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Introduction

A subgroup of patients with COVID-19-related severe acute
respiratory failure may require prolonged periods of mechanical

© 2022 The Authors.

Abstract

Background: Tracheostomy is a commonly performed procedure in patients with corona-
virus disease 2019 (COVID-19) receiving mechanical ventilation (MV). This review aims
to investigate the occurrence of SARS-CoV-2 transmission from patients to healthcare
workers (HCWs) when tracheostomies are performed.

Methods: This systematic review used the preferred reporting items for systematic reviews
and meta-analysis framework. Studies reporting SARS-CoV-2 infection in HCWs involved
in tracheostomy procedures were included.

Results: Sixty-nine studies (between 01/11/2019 and 16/01/2022) reporting 3117 tracheos-
tomy events were included, 45.9% (1430/3117) were performed surgically. The mean time
from MV initiation to tracheostomy was 16.7 & 7.9 days. Location of tracheostomy, per-
sonal protective equipment used, and anaesthesia technique varied between studies. The
mean procedure duration was 14.1 7.5 minutes; was statistically longer for percutaneous
tracheostomies compared with surgical tracheostomies (mean duration 17.5+ 7.0 versus
15.5 £ 5.6 minutes, p = 0.02). Across 5 out of 69 studies that reported 311 tracheostomies,
34 HCW:s tested positive for SARS-CoV-2 and 23/34 (67.6%) were associated with percuta-
neous tracheostomies.

Conclusions: In this systematic review we found that SARS-CoV-2 transmission to HCWs
performing or assisting with a tracheostomy procedure appeared to be low, with all reported
transmissions occurring in 2020, prior to vaccinations and more recent strains of SARS-
CoV-2. Transmissions may be higher with percutaneous tracheostomies. However, an accu-
rate estimation of infection risk was not possible in the absence of the actual number of
HCWs exposed to the risk during the procedure and the inability to control for multiple con-
founders related to variable timing, technique, and infection control practices.

ventilation (MV) in the intensive care unit (ICU). Performing
tracheostomies in such patients may decrease sedation require-
ments, facilitate ventilator weaning, and early rehabilitation.'
However, ongoing concerns remain surrounding the transmission of
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SARS-CoV-2 from patients to healthcare workers (HCWs) during
the tracheostomy procedure.

Although tracheostomies are routine in ICUs, SARS-CoV-2
transmission to HCWs during tracheostomy and the influence of
techniques used remains unclear. Proceduralists contracting
COVID-19 following tracheostomies have been reported.”> The
aerosol-generation potential and use of bronchoscopy during percu-
taneous techniques may be higher due to repeated disconnection of
the ventilator circuit during the procedure as compared to surgical
tracheostomy.™* However, percutaneous tracheostomies are pre-
ferred over surgical tracheostomies in critically ill patients and are
often associated with greater familiarity within the ICU.>® The use
of diathermy has also been associated with increased aerosolization
in surgical tracheostomies,” although evidence may suggest SARS-
CoV-2 may not be transmissible via a cautery plume.® A standard-
ized approach to personal protective equipment (PPE) required
while performing a tracheostomy is yet to be firmly established,”
with ongoing concerns about increased viral transmission to HCWs
when early tracheostomies are performed.'”

This systematic review aimed to evaluate the occurrence of
SARS-CoV-2 transmission to HCWs performing/assisting with tra-
cheostomy procedures. In addition, we aimed to evaluate the poten-
tial factors that may increase viral transmission.

Methods

This review was reported using the preferred reporting items for
systematic reviews and meta-analysis framework'' and registered
on PROSPERO (CRD42021258753).

Eligibility criteria

Cobhort studies that reported on HCW infections following tracheos-
tomy (percutaneous or open/surgical) procedures on patients with
confirmed COVID-19 patients were included. Studies were
excluded if they did not discuss testing of HCWs following these
tracheostomy procedures. Studies were also evaluated against study
duration and location and excluded if a significant overlap in
patient cohorts was identified.

