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Background
• Approximately 70% of patients with COVID-19 

require invasive mechanical intubation (IMV)
• COVID-19 guidelines suggest performing 

tracheostomy after 14 days to reduce the risk of 
viral transmission

• The purpose of this study is to evaluate the 
association of tracheostomy with clinical outcomes 
and COVID-19 transmission amongst health care 
professionals (HCP)

Methods
• Registered in PROSPERO (CRD42020208129)
• We included studies that reported clinical 

outcomes in adult patients with COVID-19 on IMV 
who were candidates for tracheostomy and/or 
COVID-19 transmission amongst HCP

• Cochrane, EMBASE (Ovid), Medline (Ovid) and Web 
of Sciences from January 1, 2020 – March 4, 2021

• ROBINS-I tool used for risk-of-bias appraisal
• Descriptive analysis and random-effects model 

meta-analysis  

Results

Conclusions
• COVID-19 transmission is low                
amongst HCPs who perform          
tracheostomy with full personal 
protective equipment 
• Early tracheostomy may be      
associated with reduced length 
of stay in the ICU

primarily performed ST in an operating theater and PDT at the
bedside. Studies also described procedures to reduce aerosol
generation during tracheostomy.

RoB Analysis
We used the ROBINS-I tool to perform an RoB analysis for 14
studies that were included in the meta-analysis
(Table14,21,23,33,35,38,58-60,66,67,73,74,78). Of these, 5 studies (35.7%)
had a serious RoB, 5 studies (37.5%) had a moderate RoB, and
4 studies (28.6%) had a low RoB. Notable bias was identified
in the confounders and patient selection domains, largely be-
cause of the nonrandomized nature of studies and lack of co-
hort matching. Missing data, outcome measurements, and re-
port result domains demonstrated less RoB because of the
objective clinical end points.

Tracheostomy and No Tracheostomy
A decreased risk of mortality in patients with COVID-19 who
underwent tracheostomy (96 of 342 [38.1%]) was observed

compared with those who did not undergo tracheostomy (140
of 238 [58.8%]; OR, 0.26; 95% CI, 0.09-0.77; n = 580 pa-
tients; 5 studies [7.2%]; Figure 2). However, statistical hetero-
geneity was high (I2 = 87%). These studies evaluated either ST
and/or PDT. The no tracheostomy groups in these studies con-
sisted of critically ill patients with COVID-19 who were not
treated with tracheostomy. Despite both groups being quali-
tatively similar in these studies, they were not defined meth-
odologically as matched cohorts. The mean (SD) age was 60.4
(5.2) and 58.7 (3.8) years in the tracheostomy and no trache-
ostomy groups, respectively. The mean (SD) BMI was 29.9 (1.6)
and 28.9 (0.9) (3 studies [4.3%]) in the tracheostomy and no
tracheostomy groups, and Sequential Organ Failure Assess-
ment (SOFA) and/or APACHE II scores were reported in 4 stud-
ies (5.8%). Two studies (2.9%) reported significantly higher
baseline SOFA and/or APACHE II scores in the tracheostomy
compared with no tracheostomy group.60,66 Hypertension was
the most common medical comorbidity in all studies. No study
commented on the presence of therapeutic anticoagulation at

Figure 2. Mortality in 5 Studies For Those Who Received Tracheostomy vs Did Not Receive Tracheostomy
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M-H indicates Mantel-Haenszel; QEHB CAT, Queen Elizabeth Hospital Birmingham COVID-19 airway team; OR, odds ratio; random, random effects.

Table. Risk-of-Bias Assessment in 14 Studies Using ROBINS-I

Study

ROBINS-I domains

Confounders
Participant
selection Interventions

Deviation
from intended
intervention Missing data

Outcome
measurement

Reported
result Overall

Avilés-Jurado et al,14 2020 Moderate Low Low Low Low Moderate Moderate Low

QEHB CAT,24 2020 Moderate Moderate Low Low Low Moderate Moderate Moderate

Botti et al,21 2021 Serious Moderate Serious Unclear Unclear Moderate Serious Serious

Glibbery et al,33 2020 Serious Moderate Moderate Low Moderate Serious Moderate Moderate

