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The COVIDTrach prospective 
cohort study on outcomes in 
1982 tracheostomised COVID-19 
patients during the first and second 
UK pandemic waves
Matthew Haywood1, Gareth Ambler2, Ciara Walker1, Asit Arora3, Tony Jacob4,  

Anne G. M. Schilder1,5, Nick Hamilton1,6 & COVIDTrach Collaborators*

COVIDTrach is a UK-wide, prospective cohort study evaluating tracheostomised COVID-19 patient 
outcomes and operator disease transmission. Early in the pandemic controversy surrounded optimal 

timing of tracheostomy insertion, however meta-analyses have since addressed this uncertainty. We 
report on our cohort’s data and outcomes to help inform the management of this disease and compare 

our findings to the literature. Our inclusion criteria were COVID-19 patients aged ≥ 18 undergoing 
tracheostomy following invasive ventilation. We recorded relevant characteristics, clinical parameters, 

intra-operative details and outcome data. Predictors for mortality and time to ventilatory wean 
were determined. Among 1982 patients, there was a 21% post-tracheostomy mortality and median 
intubation to tracheostomy time of 15 days (IQR 11–21). The median time to successful ventilatory 
wean post-tracheostomy was 12 days (IQR 7–20). Advancing age, greater FiO2 and PEEP requirements 
and inotrope or anticoagulant use were associated with increased mortality (p < 0.05) and time to wean 
success (p < 0.01). Higher CRP predicted increased mortality (p < 0.05), while NIV use and extended pre-
tracheostomy ventilation predicted prolonged wean time (p < 0.01). The death risk for tracheostomy 
performed ≤ 7 or ≥ 14 days of ventilation was equivocal (OR 1.01, 95% CI [0.37–2.72]) but lower between 
8 and 14 days (OR = 0.64, 95% CI [0.47–0.86]) (p = 0.01). Eight operators tested positive within two 
weeks of performing a tracheostomy. Our mortality rates were similar to cohort studies but lower than 

early versus late tracheostomy designs. In contrast to the literature, we found reduced mortality when 

tracheostomy was performed 8–14 days post-intubation, with more favourable wean time and wean 
and decannulation rates.

Keywords COVID-19, Noninvasive ventilation, Intubation, Tracheostomy, Ventilator weaning, Pandemic, 
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CI  Confidence interval
FiO2  Inspired oxygen concentration
PO2  Partial pressure of oxygen

COVIDTrach is a UK-wide, multicentre, prospective cohort study which has evaluated the outcomes of 
tracheostomised severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) positive patients and the 
incidence of disease transmission to tracheostomy operators since the emergence of the virus in 2019. Two 
previous publications by our collaborative1,2 reported on the earliest 563 cases in the pandemic from 78 hospitals, 
followed by a larger first wave review of 1605 patients from 126 contributing hospitals between April and August, 
2020. The second wave of COVID-19 between September 2020 and May 20213 provided further outcome data 
which have been combined with the former to produce a total cohort of 1982 patients in the present analysis.

SARS-CoV-2 infection not uncommonly leads to invasive mechanical ventilation (IMV), as evidenced by a 
systemic review of over 12,000 COVID-19 hospital presentations across seven countries wherein the critical care 
admission rate was 21%, 69% of whom ultimately required IMV4. While the optimal timing of tracheostomy 
in any critical illness is still a source of debate5, it is traditionally indicated for periods of IMV exceeding 
approximately 10  days to facilitate ventilatory weaning and pulmonary toilet, reduce sedation requirements, 
mitigate complications such as pneumonia and laryngotracheal stenosis and improve patients’ comfort, 
speech and oral intake6–8. Despite these apparent benefits, around 50% of those tracheostomised for prolonged 
ventilation are dead by one year (secondary to their index illness and co-morbidities), with considerable long-
term effects on quality of life in survivors9.

