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Abstract The rapid emergence of COVID-19 has led to

increase in the number of patients requiring prolonged

ventilation and tracheostomy. Though global guidelines are

evolving, there is a paucity of literature about optimal

timing and outcome after tracheostomy in COVID-19

patients. We set out to assess the clinical characteristics

and outcome of COVID-19 patients who underwent tra-

cheostomy.This single-center, prospective observational

cohort study analyzed all the consecutive tracheostomy

performed on COVID-19 patients from April 1 2020 to

January 31, 2021. The primary outcome measure was the

30-day mortality rate following tracheostomy and associ-

ation with various prognostic risk factors. The secondary

outcome measures included various tracheostomy-related

events, perioperative complications, and decannulation

rate.The study included 51 patients with a median age of

52 years and the majority were male (62.74%). 62.74% (32

of 51) tracheostomies were done early (within 10 days of

intubation) and the mean duration from endotracheal

intubation to tracheostomy was 10.27 days. The 30-day

mortality rate was 66.66% (34 of 51) with no tra-

cheostomy-related mortality and the mean duration

between tracheostomy and death was 8.29 days. The

presence of sepsis was associated with a higher rate of

mortality (p = 0.002) while the timing of tracheostomy was

not related to increased mortality (p = 0.365). The most

common perioperative complication was tracheostoma

bleeding (16.64%). At a median follow-up of 7.5 months,

only four patients were decannulated.Though associated

with a higher rate of 30-day mortality rate, tracheostomy

among COVID-19 patients is a safe and an effective

weaning tool.
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Introduction

The novel coronavirus disease 2019 (COVID-19), has

rapidly emerged into a catastrophic global pandemic

causing unprecedented healthcare challenges. The prior

clinical reports had shown that approximately 5–15% of

patients with COVID-19 require intubation and mechanical

ventilation during hospitalization [1–3]. The surge in the

number of patients requiring prolonged ventilator support

necessitated an increase in the number of tracheostomies

performed, which is considered beneficial for early wean-

ing from the ventilator. Tracheostomy helps in decreasing

the need for sedation, improvement in work of breathing

and pulmonary toileting, reducing ventilator-associated

pneumonia and airway stenosis allows early mobilization,

reduces the ICU stay, and improves the patient comfort. In

the context of the ongoing pandemic, tracheostomy aids in

the transition of a patient from ICU level care to early

rehabilitation especially in resource constraint nations with

limited ICU spaces and manpower, and also aids in

reducing the generation of highly infectious aerosols

associated with high-flow oxygen or other modes of non-

invasive ventilation [4–7]. The potential for generation of

contagious aerosols during the procedure and post-tra-

cheostomy care causing an occupational health hazard to

health care workers and overall poor prognosis of patients
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requiring ICU care makes tracheostomy among COVID-19

patients a futile intervention [3, 8–11].

Albeit several guidelines and recommendations

addressing the safety of tracheostomy in COVID-19

patients have been published in the literature, the useful-

ness of tracheostomy is still a topic of debate in terms of

indications, timing, techniques, and outcome [12, 13]. The

timing of tracheostomy among COVID-19 patients repre-

sents the most debatable topic as available literature yet to

reach a consensus. The proven benefits of early tra-

cheostomy among non-covid patients including low mor-

tality rate, lower incidence of ventilator pneumonia or

airway stenosis, and shorter ICU stay have not yet been

established among COVID-19 patients requiring tra-

cheostomy. Given the aforestated benefits and risks to

performing tracheostomies in COVID-19 patients, we

intend to describe our experience at a single, tertiary care

center performing tracheostomies in patients with COVID-

19. In this prospective study, we aim to describe the clinic-

demographic characteristics, complications, morbidity,

mortality, and outcomes of COVID-19 patients who

underwent tracheostomy. We also analyzed the factors

predicting mortality in this group of patients.

