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Background: Patients who require mechanical ventilation secondary to severe COVID-19 infection have
poor survival. It is unknown if the beneﬁt of tracheostomy extends to COVID-19 patients. If so, what is the
optimal timing?
Methods: Retrospective cohort study within a large hospital system in the United States. The population
included patients with COVID-19 from January 1, 2020 to September 30, 2020. In total, 93,918 cases were
identiﬁed. They were excluded if no intubation or tracheostomy, underwent tracheostomy before intubation, <18 years old, hospice patients before admission, and bacterial pneumonia. In total, 5,911 patients
met the criteria. Outcomes between patients who underwent endotracheal intubation only versus tracheostomy were compared. The primary outcome was inpatient mortality. All patients who underwent
tracheostomy versus intubation only were compared. Three cohort analysis compared early (<10 days)
versus late (>10 days) tracheostomy versus control. Eight cohort analysis compared days 0e2, days 3e6,
days 7e10, days 11e14, days 15e18, days 19e22, and days 23þ to tracheostomy versus control.
Results: There was an overall inpatient mortality rate of 37.5% in the tracheostomy cohort compared to
54.4% in the control group (P < .0001). There was an early tracheostomy group inpatient mortality rate of
44.7% (adjusted odds ratio 0.73, 95% conﬁdence interval 0.52e1.01) compared to 33.1% (adjusted odds
ratio 0.44, 95% conﬁdence interval 0.34e0.58) in the late tracheostomy group.
Conclusion: COVID-19 patients with tracheostomy had a signiﬁcantly lower mortality rate compared to
intubated only. Optimal timing for tracheostomy placement for COVID-19 patients is 11 days or later.
Future studies should focus on early tracheostomy patients.
© 2022 Published by Elsevier Inc.

Introduction
Acute respiratory failure is a known complication of COVID-19.
This subset of critically ill patients may require endotracheal intubation and mechanical ventilation as rescue therapy. COVID-19 may
progress to acute respiratory distress syndrome (ARDS). This may
be secondary to viral shedding in the airways or a large cytokine
inﬂammatory response resulting in diffuse alveolar damage.1 Many
of these patients may require prolonged intubation and subsequent
tracheostomy.2,3 Tracheostomy is commonly performed when it is
anticipated that a patient will require prolonged mechanical
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ventilation. Up to one-third of patients requiring prolonged mechanical ventilation now undergo a tracheostomy.4
Advantages of tracheostomy compared to prolonged endotracheal intubation includes less sedation, expedited weaning from
mechanical ventilation, and improved patient comfort. This may
result in a lower risk of ventilator-associated pneumonia, fewer
hospital days, and promotion of early mobility.4,5 Other beneﬁts
include decreased risk of subglottic stenosis and laryngeal
complications.6e8 Within the context of a global pandemic such as
COVID-19, health care systems have been overwhelmed and underresourced. Multiple studies have shown that tracheostomies performed either early or late are associated with early weaning of
mechanical ventilation, progressing to decannulation, liberating
health care resources and ICU beds.2,3,9 On the other hand, particularly early in the pandemic, concerns were raised for potential
exposure to health care providers who are part of the team in
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Figure 1. Patient population.

tracheostomy creation.7 Several studies have demonstrated the risk
to clinicians participating in the procedures is minimal while using
a protocol-driven approach and donning adequate personal protective equipment.6,10e13
Our study aims to examine the clinical outcomes of patients
with COVID-19 who underwent tracheostomy and to investigate
the optimal timing for tracheostomy. We hypothesized that patients with COVID-19 who underwent tracheostomy would have
lowered inpatient mortality and that there is an optimal time to
perform tracheostomy in these patients. Our study seeks to add
to the body of existing knowledge related to this topic
by providing results from a large hospital system within the
United States.

