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Background: The provision of facemasks must be prioritised when supplies are interrupted.

These include supplies to operating rooms. The aim of this review is to evaluate the

available evidence to determine the relative priority for the provision of facemasks in

operating rooms to prevent surgical site infection.

Methods: A systematic search of OVID Medline, Embase & Cochrane Central was completed.

Candidate full-text articles were identified and analysed by two reviewers who also

assessed risk of bias.

Findings: Six studies were identified that described infections with and without facemask

usage. The pooled effect of not wearing facemasks was a risk ratio for infection of 0.77 (0.62

e0.97) in favour of not wearing masks. Only one case-controlled study evaluated facemask

usage in implant surgery and demonstrated an odds ratio for developing infection of 3.34

(95% CI 1.94e5.74) if facemasks were not worn by the operating surgeon.

Four studies collected microbiological cultures during periods in surgery with or

without facemasks. Two demonstrated an increase in colony forming units in surgery

where the wound was directly below the surgeon. One study showed equivocal results

when masks were worn, and one was terminated early limiting interpretation.

Conclusion: The use of facemasks by scrubbed staff during implant surgery should be

mandatory to prevent infection. We recommend the use of facemasks by all scrubbed staff

during other forms of surgery to protect the patient and staff, but the supporting evidence

is weak. There is insufficient evidence to show that non-scrubbed staff must wear masks

during surgery.

© 2020 Royal College of Surgeons of Edinburgh (Scottish charity number SC005317) and

Royal College of Surgeons in Ireland. Published by Elsevier Ltd. All rights reserved.
Introduction

An estimated 187$2e281$2 million major surgical procedures

are undertaken worldwide each year.1 Healthcare related

infection is a significant cause of patient morbidity and cost

around the world, with surgical site infection being the top

cause of healthcare related infection in low and middle in-

come countries and the second most frequent type of

healthcare related infection in high income countries.2
.ac.uk (B.A. Marson).

of Edinburgh (Scottish ch
.

Many international agencies have developed guidelines for

surgical attire to minimise the risk of patients developing

surgical site infections.3e10 The surgical facemask is recom-

mended to prevent the transmission of nasal and oral path-

ogens from the surgical team to the surgical wound and has

been used in routine surgical practice formore than 100 years.

However, many of these guidelines also acknowledge that the

evidence supporting the use of these facemasks by the

scrubbed and non-scrubbed members of the surgical team is

uncertain.2,3,6
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Fig. 1 e PRISMA flow diagram.
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The recent coronavirus pandemic has resulted in a global

shortage of surgical facemasks.11e13 This echoes the shortage

in Hong Kong experienced during the 2003 SARS pandemic14

and may be a feature of future respiratory viral infection

outbreaks. The FDA has recommended that in a crisis of

supply of surgical facemasks, the use must be prioritised for

procedures that expose patients and healthcare pro-

fessionals to blood and body fluids (though these recom-

mendations do not cover protection against surgical

aerosols).15 It is unclear if this is expected to include all staff

in the operating room.

Facemasks and respirators have now formed part of the

routine personal protective equipment being used to protect

healthcare workers from coronavirus infection from aerosol

generating procedures in the operating theatre such as airway

management, laparoscopy, orthopaedic procedures and other

forms of surgery.

The aim of this systematic review is to evaluate the evi-

dence surrounding the use of surgical facemasks in the

operating theatre by scrubbed and non-scrubbed staff to

prevent surgical site infection. This evidence may be used to

prioritise the distribution of facemasks when operating on

patients without coronavirus infection if the facemask supply

becomes interrupted in a potential second wave or future

pandemics.
Methods

A systematic review of all English language titles was per-

formed to identify relevant comparative studies for inclusion.