Materials and Methods

Study design and patient selection: A single-institution,

prospective, observational cohort study was conducted on

COVID-19 intubated patients in intensive care units (ICU)

who underwent tracheostomy at a COVID-19 designated

tertiary care center between April 1, 2020, and January 31,

2021. All patients had a documented diagnosis of COVID-

19 confirmed using nasal polymerase chain reaction (PCR)

swab test and underwent open surgical tracheostomy by an

otorhinolaryngologist. All the tracheostomies were per-

formed by open surgical methods by the otolaryngologists

in a dedicated COVID-19 well ventilated operating room

which works under negative pressure. We followed stan-

dard protocols for limiting the generation of infectious

aerosols and level III PPE was worn by the entire operating

team while performing tracheostomy The study was

approved by the institutional review board and informed

written consent was waived.

Data collection: The electronic medical records of

patients were reviewed for demographic and clinical data

of the patients who underwent open surgical tracheostomy

during the study period. Socio-demographic and clinical

data included age, sex, and medical comorbidities of

patients. Medical comorbidities reviewed included hyper-

tension, coronary artery disease, diabetes mellitus, cere-

brovascular accident, chronic kidney disease, chronic

pulmonary disease, malignancy, neurological disease, and

presence of sepsis during a hospital stay. We also collected

tracheostomy-related parameters like timing of tra-

cheostomy, perioperative and postoperative complication,

duration of the procedure, and mechanical ventilation his-

tory. The timing of tracheostomy was classified as early

(within 10 days of intubation) and late (more than 10 days

of intubation). The tracheostomy-related complications

were categorized as intraoperative, immediate (within

24 h) and late post-operative. The primary outcome mea-

sure was 30-day mortality rate following tracheostomy and

association with potential prognostic risk factors like age,

gender, presence of neurological disease, hypertension, and

diabetes mellitus, a combination of 2 or more comorbidi-

ties, presence of sepsis, the timing of tracheostomy (early

vs Late), and timing of tracheostomy after COVID-19

positivity. The secondary outcome measures were the

length of ICU stay, days from confirmed COVID-19 to

tracheostomy, days from intubation to tracheostomy, days

from tracheostomy to ICU and hospital discharge, peri-

operative complications, risk of infection to the operating

team, and decannulation rate.

Data analysis: Data were expressed as count (percent-

age, %), median, and mean (standard deviation). Compar-

isons were performed using Fischer’s exact test for

categorical variables and a p-value of less than 0.05 was

considered significant.

Results

From April 1 2020 to January 31, 2021, 51 mechanically

ventilated COVID-19 positive patients underwent tra-

cheostomy at our institute. The study population ranged

from 23 to 83 years of age (median: 52 years). 62.74% (32

of 51) patients were male and 37.36% (19 of 51) were

female. The duration of follow-up from the date of tra-

cheostomy ranged from 15 days to 12 months with a

median follow-up period of 7.5 months. The most common

co-existing medical illness was neurological disease

(50.98%, 26 of 51) followed by hypertension (33.33%, 17

of 51) and diabetes mellitus (29.41%, 15 of 51). The clinic-

demographic characteristics of the study population were

summarized in Table 1.

37 patients (72.55%) tracheostomies were undertaken

within 14 days of COVID-19 positivity. Thirty-two

(62.74%) patient’s tracheostomies were performed early

i.e. within 10 days of intubation. The average time between

the intubation date and the tracheostomy date was

10.27 days (range, 5–20 days). 24 patients (47.05%)

patients were liberated from mechanical ventilation fol-

lowing tracheostomy and the average number of days from

tracheostomy to ventilator weaning was 7.5 days (range,

1–18 days). The average number of ICU stay pre-
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tracheostomy was 11.5 days (range, 4–23 days) while post-

tracheostomy was 8.5 days (range, 1–20 days). The timing

of tracheostomy events was summarized in Table 2.

The 30-day mortality rate was 66.66% (34 of 51) with

no tracheostomy-related mortality. Of these, 23 (67.64%)

tracheostomies were performed early and 11 (32.36%) late.