Krishnamoorthy et al,35 2020 Moderate Serious Serious Unclear Serious Moderate Serious Serious

Long et al,38 2020 Serious Serious Low Low Moderate Moderate Serious Moderate

Rosano et al,58 2020 Moderate Moderate Low Unclear Low Low Moderate Moderate

Rovira et al,59 2021 Moderate Moderate Low Unclear Low Low Moderate Low

Sancho et al,60 2020 Moderate Serious Low Unclear Low Low Low Low

Takhar et al,66 2020 Serious Serious Low Unclear Low Low Low Low

Takhar et al,67 2020 Serious Serious Moderate Low Moderate Serious Serious Serious

Yeung et al,73 2020 Serious Serious Moderate Unclear Moderate Serious Serious Serious

Zhang et al,74 2020 Critical Critical Serious Unclear Serious Serious Serious Serious

Zuazua-Gonzalez et al,78 2020 Serious Serious Moderate Unclear Low Low Moderate Moderate

Abbreviation: QEHB CAT, Queen Elizabeth Hospital Birmingham COVID-19 airway team.
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Figure 1. Mortality rates were lower in COVID-19 patients who underwent tracheostomy 

the time of tracheostomy. No study identified any patient in
either group who required extracorporeal membrane oxygen-
ation. The timing of tracheostomy from intubation ranged from
6 to 16 days, and follow-up ranged from 28 to 30 days post-
tracheostomy (3 studies [4.3%]).

Early and Late Tracheostomy
When evaluating tracheostomy before and after 14 days of in-
tubation, the mean discharge from ICU improved in early com-
pared with late tracheostomy within 209 patients (mean dif-
ference, −6.17 days; 95% CI, −11.30 to −1.30) (Figure 3A). In 259
patients who underwent either ST or PDT, the mean time to
IMV weaning (mean difference, −2.99 days; 95% CI, −8.32 to
2.33) and decannulation (mean difference, −3.12 days; 95% CI,
−7.35 to 1.12) did not differ between the early and late trache-
ostomy groups (Figure 3, B and C). Statistical heterogeneity was
high in these comparisons (I2 = 70%-91%). Two studies (2.9%)
investigated either ST and/or PDT, while Avilés-Jurado et al14

investigated only ST and Takhar et al67 investigated only PDT.
Early tracheostomy was defined as less than 14 days from in-
tubation in 3 studies and less than <10 days in 1 study.14 Two

studies (2.9%) that reported baseline characteristics did not
identify any clinically important differences in the early vs late
tracheostomy group.14,67

PDT and ST
We found that there was no difference in mortality in pa-
tients with COVID-19 who were undergoing either PDT (36 of
287 [12.5%]) or ST (32 of 239 [13.4%]) (OR, 1.00; 95% CI, 0.49-
2.04; n = 526 patients; Figure 4A). We also found that there
was no difference in complication rates between PDT (42 of
266 [15.8%]) and ST (51 of 203 [25.1%]) (OR, 0.66; 95% CI, 0.40-
1.07; n = 469; Figure 4B). Statistical heterogeneity was low in
both analyses (I2 = 0%-27%). Despite not being matched co-
hort studies, patients were demographically and clinically simi-
lar across types of tracheostomy. The time to tracheostomy
from intubation ranged from 16.8 to 25.0 days. The most com-
mon comorbidity was hypertension. Five studies (7.2%) com-
mented on the presence of therapeutic anticoagulation at
the time of tracheostomy. Zhang et al74 demonstrated consid-
erable perioperative complication rates (ie, PDT = 16.7%;
ST = 40%) in both types of tracheostomy, which is likely be-

Figure 3. Mean Times in Early vs Late Tracheostomy
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Mean times of intensive care unit (ICU) discharge (4 studies) (A), invasive mechanical ventilation weaning ( 4 studies) (B), and decannulation (3 studies) (C) in early
vs late tracheostomy. IV indicates intravenous; QEHB CAT, Queen Elizabeth Hospital Birmingham COVID-19 airway team; random, random effects.

