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ABSTRACT

Objectives COVIDTrach is a UK multicentre prospective
cohort study project that aims to evaluate the outcomes of
tracheostomy in patients with COVID-19 receiving mechanical
ventilation and record the incidence of SARS-CoV-2 infection
among healthcare workers involved in the procedure.

Design Data on patient demographic, clinical history and
outcomes were entered prospectively and updated over
time via an online database (REDCap). Clinical variables
were compared with outcomes, with logistic regression
used to develop a model for mortality. Participants
recorded whether any operators tested positive for SARS-
CoV-2 within 2weeks of the procedure.

Setting UK National Health Service departments involved

in treating patients with COVID-19 receiving mechanical
ventilation.

Participants The cohort comprised 1605 tracheostomy
cases from 126 UK hospitals collected between 6 April and
26 August 2020.

Main outcome measures Mortality following
tracheostomy, successful wean from mechanical
ventilation and length of time from tracheostomy to wean,
discharge from hospital, complications from tracheostomy,
reported SARS-CoV-2 infection among operators.

Results The median time from intubation to tracheostomy
was 15 days (IQR 11, 21). 285 (18%) patients died following
the procedure. 1229 (93%) of the survivors had been
successfully weaned from mechanical ventilation at censoring
and 1049 (81%) had been discharged from hospital. Age,
inspired oxygen concentration, positive end-expiratory
pressure setting, fever, number of days of ventilation before
tracheostomy, C reactive protein and the use of anticoagulation
and inotropic support independently predicted mortality. Six
reports were received of operators testing positive for SARS-
CoV-2 within 2weeks of the procedure.

Conclusions Tracheostomy appears to be safe in
mechanically ventilated patients with COVID-19 and to
operators performing the procedure and we identified
clinical parameters that are predictive of mortality.

Trial registration number The study is registered with
ClinicalTrials.Gov (NCT04572438).

INTRODUCTION

Data indicate that 5%-12% of patients with
SARS-CoV-2 infection develop a severe illness
requiring critical care, of whom 72%-81%

Key messages

What is already known about this subject?

» In the prepandemic setting, tracheostomy is de-
ployed routinely in intensive care patients who re-
quired prolonged mechanical ventilation.

» A number of single-centre studies have reported
successful outcomes in terms or weaning from
ventilation following tracheostomy in patients with
COVID-19.

» High rates of infection with SARS-CoV-2 among op-
erators performing the tracheostomy have not been
reported in the small number of series that examine
this question.

What are the new findings?

» We provide outcome data on a national cohort of pa-
tients with COVID-19 undergoing tracheostomy and
show mortality is not higher than expected.

» Age, days of mechanical ventilation preprocedure,
inspired oxygen concentration and positive end-
expiratory pressure setting at the time of trache-
ostomy and upward trending C reactive protein are
independently associated with mortality.

» Out of the 1605 tracheostomy cases reviewed, only
six cases of SARS-CoV-2 infection among operators
were reported.

How might these results affect future

research or surgical practice?

» The data support the use of tracheostomy among
patients with COVID-19 requiring prolonged me-
chanical ventilation.

» The clinical parameters highlighted in this report
should be considered in the clinical decision-making
of when to proceed with tracheostomy in ventilated
patients with COVID-19.

1-5

require invasive mechanical ventilation.
Standard UK intensive care practice is to
consider tracheostomy after 7-10 days of inva-
sive mechanical ventilation to aid weaning,
facilitate comfort and minimise complica-
tions relating to the prolonged presence
of an oral endotracheal tube.®” However,
the role of tracheostomy in mechanically
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ventilated patients with COVID-19 remains controver-
sial. Guidance at the start of the pandemic, based largely
on expert opinion, recommended avoiding or delaying
tracheostomy until 14-21 days after intubation,'"* and
to only proceed once the patient was COVID-19 reverse
transcription (RT)-PCR test negative.">™"” These measures
aimed to prevent nosocomial infection among healthcare
professionals and to avoid futile procedures in ventilated
patients with COVID-19 who were predicted not to survive
or benefit from the procedure.® '’ These recommen-
dations have since been challenged as the risk of trans-
mission is now known to decline shortly after symptom
onset and the outcome of COVID-19 testing is believed
not to correlate with risk of infectivity later in the disease
process.'® 'Y COVIDTrach is a UK multidisciplinary
collaborative project that was established to provide an
evidence base for the role of tracheostomy in mechani-
cally ventilated patients with COVID-19 in intensive care
units (ICUs) and to assess the occurrence of SARS-CoV-2
infection among operators. An interim report docu-
menting the first 548 patients during the first 2months
of the pandemic reported a hospital mortality of 12%,
weaning success in 52% and no instances of SARS-CoV-2
infection among operators at the time of writing.*’ This
article presents a larger cohort of 1605 patients and links
clinical parameters to patient outcomes using regression
analysis and predictive modelling.