The mean duration between tracheostomy and death was

8.29 days (range, 1–21 days). Seven patients expired in

ICU after weaning from the ventilator whereas the rest of

the patients succumbed to illness while on mechanical

ventilation. The presence of sepsis in COVID-19 patients

was associated with a higher rate of mortality (p-value =

0.002) in our cohort. The age of the patient (more than

40 years) and presence of neurological diseases were also

associated with a higher rate of mortality in our study,

though statistically not significant (p-value, 0.076 and

0.074 respectively). Compared with tracheostomies con-

ducted after 10 days of intubation, tracheostomies within

10 days were associated with an increased mortality rate,

though statistically not significant (p value = 0.365).The

association between various prognostic factors and mor-

tality after tracheostomy is summarized in Table 3.

The most common intraoperative complication was

bleeding (more than 100 ml), which occurred in 6

(11.76%) patients and controlled using bipolar cauteriza-

tion or vessel ligation. The immediate postoperative com-

plications were peristomal bleeding (5.88%, 3 of 51),

tracheostomy-tube block (3.92%, 2 of 51), tracheostoma

infection (3.92%, 2 of 51), and pneumothorax (1.96%, 1 of

51). No late postoperative complications were noted till the

end of the study follow-up period. Among the survivors, all

patients were weaned off from the ventilator (mean dura-

tion: 7.11 days, range: 2–15 days), shifted out from ICU

(mean duration: 8.5 days, range 3–16 days), and dis-

charged from hospital (mean duration: 13 days, range:

3–31 days). At the time of submission, four patients were

decannulated (4 of 17, 23.52%), and the mean duration

between tracheostomy and decannulation was 3.5 months.

The COVID-19 tracheostomy complications and outcomes

are shown in Table 4.

The mean number of days from tracheostomy to ICU

discharge among survivors was significantly higher

(13.00 ± 7.36) than the mean number of days from tra-

cheostomy to death among non-survivors (8.29 ± 5.31)

with a p-value of 0.011. However, the number of days from

admission to tracheostomy, ICU admission to tra-

cheostomy, intubation to tracheostomy, and tracheostomy

to weaning from ventilator carries no significance between

survivors and non-survivors (Table 5).. The average time of

the first change of the tracheostomy tube was ranged from

10 to 21 days (average 13.84 days). Among the survivors,

only 4 patients were successfully decannulated on subse-

quent follow-up visits with a mean period for a tra-

cheostomy to decannulation was 3.5 months. To date, none

of our tracheostomy team has developed any symptoms

suggestive of COVID-19 nor tested positive for COVID-

19.

Discussion

Our study represents the largest series of tracheostomies

undertaken among COVID-19 patients in India so far and it

elaborates our experience performing tracheostomies on 51

patients during the peak of the pandemic in our nation.

Extensive lung injury caused by COVID-19 which

demands prolonged ventilation, multiple failed extubation

trial during the course of illness due to airway edema,

Table 1 Patient’s clinic-demographic characteristics

Patient Characteristics (n = 51) Number (%)

Age (median; range) 52; 23–83 years

Gender (Male; Female) 32 (62.74); 19

(37.26)

Comorbidities

Neurological disease 26 (50.98)

Hypertension 17 (33.33)

Diabetes mellitus 15 (29.41)

Renal disease 5 (9.80)

Pulmonary disease 4 (7.8)

Cardiovascular disease 4 (7.8)

Malignancy 4 (7.8)

Indication for tracheostomy

Prolonged ventilation 47 (92.15)

Upper airway obstruction 2 (3.92)

Pulmonary toileting 2 (3.92)

Presence of sepsis 25 (49.01)

Early tracheostomy (within 10 days of intubation) 32 (62.74)

Number of tracheostomies within 14 days of

COVID-19 positivity

37 (72.55)

Table 2 The timing of tracheostomy events

Tracheostomy events Mean (range in days)