Search strategy, information sources, and
study selection

Two authors (ZL, HM) independently searched the COVID-19 liv-
ing systematic review'? from November 1st, 2019, to 16th January
2022, using the search terms ‘tracheostomy’ or ‘tracheotomy’. This
living systematic review provides a daily, dynamic update of
research papers related to COVID-19 based on indices from
PubMed, EMBASE and preprint servers (MedRxiv and BioRxiv),
and has been used and validated in previously published COVID-
19 research.'*'* The search terms ‘severe acute respiratory syn-
drome coronavirus 2°, ‘COVID-19’, ‘coronavirus’, ‘corona virus’,
‘HCoV’, ‘nCOV’, 2019 CoV’, ‘COVID’, ‘COVIDI19’, ‘SARS-
Cov2’, ‘SARS-Cov-2’" or ‘SARS Coronavirus 2’ are used by the
living systematic review to capture research articles related to the
COVID-19 pandemic. All studies, including preprint and non-
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English language articles, were considered. The Newcastle-Ottawa
Score was used by two authors (ZL, HM) to detect a risk of bias,
with any discrepancies in the scoring system resolved by an addi-
tional author (AS)."”

Study outcomes

The primary outcome was to report the occurrence of HCW infec-
tions following the performance of a percutaneous or open/surgical
tracheostomy. The secondary outcomes explored the procedural
aspects of the tracheostomy, including the mean time from MV to
tracheostomy, procedure location, types of PPE used during the tra-
cheostomy, and anaesthesia technique used to reduce aerosolization
and viral particle transmission.

Data analysis process

The reporting of HCW infection in the original studies were qualita-
tively assessed. HCWs were screened post-procedurally and time to
positivity, the severity of HCW infections and fatalities if any were
recorded. We also qualitatively assessed the PCR status and viral load
for the patients undergoing tracheostomy. Categorical variables are
presented as percentages. Numerical data were collected in mean and
standard deviation (SD). Comparisons between percutaneous and sur-
gical techniques across studies were presented in forest plots. Varia-
tion in studies was calculated using the I? indices. Where a study
presented median data, an estimation formula was used to convert
median to mean values.'® All p-values reported were two-tailed and
the threshold for statistical significance was set at p <0.05. Statistical
analyses were performed using the statistical software Review Man-
ager 5.4 (Cochrane Collaboration) and Stata/MP 15.1 (StataCorp).

Results

Of the 770 studies obtained from the living systematic review
738 unique studies were assessed. One hundred and forty-six studies
were selected for full-text review, with 69 studies reporting on 3117
tracheostomies included in the qualitative and quantitative analysis
(Fig. 1). A summary of selected studies is outlined in Table 1. The
references of all the included studies are listed in Supplementary
Appendix. 45.9% (1430/3117) of all tracheostomies were performed
surgically. Most studies were rated fair or poor (Supplementary
Table 1). The COVID-19 strain (alpha, delta and omicron) was not
accounted for by any of these included studies. Each study’s approach
to tracheostomy, including location of the procedure, anaesthesia/
surgical technique, and PPE used are outlined in Table 2.

Primary outcome: HCW infections after
performing/assisting a tracheostomy

Sixty-four of the 69 studies (2806 tracheostomies; 1538 [54.8%]
percutaneous and 1268 [45.2%] surgical) reported no SARS-CoV-2
transmission to HCWs involved with a tracheostomy procedure,
while five other studies (311 tracheostomies) reported SARS-
CoV-2 positive results in 34 HCWs who performed or assisted in a
tracheostomy. Among these 34 infections, 23/34 (67.6%) occurred
whilst performing/assisting with percutaneous tracheostomies. An
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Fig. 1. PRISMA 2009 flow diagram. ()
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overall incidence of HCW infections could not be calculated as
studies did not report on the total number of HCWs exposed during
each procedure. The patients’ PCR status or viral load, if still posi-
tive was mentioned in two studies and was varied. The days post-
procedure to positive PCR result among HCWs was not reported in
any studies. Two studies reported on HCWs being screened. One
study reported on 5/8 HCWs being symptomatic, but all recovered.
No studies reported on the demographic characteristics or vaccina-
tion status of the infected HCWs.

Secondary outcomes

The procedural details for all studies including the five studies
reporting infections are summarized in Table 2 and Supplementary
Appendix.

Mean time from MV to tracheostomy

Forty-eight studies reported the mean time from MV initiation to
tracheostomy; 19 studies (414 percutaneous and 212 surgical) per-
formed a tracheostomy within 14 days; 20 studies (506 percutaneous

© 2022 The Authors.

and 673 surgical) between 15 and 21days, and nine studies
(157 percutaneous and 106 surgical) performed a tracheostomy at
>21 days (Supplementary Table 2). The overall mean time from
MV initiation to tracheostomy was 16.7 £ 7.9 days (range 4.7-26.9
days); was similar between percutaneous (20 studies) and surgical
(15 studies) tracheostomies (16.8 9.0 days versus 16.2 & 8.8 days,
p = 0.30). Among the five studies where positive HCW transmis-
sion as reported, three studies reported on the time from MV initia-
tion to tracheostomy; Moreno Romeo, Carlson and Singh reported
mean times of 11 days, 13.5 days and 19 days, respectively.