METHODS

Study design

An invitation for clinicians to participate in the
COVIDTrach project was disseminated via the UK Federa-
tion of Surgical Specialty Associations, its various member
organisations and the Intensive Care Society to reach all
UK departments involved in tracheostomy in patients
with COVID-19. Inclusion into the study was also adver-
tised on societal websites and social media. Overall, 137
hospital sites agreed to participate across all four nations
of the UK.

Patient population

Each participating hospital included all consecutive
adult patients over 18 years of age with COVID-19 who
underwent elective tracheostomy while receiving inva-
sive mechanical ventilation. Infection was identified by
a positive viral RNA test on quantitative RT-PCR testing
or when strongly suspected on history, laboratory and
radiological findings in the absence of viral RNA test
availability or a positive result. Patients under the age of
18 years and those undergoing emergency tracheostomy
were excluded.

Clinical indicators and outcome measures

Demographic data, clinical characteristics, SARS-CoV-2
status, ventilatory requirements before tracheostomy,
details of the tracheostomy and the use of personal
protective equipment (PPE) were all recorded (data

dictionary in online supplemental appendix). Clinical
outcomes included complications, mortality, time from
tracheostomy to weaning from mechanical ventilation,
success, and time to tracheostomy decannulation, and
time from tracheostomy to hospital discharge. Successful
weaning was defined as being free from pressure support
for greater than 24 hours. Participants were also asked
to report whether any of the operators performing the
procedure tested positive for SARS-CoV-2 within 2weeks
of the procedure.

Procedures

Data were collected using an online survey tool (REDCap)
with return codes issued to allow participants to update
clinical outcomes prospectively. All participants were
asked to update the clinical outcomes of their cases by 1
July 2020 and confirm the data were complete. Hospital
sites with missing data or data were followed up over the
course of July and early August. Hospitals with datasets
not updated by 15 August 2020 were removed from the
study (n=11).

Data governance

All data collected were anonymised and non-identifiable
and did not alter the patient’s clinical care. Participant
consent was not sought as per the UK Control Of Patient
Information (COPI) notice (Department of Health and
Social Care, 2020).

Statistical analysis

Variables are presented using either mean (SD), median
(IQR) or number (percentage), as appropriate. Groups
of variables were compared using either t-tests or % tests,
as appropriate. For regression analysis, all numerical vari-
ables, except age and body mass index, were log trans-
formed to remove positive skewness. Logistic regression
was used to develop a model for mortality, after imputing
missing values using multiple imputation via chained
equations.21 In detail, the imputation model included
all potential predictor variables as well as the outcome;
10 imputed datasets were produced. Backwards elimina-
tion at the 15.7% significance level was used to remove
unimportant variables from the model. This model
was internally validated using tenfold cross-validation.
Model performance (calibration and discrimination)
was assessed using the calibration slope and calibration
in the large, and receiver operating characteristic (ROC)
curves. Multiple regression was used to develop a model
for (log) time to wean success, since we only had informa-
tion on those for whom wean was successful and hence
there was no censoring. Backward elimination was again
applied at the 15.7% significance level.

RESULTS

Participants

Between 6 April and 26 August 2020, data were received
on 1605 tracheostomies from 126 UK hospitals led by a

2 . BMJ Surg Interv Health Technologies 2021;3:€000077. doi:10.1136/bmjsit-2020-000077


https://dx.doi.org/10.1136/bmjsit-2020-000077

combination of ENT, maxillofacial and intensive care
specialists. The number of tracheostomy cases entered
by each hospital ranged from 1 to 106 (mean 12, SD
15.2). Across all cases, over 90% of all data points were
completed in all but three variables where completeness
was 85% or greater (online supplemental table 1). The
average patient age was 58x11 years, with a 70:30 male-
to-female ratio. More detailed patient demographics and
medical history are presented in table 1 and COVID-19
test status in table 2.