At the outset of the COVID-19 pandemic, delayed tracheostomy until as late as 14–21 days post-intubation 
in combination with negative PCR testing10,11, or complete avoidance of surgery altogether if the patient was still 
felt to be infectious12,13, was advocated—both to avoid viral transmission to the surgical team and operating in 
cases of futility14. As our understanding of the disease has progressed, it has become clearer that the presence 
of viral RNA as detected by PCR testing does not equate to infectiousness, particularly if antibodies are also 
measurable9,15. Subsequently, the relative safety of tracheostomy in COVID-19 patients has been supported by 
several studies16–18 which, although citing fairly poor-quality evidence, estimate an overall risk of COVID-19 
transmission to healthcare workers of approximately 1%. In parallel, seven systematic reviews and meta-analyses 
have provided more data on optimal timing of tracheostomy and outcomes following the procedure16–22, 
informing clinical management and decision-making around severe COVID-19 and empowering practitioners 
to tracheostomise earlier in the disease course. Our interim COVIDTrach data was included in three of these 
major meta-analyses17,18,20, however to our knowledge the present study, with data for 1982 tracheostomised 
patients accrued across two pandemic waves, represents the single largest cohort to date in the field. Furthermore, 
contemporaneous comparisons with the cohort characteristic data from the Intensive Care National Audit & 
Research Centre (ICNARC) attest to the generalisability of our results to the UK as a whole2.

Herein we report on the characteristics of our patient population, timing of tracheostomy and associated 
weaning and mortality outcomes in order to inform the management of this newly endemic and global disease. 
We also compare our findings to the wealth of data and meta-analysis that has been generated in the timeframe 
since our last publication.

Methods
Inclusion and study design
COVIDTrach was supported by the National Institute for Health and Care Research Clinical Research Network 
(NIHR CRN) as one of its portfolio studies. In order to maximise engagement with every UK department 
undertaking tracheostomies in COVID-19 patients, COVIDTrach participation was advertised via the Intensive 
Care Society fora, UK Federation of Surgical Speciality Associations and affiliated groups, medical society digital 
platforms and social media. In total, 126 hospitals consented to study inclusion across England, Ireland, Scotland 
and Wales. All research was performed in accordance with relevant guidelines.

Our inclusion criteria were COVID-19 patients aged 18 or above undergoing elective tracheostomy following 
a period of IMV at any of the contributing sites, provided positivity for COVID-19 had been confirmed with 
quantitative reverse transcription (RT)-PCR testing. In the absence of viral RNA testing or a positive result, 
COVID-19 infection was assumed on the basis of a clear history and concordant serological and radiological 
evidence. Considering the scarcity of testing in the early phase of the pandemic and widespread prevalence of the 
disease at this time, other diagnoses presenting in this context were extremely unlikely and inclusion of patients 
on the above grounds justifiable.

Data collection and governance
For every patient the following data was collected: treating institution, characteristics, comorbidities, 
anthropometry, pre-admission symptoms, COVID-19 swab results, presence of inotropic support and 
anticoagulation use, pyrexial episodes, C reactive protein (CRP), pre-tracheostomy ventilatory requirements 
and intra-operative details including use of personal protective equipment (PPE), operator specialty and 
tracheostomy technique employed.

Outcome data collected were tracheostomy decannulation rates, mortality and the following intervals: 
admission to intubation; intubation to tracheostomy; tracheostomy to successful ventilatory wean; intubation to 
critical care discharge and tracheostomy to hospital discharge.

Successful ventilatory wean was defined as liberation from ventilatory pressure support for greater than 24 h, 
and COVID-19 positivity among tracheostomy operators in the two weeks following the procedure was also 
recoded.
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REDCap is a secure online database management application used throughout the COVIDTrach 
collaboration23, enabling practitioners to upload clinical data contemporaneously and in an anonymised fashion. 
Patient care was not impacted and consent was not required for study inclusion as per the UK Control Of Patient 
Information (COPI) notice (Department of Health and Social Care, 2020).

Statistical analysis
Multivariable models for mortality and time to wean success
Data were analysed using the Stata 18 statistical software package. We used logistic regression to investigate 
which variables were associated with mortality. Individual data points for a given parameter were omitted if 
there was no recorded tracheostomy method or male or female sex, or if a hybrid technique was used. Multiple 
imputation was used to impute other missing predictor values and all numerical variables except age and body 
mass index (BMI) were log-transformed. We then fitted a multivariable logistic regression model including all 
predictor variables and applied backward elimination at the 10% level.

A similar approach was taken to investigate which predictors were associated with time to wean success, 
although we used multiple regression after log-transforming the outcome because of skewness.