Methods
Study design
A retrospective cohort study of a clinical database within a large
hospital system in the United States was performed, selecting for
patients diagnosed with COVID-19 from January 1, 2020 to
September 30, 2020. All participating hospitals are a part of a single
health care system and use the same electronic medical record
(EMR) software. The data were entered into a centralized data set in
a secured server within the hospital system’s clinical data warehouse and subsequently abstracted as deidentiﬁed data. A formal
institutional review board process deemed this study as exempt.
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There was a total of 93,918 patients with conﬁrmed cases of
COVID-19 within the period of study. Patients were excluded if they
did not undergo intubation or tracheostomy, underwent tracheostomy before intubation, were <18 years old, were hospice patients before admission, or those with bacterial pneumonia.
Critically ill patients were deﬁned as COVID-19-positive patients
admitted to the ICU who underwent endotracheal intubation (ICD10 31500, OBH17EZ) or tracheostomy (ICD-10 31600, Z93.0, Z93.9,
0BH18EZ, 0BH113F4). A total of 5,911 patients met the criteria for
the study (Figure 1).
Laboratory conﬁrmation of COVID-19 infection was performed
using the following tests: the Soﬁa SARS Antigen Fluorescent
Immunoassay (FIA) (Quidel, San Diego, CA) was used for qualitative
detection of the nucleocapsid protein from SARS-CoV-2. Direct
nasal swabs were used as samples. The protocol provided by Quidel
was used. Positive samples were conﬁrmed using ID NOW COVID19 (Abbott Diagnostics, Scarborough, ME), a nucleic acid ampliﬁcation protocol. Furthermore, positive samples were also sent to
North Florida Laboratory and conﬁrmed using Simplexa COVID-19
(DiaSorin Molecular, Cypress, CA) Direct real-time RT-PCR assay.
Only laboratory-conﬁrmed cases were included in this analysis.
Study cohorts and variables
The control group included 5,516 COVID-19 positive patients
who underwent endotracheal intubation only. The exposure group
included 395 COVID-19 positive patients who underwent endotracheal intubation and then subsequently tracheostomy. The
timing of tracheostomy patients is widely variable; as a result,
timing of tracheostomy placement was stratiﬁed by ordinal groups
based on days on the ventilator before tracheostomy placement.
Demographic information collected included age, sex, race, insurance status, and comorbidities (Table 1). Comorbidities and secondary outcomes were captured using ICD-10 codes as follows:
Coronary artery disease (CAD) I25.10, congestive heart failure (CHF)
I50, malignant neoplasm C80.1, chronic obstructive pulmonary
disease (COPD) J44.9, asthma J45, history of stroke I63.9, Alzheimer
disease G30.9, diabetes E11.9, chronic kidney disease (CKD) N18.9,
cannabis use F12.90, alcohol abuse F10.1, obesity (body mass index
[BMI] >30) E66.9, and tobacco smoker F17.200. Our primary
outcome was inpatient mortality. Secondary outcomes included
ventilator-associated pneumonia (VAP) J95.851, pulmonary embolism (PE) I26.XX, acute myocardial infarction (MI) I21.XX, cerebral
infarction I63.9, acute kidney injury (AKI) N17.XX, acute respiratory
distress syndrome (ARDS) J80, hospital disposition, hospital length
of stay (HLOS), total mechanical ventilator days after initial intubation (TMVD), and additional mechanical ventilator days after
tracheostomy (AMVD).
Outcomes and stratiﬁed analyses
The primary outcome of the study was inpatient mortality.
Mortality was then evaluated by stratiﬁed analysis by time to tracheostomy. Speciﬁcally, the control and exposure groups were
stratiﬁed into a 2, 3, and 8-cohort analysis. The 2-cohort analysis
compared all tracheostomy patients (exposure) to the endotracheal
intubation-only patients (control). The 3-cohort analysis subdivided the exposure cohort into an early tracheostomy cohort
(days 0e10 after intubation) and a late tracheostomy cohort (days
11 and beyond after intubation). Day of intubation was designated
as day 0. The threshold to classify early and late tracheostomy
groups were based on the TracMan randomized trial and a
Cochrane review designating late tracheostomy as happening after
10 days.14,15 Finally, the 8-cohort analysis further subdivided the
experimental cohort into 7 tracheostomy day ranges. These ranges
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Table I
Tracheostomy versus endotracheal cohort demographics and comorbidities

Age, y
18e44
45e54
55e64
65e74
75e84
85
Age, y (mean)
Age, y (median)
Age, y (mode)
Sex
Male
Female
Race
White
Black
Asian
Other
Unknown
Insurance
Blue Cross/Cost
Commercial
Government
Medicaid
Medicare
Other
Self-pay
Worker’s comp.
Hospital disposition
Home
Home under care
Inpatient rehab facility (IRF)
Long-term acute care hospital
(LTACH)
Short-term general hospital
Skilled nursing facility (SNF)
Expired
Hospice
Others
Comorbidities
Coronary artery disease (CAD)
Congestive heart failure (CHF)
Malignant neoplasm
Chronic obstructive pulmonary
disease (COPD)
Asthma
History of stroke (CVA)
Alzheimer’s disease
Diabetes
Chronic kidney disease (CKD)
Cannabis use
Alcohol abuse
Obesity (BMI >30)
Tobacco smoker

Tracheostomy
(N ¼ 395)

Endotracheal
intubation only
(N ¼ 5,516)

P values

9.1%
18.2%
27.9%
28.9%
13.7%
2.3%
61.9 (±12.7)
63
63

9.2%
13.2%
22.3%
27.9%
20.4%
7.0%
64.9 (±14.4)
66
71

.95
.005
.01
.67
.001
.0003
<.0001

56.2%
43.8%

59.9%
40.1%

.15
.15

50.4%
16.2%
5.3%
23.5%
4.6%

49.9%
20.7%
2.9%
23.2%
3.3%

.86
.03
.01
.86
.17

4.3%
18.0%
7.6%
15.2%
49.9%
4.1%
0.5%
0.5%

2.5%
12.4%
11.9%
10.4%
56.9%
4.6%
0.9%
0.4%

.03
.001
.01
.003
.01
.62
.39
.75

2.8%
2.8%
7.6%
33.9%

9.2%
4.4%
3.9%
3.8%

<.0001
.12
.0004
<.0001

2.8%
3.3%
37.5%
9.1%
0.3%

6.1%
5.1%
54.4%
11.8%
1.2%

.01
.11
<.0001
.1
.1

17.7%
25.8%
0.3%
2.5%

22.2%
25.7%
0.2%
2.0%

.04
.94
.67
.50

7.6%
2.0%
0.3%
14.4%
10.6%
0.8%
1.8%
28.6%
3.8%

6.7%
1.3%
1.3%
14.0%
10.0%
0.6%
1.7%
22.1%
4.6%

.48
.26
.07
.79
.67
.73
.85
.003
.47

BMI, body mass index.