Procedure location

Forty-nine studies reported on the location where tracheostomies
were performed (Supplementary Table 3). Within the ICU, 27 stud-
ies performed tracheostomies at the bedside, 15 studies in negative
pressure ICU rooms and three studies in isolation ICU rooms. Sev-
enteen studies used an operating room for tracheostomies, of which
two studies reported performing tracheostomies only in a negative
pressure operating room.
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Table 1 Summary of studies
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Study’

Evrard (2021)
Matsuyoshi (2021)
Zhang (2020)
Picetti (2020)
Rosano (2021)
Turri-Zanoni (2020)
Kim (2020)
Sancho (2020)
Aodeng (2020)
Nishio (2021)
Riestra-Ayora (2020)
Obata (2020)
Briatore (2021)
Loube (2021)
Shehatta (2021)
Emily (2020)
Xu (2021)
Zuazua-Gonzalez (2020)
Marchioni (2020)
Queen Elizabeth
Hospital (2020)
Yeung (2020)
Courtney (2021)
Angel (2020)
Botti (2021)
Carlson (2021)
Boujaoude (2021)
Glibbery (2020)
Martinez-Tellez (2020)
Johnston (2021)
Aviles-Jurado (2021)
Williamson (2021)
Takhar (2020)
Nihien (2021)
Bartier (2021)
Khanna (2021)
Singh AA (2020)
Morvan (2020)
Valchanov (2021)
Schuler (2021)
Arnold (2021)
Bhutaka (2021)
Erbas (2021)
Yokokawa (2021)
Bassily-Marcus (2020)
Taboada (2020)
Floyd (2020)
Maity (2021)
Porras (2020)
Long (2021)
COVIDTrach (2020)
Murphy (2021)
Krishnamoorthy (2020)
Thal (2021)
Weiss (2021)
Tompeck (2021)
Pradhan (2021)
Turkdogan (2021)
Sebastian (2021)
Bhavana (2020)
Moreno Romero (2020)
Chao (2020)
Ismail (2021)
Liatsikos (2020)
Mertke (2020)
Meyer (2020)
Singh S (2020)
Sancho (2021)
Sood (2021)
Total

Location

Paris, France
Tokyo, Japan
Hubei, China
Parma, Italy
Brescia, Italy
Varse, ltaly
Daegu, South Korea
Valencia, Spain
Hubei, China
Nagoa, Japan
Madrid, Spain
Sapporo, Japan
Asti, Italy
San Jose, USA
Doha, Qatar
Rimini, Italy
Hubei, China
Madrid, Spain
Verona, Italy
Birmingham, UK

London, UK
London, UK
New York, USA
Reggio Emilia, Italy
Tennessee, USA
New Jersey, USA
Cambridge, UK
Barcelona, Spain
Bolton, UK
Barcelona, Spain
Harlow, UK
London, UK
Boras, Sweden
Paris, France
Guwahati, India
London, UK
Mullhouse, France
Cambridge, UK
Ulm, Germany
llinois, USA
Maharashtra, India
Canakkale, Turkey
Japan
New York, USA
Santiago, Spain
New York, USA
Luton, UK
Santiago, Spain
New York, USA
UK
Indianapolis, USA
New York, USA
New York, USA
Boston, USA
Arizona, USA
Bhubaneswar, India
Quebec, Canada
Delhi, India
Patna, India
Granada, Spain
Pennsylvania, USA
Abu Dhabi, UAE
Liverpool, UK
Homburg, Germany
New York, USA
Cambridge, UK
Valencia, Spain
Worcester, USA

Study period

27 January 2020 to 18 May 2020
1 January 2020 to 31 December 2020
20 January 2020 to 6 April 2020
23 February 2020 to 30 April 2020
20 February 2020 to 5 May 2020
24 February 2020 to 13 April 2020
24 February 2020 to 30 April 2020
27 February 2020 to 20 May 2020
February 2020 to April 2020
February 2020 to September 2020
1 March 2020 to 10 April 2020
1 March 2020 to 30 June 2020
1 March 2020 to 15 May 2020
1 March 2020 to 27 April 2020
1 March 2020 to 1 January 2021
2 March 2020 to 29 April 2020
3 March 2020 to 4 April 2020
5 March 2020 to 15 May 2020
8 March 2020 to 3 May 2020
9 March 2020 to 21 April 2020