Results
Characteristics and medical history
Data were collected between 6th April 2020 and 1st September 2021. Following removal of duplicates (n = 39), 
1982 patients from a total of 126 hospitals were included, with the number of patients for whom data was 
submitted from each institution ranging from 1 to 124. The mean (standard deviation, SD) patient age was 
58 ± 11 years, with a male preponderance of 68%. Table 1 details patient characteristics and medical history and 
Table 2 summarises COVID-19 testing results among our cohort.

Tracheostomy-related data
The median time (interquartile range, IQR) from intubation to tracheostomy was 15 days (11, 21) (Table 1, Fig. 1). 
On the day of surgery, the mean (SD) CRP was 107 (88) mg/L and down trending in 67% of cases (n = 1287); 
37% of patients (n = 711) required inotropic support and 23% (n = 431) harboured a temperature greater than 

n of data available

Age—mean (SD) 1982 58 (11) years

Sex—n (%) 1981
1356 male (68), 625 female 
(32)

Body mass index—n (%) 1790

 < 18 kg m2 17 (< 1)

18–24.9 kg m2 404 (23)

25–29.9 kg m2 572 (32)

30–39.9 kg m2 608 (34)

 ≥ 40 kg m2 189 (11)

Days from admission to intubation—median (IQR) 1895 2 (0,5)

Use of NIV between admission and intubation—n (%) 1921 1064 (55)

Days of ventilation before tracheostomy—median (IQR) 1956 15 (11,21)

Relevant co-morbidities—n (%) 1982

None 597 (30)

1 681 (34)

2 515 (26)

3 146 (7)

> 3 43 (2)

Smoking status—n (%) 1301

Current 103 (8)

Ex-smoker 398 (31)

Non-smoker 800 (61)

Last temperature > 37.5 °C prior to tracheostomy—n (%) 1835

0 days 431 (23)

1–2 days 514 (28)

3–4 days 322 (18)

5 days or greater 568 (31)

CRP down trending at tracheostomy—n (%) 1930 1287 (67)

Mean CRP at tracheostomy
1950

107 (88)

Median CRP at tracheostomy 87 (39, 154)

Inotropic support at tracheostomy—n (%) 1940 711 (37)

FiO2 at tracheostomy—median (IQR) 1932 40% (30, 45)

PaO2 at tracheostomy—median (IQR) 1857 9.8 kPa (9, 11)

PEEP at tracheostomy—median (IQR) 1919 8cmH2O (6, 10)

Table 1. Characteristics and medical history of 1982 tracheostomised COVID-19 patients.
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37.5 °C. ‘Anticipated prolonged wean’ was the primary indication in 92% (n = 1833) of tracheostomies inserted, 
followed by ‘failed extubation’ in 12% (n = 246). Open and percutaneous tracheostomies were performed in 
equal numbers (995 versus 917), predominantly by ENT surgeons and ITU physicians, respectively (Fig. 2). 
Median (IQR) ventilatory parameters at the time of tracheostomy were an inspired oxygen concentration (FiO2) 
of 40% (30, 45) and a positive end-expiratory pressure (PEEP) of 8cmH20 (6, 10), with a corresponding PaO2 
of 9.8 kPa (9, 11).

Mortality and time to successful ventilatory wean
There was an all-cause mortality of 21% (n = 403) following tracheostomy for COVID-19 in our study. One 
patient died intra-operatively, 383 died between tracheostomy and wean from ventilation and 19 died between 
successful wean and hospital discharge (Table 3). The median time (IQR) from tracheostomy to death was 
15 days (6, 15). Eighty-eight percent of mortalities (n = 349) were attributed to COVID-19 infection and 3% 
(n = 13) to tracheostomy-related complications.

Tables 4 and 5 detail the variables independently associated with mortality and time to ventilatory wean 
success using multivariable logistic regression, expressed as odds ratios and regression coefficients, respectively. 
Advancing age, higher CRP, increasing interval between last pre-operative pyrexia and tracheostomy, inotropic 
support, anticoagulant use and higher FiO2 and PEEP requirements were all associated with higher mortality 
(p < 0.05). Of the 383 patients who died before ventilatory wean, data on timing of death were available for 378: 
twenty percent (n = 75) had received 7 days or less of pre-tracheostomy ventilation, 37% (n = 142) between 8 and 
14 days and 43% (n = 161) more than 14 days. The death risk when performing a tracheostomy after 7 days or less 
or more than 14 days of ventilation was equivocal (OR 1.01, 95% confidence interval [CI] 0.37–2.72), whereas 
the odds ratio was lower (OR = 0.64, 95% CI 0.47–0.86) when the tracheostomy was performed between days 8 
and 14 (p = 0.01).