were as follows: tracheostomy performed 0 to 2 days after intubation, 3 to 6 days after intubation, 7 to 10 days, 11 to 14 days, 15 to
18 days, 19 to 22 days, and 23 days and beyond after intubation.
Statistical analysis
Continuous data were expressed as mean with standard deviation (SD) or median, and the difference between the 2 groups was
compared. Parametric data expressed as proportions were evaluated by c2 tests and Student’s t tests for continuous variables.
Nonparametric data were evaluated by Fisher exact test for proportions and the Wilcoxon rank sum test for continuous variables.
Logistic regression was used for binary outcomes, and linear
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regression methods were used for continuous outcomes. Mortality
was adjusted by age, race, sex, insurance status, obesity, tobacco
smoking status, and Charlson Comorbidity Index. To account for
potential survival bias, we also included ICU LOS and ventilator
days in separate multivariable regression models. For LOS and
ventilator days, the regression model included age, race, sex, insurance status, BMI, tobacco smoker, and Charlson Comorbidity
Index. All statistical analyses were performed using SAS 9.4. Outcomes were determined to be statistically signiﬁcant if the adjusted
odds ratios did not overlap with 1.00.

Results
There was a total of 93,918 patients with conﬁrmed cases of
COVID-19 within the study period. A total of 5,911 patients met the
inclusion criteria for the study. The control group included 5,516
COVID-19-positive patients who underwent only endotracheal
intubation. The exposure group included 395 COVID-19-positive
patients who underwent endotracheal intubation with a subsequent tracheostomy.
Tables 1 and 2 provide descriptive analyses between the 2 cohorts: exposure (N ¼ 395) versus control (N ¼ 5,516). In total, 395
patients underwent tracheostomy and 5,516 patients were intubated only. Inpatient mortality rate was 37.5% compared to 54.4%,
respectively (adjusted P value .0001). The sociodemographic
variables were similar between groups, including age, sex, race,
insurance status, and comorbidities. There were some differences
noted; for example, the tracheostomy group had a slightly higher
proportion of younger patients compared to the intubation-only
group. For both cohorts, the majority of patients in both groups
were in the age 55e74 bracket. The mean age in the tracheostomy
group was 61.9 years old (SD ± 12.7 years) compared to 64.9 years
old (SD ± 14.4 years) (P value .0001). There were more Asian
Table II
Tracheostomy versus endotracheal cohort outcomes

Inpatient mortality
Ventilator-associated
pneumonia (VAP)
Pulmonary embolism
(PE)
Acute myocardial
infarction (MI)
Cerebral infarction
(CVA)
Acute kidney injury
(AKI)
Acute respiratory
distress syndrome
(ARDS)
Mean hospital length
of stay (HLOS)
Mean total
mechanical
ventilation days
(TMVD)

Tracheostomy
(N ¼ 395)

Endotracheal
intubation
only
(N ¼ 5,516)

P values

Adjusted
P values*

37.5%
9.9%
5.82 (3.96, 8.54)
5.57 (3.75, 8.26)*
5.3%
1.71 (1.08, 2.73)
1.83 (1.14, 2.92)*
12.2%
0.81 (0.60, 1.11)
0.78 (0.57, 1.02)*
2.0%
1.52 (0.73, 3.18)
1.61 (0.76, 3.44)*
72.4%
1.29 (1.03, 1.62)
1.36 (1.07, 1.73)*
19.0%
1.47 (1.13, 1.91)
1.41 (1.08, 1.84)*
35.8 (±16.8)

54.4%
1.9%

<.0001
<.0001

<.0001
<.0001

3.2%

.02

.01

14.6%

.19

.13

1.3%

.26

.22

67.0%

.03

.01

13.8%

.004

.01

16.4 (±13.0)

<.0001

<.0001

21.6 (±15.8)

7.4 (±8.7)

<.0001

<.0001

BMI, body mass index.
*
Adjusted by age, race, sex, insurance status, BMI, tobacco smoker, Charlson
Comorbidity Index.