10 March 2020 to 10 May 2020
10 March 2020 to 1 May 2020
11 March 2020 to 29 April 2020
11 March 2020 to 11 April 2020
11 March 2020 to 31 December 2020
12 March 2020 to 30 June 2020
15 March 2020 to 20 May 2020
16 March 2020 to 24 April 2020
16 March 2020 to 27 April 2020
16 March 2020 to 10 April 2020
19 March 2020 to 14 April 2020
21 March 2020 to 20 May 2020
March 2020 to 30 September 2020
23 March 2020 to 23 April 2020
24 March 2020 to 23 September 2020
24 March 2020 to 11 May 2020
25 March 2020 to 25 April 2020
27 March 2020 to 15 May 2020
27 March 2020 to 18 May 2020
March 2020 to January 2021
March 2020 to December 2020
March 2020 to August 2020
March 2020 to March 2021
1 April 2020 to 30 April 2020
1 April 2020 to 30 April 2020
1 April 2020 to 30 April 2020
1 April 2020 to 20 May 2020
1 April 2020 to 20 July 2020
4 April 2020 to 2 June 2020
6 April 2020 to 11 May 2020
6 April 2020 to 21 July 2020
15 April 2020 to 15 May 2020
15 April 2020 to 28 May 2020
27 April 2020 to 30 June 2020
April 2020 to July 2020
April 2020 to October 2020
April 2020 to January 2021
15 May 2020 to 20 September 2020
May 2020 to September 2020
NR
NR
NR
NR
NR
NR
NR
NR
NR

2

==

Total

Number of tracheostomies

Percutaneous

24

Surgical

24
0
5

66
0

22
0
0

14
5

10

323

HCW infection

OONOOOOOOOOOOOOGOOOO

ﬁOOOOOOOOWOOOOOOOOOOOOOOOOOOOOOOOOWOOOOOOOOO&OOOO

Abbreviations: HCW: Healthcare Worker; NR: Not Reported, USA: United States of America, UK: United Kingdom, UAE: United Arab Emirates.

"Please see Supplementary Appendix for all references.

*Reported tracheostomies.

© 2022 The Authors.
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SARS-CoV-2 transmission following tracheostomy

PPE used during tracheostomy

Fifty-two studies outlined the PPE used by HCWs during the tra-
cheostomy (Table 2). All 52 studies maintained the need for a mask
(FFP2, FFP3, N95, powered air purifying respirator and makeshift
snorkelling masks) during tracheostomy with four studies mandat-
ing fit-testing of masks. Two studies reported using non-medical
snorkelling masks with attached filters. Head covers were used in
25 studies, goggles used in 29 studies, face shields used in 28 stud-
ies, gowns in 42 studies, gloves in 39 studies and shoe covers in
18 studies. Five studies reported using spotters to assist with don-
ning and doffing of PPE. In addition to PPE, eight studies used
physical barriers over patients to minimize HCW exposure to
SARS-CoV-2 particles.

Anaesthesia technique during tracheostomy

Modifications to the anaesthesia technique was observed in multiple
studies. To reduce aerosolization of SARS-CoV-2, ventilation was
discontinued to achieve apnoea (32 studies), and neuromuscular
blockers to maintain paralysis (24 studies) or both (16 studies) for
the duration of the tracheostomy.

Procedure duration

The mean procedure duration was 14.1 7.5 min (11 studies); was
statistically longer with percutaneous tracheostomies, than surgical
(mean duration 17.5 4+ 7.0 min versus 15.5 £ 5.6 min, p = 0.02).
Three studies that compared the percutaneous versus surgical tech-
niques demonstrated no differences between the time from initia-
tion of mechanical ventilation to tracheostomy for either technique
(Supplementary Fig. 1). There was insufficient data to analyse the
duration of the procedure on infection risks.