Fig. 1. Days between intubation and tracheostomy for the COVIDTrach cohort (n = 1955).

 

n of data available

COVID-19 positive at any point during admission—n (%) 1961 1752 (89)

Number of tests between admission and tracheostomy—median (IQR) 1696 2 (1, 3)

Outcome of last COVID-19 test before tracheostomy—n (%) 1707
1356 positive (79)

351 negative (21)

Days between last COVID-19 swab and tracheostomy—median (IQR) 1697 11 (5, 17)

Table 2. COVID-19 PCR testing outcomes in 1982 COVID-19 patients undergoing tracheostomy.
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Advancing age, use of NIV, longer duration of ventilation pre-tracheostomy, percutaneous tracheostomy, 
higher FiO2 and PEEP requirements and use of inotropes or anticoagulants were all associated with an increased 
time to wean success (p < 0.01). A higher partial pressure of oxygen (PO2) was not associated with increased 
mortality or time to wean in our analysis. The tracheostomy method coefficient antilog was 1.11 (p = 0.006), 
suggesting an average 11% increase in time to successful wean of percutaneous versus open tracheostomy.

Among 1579 survivors, 92% (n = 1447) had been successfully weaned from IMV and 86% (n = 1359) had 
been decannulated at the time of analysis. The median (IQR) time to ventilatory wean after tracheostomy in 
survivors was 12 days (7, 20), with a median (IQR) critical care stay duration of 34 days (25, 45). The median 
(IQR) time from tracheostomy to hospital discharge in survivors was 31 days (22, 44). Supplemental Table 1 
provides a breakdown of patient characteristics by mortality.

COVID-19 infection in operators
Ninety-seven percent of operators used either a filtering face piece class 3 (FFP3, n = 1780) or powered air-
purifying respirator (PAPR, n = 385) (supplementary Fig.  1). The question ‘did the operator test positive for 

Fig. 2. Tracheostomy technique according to lead operator specialty (n = 1951).
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COVID-19 within two weeks of the procedure?’ was answered in 96% of cases (n = 1912), of which 0.4% (n = 8) 
tested positive from four hospitals. Of the eight associated procedures in which the operator subsequently tested 
positive for COVID-19, six were percutaneous and performed on ITU and two were open (one was undertaken 
on ITU and one in theatre). Among the COVID-19 positive operators, six used an FFP3 respirator during the 
procedure, one used a PAPR and one used a fluid resistant hood only. Of note, five of the six ITU percutaneous 
tracheostomies mentioned above were undertaken at the same hospital.

Predictor Category OR (95% CI) P-value

Age

< 30 1  < 0.001

30–49 0.64 (0.20–2.06)

50–69 1.36 (0.44–4.18)

70 + 3.09 (0.99–9.66)

CRP

< 100 1 0.015

100–200 1.49 (1.12–1.98)

 > 200 1.45 (1.00–2.10)

Downward CRP 0.69 (0.53–0.89) 0.005

Last temperature > 37.5 °C prior to tracheostomy

Day of tracheostomy 1 0.022

1–2 days before 1.08 (0.74–1.58)

3–4 days before 1.44 (0.94–2.20)

5 + days before 1.63 (1.12–2.36)

Anticoagulant 1.35 (1.05–1.74) 0.018

Inotropic support 1.51 (1.17–1.95) 0.001

Days of ventilation before tracheostomy

≤ 7 1 0.014

8–14 0.64 (0.47–0.86)

> 14 1.01 (0.37–2.72)

FiO2 requirement

< 30 1  < 0.001

30–39 1.54 (0.84–2.82)

40–49 3.51 (1.95–6.32)

50 + 6.69 (3.69–12.12)

PO2

 < 8 1 0.031

8–10 0.77 (0.49–1.20)

10.1–12 0.55 (0.33–0.90)

12.1–14 0.47 (0.25–0.87)

> 14 0.83 (0.42–1.62)

PEEP setting

< 6 1 0.005

6–7.9 0.96 (0.58–1.59)

8–9.9 1.54 (1.01–2.34)

10 + 1.77 (1.17–2.69)

Table 4. Odds ratios from multivariable logistic regression model for mortality (n = 1925).