The protocol was prospectively registered on the PROSPERO

database (PROSPERO CRD42020172714).16

OVID Medline, EMBASE and the Cochrane CENTRAL data-

bases were searched on the 7th March 2020. Titles were

screened by two independent reviewers against the inclusion

criteria which were studies that compared surgical facemask

usage in the operating theatre with no mask usage during

surgery. All surgical disciplines were included, with no date

restriction. Additional candidate studies were identified

through bibliographic review of included studies, previous

systematic reviews and relevant guidelines.

The primary outcome of interest was the number of pa-

tients who developed an infection following surgery. The

secondary outcome was the number of colony forming units

that were demonstrated through microbiological cultures or

air sampling as indirect evidence of facemask effect.

A prespecified subgroup analysis of surgical type was

planned. Where possible, reported surgery was categorised

and analysed by the Centre of Disease Control (CDC) classifi-

cation of dirty or infected, contaminated, clean-contaminated

https://doi.org/10.1016/j.surge.2020.08.014
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and clean surgery.9 An additional category of implant surgery

was included for studies that reported surgery where perma-

nent biomaterials were being implanted.

An additional subgroup analysis was planned for the

different theatre teammembers whowere not wearingmasks

(scrubbed vs non-scrubbed), recognising that theatre team

members who are non-scrubbed staff may be also be a source

of contamination where they are circulating near to open

sterile trays.

Following title screening, full texts were analysed by two

reviewers and data extracted onto a standard form. Any dis-

agreements were resolved through discussion, and through

moderation with the senior author if necessary.

Heterogeneity of study outcomes was evaluated through

visual inspection of forest plots and calculation of the I2 sta-

tistic which was interpreted in line with guidance from the

Cochrane collaboration.17 Where the studies were sufficiently

homogeneous, meta-analysis was performed using a random

effects model using Review Manager 5.1.18 Risk of bias was

assessed by two reviewers using the risk of bias 2.0 (RoB 2.0)

tool for randomised trials19 or the Risk Of Bias In Non-

randomized Studies of Interventions (ROBINS-I) tool for non-

randomised studies.20 Publication bias was evaluated

through the calculation of a funnel plot.
Results

The PRISMA study flow diagram is shown in Fig. 1. Our initial

searches of the electronic databases yielded 653 candidate

studies. Following de-duplication, 451 titles and abstracts

were screened to identify 124 studies. Full texts were analysed

with 10 studies eligible for inclusion in the qualitative syn-

thesis and six for quantitative analysis.

The characteristics of the included studies included with

direct evidence of infection following surgery with or without

facemasks are shown in Table 1. Risk of bias in randomised

and non-randomised studies is shown in Table 2 and Table 3.

The use of facemasks in routine practice was evaluated by

Orr in 1981 through a before and after study involving 2066

general surgical patients.21 Infection surveillance from 4 years
Table 1 e Characteristics of included studies. qRCT-quasi rand

Authors Study design Study participants

Orr 198121 Before and after 2066 general surgical

patients

6

c

Chamberlain &

Houang 198422
qRCT 41 gynaecological patients A

u

Webster et al 201023 cRCT 811 gynaecological,

obstetric, general, urology

or breast surgery patients

N

w

Tunevall 199124 qRCT 3088 surgical patients

(orthopaedics and urology

excluded)

A

u

Singh et al* 200025 Unclear 921 urology patients C

m

Alwitry et al 200227 RCT 221 patients with cataracts

for phacoemulsification

R

w

*Indicates the article was only available in abstract form.
of general surgical operating where facemasks were worn as

standard was compared to 6 months where facemasks were

not worn. A non-significant reduction in infection for patients

when masks were not worn was demonstrated with a risk

ratio of 0.57 (95% CI 0.27e1.19).

A quasi-randomised trial was conducted by Chamberlain

and Houang in gynaecological surgery.22 This study had to be

halted early after three infections in the unmasked group

compared to none in themasked group leaving a small sample

size that potentially biases the results in favour of themasked

group.