Discussion

This systematic review examined the occurrence of SARS-CoV-2
transmission in HCWs performing/assisting with tracheostomy pro-
cedures. Based on this review, the occurrence of SARS-CoV-2
transmission to these HCWs appears to be low. Exposure and sub-
sequent transmission may be higher while performing percutaneous
tracheostomies. However, an estimation of infection risk was not
possible in the absence of accurate data on the actual number of
HCWs exposed to the risk and due to an inability to control for
multiple confounders related to variable timing, technique, and
infection control practices. In studies where the mean time from
MV initiation to tracheostomy could be calculated, a clear associa-
tion between the timing of tracheostomy and increased HCW infec-
tion was not established.

The low number of reported SARS-CoV-2 positivity in HCWs is
a reassuring finding, given the concerns for viral transmission from
patient to HCWs during endotracheal intubation.'” Potential rea-
sons behind this figure could be due to the use of a single team of
HCWs performing the tracheostomy or the use of a single location
for tracheostomies, thereby reducing the number of exposed staff.'®
Viral transmission from tracheostomies has previously been
reported during the 2003 SARS-CoV epidemic.'®! Studies from
the Middle Eastern Respiratory Syndrome (MERS) epidemic

© 2022 The Authors.

reported delaying tracheostomies to reduce transmission,”* with
one study reporting no HCW infections after tracheostomies where
anaesthesia, PPE and location precautions were implemented.23
HCW transmissions following tracheostomies during the Ebola epi-
demic was not reported, with guidelines recommending delaying
tracheostomy until the viral clearance is confirmed.**

An analysis of the five studies that reported on HCW infections
showed a proportionally higher number of HCW infections in stud-
ies where percutaneous tracheostomies were performed. This find-
ing may be due to the potentially prolonged procedure time and the
use of fibreoptic bronchoscopy for airway guidance in a percutane-
ous procedure.25 Guidelines have also postulated inadequate venti-
lation, significant upper airway gas leak and the increased risk of
aerosolization in percutaneous tracheostomies.”®>” However, this
must be balanced against the fact that the proportionally higher
number of HCW infections was skewed by one study reporting
15 infections.

The time from MV initiation to tracheostomy was variable. The
optimal timing for the transition to tracheostomy in patients with
COVID-19 has been heavily debated. While there is observational
data to suggest that early tracheostomies in COVID-19 patients
may be beneficial,*®*° the initial guidelines recommend delaying
tracheostomies for up to 21 days to reduce the risk of SARS-CoV-2

transmission to HCWs2%3°

and to adopt a multidisciplinary risk
assessment approach to determine the best window of opportunity
for a tracheostomy.” Recent review suggested the risk of transmis-
sion reduces beyond 14 days.27 Another study, that did not report
on HCW infections, identified that the optimal timing of tracheos-
tomy within the first week receiving ventilation may improve
patient outcomes and ease ICU capacity strain during the COVID-
19 pandemic without increasing mortality.*' While the case selec-
tion for early tracheostomy continues to evolve, what is clear is that
the timing of tracheostomy is returning to ‘business as usual’.>?
The location and environment where tracheostomies were per-
formed varied significantly between studies, with both neutral and
negative-pressure environments used. Negative-pressure ICU rooms
are recommended as the ideal location for tracheostomies to mini-
mize patient transport and HCW exposure.*° In this review, only
15 studies performed tracheostomies in negative-pressure ICU
rooms. Studies may be limited by the lack of facilities or an open
ward layout in the ICU, restricting the creation of ideal negative-

33:34 while other studies have cited the reluc-

pressure environments,
tance in transporting patients beyond the bedside that may result in
repeated ventilator disconnections.®® Tracheostomies in patients
with suspected/confirmed COVID-19 should be performed in iso-
lated environments with frequent air changes to reduce the risk of
prolonged aerosolization both within the procedure room and in the
surrounding ICU.*®

A large variation in the selection and type of PPE used during a
tracheostomy was observed across the included studies. Of note,
SARS-CoV-2 transmission to two HCWs was observed in one
study where non-hospital grade snorkelling masks were used during
the tracheostomy.’” Similarly, five HCWs tested positive to
COVID-19 in one study where PPE precautions were not adhered
to as patients obtained a negative COVID-19 rapid antigen test
within the preceding 7 days.*® Reducing the use of improvised,
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non-medical grade PPE should be considered given the risk of poor
filtration and failed fit tests.’® Concurrently, negative rapid antigen
tests should not be used as a substitute for reducing PPE precau-
tions during tracheostomies given the risk of poor test sensitivity
and the potential for infections to occur between the negative test
and the procedure.***" Although the low number of HCW infec-
tions suggest that PPE is effective in reducing transmission, further
research into the optimal standard of PPE for aerosol-generating
procedures is urgently required.

