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Abstract

A systematic review and meta-analysis of the entire COVID-19 Tracheostomy cohort was conducted to determine the cumulative incidence of
complications, mortality, time to decannulation and ventilatory weaning. Outcomes of surgical versus percutaneous and outcomes relative to
tracheostomy timing were also analysed. Studies reporting outcome data on patients with COVID-19 undergoing tracheostomy were identified
and screened by 2 independent reviewers. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines were
followed. Outcome data were analysed using a random-effects model. From 1016 unique studies, 39 articles reporting outcomes for a total
of 3929 patients were included for meta-analysis. Weighted mean follow-up time was 42.03 & 26 days post-tracheostomy. Meta-analysis
showed that 61.2% of patients were weaned from mechanical ventilation [95%CI 52.6%—69.5%], 44.2% of patients were decannulated
[95%C1 33.96%—-54.67%], and cumulative mortality was found to be 19.23% [95%CI 15.2%—-23.6%] across the entire tracheostomy cohort.
The cumulative incidence of complications was 14.24% [95%CI 9.6%-19.6%], with bleeding accounting for 52% of all complications.
No difference was found in incidence of mortality (RR1.96; p=0.34), decannulation (RR1.35, p=0.27), complications (RR0.75, p=0.09)
and time to decannulation (SMD 0.46, p =0.68) between percutaneous and surgical tracheostomy. Moreover, no difference was found in
mortality (RR1.57, p=0.43) between early and late tracheostomy, and timing of tracheostomy did not predict time to decannulation. Ten
confirmed nosocomial staff infections were reported from 1398 tracheostomies. This study provides an overview of outcomes of tracheostomy
in COVID-19 patients, and contributes to our understanding of tracheostomy decisions in this patient cohort.

© 2021 Published by Elsevier Ltd on behalf of The British Association of Oral and Maxillofacial Surgeons.
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Introduction March 2020. An extraordinary burden has been placed on
healthcare systems as a consequence of the respiratory and

The outbreak and global propagation of severe acute res- other end-organ sequelae of COVID-19, with many patients

piratory syndrome coronavirus 2 (SARS-CoV-2), the virus requiring intensive care unit (ICU) admission for invasive

responsible for coronavirus disease 2019 (COVID-19), led mechanical ventilation and other organ support.'

the World Health Organization to declare a pandemic in Tracheostomies may be undertaken where prolonged

mechanical ventilation is anticipated in order to facilitate

weaning from both mechanical ventilation and sedation, as
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tolerance, which can reduce the incidence of accidental extu-
bations and thus mitigate the strain on critical care services
inherent to the COVID-19 pandemic.>*’

To date, several studies have been published pertaining
to tracheostomies in patients with COVID-19. Nevertheless,
there is no consensus with regards to tracheostomy strategy
and this is exacerbated by limited data, patient heterogene-
ity and the dynamic nature of the pandemic.®'! This study
therefore had several aims. First, to synthesise the current out-
come data on all COVID-19 patients who have undergone
tracheostomy; secondly, to compare outcomes and patient
demographics between those patients that have had surgical
or percutaneous tracheostomy; thirdly, to determine whether
the timing of tracheostomy post-intubation influences out-
comes and, finally, to provide recommendations to improve
the quality of reporting on COVID-19 outcome data as the
pandemic progresses.

Methods

This study was completed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines.

Search strategy

A systematic literature search was performed using Sco-
pus, MEDLINE, PubMed Central, Embase, the Web of
Science Core Collection and the Cochrane Library for all
articles published between 1st December 2019 through
27th January 2021. The following search terms were used:
((“tracheostom™*”” OR “tracheotom™*””) AND (“COVID*” OR
“coronavirus” OR “SARS-COV-2” OR “severe acute respi-
ratory syndrome coronavirus 2”)). References of identified
records were iteratively searched for further suitable records.

Selection criteria

Studies were considered for inclusion based on the following
criteria: comprised patients diagnosed with COVID-19 who
had undergone tracheostomy; contained outcome data spe-
cific to tracheostomy on mortality, decannulation, mechanical
weaning, and complications. Exclusion criteria included:
studies lacking outcome data specific to tracheostomy, full
texts not available in English, and studies reporting case series
of fewer than 10 patients. Moreover, guidelines, recommen-
dations and expert opinions were excluded if they did not
conform to the inclusion criteria above.