Webster et al. conducted a RCT regarding the use of sur-

gical masks for the non-scrubbed staff including anaesthe-

tists.23 While the methods suggest that all the hospital's 17

operating rooms participated, no vascular or orthopaedic op-

erations were included. Lists were randomised daily with 811

included patients. A small reduction in risk of infection was

demonstrated for patients where facemasks were not worn

with a risk ratio of 0.79 (95% CI 0.52e1.19) but this again did not

achieve statistical significance.

Tunevall reported a quasi-randomised trial where patients

were operated during masked or unmasked weeks.24 A power

calculation required recruitment of 3000 patients, and the

sample size was 3088. Patients undergoing orthopaedic,

urology or surgery involving a synthetic graftwere excluded. A

small but statistically insignificant difference was shown in

infection rates when masks were not worn with a risk ratio of

0.75 (95% CI 0.55e1.05).

The use of masks in 921 urological surgery was reported by

Singh et al., in 2000.25 Unfortunately, study data is only

available in abstract form with the full text unavailable

despite attempted contact with study authors and the British

Library. The precise study design is unavailable and so the

study is at high risk of bias. A reduction in infections with a

risk ratio of 0.88 (95% CI 0.51e1.52) was present when face-

masks were not worn.

A national case control study was completed of infective

endophthalmitis following phacoemulsification.26 In a

multivariate regression, the odds ratio of developing

endophthalmitis when a cataract procedure was performed

without facemasks was 3.34 (95% CI 1.94e5.74). However, the
omised controlled trial, cRCT e cluster randomised trial.

Comparison Outcomes

months with no facemasks in theatre

ompared to 4 years with facemask

Wound infection (“wounds

with a positive culture”)

lternate lists by masked and

nmasked staff

Wound infections requiring

antibiotics

on-scrubbed staff wearing or not

earing facemasks

Surgical site infection

lternate weeks of masked and

nmasked surgery

Pus or cellulitis requiring

surgical debridement/

drainage and antibiotics

ases with masks then cases without

asks

Infection

andomised to surgeon wearing or not

earing mask

Settle plates and infective

complications

https://doi.org/10.1016/j.surge.2020.08.014
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Table 2 e Risk of bias for randomised trials identified for surgical site infection following use and non-use of surgical
masks.

Chamberlain &
Houang 198422

Webster et al.
201023

Tunevall
199124

Singh et al.
200025

Alwitry et
al. 200227

Berger et al.
199330

Risk of bias arising from the

randomization process

Some concerns Low High Some

concerns

Low Some concerns

Risk of bias due to deviations

from the intended

interventions (effect of

assignment to intervention)

Some concerns Low Some

concerns

High Low Some concerns

Risk of bias due to deviations

from the intended

interventions (effect of

adhering to intervention)

Low Low Low High Low Some concerns

Risk of bias due to missing

outcome data

Low Some concerns Low High Low Low

Risk of bias in measurement of

the outcome

Some concerns Low Some

concerns

High Low Low

Risk of bias in selection of the

reported result

Low Low Low High Low Low

Overall risk of bias Some concerns Some concerns High High Low Some concerns

Table 3 e Risk of bias for non-randomised trials identified for surgical site infection following use and non-use of surgical
masks.

Orr 198121 Kamalarajah et al. 200726 Wright et al. 196828 Tunevall & Jorbeck 199231

Bias due to confounding Serious Moderate Serious Low

Bias in selection of participants

into the study

Low Moderate Serious Low

Bias in classification of interventions Low Low Serious Low

Bias due to deviations from

intended interventions

Low Low Moderate Low

Bias due to missing data Low Moderate Serious Low

Bias in selection of the reported result Moderate Moderate Serious Moderate

Overall risk of bias Serious Moderate Serious Low
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denominator number of cases was not reported so it was not

possible to pool data from this study. A randomised trial by

Alwitry et al. comparing mask wearing or non-wearing dur-

ing cataract surgery using phacoemulsification included 221

patients but found no infective complications in either

group.27

Wright et al. reported no change the infection rates in their

hospital of 30% for emergency surgery and 15% for elective

surgery when gauze and cellophane surgical facemasks were

abandoned.28 Cases were not broken down into surgical type,

and precise rates were not reported. These results have not

been included in any further analysis as the gauze facemask is
Fig. 2 e Forest plot of included studies for th
not commonly used in modern practice and the study is at

significant risk of bias as the baseline infection rate was not

stable during this time period.