 

n of data available

All-cause mortality—n (%)

1964 Died during tracheostomy 1 (< 1)

1956 Died before ventilatory wean 383 (20)

1347 Died between wean and hospital discharge 19 (1)

Cause of death following tracheostomy—n (%) 398

COVID-19 related 349 (88)

Tracheostomy related 13 (3)

Other 36 (9)

Wean from ventilation in survivors—n (%) 1560
Successfully weaned 1447 (93)

Ventilated at time of analysis 113 (7)

Days from tracheostomy to successful wean—median (IQR) 1396 12 (7,20)

Days between intubation and critical care discharge in survivors—median (IQR) 1377 34 (25, 45)

Days between intubation and critical care discharge in non-survivors—median (IQR) 373 24 (17, 33)

Successful tracheostomy decannulation at time of analysis—n (%) 1406 1359 (97)

Days from tracheostomy to hospital discharge in survivors—median (IQR) 1203 31 (22,44)

Table 3. Outcomes following tracheostomy in COVID-19 patients.
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Discussion
Comparison with the COVID ORL ESP Collaborative
Our all-cause mortality was 21% following tracheostomy for COVID-19, with a median time from intubation 
to tracheostomy of 15 days (IQR 11–21). The COVID ORL ESP Collaborative Group, with their similarly-sized 
cohort of 1890 tracheostomised COVID-19 patients, had a slightly higher mortality of 23.7% at one month 
post-procedure and a median time from intubation to tracheostomy of 12 days (IQR 4, 42)24. While their data 
collection was confined to the first wave only (March to May of 2020), the degree of bias this introduces is 
unclear as the literature is contradictory in its purported lethality of the various COVID-19 variants, with claims 
of no statistically significant difference25, a marked reduction26,27 or even increase28 in delta wave hospital death 
rates when compared to the alpha variant.

There is also a marked divergence of results concerning the median time to successful wean post-tracheostomy. 
In our cohort this was 12 days (IQR 7–20) and 93% of survivors had weaned at the time of censoring, whereas the 
COVID ORL ESP collaborative had only weaned 68% of survivors at one-month post-procedure. Decannulation 
success rates for COVIDTrach and COVID ORL ESP of 97% and 81%, respectively, provide another surrogate 
marker of the perhaps greater difficulty encountered by the latter group in recovering their patients from the 
sequelae of severe COVID-19, however the reasons for this cannot be clearly elucidated. It should be noted that 
the authors cite their study design—which included the use of an instant messaging platform for data collection 
and a relatively limited post-tracheostomy follow up period of one month—as limitations contributing to their 
incomplete results, with 24% of the cohort still ventilated at censoring.

Comparison with tracheostomy in COVID-19 systematic reviews
It is acknowledged among the systematic reviews16–22 examining tracheostomy outcomes in COVID-19 
infection that considerable heterogeneity exists between studies, thus rendering meta-analysis difficult. As a 
consequence, we could not always reliably extract data for a given parameter from every review for comparison, 
instead drawing on a few in each case where there was concordance in content and reporting style. Most of 
the studies included have fewer than 200 patients each, however the aggregated cohorts (typically 2000–5000 
per systematic review) do permit some salient analogies with COVIDTrach data. The values for n given below 
(where available) are the total numbers of patients for whom pertinent data were available for each variable 
within a systematic review.

Timing of tracheostomy
Two meta-analyses provided overall mean intervals from intubation to tracheostomy: Benito et al. reported a 
mean 13.6 days (17 studies) and Battaglini et al. 16.5 days (n = 5268)19,20. Our median time from intubation to 

Predictor Category Coefficient (95% CI) P-value

Age

< 30 0  < 0.001

30–49 0.13 (− 0.16 to 0.42)

50–69 0.25 (− 0.03 to 0.54)

70 + 0.46 (0.17 to 0.76)

Sex  − 0.146 (− 0.224 to − 0.069)  < 0.001

Anticoagulant 0.112 (0.037 to 0.188) 0.004

Inotropic support 0.101 (0.021 to 0.180) 0.013

Use of NIV 0.175 (0.101 to 0.249)  < 0.001

Days of ventilation before tracheostomy

≤ 7 0 0.004

8–14 0.13 (0.05 to 0.21)

> 14 0.21 (− 0.11 to 0.52)

FiO2 requirement

< 30 0  < 0.001

30–39 0.15 (0.04 to 0.27)