patients in the tracheostomy group (5.3% vs 2.9%, P value .01) and
more Black patients (20.7% vs 16.2%, P value .03) in the intubationonly group. Hospital discharge destinations differed, with fewer
patients going home in the tracheostomy group compared to the
intubation-only group (2.8% vs 9.2%, P value .0001). Patients who
underwent tracheostomy were more likely to be discharged to an
inpatient rehab facility (IRF) (7.6% vs 3.9%, P value .0004), long term
acute care hospital (LTACH) (33.9 vs 3.8%, P value .0001), or shortterm general hospital (2.8% vs 6.1%, P value .01). Interestingly,
more of the tracheostomy patients were obese (28.6% vs 22.1%, P
value .003). The tracheostomy group had a longer mean HLOS (35.8
SD ± 16.8 days vs 16.4 SD ± 13.0 days, P value <.0001). The tracheostomy group had more cases of VAP, PE, AKI, and ARDS. In total,
9.9% of the tracheostomy group had VAP compared to 1.9% of the
control group, with an adjusted odds ratio (aOR) of 5.57, 95% conﬁdence interval (CI) of 3.75 to 8.26, and P value of <.0001. The
tracheostomy cohort had higher rates of PE, 5.3% vs 3.2% (aOR 1.83,
95% CI 1.14e2.92, P value .01), AKI (aOR 1.36, 95% CI 1.08e1.84, P
value .01), and ARDS (aOR 1.41, 95% CI 1.08e1.84, P value .01). The
tracheostomy cohort also had a longer mean HLOS, 35.8 days (SD ±
16.8) compared to 16.4 days (SD ± 13.0) with a P value <.0001. The
tracheostomy cohort also had longer mean total days on mechanical ventilation, 21.6 (SD ± 15.8) compared to 7.4 (SD ± 8.7) with a P
value <.0001.
Tables 3 and 4 subanalyzed these patients into 3 groups, an early
tracheostomy group (days 0e10 after intubation) compared to a
late group (days 11þ after intubation), compared to the control
group. The early tracheostomy group contained 150 patients, and
the late tracheostomy group contained 245 patients. The early
tracheostomy group had a mortality rate of 44.7% vs 33.1% for the
late group and 54.4% for the endotracheal intubation-only group.
The adjusted likelihood of mortality for the early tracheostomy
group was aOR 0.73 (95% CI 0.52e1.01) and for the late group an
aOR of 0.44 (95% CI 0.34e0.58). The early tracheostomy group’s
mean age was 62.5 years old (SD ± 13.5). The late tracheostomy
group’s mean age was 61.5 years old (SD ± 12.2). The intubationonly group mean age was 64.9 years old (SD ± 14.4). Again, both
early and late tracheostomy groups were less likely to be discharged home (P value <.0001) and more likely to be discharged to
IRF (P value .001), LTACH (P value <.0001), or short-term general
hospital (P value .02). Differences in comorbidities were not statistically signiﬁcant. However, patients in both the early and late
tracheostomy groups had a higher BMI compared to the control
group (P value .01). There were higher rates of VAP in both early
(6.7%, aOR 3.79, 95% CI 1.94e7.42) and late tracheostomy groups
(11.8%, aOR 7.13, 95% CI 4.62e11.00), compared to 1.9% in the control
group. There were higher rates of PE in the early group (6.0%, aOR
2.06, 95% CI 1.03e4.13) and similar PE rates in the late tracheostomy
group (4.9%, aOR 1.68, 95% CI 0.92e3.08), compared to 3.2% in the
control group. There were also higher rates of ARDS in the late
group (22.9%, aOR 1.75, 95% CI 1.28e2.40) and no differences in the
ARDS rates in the early tracheostomy groups (12.7%, aOR 0.90, 95%
CI 0.55e1.46), compared to 13.8% in the control group. The early
tracheostomy group had a longer mean HLOS of 31.6 days (SD ±
16.7 days) with an adjusted P value <.0001 compared to the
intubation-only group’s 16.4 days (SD ± 13 days). The late tracheostomy group had an average HLOS of 38.4 days (SD ± 16.3 days)
with an adjusted P value <.0001 compared to the intubation-only
group. The mean HLOS was shorter in the early group than the
late group by a mean of 6.8 days. The early tracheostomy group also
had a longer mean TMVD of 18.3 (SD ± 14.1 days) with an adjusted P
value <.0001 compared to the intubation-only group’s 7.4 days (SD
± 8.7 days). The late tracheostomy group also had a longer mean
TMVD of 23.6 days (SD ± 16.4 days) with an adjusted P value <.0001
compared to the intubation-only group.
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Table III
Early versus late versus control cohort demographics and comorbidities

Age, y
18e44
45e54
55e64
65e74
75e84
85
Age, y (mean)
Age, y (median)
Age, y (mode)
Sex
Male
Female
Race
White
Black
Asian
Other
Unknown
Insurance
Blue Cross/Cost
Commercial
Government
Medicaid
Medicare
Other
Self-pay
Worker’s comp.
Hospital disposition
Home
Home under care
Inpatient rehab facility (IRF)
Long-term acute care hospital (LTACH)
Short-term general hospital
Skilled nursing facility (SNF)
Expired
Hospice
Others
Comorbidities
Coronary artery disease (CAD) I25.10
Congestive heart failure (CHF) I50
Malignant neoplasm C80.1
Chronic obstructive pulmonary disease (COPD) J44.9
Asthma J45
History of stroke (CVA) I63.9
Alzheimer’s disease G30.9
Diabetes E11.9
Chronic kidney disease (CKD) N18.9
Cannabis use F12.90
Alcohol abuse F10.1
Obesity (BMI >30) E66.9
Tobacco smoker F17.200

Tracheostomy
days 0e10 after
intubation (early)
(N ¼ 150)

Tracheostomy
days 11þ after
intubation (late)
(N ¼ 245)

Endotracheal
intubation only
(N ¼ 5,516)