Tracheostomy procedure

The median time from intubation to tracheostomy was 15
days (IQR 11, 21) (figure 1A). Overall, 73 (4.5%) patients
had tracheostomy within 4days of intubation and 227
(14%) after 25 days. The mean C reactive protein (CRP)
on the day of tracheostomy was 119 (SD, 88) mg/L.

‘Anticipated prolonged wean’ was the most cited indi-
cation for tracheostomy in 1473 (92%). An open method
of tracheostomy was used in 797 (50%) procedures,
percutaneous method in 771 (48%) and a hybrid method
using a combination of open and percutaneous tech-
niques in 31 (2%) (figure 1B). Bronchoscopy was used
as an aid in 574 (78%) percutaneous techniques. Patient
factors likely to make the tracheostomy more challenging
were reported in 327 (41%) open and 109 (14%) percu-
taneous tracheostomies. Of these, neck obesity was the
most frequently reported, occurring in 242 (30%) of all
open tracheostomies.

Operators used either a mask with FFP3 level filtra-
tion or powered air-purifying respirator (PAPR) in 1563
(99%) of cases (figure 2C). Other PPE included double
gloves in 1460 (91%), a surgical gown in 1511 (94%) and
a face visor was used in 1261 (96%) of cases in addition
to an FFP3 mask.

Complications

Intraoperative complications were reported in 147 (9%)
procedures with oxygen desaturation below 80% being
the most common (n=67), followed by intraoperative
bleeding (n=29). Postoperative complications occurred
in 356 (22%) cases; bleeding was reported in 119 (7%)
patients, more frequently following open procedures
(p<0.001). A leak around the tracheostomy cuff necessi-
tating a change in tube was reported in 75 (5%) cases, 48
of these were open tracheostomies.

Outcomes
One patient died during the tracheostomy procedure,
two hundred and seventy-six (17%) patients died before
weaning from mechanical ventilation and a further
nine (1%) patients died between successful weaning
and hospital discharge (table 3). Overall, 249 (89%)
deaths were COVID-19 related and nine patients died of
tracheostomy-related complications. The median time
from tracheostomy to death was 9days (IQR 5, 14).
Characteristics of survivors and non-survivors are shown
in online supplemental table 2. A multivariable logistic

Table 1

Patient demographics and medical history of

1605 mechanically ventilated patients with COVID-19 who

underwent tracheostomy

Patients with
COVID-19 undergoing

Demographics tracheostomy
Age (years) (N=1605)
Mean (SD) 58 (11)
Sex n (%) (N=1605)
Male 1122 (70)
Female 482 (30)
Body mass index n (%)
<18.5 13 (<1)
18.5-24.9 355 (25)
25-29.9 478 (33)
30-39.9 468 (33)
>40 122 (8)
(N=1437/1605)
Medical history
Time from admission to hospital to intubation, 2(0,4)
median (IQR)(N=1518/1606)
Use of NIV between admission to hospital and 651 (43)
intubation n (%)(N=1525/1605)
Time from intubation to tracheostomy in days, 15 (11, 21)
median (IQR)(N=1565/1605)
Relevant comorbidities n (%)
None 391 (24)
1 563 (35)
412 (26)
120 (7)
>3 36 (2)
(n=1521/1605)
Temperature at tracheostomy >37.5°C, n (%)
Day of tracheostomy 377 (23)
1-2days before 403 (25)
3-4days before 250 (16)
5days before 451 (28)

(N=1481/1605)

CRP at the time of tracheostomy
CRP downtrending
Mean CRP (SD)
Median CRP (IQR)
(N=1583/1605)

Inotropic support at the time of tracheostomy, n (%)

(N=1565/1605)

1070 (68%)
119 (88)
100 (50, 165)

606 (39)

Ventilatory requirements on the day of tracheostomy, median (IQR)

FiO, (%) (N=1549/1605)