40–49 0.24 (0.12 to 0.36)

50 + 0.37 (0.23 to 0.51)

PO2

< 8 0 0.015

8–10  − 0.10 (− 0.25 to 0.06)

10.01–12  − 0.15 (− 0.31 to 0.01)

12.1–14  − 0.24 (− 0.42 to − 0.05)

> 14  − 0.30 (− 0.51 to − 0.08)

PEEP setting

< 6 0 0.001

6–7.9 0.06 (− 0.06 to 0.18)

8–9.9 0.16 (0.05 to 0.26)

10 + 0.21 (0.09 to 0.32)

Method of tracheostomy (baseline category is ‘open’ tracheostomy) 0.105 (0.030 to 0.181) 0.006

Table 5. Regression coefficients from multiple regression model for time to wean success (n = 1358).
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tracheostomy was 15 days, straddling the common cut-off definition of ‘early’ and ‘late’ tracheostomy employed 
(at least in part) in many other studies16,17,20–22.

Mortality data
The mortality of tracheostomised COVID-19 patients in the systematic reviews published between 2021 and 
2022 varies considerably. Benito and colleagues reported the most favourable overall death rate at 13% (n = 2980), 
however their censor date of September 2020 was the earliest among the systemic reviews and it is suggested 
their figures were not abreast with the true and rapidly evolving disease burden at that time17. Similar to our own 
cohort mortality of 21%, figures of 18%18, 19%17 and 22%20 were given by three other meta-analyses examining 
41 studies and 3876 and 5218 patients, respectively. It is interesting that considerably higher death rates were 
noted by Ji and colleagues and Chong and colleagues (between 29 and 33%)21,22, both of which only included 
studies with comparative outcomes data for early versus late tracheostomy in COVID-19. It is argued that meta-
analyses not looking solely at early versus late tracheostomy data may have suffered from more clinical and 
statistical heterogeneity, or that selection criteria for tracheostomy were more stringent and biased towards those 
likely to survive22. However, ‘early’ and ‘late’ tracheostomy cut-off points are also somewhat arbitrary and are 
themselves heterogeneously defined within the literature, impairing comprehensive meta-analysis. For example, 
Staibano and colleagues cited a 28% mortality in a sub-group of tracheostomised patients when compared to 
non-tracheostomised COVID-19 sufferers (n = 342), however this fell to 13% in one of their separate analyses 
of early versus late tracheostomy studies (n = 526)16. The marked variance in the same outcome within a meta-
analysis calls into question both the size and homogeneity of included studies.

Wean success and decannulation rates
Ferro and colleagues’ analysis quoted a successful wean rate of 61% (n = 3510) and a decannulation rate of 
44% (n = 3326) within a weighted mean follow-up time of 42 days post-tracheostomy17; Benito and colleagues 
reported 55% weaned and 35% decannulated (n = 3234) within a weighted mean follow-up duration of 29 days19; 
for Sharma and colleagues, just 48% were weaned and 42% decannulated (6 studies and 31 studies respectively)18, 
however no follow-up timeframe was specified. In all three publications the number successfully weaned and 
decannulated were expressed as percentages of the total patient cohort, hence for COVIDTrach the equivalent 
figures would be calculated at 73% and 69%, respectively. Among COVIDTrach survivors only (n = 1579), our 
wean and decannulation success rates were 92% and 86%, respectively, with a median time to wean of 12 days 
(IQR 7, 20). It should be noted that our data are incomplete, and so the true values for these parameters may be 
higher.

Time to wean
Ferro and colleagues reported an overall weighted mean time to ventilatory wean post-tracheostomy of 24 days 
(8 studies), with a similar finding by Battaglini and colleagues of 23 days (18 studies)17,20. For the early versus late 
tracheostomy comparison by Chong and colleagues the mean times to wean were 14 and 16 days, respectively (7 
studies)22. Taken together, it would appear that for tracheostomised COVID-19 patients within British critical 
care units, the time to successful wean is considerably shorter and potentially more likely to be successful than 
the prevailing literature would suggest, however the exact reasons for this remain unclear and are beyond the 
scope of this paper. Even among the meta analyses with mortality rates similar to our own (Ferro and colleagues, 
Sharma and colleagues and Battaglini and colleagues), their post-tracheostomy recovery data as described above 
is generally indicative of a longer recovery and poorer prognosis. Whether in time more of their patients would 
have been weaned and decannulated could only be answered by longer-term follow-up studies of tracheostomised 
COVID-19 patients, data for which is scarce at present29.