Pooled results from all surgeries

The heterogeneity between these studies for all infections in

all patient groups was unlikely to be important with an I2

statistic of 2%. In a pooled analysis using the Mantel-Haenszel

random effects model the overall effect of removing face-

masks was a risk ratio of 0.77 (0.62e0.97) in favour of not

wearing masks (Fig. 2).
e use of facemasks during all surgery.

https://doi.org/10.1016/j.surge.2020.08.014
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Fig. 3 e Forest plot of included studies for the use of facemasks during clean surgery.
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Facemask usage during implant surgery

In a case-controlled study, Kamalarajah et al. found that the

odds ratio of developing infective endophthalmitis following

cataract replacement was 3.34 (95% CI 1.94e5.74) if facemasks

were not worn by the operating surgeon.26 The only rando-

mised trial where implants were implanted was that of

Alwitry et al. where the use of a mask or non-wearing during

cataract surgery using phacoemulsification with 221 patients

but found no infective complications in either group.27

Facemask usage during clean surgery

Two studies presented results from the use of facemasks by

all staff (scrubbed and un-scrubbed) during clean surgery.22,24

The number of patients who experienced infections in the

Webster et al. studywas obtained by personal communication

by Vincent & Edwards and reported in a previous review

relating to the use of facemasks by non-scrubbed staff

only.23,29

In clean surgery, no difference in risk of infection was

demonstrated between groups wearing and not wearing

facemasks with a pooled risk ratio of 0.89 (95%CI 0.47e1.68) as

shown in Fig. 3. Moderate heterogeneity was demonstrated

between the studies.

Facemask usage during clean-contaminated, contaminated
and dirty surgery

Three studies presented results from non-clean surgery,

though none differentiated cases into clean-contaminated,

contaminated or dirty. Chamberlain and Houang reported no

infections in non-clean surgery with or without masks but

with group sizes too small to be included in the pooled

analysis.22

The pooled results fromTunevall andWebster et al. show a

small reduction in risk of infection that is not statistically
Fig. 4 e Forest plot of included studies for the u
different with a risk ratio of 0.72 (95%CI 0.51e1.02) as shown in

Fig. 4.23,24

Indirect evidence for efficacy of facemasks

Four studies were identified that provide indirect evidence for

the use of facemasks during surgery. Alwitry et al. conducted

a randomised trial of mask wearing or non-wearing during

cataract surgery using phacoemulsification.27 221 patients

were included with sequential blood agar settle plates

collected from next to the patient's head. The rate of colony

forming unit deposition was higher when facemasks were not

used with a risk ratio for a colony forming unit rate of >
1CFUmin-1 of 4.28 (95%CI 1.68e10.48) in favour of wearing a

mask.

Berger et al. conducted a study where mask position was

changed and removed for 10 min periods during cardiac

catherisation.30 The mask position was determined by a

written, random schedule. When the masks were not worn

there was a risk ratio of developing a positive blood agar cul-

ture of 1.12 (95% CI 0.95e1.3) in favour of wearing a mask.

Wearing a mask reduced the mean number of colony forming

units during the 10-min by 3.2 (95% CI 1.27e5.13).

As part of the clinical study, Chamberlain and Houang

collected microbiological data for the use of facemasks in

gynaecological surgery.22 Settle plates placed on the upper

abdomen, lower abdomen and trolley for all cases with addi-

tional air sampling during 11 cases. Lower mean numbers of

colony forming units was shown at all sites whenmasks were

worn but standard deviations not presented and statistical

significance not reported. Theatre air sampling showed higher

counts of colony forming units when masks were worn, but

again no tests for significance were performed.