There were no differences between percutaneous and surgical tra-
cheostomy.**” However From a SARS-CoV-2 transmission point of
view, the perceived benefit of the surgical technique stem from it
being a more controlled procedure performed under direct vision. The
operative technique is dependent on local expertise and available
resources. Maintenance of a bloodless field, and minimal use of dia-
thermy are recommended to minimize aerosol-generation. Equally, air-
way manipulations and use of bronchoscope if at all are kept to a
minimum when using surgical technique which further minimizes
aerosol generation.**” During a surgical insertion, advancing the tra-
cheal tube with the balloon inflated within the trachea beyond the tra-
cheotomy may help maintain a closed’ breathing circuit’ 27

Modifications in the anaesthesia technique were observed in sev-
eral studies. Discontinuing MV and the use of neuromuscular
blocking agents was frequent. This is congruent with international
guidelines and recommendations to minimize SARS-CoV-2 particle
aerosolization and transmission.*?*** The use of neuromuscular
blockers and discontinuing MV has also been previously used dur-
ing the tracheostomy of patients with MERS, where no HCW infec-
tions occurred following the procedure.”® In one study where
15 HCW infections occurred, discontinuing MV did not occur. This
potentially highlights the importance of maintaining apnoea during
the tracheostomy.*” Modifications in the anaesthesia technique
should therefore be considered in patients with COVID-19.

A minority of studies reported on the mean procedure duration
of tracheostomies. Overall, percutaneous tracheostomies took a sta-
tistically longer to perform compared to surgical techniques.
Although the 2-min absolute difference may not be that clinically
relevant, there is evidence that longer procedure times may lead to
prolonged exposure to SARS-CoV-2 particles, which may increase
transmissibility to HCWs.*® The use of physical barriers aimed at
reducing contact with SARS-CoV-2 particles may prolong proce-
dures as well, with a potential for increased infection risk if incor-
rectly used and cleaned.***> An association between longer
procedure time and HCW infection was not observed in this review.
Further research into the possible correlation between prolonged
procedure duration of aerosol generating procedures and increased
transmissibility risk to HCWs is required.

The overall findings of this systematic review, although reassuring
in terms of low reported transmissions, highlight the importance of
mitigating exposures to HCWs when aerosol-generating procedures
such as tracheostomies are performed. However, there is still a lot
of unknowns. No studies reported on genomic data, therefore, the
impact of newer SARS-CoV-2 variants and the risk of viral trans-
mission from patient to HCW in under-investigated.*® Furthermore,
tracheostomies have now become common in COVID-cleared
patients. Although this risk of transmission to vaccinated HCWs is

Subramaniam et al.

reported,*” to our knowledge, transmission risks to vaccinated
HCWs involved in tracheostomy is still largely unknown. After a
steep learning curve, HCWs have adapted to ensure safe and proac-
tive care is delivered to the patients with COVID-19 who will bene-
fit from tracheostomy as part of their critical illness management.?’
However, it is likely that the transmission risk will remain vari-
able and will depend on a multitude of factors such as vaccina-
tions including booster doses, viral mutations, infection control
measures including appropriate engineering solutions and
resource availability.

Some limitations need to be considered. First, most studies were
rated fair or poor on the NOS. This is due to the lack of a standard-
ized follow-up period of HCWs following tracheostomies, which
may result in studies under-reporting the number of HCW infec-
tions. Second, a definitive link between participation in a tracheos-
tomy and SARS-CoV-2 transmission in HCWs could not be
established. It is plausible that HCWs could have contracted
COVID-19 from other hospital locations or the community. Differ-
ences in hospital COVID-19 testing policies including the use of
asymptomatic screening and differing follow-up intervals from tra-
cheostomies may affect the number of detected transmissions.
Finally, we could not control for potential confounders introduced
by variations in tracheostomy timing, technique, system resource
constraints, air exchange cycles and infection control practices
across studies.

Conclusion

In this systematic review, we found that SARS-CoV-2 transmission
to HCWs performing/assisting with a tracheostomy procedure
appeared to be low, with all transmissions happening in 2020, prior
to vaccinations and more recent strains of SARS-CoV-2. Transmis-
sion may be higher with percutaneous tracheostomies; however, an
estimation of infection risk was not possible in the absence of accu-
rate data on the actual number of HCWs exposed to the risk and
due to an inability to control for multiple confounders related to
variable timing, technique, and infection control practices.
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