Titles, abstracts and full texts were screened independently
by 2 authors according to the inclusion and exclusion cri-
teria. Discrepancies were resolved by consensus following
discussion between reviewers to minimise selection bias.

Data extraction

Study characteristics were independently extracted from
selected articles by 2 independent investigators. The fol-
lowing baseline characteristics were extracted: total number
of tracheostomies; patient age; body mass index (BMI);
comorbidities; smoking status; proportion of female vs
male; tracheostomy type; patient ethnicity; preoperative
C-reactive protein (CRP); preoperative respiratory indices
(including fraction of inspired oxygen (FiO;); mean par-
tial pressure of oxygen (PaO;) and positive end-expiratory
pressure (PEEP)); Acute Physiology and Chronic Health
Evaluation II (APACHE II) score; and time from intuba-
tion to tracheostomy. Collected outcome criteria include
number of patients decannulated; number of patients suc-
cessfully weaned off mechanical ventilation; the time from
tracheostomy to decannulation and successful weaning; the
number of patients who died during follow-up and the mean
follow-up period. The number of staff members directly
involved in tracheostomies who received a positive COVID-
19 result or who became symptomatic during the follow up
period was also recorded. Outcome data were also collected
for surgical versus percutaneous tracheostomy subgroups
independently, and for those studies that reported outcomes
for early versus late tracheostomy.

Assessment of bias

The Newcastle-Ottawa Scale (NOS) was used to assess
the risk of bias of included studies; this scoring system
has been validated for assessing risk of bias for non-
randomised cohort studies and is recommended by the
Cochrane Collaboration.'” Disagreement in the NOS score
was resolved through consensus. No studies were excluded
from meta-analysis on the grounds of bias. Studies were clas-
sified as high risk of bias (0-3), moderate risk of bias (4-6
points) and low risk of bias (>7 points).'?

Statistical analysis

Continuous outcomes and baseline characteristics were cal-
culated and reported as weighted combined means using
formulae provided by the Cochrane Collaboration.'” Where
means and standard deviations were not provided, they were
approximated according to Wan et al 2014.'*

A meta-analysis of proportions was used to calculate
the cumulative incidence of dichotomous outcome variables
across all studies: mortality, weaning off mechanical ventila-
tion, decannulation, and complications. The Freeman-Tukey
double arcsine transformation was used to obtain weighted
summary proportions as part of a random-effects model to
account for sample heterogeneity. Results were presented as
forest plots, including 95% confidence intervals of propor-
tions. For a meta-analysis of binary outcomes between groups
(surgical versus percutaneous or early versus late) the Mantel-
Haenszel approach was used as part of a random-effects
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Fig. 1. PRISMA flowchart of the study selection process.

model. Results are reported as risk ratios (RR) with 95%
confidence intervals. Hedges g was used as the measure of
standardised mean difference (SMD) between groups where
continuous outcome data (such as time to decannulation)
were analysed, and a random-effects model for continuous
outcome data was performed with the Hartung-Knapp adjust-
ment.

Study heterogeneity was assessed using tau,” and the
proportion of true variance of a weighted outcome was esti-
mated using Higgins /2. I> was interpreted according to
Borenstein et al'> though 0-40% was considered as low
heterogeneity, 30-60% was considered as moderate hetero-
geneity, 50-90% as substantial heterogeneity and >75% as
considerable heterogeneity.'> A Cochrane Q statistic p-value
<0.10 was considered as significant.

Univariate linear regression was used to determine the
influence of timing of tracheostomy post-intubation on timing
of decannulation. Influential outliers were identified accord-
ing to leverage, standardised residuals and Cooke’s distance.
Statistical analysis was performed using R Statistical Soft-
ware version 4.0.0. All scripts for meta-analysis are available
upon reasonable request to the corresponding author.

Results
Study selection

The initial literature search identified 2429 records from the
6 databases and through reference screening; 1016 unique
records remained following duplicate removal (Fig. 1). Of
these, 46 studies met inclusion criteria. Seven further studies
were removed with shared data, leaving 39 studies for meta-
analysis.'02?