Tunevall and Jorbeck followed up their comparative study

with a microbiological study during thyroid surgery.31 In 14

operations no difference in numbers of colony forming units

or bacterial species was identified on culture plates placed
se of facemasks during non-clean surgery.

https://doi.org/10.1016/j.surge.2020.08.014
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next to the wound during 30-min periods sampled while the

surgeon was wearing and not wearing a facemask.
Discussion

During times of shortage of medical supplies there is a real

need to be able to justify resource prioritisation based on the

best available evidence. This review has identified and ana-

lysed the available comparative studies to evaluate if the

provision of surgical facemasks for all surgical procedures

should be a priority to prevent surgical site infections.

Overall, there is relatively little direct clinical evidence to

support or refute the usage ofmasks in the operating room. The

quality of the available studies is low, with all the studies sup-

plying direct clinical evidence having significant risk of bias.

The efficacy of facemasks in preventing contamination of

wounds has been explored experimentally through sham

operations using tracer particles and bacterial cultures

through settle plates. Several studies have demonstrated a

reduction in contamination when masks are worn by scrub-

bed staff, but the clinical significance is unclear.32e35 This is

reinforced by two of the studies identified in this review that

demonstrated higher contamination of settle plates when the

wound was directly below the surgeon (in cardiac catherisa-

tion and cataract surgery).27,30 This confirmed the previous

study that demonstrated that volunteers stood above a settle

plate would generate 12e29 colony forming units while talk-

ing which reduces to 0 (across three plates) when the volun-

teers are stood 1 m away from the plate in a ventilated

operating theatre.36

Equally, other studies exploring the impact of non-scrubbed

staff wearing masks is less convincing. Ritter found no change

in bacterial contamination plates placed in theatres when

fibreglass facemasks were and were not worn by simulated

non-scrubbed staff and Mitchell et al. conducted an simulated

surgery study and found that four unmasked volunteers

caused no colony forming units to develop on settle plates at

the operating site if they were at least 1 m away.36,37 Zhiqing

et al. demonstrated that the surface of the mask becomes

progressively colonised with bacteria over time, concluding

that masks should be replaced between cases.38

In a 2016 Cochrane review, Vincent and Edwards found

no conclusive evidence that facemasks should be worn in

the operating room at all to prevent surgical wound infec-

tion in clean surgery.29 However, these findings were not

generalisable as the authors limited studies to those

reporting clean surgery. None of the included studies
Table 4 e Recommendations for the use of surgical facemask u
shortages for different staff members during different types of

Type of surgery Scrubbed staff Non scrubbed s
(Within 1 m of wound o

Implant Mandatory Recommended

Clean Recommended Insufficient evide

Clean-contaminated Recommended Insufficient evide

Contaminated Recommended Insufficient evide

Dirty Recommended Insufficient evide
included implant surgery where the development of infec-

tion is catastrophic.39e42

Aside from the benefits in preventing infection, surgical

facemasks also protect the staff members from contamina-

tion from the fluid splashes and debris during surgery.43e45 An

additional benefit is the potential impact on surgical disci-

pline. This is a sequence of routines that may not have an

individual benefit on infection rates, but as a package

contribute to improved theatre behaviours known to impact

infection such as number of door openings and numbers of

persons in a theatre. Several quality improvement studies

have shown a benefit in infection rates when mask wearing

has been included as part of such a package, but it is impos-

sible to attribute this to the mask wearing directly.46e48 We

would suggest that in times of plenty, surgical masks should

be worn to prevent infection and protect staff, but it should

still be possible to maintain high levels of surgical discipline if

masks are not worn when supplies are limited.