PaO, (kPa) (N=1549/1605)
PEEP (cmH,0) (N=1533/1605)
PaO,/FiO, ratio

40 (30, 45)
9.8 (9, 11)

8 (6, 10)

195 (153, 248)

N represents the number of survey responses over the total number of possible
responses as an indicator of data completeness (see also online supplemental table 1).
CRP, C reactive protein; FiO,, inspired oxygen concentration; NIV, non-invasive

ventilation; PaO,, arterial oxygen tension.
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Table 2 The outcome of COVID-19 PCR testing in 1605
mechanically ventilated patients with COVID-19 undergoing
tracheostomy

COVID-19 PCR test in patients undergoing tracheostomy

Test positive during admission to hospital n (%)

Positive 1473 (92)

Negative 126 (8)
Total number of tests during admission to hospital

Median (IQR) 1(1,2)
Outcome of last test before tracheostomy n (%)

Positive 1213 (83)

Negative 242 (17)
Outcome of second to last test before tracheostomy n (%)

Positive 678 (75)

Negative 228 (25)

Number of cases with two negative tests before 115 (7)
tracheostomy n (%)
Number of days from last test to tracheostomy

Median (IQR) 12(6,18)

regression model was fitted for mortality and backward
elimination applied. Age, days of mechanical ventilation
preprocedure, inspired oxygen concentration and posi-
tive end-expiratory pressure (PEEP) setting at the time
of tracheostomy, use of inotropic support (all p<0.001),
upward trending CRP (p=0.003), fever (p=0.003) and use
of anticoagulation (p=0.002) are independently associ-
ated with mortality (figure 2A).

Internal validation using tenfold cross-validation
produced an average ROC area of 0.75 (range: 0.64—
0.87), suggesting good discrimination (figure 2B). The
Hosmer-Lemeshow test results in each cross-validation
fold suggest no problems with calibration. A comparison
of observed and predicted outcomes suggests good agree-
ment (figure 2C).

Of the survivors, 1229 (93%) had been successfully
weaned at the time of analysis with 1154 (88%) having
undergone successful tube decannulation and 1049
(81%) discharged from hospital (table 3). Median time
from tracheostomy to discharge from hospital in survivors
was 29 days (IQR 21, 42).

Characteristics of surviving patients according to length
of time to successful wean from ventilation are shown in
online supplemental table 3. A multiple regression model
for time to wean success was fitted and backward elimination
applied. These results suggest that advanced age, male sex,
higher PEEP setting, higher inspired oxygen requirement,
use of anticoagulation (all p<0.001) and non-invasive venti-
lation before tracheostomy (p=0.003) were all independently
associated with prolonged periods of ventilation following
tracheostomy among those for whom wean was successful
(figure 2D). An association was found between insertion
technique and time to successful wean, although the differ-
ence was small (median 12 days for percutaneous vs 11 days

40+ M
35-40 M
< 3034
F 2520 n—
o 2024 I
,E 15-19 I
10-14
59 I
0-4 N
0 100 200 300 400 500
Number of tracheostomies
B W ENT ®m OMFS m Thoracics ® General Surgery mICU = Other
Hybrid IZ%
0 200 400 600 800 1000
Disposable mask with filtration (FFP3) | N ARRH I 7:
PAPR device - 19%
Reusable mask with filtration (FFP3) I 2%
No mask or surgical mask 1%
Unknown _‘2%
0 200 400 600 800 1000 1200
Figure 1 (A) Length of time from intubation to tracheostomy

(days). (B) Number of tracheostomies divided by method and
specialist performing the procedure. (C) Type of respirator
used during the tracheostomy, x axis=total number of cases
using that type of respirator. PARP; powered air-purifying
respirator.

for open method). No association was found between time
from intubation to tracheostomy and time from tracheos-
tomy to successful ventilatory wean (p=0.92).

SARS-CoV-2 infection in operators

The question ‘Did any of the operators test positive for
COVID-19 within 2weeks of the procedure?’ was answered in
97% (1558,/1605) of cases. Six instances were reported across
four hospitals, four after percutaneous tracheostomy and two
after open tracheostomy. Five of the cases were performed in
intensive care and four within a negative pressure environ-
ment. PPE used in these cases included an FFP3 mask in four
cases, a fluid-resistant hood with face visor in one, and a PAPR
device in one.