P values

10.0%
17.3%
24.0%
29.3%
16.0%
3.3%
62.5 (±13.5)
64
55

8.6%
18.8%
30.2%
28.6%
12.2%
1.6%
61.5 (±12.2)
62
63

9.2%
13.2%
22.3%
27.9%
20.4%
7.0%
64.9 (±14.4)
66
71

.89
.02
.01
.90
.004
.001
.0002

53.3%
46.7%

58.0%
42.0%

59.9%
40.1%

.24
.24

54.7%
19.3%
3.3%
16.0%
6.7%

47.8%
14.3%
6.5%
28.2%
3.3%

49.9%
20.7%
2.9%
23.2%
3.3%

.40
.05
.01
.02
.08

6.0%
13.3%
8.0%
14.0%
54.0%
4.0%
0.7%
0.0%

3.3%
20.8%
7.4%
15.9%
47.4%
4.1%
0.4%
0.8%

2.5%
12.4%
11.9%
10.4%
56.9%
4.6%
0.9%
0.4%

.02
.001
.03
.01
.01
.88
.67
.44

4.0%
2.0%
6.0%
24.7%
4.0%
2.7%
44.7%
12.0%
0.0%

2.0%
3.3%
8.6%
39.6%
2.0%
3.7%
33.1%
7.4%
0.4%

9.2%
4.4%
3.9%
3.8%
6.1%
5.1%
54.4%
11.8%
1.2%

<.0001
.25
.001
<.0001
.02
.25
<.0001
.1
.22

20.0%
28.7%
0.7%
0.7%
6.7%
1.3%
0.0%
16.7%
10.7%
1.3%
2.0%
27.3%
2.7%

16.3%
24.1%
0.0%
3.7%
8.2%
2.5%
0.4%
13.1%
10.6%
0.4%
1.6%
29.4%
4.5%

22.2%
25.7%
0.2%
2.0%
6.7%
1.3%
1.3%
14.0%
10.0%
0.6%
1.7%
22.1%
4.6%

.08
.60
.27
.1
.66
.35
.19
.58
.91
.50
.95
.01
.54

BMI, body mass index.

Tables 5 and 6 further subanalyze these patients into 8 cohorts
based on the day of tracheostomy after intubation compared to the
control group. In total, 60 patients were included in the days 0e2
after intubation group, 39 patients in the days 3e6 group, 51 patients in the days 7e10 group, 76 patients in the day 11e14 group,
58 patients in the days 15e18 group, 47 patients in the days 19e22
group, and 64 patients in the day 23þ group. Ages were similar in
all groups except for more patients over 85 years old in the control
group (P value .03). More patients were discharged to LTACH in all
tracheostomy groups compared to the control group (P value
<.001). In terms of inpatient mortality, days 0e2 had a statistically
signiﬁcantly lowered inpatient mortality rate of 36.7% (aOR 0.51,
95% CI 0.30e0.88). Days 3e6 and days 7e10 had no differences in

inpatient mortality. Days 11e14 had a statistically signiﬁcantly
lowered inpatient mortality rate of 32.9% (aOR 0.45, 95% CI
0.27e0.73), and days 19e22 had a statistically signiﬁcantly lowered
inpatient mortality rate of 29.8% (aOR 0.39, 95% CI 0.21e0.73), while
days 23 and beyond had the lowest statistically signiﬁcant inpatient
mortality rate of 26.6% (aOR 0.31, 95% CI 0.18e0.55) (Figure 2).
Comparing the early versus late tracheostomy groups, the
lowest inpatient mortality rate in the early tracheostomy group was
between days 0 and 2 (36.7%, aOR 0.51, 95% CI 0.30e0.88), and the
highest was between days 3 and 6 (53.9%, aOR 1.10, 95% CI
0.58e2.10). In the late tracheostomy group, the lowest inpatient
mortality rate was on days 23 and beyond (26.6%, aOR 0.31, 95% CI
0.18e0.55), whereas the highest inpatient mortality rate appeared
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Table IV
Early versus late versus control cohort outcomes

Inpatient mortality
Odds ratio
Adjusted ratio*
Ventilator-associated pneumonia
Pulmonary embolism (PE)

Acute myocardial infarction (MI)

Cerebral infarction (CVA)

Acute kidney injury (AKI)

Acute respiratory distress syndrome (ARDS)

Ventilator associated pneumonia (VAP)

Mean hospital length of stay (HLOS)
P value
Adjusted P value*
Mean total mechanical ventilation days (TMVD)
P value
Adjusted P value*
Mean additional mechanical ventilation days
after tracheostomy (AMVD)

Tracheostomy days 0e10
after intubation (early)
(N ¼ 150)

Tracheostomy days 11þ
after intubation (late)
(N ¼ 245)

Endotracheal intubation
only (N ¼ 5,516)

44.7%
0.68 (0.49, 0.94)
0.73 (0.52, 1.01)*
6.7%
3.79 (1.94, 7.42)
0.0%
<0.001 (<0.001, >999)
<0.001 (<0.001, >999)*
6.0%
1.95 (0.98, 3.89)
2.06 (1.03, 4.13)*
10.7%
0.70 (0.42, 1.18)
0.72 (0.42, 1.23)*
1.3%
0.99 (0.24, 4.09)
1.08 (0.26, 4.52)*
72.0%
1.26 (0.88, 1.81)
1.39 (0.95, 2.02)*
12.7%
0.91 (0.56, 1.48)
0.90 (0.55, 1.46)*
31.6 (±16.7)
<.0001
<.0001*
18.3 (±14.1)
<.0001
<.0001*
8.3e18.3

33.1%
0.41 (0.32, 0.54)
0.44 (0.34, 0.58)*
11.8%
7.13 (4.62, 11.00)
0.0%
<0.001 (<0.001, >999)
<0.001 (<0.001, >999)*
4.9%
1.57 (0.86, 2.86)
1.68 (0.92, 3.08)*
13.1%
0.88 (0.60, 1.29)
0.82 (0.55, 1.22)*
2.5%
1.85 (0.80 4.29)
1.94 (0.81, 4.62)*
72.7%
1.31 (0.98, 1.74)
1.34 (0.99, 1.82)*
22.9%
1.86 (1.37, 2.53)
1.75 (1.28, 2.40)*
38.4 (±16.3)
<.0001
<.0001*
23.6 (±16.4)
<.0001
<.0001*
0e12.6