The studies included in this review have focused on bac-

terial infections which are the predominant source of surgical

site infections.49,50 An additional important consideration in

the current pandemic is the transmission of viral pathogens

where there is a reasonable chance that the patient may have

an active coronavirus infection. While some of the studies

reported occasions where the surgeon and the staff had a

cough or other respiratory symptoms, none reported in-

cidents where respiratory viruses were contracted by the

surgical team from one another or the patient. In experi-

mental situations the wearing of standard facemasks has

been shown to reduce aerosol transmission by 97.14% (and

99.98% for N95 respirators) and reduce viral transmission.51,52

In a recent systematic review of observational studies, Chu

et al. found a dramatic reduction in coronavirus infection

when surgical facemasks were worn which improved further

when N95 masks are used.53 Though there is a lack of defini-

tive randomised trials, it seems prudent to use facemasks in

the operating theatre to protect staff while the risk of coro-

navirus transmission remains high. When this risk of coro-

navirus transmission reduces, the future supplies of

facemasks may be maintained by targeting the provision of

facemasks for operating theatre staff based on the evidence

identified in this review.

This review has some limitations. The searches were

restricted to English language, thoughwe are not aware of any

randomised trials that were published in any other language.

Three databases were queried, though only one additional

study was identified from bibliographic search of included

studies and systematic reviews, so we are confident that the
sage to prevent surgical site infection during facemask
surgery.

taff
r open trays)

Non-scrubbed staff
(More than 1 m away from wound or trays)

Insufficient evidence

nce Insufficient evidence

nce Insufficient evidence

nce Insufficient evidence

nce Insufficient evidence
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relevant work has been identified and captured. There are

relatively few studies published, though the number of par-

ticipants in the pooled analyses is respectable for non-implant

surgery. Analysis of funnel plot shows a reasonably sym-

metric distribution of studies. Review of clinicaltrials.gov does

not yield any unpublished trials or ongoing studies that may

lead to publication bias.

The pooled results in the meta-analyses suggest that the

wearing of masks may increase the risk of infection. The

randomised trials are all confounded by a lack of blinding, and

this increase in infection may be related to changes in

behaviour related to operating without masks.

Despite these limitations, the results of this review suggest

that facemask wearing should be mandatory for scrubbed

staff during implant surgery to prevent surgical site infection.

There is insufficient evidence to recommend if facemasks

should be worn by non-scrubbed staff to prevent surgical site

infection. However, given the severity of surgical site in-

fections, we suggest that non-masked staff should stand at

least 1 m away from the wound or implant trays to reduce

their bacterial dispersal in line with Mitchell and Hunt's
experimental findings.36

For non-implant surgery there is no clear evidence that

mask wearing by scrubbed or non-scrubbed staff is protective

for surgical site infection. There is a suggestion that infection

ratesmay be lowerwhenmasks are not worn, but this effect is

modest, and the confidence intervals of the pooled estimates

are close to the line of no effect. There may be a bias in all the

studies as participants cannot be blinded, and this may

impact in other behaviours such as quantity and volume of

talking.
Conclusion

In the context of a global shortage of surgical masks and other

healthcare equipment, evidence-based prioritisation is

necessary. There is some evidence that mask wearing by

scrubbed staff reduces implant related infections in ophthal-

mology, but it is unclear if this is generalisable to other

implant surgery. Given the clinical consequences of an

implant related infection, we suggest that mask wearing by

scrubbed staff performing implant surgery should be

mandatory to prevent surgical site infection. Equally, we

recommend that non-scrubbed staff working within 1 m of

surgical trays andwounds shouldwear amask during implant

surgery.

For non-implant surgery, the evidence does not show a

reduction of surgical site infection following mask wearing

during surgery.Wewould recommend that the scrubbed team

are still encouraged to wearmasks but have not found enough

evidence to recommend that this is mandatory. Similarly, we

have not identified enough evidence to recommend that non-

scrubbed staff should or should not wear a mask during sur-

gery to prevent surgical site infections. These conclusions are

summarised in Table 4.
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