DISCUSSION
This study involved 126 UK hospitals reporting on 1605
individual tracheostomies between March and August 2020.
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A Predictor Category OR (95% Cl) P-value
Age (years) 1.043 (1.028 to 1.059) | <0.001
FiO2 <30 1
30-39 2.31(1.09 to 4.88) 0.028
40-49 4.36 (2.10 to 9.06) <0.001
50+ 6.80 (3.23 to 14.30) <0.001
PEEP setting <6 1
6-79 1.54 (0.80 to 2.95) 0.192
9-9.9 2.22 (1.30 to 3.78) 0.004
10+ 3.05 (1.81 to 5.16) <0.001
Days of ventilation before tracheostomy <=7 1
8-12 0.57 (0.35 t0 0.92) 0.022
>12 0.43 (0.28 to 0.67) <0.001
Pyrexia day of tracheostomy 1
1-2 days before 0.87 (0.56 to 1.34) 0.521
3-4 days before 1.32(0.82t0 2.12) 0.251
5+ days before 1.55 (1.04 to 2.30) 0.030
Downward CRP 0.59 (0.44 to 0.80) 0.001
Therapeutic Anticoagulation 1.64 (1.22 to 2.20) 0.001
Inotropic Support 1.78 (1.33 to 2.39) <0.001
B s C -
< 000 05 050 s 00 STh 2 s 4 5 e 7 8 9 10
1i-Specticty [ M. Observed W Predicted |
D Predictor Category Coefficient (95% Cl) P-value
Age (years) 0.010 (0.006 to 0.014) <0.001
Sex Female -0.099 (-0.188 to -0.011) 0.028
FiO2 <30 -
30-39 0.109 (-0.018 to 0.235) 0.092
40-49 0.190 (0.057 to 0.323) 0.005
50+ 0.347 (0.196 to 0.498) <0.001
PEEP setting <6 -
6-7.9 0.039 (-0.094 to 0.173) 0.561
8-9.9 0.157 (0.042 to 0.272) 0.007
10+ 0.219 (0.097 to 0.340) <0.001
Method of tracheostomy Percutaneous 0.101 (0.017 to 0.185) 0.018
Anticoagulant Yes 0.151 (0.068 to 0.235) <0.001
Use of NIV Yes 0.123 (0.039 to 0.206) 0.004
Inotropic support Yes 0.092 (0.005 to 0.178) 0.038

Open access

Figure 2

(A) ORs from multivariable logistic regression model for mortality (n=1566). Eight predictive clinical variables were

identified. Days of ventilation, FiO, and PEEP setting are presented using categories to aid interpretation. (B) ROC curve for
multivariable prediction model. Internal validation using tenfold cross-validation produced an average ROC area of 0.75 (range:
0.64-0.87). (C) Observed and predicted risk for 10 quantile groups. The groups (1-10) were obtained by splitting patients by
their predicted risk, that is, group 1 comprise the 10% of patients with the lowest predicted risk. (D). Regression coefficients
from multiple regression model for time to wean success (n=1031). CRP, C reactive protein; FiO,, inspired oxygen concentration;

NIV, non-invasive ventilation.

During this same period, 7792 patients were recorded by
the UK’s Intensive Care National Audit & Research Centre
(ICNARC) as receiving advanced respiratory support in
England, Wales and Northern Island.” Gender ratio, mean
age and body mass index grouping are all comparable
between the COVIDTrach database and the ICNARC data-
base indicating our cohort is representative, and the results
are likely generalisable to the UK.

At the time of censoring, all-cause mortality following
tracheostomy in our cohort was 18%. This number is

likely to rise as 91 patients were still mechanically venti-
lated and a further 171 had been weaned but were still
in hospital. Prospective multicentre studies of general
(non-COVID-19) intensive care populations patients
report mortality rates of approximately 30% in the first
30 days following tracheostomy.”® ** Direct comparisons
to this cohort of patients with COVID-19 cannot, however,
be drawn as demographics, comorbidities and underlying
pathologies will differ considerably and timing of trache-
ostomy is usually performed earlier than the median 15
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Table 3 Outcomes of mechanically ventilated patients with
COVID-19 undergoing tracheostomy