54.4%

1.9%
0.05%

3.2%

14.6%

1.3%

67.0%

13.8%

16.4 (±13.0)

7.4 (±8.7)

BMI, body mass index.
*
Adjusted by age, race, sex, insurance status, BMI, tobacco smoker, Charlson Comorbidity Index.

to be between days 15 and 18 (43.1%, aOR 0.67, 95% CI 0.39e1.13).
Overall, the lowest inpatient mortality rate among all days was on
days 23 and beyond. The highest inpatient mortality rate among all
days was between days 3 and 6.
In terms of secondary outcomes, VAP was statistically signiﬁcantly higher in all groups compared to the control group, with the
highest contained in the group of patients who underwent tracheostomy between 19 and 22 days (17.0%, aOR 10.13, 95% CI
4.54e22.59) and the lowest contained in the group who underwent
tracheostomy between days 7 and 10 (3.9%, aOR 2.25, 95% CI
0.54e9.47) compared to 1.9% in the control group. The rest of the
VAP secondary outcomes are as follows: days 0e2 (8.3%, aOR 4.86,
95% CI 1.88e12.51), days 3e6 (7.7%, aOR 4.10, 95% CI 1.22e13.73),
days 11e14 (6.6%, aOR 4.86, 95% CI 1.88e12.51), days 15e18 (13.8%,
aOR 7.64, 95% CI 3.46e16.88), days >23 (12.5%, aOR 6.86, 95% CI
3.14e14.99). PE was statistically signiﬁcantly higher in days 3e6
(10.3%, aOR 3.56, 95% CI 1.24e10.24) and days 15e18 (8.6%, aOR
3.37, 95% CI 1.32e8.65) compared to 3.2% in the control group.
There were no differences in the other groups. MI was statistically
signiﬁcantly lower in the days 11e14 group (6.6%, aOR 0.37, 95% CI
0.15e0.95) compared to 14.6% in the control group. There were no
differences in the other groups. There were no differences in cerebral infarction and AKI across all the groups. ARDS was statistically signiﬁcantly higher in the days 11e14 (23.7%, aOR 1.87, 95% CI
1.09e3.20) and days 15e18 groups (34.5%, aOR 3.02, 95% CI
1.73e5.26) compared to 13.8% in the control group. HLOS was
signiﬁcantly higher across all groups compared to the control
group. Total mechanical ventilation days were also higher in all
groups compared to the control group. The least TMVD were seen
in the days 3e6 group (19.4 SD ± 17.9 days, P value <.0001), and the

most TMVD were seen in the days 23 and beyond group (30.0 SD ±
22.0 days, P value <.0001) compared to the control group (7.4 SD ±
8.7 days). Lastly, AMVD after tracheostomy trended downward as
the early group had 8.3 to 18.3 AMVD. The late group had 0 to 12.6
AMVD after tracheostomy. AMVD was calculated by taking the
difference between TMVD and the day of tracheostomy. In general,
the trend of AMVD decreased after tracheostomy (Figure 3 and
Table 6).
Discussion
Our study represents a large multicenter experience with
COVID-19 and outcomes of patients who have had the beneﬁt of
guidance from earlier smaller studies on the timing and indications
for tracheostomy among COVID-19 patients.14e16 We hypothesized
that COVID-19 tracheostomy patients would have lowered inpatient mortality and that there may be an optimal time for tracheostomy placement.
Out of 5,516 critically ill COVID-19 patients requiring endotracheal intubation, there was an overall inpatient mortality rate
of 54.4%. In contrast, 395 tracheostomy patients had a signiﬁcantly lower inpatient mortality rate of 37.5% (adjusted P value
<.0001). Our results are similar to a previous study that suggested an improved 30-day survival among 164 total COVID-19
patients (with similar APACHE-II scores) who underwent tracheostomy placement (85% vs 42% in the non-tracheostomy
group).16
In terms of best timing, a recent study of 80 COVID-19 infected
patients who underwent tracheostomy found that tracheostomies
placed within 14 days were associated with increased mortality.17
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Figure 2. Inpatient mortality (adjusted odds ratio) with 95% conﬁdence intervals as a function of days to tracheostomy. The 95% conﬁdence intervals that do not cross 1 are
statistically signiﬁcant.

Contrary to this, a Cochrane review showed lowered mortality rates
in the early (tracheostomy in less than 10 days) compared with the
late tracheostomy group (RR 0.83, 95% CI 0.70e0.98; P value .03).15

Before COVID-19, studies such as the multicenter randomized
TracMan trial found no difference in 30-day mortality when they
compared 455 patients undergoing early tracheostomy within 4