The majority of studies were performed in the United
States (US), accounting for 33.3% of all included studies.
The United Kingdom (UK) provided 9 studies,”*>! Spain 7
studies, 238 Italy 6 studies,’*** China 3 studies,**" and
India 1 study.*®

Assessment of study quality

The Newcastle-Ottawa Scale (NOS) was used to assess bias
across the 39 included studies. The median total score was
7 (out of a possible maximum of 9), with a range of 4-8



1016

Table 1

baseline characteristics of included patients. “References” refers to those studies that reported the characteristic. “Count” refers to the number of patients across
reporting studies to which the characteristic pertains. Mean and standard deviation, where provided, are combined weighted estimates. SD, standard deviation;
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BMI, body-mass index; PEEP, positive end-expiratory pressure; APACHE II, Acute Physiology and Chronic Health Evaluation II.

Characteristic Value References Count No. (%)
Total patients 3929 23-33,35-61 3929 (100)
Sex n (%)
Female 437 (27.01) 23,25-33,36,38-43,45-57,59-61 1618 (41.18)
Male 1181 (72.99)
Ethnicity n (%)
Asian 111 (12.61) 25-27,30,38,49,51,52,54-56,60 880 (22.40)
Hispanic 179 (20.34)
Mixed 14 (1.59)
White 298 (33.86)
Black 158 (17.95)
Other 83 (9.43)
Unknown 37 (4.20)
Age (years); Mean (SD) 59.86 (12.77) 23-33,36,38-43,45-52,54-57,59-61 1721 (43.80)
BMI; Mean (SD) 30.35 (7.49) 23,26,27,31,33,41,49-51,55-57,59,60 1026 (26.11)

Tracheostomy type No. (%)

Percutaneous 1457 (38.92)

Surgical 2179 (58.20

Novel/Hybrid 108 (2.88)
PEEP (mmHg); Mean (SD)

8.94 (3.60)

PaO2/FiO2 ratio
Mean (SD) 206.74 (122.89)
APACHE II 13.85 (3.89)
Mean (SD)
Time from intubation to tracheostomy (days); Mean (SD) 16.75 (7.06)

23-27,29-33,35,37-54,56-60,62

3744 (95.29)

23,25-28,30-33,35,36,38,40,41,43,45-47,49-55,57,59,61

24-26,30,33,36,39,40,49,50,54,60 674 (17.15)
772 (19.65)

25,27,30,32,33,36,40,41,47,49,50,60

26,27,30,33,36,47 488 (12.42)

3478 (88.55)

(Supplementary figure 1). A total of 23 studies scored as low
risk of bias; 16 studies scored as moderate risk of bias.

Baseline characteristics

Baseline characteristics of included patients were variably
reported throughout the 39 studies. Available preoperative
characteristics are summarised in Table 1.

Mortality

A total of 37 studies included mortality data, irrespective
of subgrouping. Of the 3876 patients included across these
37 studies, 824 patients had died by the time of follow-
up.2433:35-43:45-60.34.61 Oply 14 studies explicitly reported a
mean follow-up duration, giving a combined weighted mean
of 42.03 days (SD 26.43).24,26,27,3(),33.37,42.43,4&50,52,56,59,6()
Pooled tracheostomy mortality was calculated at 19.23%
[95% CI15.2%-23.6%]. Study heterogeneity was found to be
substantial (/> =85.5% [95% CI 80.4%-99.9%], p <0.0001;
Fig. 2). Overall weighted mean time to death from tra-
cheostomy was 17.64 days (SD 13.25).7430.39:42.:43.48.51

Decannulation

A total of 28 studies reported outcomes related to decannula-
tion. Of a total of 3326 tracheostomies performed across these
28 studies, 1416 patients were successfully decannulated

at the time of follow_up‘24—203I—33,35,39—4648—52,55—57.59,60,34

Analysis of pooled data identified a cumulative incidence
of decannulation of 44.2% [95% CI 33.96%-54.67%].
Heterogeneity was found to be substantial, with > 95%
[95%CI 94.4%-96.4%] (p<0.0001; Supplementary fig-
ure 2). Mean time to decannulation was reported in 19
of the 39 studies, identifying an overall weighted mean

time from intubation to decannulation of 17.70 days (SD
11.31),25-28.30-33,38,39.41,43,46,48,49,51,52,55-57,60

Ventilator weaning

A total of 32 studies encompassing a total of 3510
tracheostomy patients reported the number of patients
weaned off mechanical ventilation at the time of follow-
up.24-33:35.36.30.40.42.43.45-52.,55-60.3461 The pooled incidence
of ventilatory weaning was 61.20% [95%CI 52.6%—69.5%].
> was 94.2% [95%CI 92.7%-95.4%] (p <0.0001), indicat-
ing substantial heterogeneity. Time from tracheostomy to
weaning from mechanical ventilation was reported in only 8
studies.?’-?8-30.33.36.38.4951 The overall weighted mean time
from tracheostomy to mechanical ventilatory weaning was
24.14 days (SD 10.19 days).