Hospital admission to tracheostomy 12.56 ( 7–24)

Intubation to tracheostomy 10.27 ( 5–20)

ICU admission to tracheostomy 11.5 (4–23)

Tracheostomy to weaning from the ventilator 7.5 (1–18)

Tracheostomy to ICU discharge 8.5 (1–20)

Tracheostomy to death (Non-survivors) 8.29 (1- 21)

Tracheostomy to discharge (Survivors) 9.52 (7–29)

123

Indian J Otolaryngol Head Neck Surg



muscle weakness, and reduced cough reflex indicates far

greater benefits of tracheostomy among these cohorts than

the traditionally ventilated patients. However, tra-

cheostomy among COVID-19 patients is challenging con-

sidering the severity of the infection and associated

hypoxemia, technical difficulties while performing the

procedure donning personal protective equipment (PPE),

and hazard of transmission of infection to health care

workers [14]. In the context of the limited number of

guidelines for safe tracheostomy among COVID-19

patients based on real experience, we do believe our study

will contribute to the paucity of existing literature.

Since the patients with critical illness due to COVID-19

induced respiratory failure carry a dismal prognosis the

decision to perform tracheostomy must be based on defined

prognostic indicators [10, 13].. Tracheostomy among

COVID-19 patients has the advantage of early ventilator

weaning, decrease the ICU stay, and free up available ICU

resources [14]. However, Shiba et al. had suggested that

due to the rapid evolution of disease which leads to poor

Table 3 The association between prognostic risk factors and mortality after tracheostomy

Prognostic variable Category Number of patients p-value

Non-survivors Survivors

Age More than 40 years 29 10 0.076

Less than 40 years 5 7

Gender Male 20 12 0.542

Female 14 5

Diabetes mellitus Yes 11 4 0.745

No 23 13

Hypertension Yes 10 7 0.530

No 24 10

Neurological disease Yes 14 12 0.074

No 20 5

Comorbid illness More than two 16 7 0.770

Less than or equal to two 18 10

Presence of Sepsis Yes 22 3 0.002

No 12 14

Day of tracheostomy after intubation Early (within 10 days) 23 9 0.365

Late ( after 10 days) 11 8

Days of tracheostomy after COVID-19 diagnosis Within 14 days 27 10 0.183

After 14 days 7 7

Bold represents various prognostic factors and their correlation with mortality of the patient

Table 4 COVID-19 tracheostomy complications and postoperative

outcome

Complications Number (%)

Intraoperative bleeding ([ 100 ml) 6 (11.76)

Post-operative peristomal bleeding 3 (5.88)

Tube block 2 (3.92)

Tracheostoma infection 2 (3.92)

Pneumothorax 1 (1.96)

Outcomes

Expired 34 (66.66)

Survived and discharged 17 (33.34)

Decannulated 4 (7.84)

Table 5 Comparison of tracheostomy-related events between sur-

vivors and non-survivors

Tracheostomy events Mean ± SD

duration in Non-

survivors

Mean ± SD

duration in

Survivors

P-

value

Admission to

tracheostomy

12.29 ± 2.95 13.12 ± 2.09 0.309

Intubation to

tracheostomy

10.09 ± 2.54 10.65 ± 2.89 0.482

ICU admission to

tracheostomy

10.94 ± 3.12 10.35 ± 2.96 0.389

Tracheostomy to

weaning from the

ventilator

7.74 ± 4.45 7.12 ± 3.72 0.429

Tracheostomy to ICU

discharge/death

8.29 ± 5.31 13.00 ± 7.36 0.011

Bold represents trachestomy related parameters among survivors and

non-survivors
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prognosis among patients with severe COVID-19 requiring

ICU stay, tracheostomy doesn’t confer any benefit to the

outcome [15]. In our series, the major indications for tra-

cheostomy were prolonged ventilation (92.15%) similar to

other published studies, and the decision to proceed with a

tracheostomy was based on the assessment of prognosis

and risk–benefit analysis on case to case basis by the

opinion of the ICU physicians and otolaryngologists [13].