Figure 3. Total mechanical ventilator days and additional mechanical ventilator days after tracheostomy. The black line represents the mean total mechanical ventilation days. The
blue line represents the additional mechanical ventilation days after tracheostomy.
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days and 454 patients undergoing late tracheostomy after 10
days.14 Although there are limited data and some discordance as to
when to perform an early or late tracheostomy, our data does
provide additional insight as to timing. While both our early (<10
days) and late (>10 days) had lower overall mortality rate
compared to the control (endotracheal intubation-only) cohort,
inpatient mortality was signiﬁcantly lower only in the late tracheostomy (>10 days) group aOR 0.44 95% CI (0.34e0.58). In our subset
8 cohort interval time analysis, the raw percentage of inpatient
mortality was lower in all exposure groups compared to the control
group. Three of the 4 intervals in the late group were signiﬁcantly
lower for mortality compared to the control group (11e14 days,
19e22 days, and 23þ days), compared to 1 of the 3 intervals in the
early group (0e2 days) (Table 6).
Critics of tracheostomy creation in patients with COVID-19 have
emphasized the potential risk of transmission to health care
workers as well as higher risk of surgical bleeding due to coagulopathy and anticoagulant use associated with COVID-19. However,
multiple studies have suggested that tracheostomy in actively
infected COVID-19 patients is safe for patients and surgeons. In a
study that included 98 COVID-19 patients with tracheostomy
(mean time from intubation to procedure 10.6 ± 5 days) from
March 10 to April 15, 2020, during the peak of the pandemic, only 5
of the 98 patients had tracheostomy-related bleeding, and no cases
of health care workers transmission were found.12 Another study
performed a tracheostomy on 62 patients at 10 to 14 days after
intubation and found that there were no signs of transmission to
health care workers.11 A study from Brazil reported tracheostomy
on 98 patients within 4 to 5 days of intubation. None of their team
members were symptomatic or found to have COVID-19 despite
early tracheostomy.6 In a recent study, 50 patients underwent
tracheostomies with a median time from intubation to tracheostomy at 9 days, and no infections among surgeons were identiﬁed
at the end of the study.13
Although our results contribute to the discussion of optimal
timing, we believe that this is a highly individualized and systemsbased practice. While ICUs become overwhelmed with COVID-19
patients, clinicians may be faced with decisions to alleviate
resource shortages that continue to uphold a high quality of patient
care. Taking this into consideration, tracheostomy at 11 days or later
is associated with overall lower inpatient mortality. While the
overall mortality was not lower for the early cohort, subset analysis
suggests that the earliest period (0e2 days) would be the optimal
time to perform an early tracheostomy. Regardless of timing, it is
important to minimize the risk of transmission to the surgical team.
We support the recommendations by the global multidisciplinary
consortium for proper preparation of tracheostomy in these patients. Their recommendations include preoxygenation followed by
a trial of apnea in the ICU, putting the patient in the supine position,
with an FiO2 of 100% and positive end-expiratory pressure (PEEP)
of 5 to assess if the patient can tolerate the procedure. Also recommended are enhanced PPE, such as N95 masks, eye protection,
surgical gown, and gloves.18
The discharge destination differences between patients with
tracheostomy versus those without are likely because places such
as inpatient rehabilitation facilities would require tracheostomy as
part of their acceptance criteria. Second, with more patients surviving in the tracheostomy cohort, they would likely need higher
acuity posthospitalization care IRF (7.6% vs 3.9%, P value .0004),
LTACH (33.9 vs 3.8%, P value .0001), and short-term general hospital
(2.8% vs 6.1%, P value .01). It is also logical to assume that patients
with COVID-19 who survived would have had a longer hospital
length of stay. This is evident in the tracheostomy cohort
(35.8 ± 16.8 days vs 16.4 ± 13.0 days, P value <.0001). However,
better survival, longer HLOS, and longer TMVD will predispose

patients to competing risks, where patients who live longer will be
more likely exposed to complications. This was seen in the tracheostomy cohort where they endured signiﬁcantly more complications such as VAP, PE, MI, and ARDS.
There are several limitations to this study. First, this is a retrospective cohort study; thus we cannot attribute cause and effect
toward our results. Speciﬁcally, we cannot say that performing
tracheostomy in COVID-19 patients will cause a decrease in mortality. However, we can state that there is a signiﬁcant association
toward decreased death even after adjusting for age, race, sex, insurance status, obesity, smoking status, and Charlson Comorbidity
Index. Second, our data set did not allow for adjustment of the
severity of critical illness such as the SOFA score or APACHE II score.
It is possible that the control group had patients who were more
severely ill and that they simply died sooner than the tracheostomy
group. While this may have been true, the tracheostomy group did
have signiﬁcantly more severe cardiopulmonary complications
such as ventilator-associated pneumonia, pulmonary embolism,
and ARDS. Thus, the degree of severity of illness may not have been
greatly different between the 2 cohorts. Third, COVID-19 positivity
at the time of tracheostomy was not routinely documented. The
Centers for Disease Control and Prevention (CDC) states that
isolation can be discontinued after 10 days after symptom onset.19
It is possible that our results and other studies whose results
showed that mortality is signiﬁcantly lower at 11 days after intubation may merely have been reporting resolution of COVID-19
infection rather than the beneﬁts of tracheostomy placement.
However, patients who require tracheostomy after 2 or more weeks
after COVID-19 infection can also be classiﬁed as experiencing the
long-term symptoms of COVID-19.20 Regardless, a survivor bias
should be considered when interpreting our results. Finally, our
sample size may have been too small to see a signiﬁcant difference
in the early tracheostomy cohort. We did see a trend toward
decreased mortality, but the lack of signiﬁcance suggests that the
survival beneﬁt is much smaller than the late tracheostomy group
and would require a larger sample size to discern signiﬁcant differences. Lastly, we did include patients who underwent tracheostomy within days 0e2 of intubation. Although this may represent
a unique population with speciﬁc comorbidities, we chose to
include this subset in the analysis to compare with the TracMan
randomized control trial, which compared early versus late tracheostomy patients, where the early tracheostomy patients underwent tracheostomy within 4 days.14
In conclusion, tracheostomy in COVID-19 patients appears to be
safe and may be associated with lower mortality. Our results suggest that late tracheostomy at day 11 is associated with lower
mortality. However, it is uncertain whether the decreased mortality
is due to the resolution of COVID-19 infection or the beneﬁts of
tracheostomy placement itself. In addition, the smaller sample size
in the early tracheostomy patients may not have underpowered to
observe a signiﬁcant difference. Future studies should focus on the
early tracheostomy patients as there was a trend toward decreased
mortality in this cohort of patients in comparison to patients who
had endotracheal intubation only.