Complications

Specific
period of

complications in the perioperative
tracheostomy were reported in 31 of
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Study

Sun et al

Murphy et al
Aodeng et al
Sancho et al
Stubington et al
Zhang et al

Ahmed et al

Angel et al
Avilés—Jurado et al
Botti et al

Chao et al

Courtney et al

Floyd et al

llluzzi et al

Kapp et al
Krishnamoorthy et al
Kumar Swain et al
Kwak et al

Long et al
Martinez-Tellez et al
Martin-Villares et al
Mata-Castro et al
Picetti et al

QEHB COVID-19 AT
Riestra—Ayora et al
Rosano et al

Rovira et al

Singh et al

Tang et al
Turri-Zanoni et al
Volo et al

Weiss et al
Zuazua-Gonzalez et al
Broderick et al
Glibbery et al
Valchanov et al
Bassily-Marcus et al

Total (95% Cl)
Prediction interval

Deaths Total Weight
4 12 18%

1 11 1.7%
2 14 1.9%
2 M 1.7%
2 12 1.8%
o 11 1.7%
21 64 3.1%
7 104 3.3%

8 50 29%
15 47 29%
6 53 3.0%
0 20 22%
2 38 27%
33 111 3.3%
5 45 29%
22 143 3.4%
13 22 23%
30 148 3.4%
5 67 31%
2 27 25%
383 1890 3.7%
9 29 25%
15 66 3.1%
15 100 3.3%
11 27 25%
55 121 3.4%
29 201 3.5%

1 52 3.0%

43 80 32%
5 32 26%
9 23 24%
3 28 25%

17 30 2.6%
0 10 1.6%
2 28 25%
6

38 27%
41 111 3.3%

3876 100.0%

Proportion [95% CI]
0.333[0.099; 0.651]
0.091 [0.002; 0.413]
0.143[0.018; 0.428]
0.182[0.023; 0.518]
0.167 [0.021; 0.484]
0.000 [0.000; 0.285]
0.328 [0.216; 0.457]
0.067 [0.027; 0.134]
0.160 [0.072; 0.291]
0.319[0.191; 0.471]
0.113 [0.043; 0.230]
0.000 [0.000; 0.168]
0.053 [0.006; 0.177]
0.297 [0.214; 0.391]
0.111 [0.037; 0.241]
0.154 [0.099; 0.224]
0.591 [0.364; 0.793]
0.203 [0.141; 0.277]
0.075 [0.025; 0.166]
0.074 [0.009; 0.243]
0.203 [0.185; 0.221]
0.310[0.153; 0.508]
0.227 [0.133; 0.347]
0.150 [0.086; 0.235]
0.407 [0.224; 0.612]
0.455 [0.364; 0.548]
0.144[0.099; 0.201]
0.019 [0.000; 0.103]
0.537 [0.422; 0.650]
0.156 [0.053; 0.328]
0.391[0.197; 0.615]
0.107 [0.023; 0.282]
0.567 [0.374; 0.745]
0.000 [0.000; 0.308]
0.071 [0.009; 0.235]
0.158 [0.060; 0.313]
0.369 [0.280; 0.466]

0.192 [0.152; 0.236]
[0.021; 0.457]

Heterogeneity: Tau? = 0.0179; Chi? = 246.22, df = 36 (P < 0.01); I = 85%

Fig. 2. Forest plot of cumulative mortality across all tracheostomised patients with COVID-19.
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tracheostomies.
305 complications were recorded. Table 2 provides an
overview of overall complications by proportion of total
complications.

Analysis of pooled data across the 31 records report-
ing complete complication outcomes identified a cuamulative
incidence of complications of 14.24% [95%CI 9.6%—19.6%]
(Supplementary figure 3). Similar to previous, substantial
heterogeneity was noted (I2=90.3% [95%C1 87.4%-92.6%],
p<0.0001).