Tracheostomy and Outcomes in Patients With COVID-19 and SARS-CoV-2 Transmission Among Health Care Professionals Original Investigation Research

jamaotolaryngology.com (Reprinted) JAMA Otolaryngology–Head & Neck Surgery Published online May 27, 2021 E5

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/27/2021

Figure 2. Mean time to ICU discharge was lower in early (< 14 
days from start of IMV) vs. late tracheostomy. There was no 
change in other clinical endpoints.   

cause of the low number of tracheostomies that were per-
formed. The follow-up period in these studies ranged from 14
days or less to a maximum of 110 days from intubation. In 13
studies of ST that reported perioperative complications, peri-
operative hemorrhage was the most commonly reported. One
study reported bleeding that required revision surgery, while
3 studies identified anticoagulation status at the time of
surgery.36,45,46 In 13 PDT studies that reported perioperative
complications, the most common complication was periopera-
tive hemorrhage. Two studies reported bleeding that re-
quired revision surgery and/or transfusion, and 4 studies re-
ported anticoagulation status at the time of surgery.16,34,48,64,67

Discussion
Health care systems worldwide continue to respond to the
evolving COVID-19 pandemic. Several national COVID-19 guide-
lines recommend performing tracheostomy after 14 days of IMV
to reduce the risk of viral transmission because SARS-CoV-2
is more transmissible early in its course.8 In this study, tra-
cheostomy was found to be associated with reduced mortal-
ity in patients with COVID-19; however, these observational
findings are likely affected by confounders, selection bias, and
a possible survivorship bias in patients who underwent de-
layed tracheostomy. We also found that early tracheostomy was
associated with reduced ICU stay, but not with time to venti-
lation weaning or decannulation. Early tracheostomy has been
shown to shorten ICU stay in critical care populations, but it

does not carry a clear mortality benefit, and its clinical use re-
mains controversial.4,80-84 One study has reported that tra-
cheostomy less than 4 days from intubation may lead to im-
proved clinical outcomes, but this has not been established in
patients with COVID-19.85 The observed reduction in ICU stay
may also be secondary to institutions that allow for patients
who are receiving ventilation to be discharged from the ICU
following tracheostomy. Benefits of early tracheostomy in
COVID-19 may include improved sedation wean, fewer
endotracheal intubation complications, and optimization of
prolonged ventilation wean, but the evidence remains
inconclusive.86 Therefore, surgeons must balance the pos-
sible benefits of early tracheostomy with the potential height-
ened risk of SARS-CoV-2 transmissibility in the earlier stages
of COVID-19 infection.

We also reported no association between the type of tra-
cheostomy and perioperative complications or mortality rates
in COVID-19. Studies have shown similar trends in critically ill
patients without COVID-19 who underwent ST or PDT.87,88 The
perioperative complication rates for ST and PDT were 25.1%
and 15.8%, respectively. These complication rates are similar
to those published in the critical care literature, but are af-
fected by patient- and study-specific factors.89-91 This differ-
ence in complication rates may be because of a lack of ran-
domization, the likelihood for less stable patients to undergo
ST, and likelihood for patients with a high BMI with a worse
COVID-19 prognosis to undergo ST.92 We also confirmed that
the most common tracheostomy complication was periopera-
tive hemorrhage, which is often cited in the literature.93 The

Figure 4. Mortality in 6 Studies and Perioperative Complications in 5 Studies in Surgical vs Percutaneous Dilatational Tracheostomy
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M-H indicates Mantel-Haenszel; OR, odds ratio; random, random effects.
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Figure 3. There were no differences mortality rate or 
postoperative complication rates in percutaneous vs. surgical 
tracheostomy

References
Thamboo A, Lea J, Sommer DD et al. Clinical evidence    
based review and recommendations of aerosol 
generating medical procedures in otolaryngology—
head and neck surgery during the COVID-19 pandemic. 
J Otolaryngol Head Neck Surg. 2020;49(1):28. 

Results
• 1877 records were identified in the initial screen 
• 156 studies were included in full-text review  
• 14 records were included in the meta-analysis
• ROBINS-I showed notable bias in the confounders and

patient bias domains

Results
• 84.1% of studies investigated 

COVID-19 transmission 
amongst HCPs

• 94.7% of these studies did not 
find that any HCPs tested 
positive for COVID-19 
following tracheostomy 

• 31.7% of studies reported 
using N95 or equivalent masks 
during tracheostomy 