The mean age of COVID-19 patients who underwent tra-

cheostomy in this study was 51.39 years, and the majority

were male (62.74%). This high number of males who

underwent tracheostomy and succumbed to illness post-

tracheostomy (20 of 34, 58.82%) could be due to the poor

prognosis described for the male population in recent

publications [1–3].

The timing of tracheostomy among COVID-19 patients

is another intriguing topic and several guidelines on this

topic yet to reach a consensus. Earlier recommendations

suggested delaying tracheostomy beyond 14 days when the

risk of viral transmission is less and the prognosis of the

critically ill patient becomes clearer [9, 12, 16, 17]. Studies

on SARS-Cov-2 viral load during the course of illness had

suggested that individuals are more contagious in the ear-

lier stage of disease corresponding with high viral load in

upper respiratory tract secretions and had predicted

reduced rate of infection beyond 10-days of symptoms

onset [18]. Additionally, performing an early tracheostomy

would make prone invasive ventilation difficult in the early

course of diseases and severely hypoxemic patients

wouldn’t tolerate the loss of positive airway pressure dur-

ing the procedure [13, 19]. Though deferring the tra-

cheostomy of COVID-19 patients decreases the hazard of

acquiring infection among the health care workers, pro-

longed tracheal intubation and mechanical ventilation

might cause other complications like airway stenosis,

ventilator-associated pneumonia, longer ICU stay, etc.

Early tracheostomy also increases the availability of ICU

beds as tracheostomised patients can be cared for in non-

ICU wards and decrease the duration of use of the sedative

drug among such patients [17, 20]. Though COVID-19

patients requiring mechanical ventilation carries a poor

prognosis, tracheostomy may be indicated early in life-

saving situations or situation in which tracheostomy might

improve the survival of patient [8, 10]. A Chinese multi-

center study had suggested that compared with tra-

cheostomies conducted after 14 days of intubation, tra-

cheostomies within 14 days were associated with an

increased mortality rate [21]. However, a prospective

cohort study among 50 patients had reported early tra-

cheostomy (\ 10 days) bears no association with mortality

as highlighted in our study [22]. Since data on prognostic

factors of chronically ventilated COVID-19 patients are

lacking, much of the recent recommendations are an

extrapolation of benefits and survival data on non-COVID

patients requiring chronic ventilation. However, these

studies had suggested contrasting results on benefits of

early tracheostomy in terms of reduced mortality rate,

shorter duration of ICU stay than late tracheostomy

[4, 23, 24]. A recent systematic review and meta-analysis

on non-COVID 19 patients showed that early tracheostomy

(within 7 days) was associated with a reduction in mor-

tality rate and ventilator associated pneumonia, duration of

mechanical ventilation, and duration of ICU stay [25, 26].

In contrast, a previous randomized clinical trial of non-

COVID-19 patients did not reveal an improved mortality

rate or reduced length of ICU stay on mechanically ven-

tilated patients who underwent early tracheostomy [24].

Prior studies had shown that otolaryngologists, anes-

thesiologists, and nurses caring for patients with tra-

cheostomy are at heightened risk of acquiring COVID-19

infection with an odds ratio of 4.2 [27]. The data on viral

load risk would suggest delaying the tracheostomy proce-

dure beyond 14–21 days after the onset of symptoms when

the patient’s viral load becomes negligible and would

represent the safest balance between the survival of

patients and risk for viral transmission [9, 28]. The low

contagious nature of late tracheostomy (beyond 14 days)

was further ascertained by Kai Xy et al. who showed no

detectable SARS-CoV-2 RNA in the surgical environment

in patients who underwent delayed tracheostomy [29].