Funding/Support
The authors have no related funding or ﬁnancial support to
declare.

Conﬂict of interest/Disclosure
The authors have no related conﬂicts of interest to declare.

S.K.M. Vuu et al. / Surgery xxx (2022) 1e9

Supplementary materials
Supplementary material associated with this article can be
found, in the online version, at [https://doi.org/10.1016/j.surg.2022.
11.017].
References
1. Bryce C, Grimes Z, Pujadas E, et al. Pathophysiology of SARS-CoV-2: the Mount
Sinai COVID-19 autopsy experience. Mod Pathol. 2021;34:1456e1467.
2. Benito DA, Bestourous DE, Tong JY, Pasick LJ, Sataloff RT. Tracheotomy in
COVID-19 patients: a systematic review and meta-analysis of weaning, decannulation, and survival. Otolaryngol Head Neck Surg. 2021;165:398e405.
3. Ahmed Y, Cao A, Thal A, et al. Tracheotomy outcomes in 64 ventilated COVID19 patients at a high-volume center in Bronx, NY. Laryngoscope. 2021;131:
E1797eE1804.
4. Combes A, Luyt CE, Nieszkowska A, Trouillet JL, Gibert C, Chastre J. Is tracheostomy associated with better outcomes for patients requiring long-term
mechanical ventilation? Crit Care Med. 2007;35:802e807.
5. Koch T, Hecker B, Hecker A, et al. Early tracheostomy decreases ventilation time
but has no impact on mortality of intensive care patients: a randomized study.
Langenbecks Arch Surg. 2012;397:1001e1008.
6. Schultz MJ, Teng MS, Brenner MJ. Timing of tracheostomy for patients with
COVID-19 in the ICU: setting precedent in unprecedented times. JAMA Otolaryngol Head Neck Surg. 2020;146:887e888.
7. Parker NP, Kuhn MA, Merati AL, et al. Tracheotomy recommendations during the
COVID-19 pandemic. https://www.entnet.org/resource/tracheotomy-recom
mendations-during-the-covid-19-pandemic-2/. Accessed August 18, 2021.
8. Mattioli F, Fermi M, Ghirelli M, et al. Tracheostomy in the COVID-19 pandemic.
Eur Arch Otorhinolaryngol. 2020;277:2133e2135.

9

9. Cardasis JJ, Rasamny JK, Berzofsky CE, Bello JA, Multz AS. Outcomes after tracheostomy for patients with respiratory failure due to COVID-19. Ear Nose
Throat J. 2022;101:354e358.
10. Kwak PE, Connors JR, Benedict PA, et al. Early outcomes from early tracheostomy for patients with COVID-19. JAMA Otolaryngol Head Neck Surg. 2021;147:
239e244.
11. Chao TN, Harbison SP, Braslow BM, et al. Outcomes after tracheostomy in
COVID-19 patients. Ann Surg. 2020;272:e181ee186.
12. Angel L, Kon ZN, Chang SH, et al. Novel percutaneous tracheostomy for critically ill patients with COVID-19. Ann Thorac Surg. 2020;110:1006e1011.
s-Jurado FX, Prieto-Alhambra D, Gonz
13. Avile
alez-S
anchez N, et al. Timing,
complications, and safety of tracheotomy in critically ill patients with COVID19. JAMA Otolaryngol Head Neck Surg. 2020;147:1e8.
14. Young D, Harrison DA, Cuthbertson BH, Rowan K, TracMan Collaborators. Effect
of early vs late tracheostomy placement on survival in patients receiving
mechanical ventilation: the TracMan randomized trial. JAMA. 2013;309:
2121e2129.
 Valente O. Early versus late
15. Andriolo BN, Andriolo RB, Saconato H, Atallah AN,
tracheostomy for critically ill patients. Cochrane Database Syst Rev. 2015;1:
CD007271.
16. Breik O, Nankivell P, Sharma N, et al. Safety and 30-day outcomes of tracheostomy for COVID-19: a prospective observational cohort study. Br J Anaesth.
2020;125:872e879.
17. Tang Y, Wu Y, Zhu F, et al. Tracheostomy in 80 COVID-19 patients: a multicenter,
retrospective, observational study. Front Med (Lausanne). 202017;7:615845.
18. McGrath BA, Brenner MJ, Warrillow SJ, et al. Tracheostomy in the COVID-19 era:
global and multidisciplinary guidance. Lancet Respir Med. 2020;8:717e725.
19. Centers for Disease Control and Prevention. Clinical care quick reference for
COVID-19.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-carequick-reference.html. Accessed September 13, 2021.
20. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More than 50 long-term
effects of COVID-19: a systematic review and meta-analysis. Sci Rep. 2021;11:
16144.