Percutaneous versus surgical tracheostomy

A total of 36 studies reported on the distribution of tra-
cheostomy performed across the studied population, account-
ing for a total of 3744 patients.23*27’29*33*35*37*52*54'5(”60’34'61
Of 3744 patients, 2179 were performed as surgical pro-

1017

Frequency (No.) Proportion of total (%)

Complication

Tube replacement <24 hours 2
Tracheal injury 3
Hypoxia <80% 7
Conversion to surgical 2
False passage 2
Vocal cord palsy 2
Cardiac arrest 1
Cuff deflation 5
Mucous plugging 5
Tube obstruction 4
Tube dislodgement 26
Pneumothorax/mediastinum 7
S/C emphysema 7
Peristomal skin ulceration 6
Cuff leak 44
Bleeding 160
Local infection 34
Total 305

0.66
0.98
2.30
0.66
0.66
0.66
0.33
1.64
1.64
1.31
8.52
2.30
2.30
1.97
14.43
52.46
11.15
100
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Table 3

Baseline characteristics of patients according to tracheostomy type. Mean and standard deviation, where provided, are combined weighted estimates. Count
refers to the number of patients to which the characteristic pertains. SD, standard deviation; BMI, body-mass index. p Values relate to Welch’s unpaired #-test

for continuous data and x? test for categorical data.

Characteristic Tracheostomy type Reference Count p-Value
Percutaneous  Surgical Percutaneous Open

Total patients 1457 23-27,29-33,35,37-52,54,56-62 1457 2179 NA
Age (years); mean (SD) 58.86 (19.54) 59.60 (19.68) 26,27,37,46,54,56 400 207  0.585
BMI; mean (SD) 29.69 (5.88) 32.10(13.48) 26,27,56 234 134 0.589
Ethnicity n (%) 26,27,54,56 350 192 0.242

Hispanic 57 (16.29) 43 (22.40)

Mixed 5(1.43) 2 (1.04)

White 131 (37.43) 56(29.17)

Black 61 (17.43) 39 (20.31)

Other 24 (6.86) 24 (12.5)

Unknown 2(0.57) 2 (1.04)
Time from intubation to tracheostomy (days); mean (SD) 19.71 (8.03) 22.36 (6.82) 26,27,46,54 290 165 0.783

cedures, 1457 as percutaneous and 108 as novel/hybrid
procedures (Table 3).

Four studies provided mortality data on surgical versus
percutaneous tracheostomy, for a total of 250 percutaneous
tracheostomies and 172 surgical tracheostomies.”’:#6-3%-3
Forty patients who underwent percutaneous tracheostomy
died during the follow-up period, whilst 16 surgical tra-
cheostomy patients died. Analysis of pooled mortality
between groups identified no difference in cumulative mortal-
ity between percutaneous and surgical tracheostomy groups
(RR 1.96 [95%CTI 0.19-20.37], t=1.24, p=0.34; Fig. 3).
Heterogeneity was moderate, as indicated by /> of 67% and
tau® of 0.5016. Zhang et al reported zero deaths during the
follow-up period, and so was not weighted in meta-analysis.

Five studies reported outcome data on overall compli-
cation rate between surgical and percutaneous patients, for
a total of 265 percutaneous tracheostomy patients and 201
surgical tracheostomy patients.?’-3%40-34.56 A total of 43 com-
plications were reported in the percutaneous group compared
to 52 complications in the surgical tracheostomy group. No
difference in relative risk of complications was determined
through meta-analysis of complications (RR 0.751 [95%CI
0.53-1.07],t=—-2.27,p=0.09; Fig. 4). 2 was 0%, indicating
probable homogeneity.

Only 2 studies reported outcomes on both decannulation
and time to decannulation between patients undergoing sur-
gical or percutaneous tracheostomy, encompassing 82 open
tracheostomy patients and 130 percutaneous tracheostomy
patients.””*® Over the follow up period, a total of 122 per-
cutaneous patients were decannulated and a total of 54
surgical tracheostomy patients were decannulated. The over-
all weighted mean time to decannulation was 27.63 days (SD
15.42 days) for surgical tracheostomy compared to 26.26
days (SD 12.02 days) for percutaneous tracheostomy. No dif-
ference was identified in both cumulative decannulation rate
(RR 1.35 [95%CI 0.24-7.68], t=2.21, p=0.27, I> =18%]
and time to decannulation (SMD 0.46 [95%CI —9.91 to
10.83], p=0.68, L= 75.2%) between percutaneous and sur-
gical tracheostomy. Insufficient data were available to justify

an analysis on either sedation weaning or weaning from
mechanical ventilation.

