaning
and ICU discharge for COVID-19 patients without added
complications or increased mortality. These findings may
help to release ICU beds, which is particularly necessary
during the pandemic outbreak.
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