Outcomes following tracheostomy in patients with
COVID-19

All cause mortality following tracheostomy in patients with
COVID-19, n (%)

Died during tracheostomy 1(<1)
Died before successful wean from 276 (17)

mechanical ventilation

Died between wean from ventilation and 9(1)
discharge from hospital

Cause of death following tracheostomy, n (%)

COVID-19 related 249 (89)

Tracheostomy related 9 (3

Other 22 (8)
Weaning from mechanical ventilation in survivors, n (%)

Successfully weaned from mechanical 1229 (93)

ventilation

Still ventilated at the time of analysis 91 (7)
Time (days) from tracheostomy to successful 11 (7, 18)

wean, median (IQR)

Total length (days) of critical care in survivors, 33 (25, 44)
median (IQR)

Total length (days) of critical care in non- 23 (16, 32)
survivors, median (IQR) (N=264)

Successful tracheostomy decannulation at 1154 (88)
analysis, n (%)

Discharge from hospital, n (%) 1049 (81)
Time (days) from tracheostomy to discharge 29 (21, 42)

from hospital in survivors, median (IQR)

days following intubation reported in this study of patients
with COVID-19. National data, reported in the ICNARC
registry, indicate that the ICU mortality rate in mechan-
ically ventilated patients with COVID-19 was 47.8%;
however, median duration of critical care stay in non-
survivors was 10 days (IQR 6, 17).%? Given median time
to tracheostomy in our cohort was 15 days, patients with
COVID-19 undergoing tracheostomy constitute a prese-
lected population who have survived the acute phase and,
in general, would have cardiorespiratory stability and are
no longer requiring high-level ventilatory support and
high-inspired oxygen concentrations. Nonetheless, our
data show that tracheostomy in the setting of SARS-CoV-2
infection is not a futile intervention as previously claimed
by expert opinion at the start of the pandemic.'®’
Whether the timing of tracheostomy does influence
patient with COVID-19 outcomes is unclear. Early trache-
ostomy may benefit certain patient groups,” *° but meta-
analyses have failed to show benefitin a general population
of critically ill adults.”” * In our cohort, early tracheos-
tomy was independently associated with higher mortality.
Moreover, no association was demonstrated between early
tracheostomy and shortened time to successful weaning

3

from ventilation. Cause and effect cannot be directly
inferred from these data and only prospective randomised
studies could address this important question.

We found no association between method of trache-
ostomy and likelihood of successful wean from venti-
lation, mortality, or discharge from hospital. As in
non-COVID-19 series, bleeding was more frequent using
the open method, although the overall rate of reported
bleeding was low. The percutaneous method has several
advantages centred around the ability to perform the
procedure at the bedside. In contrast, the open method
enables safe procedure in those with difficult neck
anatomy and enables the surgical workforce to relieve
the task from intensive care staff during periods when a
critical care department is working at full capacity. The
decision over which method to employ should be locally
led and depends on expertise available and close interdis-
ciplinary working.

The low rates of reported SARS-COV-2 infection among
operators who likely continued to work in other high-risk
areas and performed other aerosol generating proce-
dures are encouraging. While asymptomatic cases may
have been missed and recall bias may have occurred, the
low rates of infection suggest that, with appropriate PPE,
the procedure does not pose a high risk of infection with
SARS-COV-2 to operators. Our findings are consistent
with other series.**’

Infectivity and viral load is believed to peak around
the time of symptom onset and then decline over the
following 8—4 days.”' ** Considering the median time from
symptom presentation to hospitalisation is 4 days and that
tracheostomy is not usually considered until at least 7 days
after intubation, the risk of infectivity is predicted to be
low even if the procedure is performed between the first
and second week of ventilation.® *® Our results, therefore,
do not support guidance suggesting tracheostomy should
be delayed until 14-21days after intubation to reduce
the potential for infection among operators.12 " Simi-
larly, our findings and data showing a positive COVID-19
test does not correlate with risk of infectivity later in the
disease process, suggest tracheostomy should not be
delayed to achieve a negative COVID-19 test. Delaying
in these circumstances defers the potential benefits of
tracheostomy and increases the risk of complications
relating to prolonged endotracheal intubation without
any clear benefit to the patient or operators involved in
the procedure.
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