Early versus late tracheostomy

Six studies reported group-specific outcomes related to the
timing of tracheostomy (early versus late), encompassing a
total of 191 patients who underwent early tracheostomy and
238 patients who underwent late trachestomy,”0-3%-33:43:47.53
However, whereas Aviles-Jurado et al and Kwak et al defined
early tracheostomy as <10 days from intubation, the remain-
ing 4 studies defined early as under 14 days from intubation.
Given the overlap of patients between 10-14 days, out-
come data were pooled only for those studies defining early
tracheostomy as <14 days post-intubation. Three studies
(within the definition of <14 days as early) reported specific
mortality data on early vs late tracheostomy, encompassing
98 early tracheostomy patients and 105 late tracheostomy
patients.”®*3%7 Analysis of pooled mortality between groups
using a random-effects model identified no difference in
cumulative mortality between early and late tracheostomy
(RR 1.57 [95%CI 0.21-11.80], p=0.4343, > =67.5%).

To overcome the limited sample size on early versus
late studies, a linear regression model was fit to determine
the influence of mean time to tracheostomy from intu-
bation on time to decannulation. Sixteen studies reported
on both time from intubation to tracheostomy and on
time to decannulation, including a total of 585 decannula-
tion events.?28:30-33:4143.46.48.49.51.55.57 [ inear regression
confirmed that time to tracheostomy did not significantly
predict time to decannulation (B=0.196, SE 0.382,1=0.514,
p=0.616,Fig. 5) and that model fit was poor (¥(1,13) =0.264,
p=0.616; R* =0.020).

Staff nosocomial infections
Rates of staff infection were poorly reported throughout

the identified studies. Twenty-six of the 39 included studies
did report on staff infection, though few studies provided
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Percutaneous Surgical
Study Deaths Total Deaths Total
Zhang et al 0 6 0 5
Krishnamoorthy et al 19 85 3 58
Long et al 4 35 1 32
Rovira et al 17 124 12 77
Random effects model 250 172

Heterogeneity: 1 = 67%, v = 0.5016, p = 0.05
Test for overall effect: t, = 1.24 (p = 0.34)

0.1

Fig. 3. Forest plot of relative risk of mortality between percutaneous tracheostomy and surgical tracheostomy groups.
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Fig. 4. Forest plot of relative risk of complications between percutaneous tracheostomy and surgical tracheostomy groups.

an estimate of the number of staff involved in insertion
of tracheostomies through the follow up period, such
that an estimate of staff infection rate cannot be reliably
determined.23-25-26.29.32,33,37,39-42,45,46,48,50-52,54,55,57-60,34,61
Twenty-two studies reported O staff infections across
a total of 1055 tracheostomies,’?>>-20:29-32.33,37.39.40.42,
45.:46,50-52.54,57-60.3461 Three studies reported 1 staff
infection across a total of 222 tracheostomies,?3*855 and
1 study reported 7 cases of staff infection across 121
tracheostomies.*!

Discussion

The rapidly evolving nature of the COVID-19 pandemic
means that providing tracheostomy-specific guidelines in this
cohort of patients is inherently challenging due to a high
degree of uncertainty with regards to indication, technique
and timing.> It should be emphasised that due to exceptional
pressures placed on healthcare systems globally, treatment
pathways have been influenced by factors other than purely
patient-related outcomes. In some instances, the choice of
tracheostomy technique may instead be dictated by resource
allocation.””%?