However, there is a lack of direct supporting evidence

regarding the safety of performing late tracheostomy with

regard to nosocomial transmission and further studies are

needed to understand attendant risks of infectious exposure

to health care workers. In our series, the mean period of

intubation before tracheostomy was 10.27 days and 32

(62.74%) patient’s tracheostomies were performed early

(within 10 days of intubation) without waiting for

2–3 weeks as other studies suggest. The relatively early

tracheostomy in our study could be due to the limited

availability of ICU beds to accommodate the increased

patient load during the height of the pandemic and to fasten

the period of weaning from the ventilator. It confers

additional benefits of a shorter period of mechanical ven-

tilation and ICU stay compared to delayed tracheostomy

group. In our opinion, the decision for tracheostomy among

critically ill COVID-19 patients must be made with an

individualizing approach after a multidisciplinary evalua-

tion of the benefits or risks of tracheostomy. We suggest

that earlier tracheostomy should be considered for patients

who were unable to be weaned by a ventilator but carries a

good chance for overall survival ideally around 10 days of

intubation which correlates with the anticipated decrease in

viral transmission. Although tracheostomy confers benefit

for carefully selected COVID-19 mechanically ventilated

patients, we defer the procedure in patients who require
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high ventilator requirements with high fractions of inspired

oxygen ([ 80%), significant medical comorbidities leading

to poor survival, severe ARDS with a low chance of

recovery. The mortality in patients with COVID-19

undergoing tracheostomy had been reported to vary from 7

to 41% in the previously published outcome studies

[16, 30]. The overall 30-day mortality in our study was

66.66%, mirroring the results of other studies that repor-

ted[ 50% mortality rate for COVID-19 patients who

required prolonged ventilation culminating in a tra-

cheostomy [8, 10]. The higher rate of mortality in our study

indicates the higher prevalence of comorbid illness in our

cohort which has been shown to increase the COVID-19

associated complications. 35.29% (18 of 51) of our study

population expired within 7 days of the tracheostomy, a far

higher mortality rate seen in the first week following tra-

cheostomy under normal conditions. The presence of sep-

sis, older age, and coexisting neurological diseases were

associated with poor outcomes in our series similar to

previous studies [10]. Though the timing of tracheostomy

(early vs late) in our study is not associated with a higher

mortality rate, the alarming rate of overall and 7-days post

tracheostomy mortality among critically ill patients sug-

gests delaying the tracheostomy beyond 10-days of intu-

bation in patients with poor prognostic factors. We reported

no major immediate or delayed complications of tra-

cheostomy, and more importantly, no deaths were related

to the procedure. The incidence of tracheostomy compli-

cations in our series was 15.68% (8 of 51) and our low rate

complications emphasize the importance of standardized

technique and a dedicated operating team including sur-

geon and anesthetists. Perioperative bleeding probably due

to administration of anti-coagulation therapy owing to

prothrombotic state among COVID-19 patients, mucous

plugging of tracheostomy tube due to more copious and

viscid secretion, and peristomal skin ulceration were the

commonest complication noted in this series. Though tra-

cheostomy increases the risk of nosocomial transmission

among healthcare workers as they are exposed to high

levels of contagious aerosols none of our health care per-

sonals involved in tracheostomy were infected with

COVID-19. The nosocomial transmission risk can be suc-

cessfully mitigated by appropriate PPE and adequate sur-

gical techniques by highly experienced surgical teams

adhering to infection control recommendations. A rela-

tively small sample size which precludes performing

detailed data analysis, the probable under-reporting of

outcomes as the data was retrieved from electronic medical

records are the few limitations of this study.

Key messages

Though associated with a higher rate of mortality, the

timing, and selection of a patient for tracheostomy can be

made flexible based on the health resources to accommo-

date the increased patient in ICU as in our series. We

suggest an experienced multi-disciplinary tracheostomy

team is of paramount importance to perform a safe tra-

cheostomy in COVID-19 patients and to limit the risk of

occupational transmission and improve the overall prog-

nosis. Future studies are warranted to identify the ideal

timing and patient prognostic risk factors associated with

better survival outcomes in COVID-19 patients undergoing

a tracheotomy.
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