Factors affecting mortality
There is universal agreement between meta-analyses (n = 526, n = 422, 19 studies, n = 5218) and COVIDTrach 
that tracheostomy technique does not impact on mortality in COVID-19 disease16–18,20. When examining timing 
of tracheostomy following intubation, three meta-analyses failed to show an impact of early or late tracheostomy 
on mortality (n = 203, n = 2343, 12 studies)17,21,22. Similarly, Battaglini and colleagues demonstrated no impact 
of tracheostomy timing on mortality within their pooled cohort (n = 5218), however early and late tracheostomy 
sub-group analysis revealed a statistically significant higher mortality in those tracheostomised beyond 
16.5 days20. When compared to tracheostomy less than 8 days following intubation, we found a reduced death 
risk if it was performed between day 8 and 14, but not if it was undertaken beyond 14 days.

Factors affecting time to wean
In general, concordance was seen between studies: Staibano and colleagues reported no difference in wean or 
decannulation rates between early and late tracheostomy (n = 259) as part of their comparison of open and 
percutaneous sub-groups, while Battaglini and colleagues found no difference in IMV duration between those 
tracheostomised early or late and a similar time to decannulation in the context of percutaneous or surgical 
techniques16,20. Ji and colleagues also concluded that early or late tracheostomy had no bearing on time to wean 
(n = 1715)21, and while Chong and colleagues showed that patients undergoing early tracheostomy had a reduced 
overall IMV duration (6 studies), the duration from tracheostomy to IMV weaning was similar between early 
and late tracheostomies (7 studies). Within COVIDTrach we found that a longer duration of ventilation pre-
tracheostomy and a percutaneous tracheostomy technique were associated with increased time to wean success.
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Study limitations
Heterogeneity of design and data collection across studies examining tracheostomy outcomes in COVID-19 
patients makes some comparisons difficult, however patient characteristics and time from intubation to 
tracheostomy within COVIDTrach and other cohorts are broadly similar, thus increasing the validity of our 
findings.

The exceptional circumstances of the pandemic and burden on healthcare staff undoubtedly impacted our 
data collection, yet despite this adversity our results do exhibit above 90% completeness in most parameters (see 
supplemental Table 2). Not every UK institution caring for tracheostomised COVID-19 patients enrolled in this 
study, and our data are more skewed towards the beginning rather than the end of the period spanning April 
2020 to September 2021. As a result, while our findings can be considered reflective, they cannot be seen to be a 
comprehensive overview of outcomes during the most virulent era of the COVID-19 age to date.

Reported mortality rates between our study and others do vary considerably, and even when they can be 
approximated the wean rates and time to wean appear more favourable in our cohort. Longer-term follow-up 
would be required in all studies to determine if the end-point of patients still intubated at the time of censoring 
is death or successful extubation.

Smoking-related data were available for 1301 patients and suggested that only 8% of our cohort were current 
smokers at the time of data capture, however the incidence of smoking in adults aged 18 years or over in the 
UK is estimated at 11.9%30. There is evidence to show that smoking is linked to increased disease severity and 
mortality in hospitalised COVID-19 patients, however this risk is difficult to quantify and population-based 
studies are required to investigate whether this association is causal or otherwise31.

Conclusion
According to our results, there is an all-cause mortality of 21% following tracheostomy for COVID-19, with a 
median time from intubation to tracheostomy of 15 days (IQR 11–21). The median time to successful wean post 
tracheostomy was 12 days (IQR 7–20), and 93% of survivors had weaned at the time of censoring.

Our mortality rates were similar to those of single cohort studies but lower than early versus late tracheostomy 
study designs. Of note, and in contrast with the prevailing literature, there was a reduced mortality when 
tracheostomy was performed between 8- and 14  days post-intubation (perhaps reflective of a window of 
opportunity between the acute phase of infection and the longer-term sequelae of intubation), and a small but 
statistically significant increase in time to wean when a percutaneous tracheostomy was performed instead of 
using a surgical technique. Our time to wean post-tracheostomy and overall wean and decannulation rates were 
considerably more favourable than other reports.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to privacy and 
ethical considerations, but are available from the corresponding author on reasonable request.
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