As with pre-COVID-19, the predominant indication for
tracheostomy remains the facilitation of weaning with pro-
longed mechanical ventilation.®* Indeed, this was the case in
31 of the 34 included studies that reported on tracheostomy
indications. The impact of tracheostomy timing remains
uncertain, even before the COVID-19 pandemic, with some
studies suggesting that early tracheostomy might improve
outcomes in specific patients groups.®> The debate on tra-
cheostomy timing in COVID-19 has focused less on patient
outcomes and more on the risk benefit in relation to aerosol-
generating procedures and nosocomial viral transmission to
healthcare professionals. Delaying tracheostomy potentially
exposes patients to the complications of protracted endotra-

1019
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Fig. 5. mean time to tracheostomy from intubation against time
to decannulation from tracheostomy, grouped according to ‘early’

and ‘late’ tracheostomy (defined here as <14 or >14 days post-
intubation),2530-33.41,43,46.48.49.51.55,57

cheal intubation.®* In a virological assessment of 9 cases of
COVID-19, seroconversion early in the second week post-
infection was accompanied by steady decline in viral load,
and it was suggested that there is little residual risk of infec-
tivity beyond day 10.°° Given that tracheostomy timing after
intubation throughout most studies extends beyond day 10
the risk of nosocomial viral transmission may in fact not be
as high as originally anticipated.

Moreover, the optimal tracheostomy procedure is uncer-
tain, and McGrath et al recommend that institutions continue
to adopt an approach according to expertise and familiarity.®*
Meta-analyses, encompassing 1212 patients from ran-
domised controlled trials, on surgical versus percutaneous
tracheostomy pre-COVID-19 suggest that percutaneous



1020 A. Ferro et al. / British Journal of Oral and Maxillofacial Surgery 59 (2021) 1013-1023

Table 4

Recommendations for minimum reporting in future studies on tracheostomy outcomes in COVID-19 patients.

Baseline characteristics

Outcomes

Patient age (years)

Specific peri-procedure complications

Sex Severity of complication (minor vs major)

Comorbidities

Smoking status

Ethnicity

Tracheostomy type (surgical versus perc)
Presence or absence (and duration) of steroid
Preoperative CRP (mg/L)

Preoperative PEEP (mmHg)

Preoperative PaO,/FiO; ratio

APACHE 1I (or equivalent)

Time between intubation and tracheostomy (days)
Time from symptoms onset to tracheostomy

Number of patients sedation weaned

Time from tracheostomy to sedation wean

Number of patients weaned from mechanical ventilation.

Time from tracheostomy to weaning from mechanical ventilation.
Number of patients decannulated

Time from tracheostomy to decannulation

Number of patients died

Time from tracheostomy to death

Time from tracheostomy to ICU discharge

Mean follow up period

Staff infection rate (including estimated total staff involved in tracheostomy insertion)

dilatational tracheostomy may reduce the overall incidence of
wound infection and mortality, and should be considered ‘the
procedure of choice for performing elective tracheostomises
in critically ill adult patients’.®” There are currently insuffi-
cient data on COVID-19-specific tracheostomy outcomes to
recommend one technique over the other.

A previous meta-analysis on tracheostomy outcomes in
COVID-19 patients by Benito et al identified the cumulative
incidence of mortality, mechanical weaning and decannula-
tion across 18 studies.®® Although this study provided useful
insight into overall mortality, weaning and decannulation in
the COVID-19 patient population, estimates given were lim-
ited by the comparatively short follow up durations reported
at the time of meta-analysis. Insufficient data were available
to allow a comparison of outcomes between surgical versus
percutaneous procedures and between early versus late tra-
cheostomy. The current study, including 3929 tracheostomy
patients across 39 studies, aimed to summarise currently
the outcome data across all eligible reported COVID-19
tracheostomy patients, and to compare outcomes between
tracheostomy procedures and timings.

The current study identified a cumulative mortality of
19.23% over a follow up period of approximately 42 days.
This appears less favourable than the 13.1% reported by
Benito et al and most likely reflects the relative complete-
ness of the current dataset as the pandemic has progressed
(Supplementary figure 4). Yet, ICU and hospital mortality
of invasively-ventilated COVID-19 patients across a number
of national audit programs, including the most comprehen-
sive and up to date UK Intensive Care National Audit &
Research Centre (ICNARC) reporting system, show hospi-
tal mortality rates of over 40% in ventilated patients and
throughout both phases of the Pandemic.®” This is most
likely a reflection of age and procedure bias towards only
tracheostomising patients who are more likely to survive.
The cumulative incidences of decannulation and weaning
from mechanical ventilation were 44.2% and 61.2% at the
time of follow-up, respectively, which are broadly in keep-
ing with previous literature.”"”! Overall complication rate
was 14.2% across 3479 patients, which is considerably lower

than that reported in the literature, perhaps reflecting care-
ful patient selection during the current COVID-19 pandemic
and improved familiarity with procedures in light of the high
patient demand.”>’* Moreover, that the majority of included
studies were retrospective and observational may well have
contributed to under-reporting of minor complications.
Importantly, no difference was identified in mortality,
decannulation and complications between percutaneous and
surgical tracheostomy, and baseline characteristics between
patients were similar (Table 4), suggesting that these results
are not confounded by the baseline status of either population.
Comparison of early versus late tracheostomy groups yielded
similar findings, with no difference identified in cumula-
tive mortality between the two groups, and no convincing
relationship between the timing of tracheostomy and time
to decannulation. Unfortunately, incomplete data on staff
infection precluded any formal comparison of infection rates
between early and late tracheostomy groups, and so a rec-
ommendation cannot be made on the appropriate timing of
tracheostomy with regard to staff risk. It is telling, however,
that of the 1398 tracheostomies from studies which reported
viral transmission data, only 10 confirmed healthcare worker
infections were reported. This equates to an incidence rate of
7%o, assuming all these transmissions were procedure related.
An appreciation of true outcomes across studies is compli-
cated by both incomplete baseline characteristic and outcome
data. To facilitate reliable reporting with a view to opti-
mising the reliability of meta-analyses, we have suggested
recommendations for minimal reporting. Each baseline char-
acteristic and outcome should be reported for both the total
studied population and any subgroups (Table 4).
Collaborative projects are currently underway that will
contribute to our understanding of tracheostomy outcomes.
The COVIDTrach national tracheostomy evaluation database
was established in the UK by the Federation of Surgical Spe-
ciality Associations (FSSA), in conjunction with the British
Association of Oral and Maxillofacial Surgeons (BAOMS)
and ENT UK, to evaluate the effectiveness of tracheostomies
in COVID-19 patients. At the time of analysis, only the
interim report had been published, providing outcome data on
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563 patients.'© Its exclusion from the current study was justi-
fied given its comparative sparsity of outcome data compared
to those studies that contributed data. The full report is now
available, encompassing 1605 tracheostomies from 126 UK
hospitals.”> The results of this study corroborate those of the
current meta-analysis. Overall mortality was determined at
18% (285), and median time from intubation to tracheostomy
was 15 days (IQR11-21). Moreover, this multicentre study
also found no difference in outcomes between percutaneous
versus surgical tracheostomy. Interestingly, in contrast to our
meta-analysis where no difference in mortality was identi-
fied between early and late tracheostomy (defined here as
<14 days post-intubation), the COVIDTrach collaborative
found that tracheostomy under 7 days post-intubation did
portend a poorer prognosis. The reasons for this are unclear.
The authors have quite sensibly concluded that this may not
be a causal relationship and that the question of timing is best
addressed through prospective randomised controlled trials.

There are several limitations of the current study that are
related to the nature of the COVID-19 pandemic. Although
the weighted mean follow-up period in this study was 42 days,
included studies, by necessity, contain incomplete data. The
priority early in the course of the pandemic was rapid collec-
tion and dissemination of data, to potentially inform treatment
decisions on COVID-19 patients. Thus, the pooled outcomes
reported here will likely be underestimated. Moreover, over-
all weighted means reported in this study are estimates,
borne from differences in reporting between individual stud-
ies. As highlighted by Benito et al this likely gives rise
to selection bias.®® Notwithstanding, the current study pro-
vides the largest meta-analysis on tracheostomy outcomes
in COVID-19 patients to date, and includes an overview of
key tracheostomy outcomes, as well as comparisons between
clinically relevant patient cohorts.

Conclusions

Our findings suggest that there is no difference in mortality,
complications, and time to decannulation between surgi-
cal and percutaneous tracheostomy in COVID-19 patients.
Moreover, no difference in mortality was identified between
early and late tracheostomy (where early was defined as <14
days post-intubation), and time to tracheostomy did not influ-
ence time to decannulation. We share the recommendation
that tracheostomy timing should be decided on a case-by-
case basis under the guidance of a multidisciplinary team.
Currently, there is insufficient evidence to suggest that early
tracheostomy increases risk of viral transmission to staff,
particularly with existing robust guidelines on personal pro-
tective equipment, and insufficient evidence to suggest that
delayed tracheostomy influences outcomes in COVID-19
patients. Furthermore, the type of tracheostomy should be
performed according to preferences, equipment familiarity,
availability, and expertise.
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