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Personal protective equipment for reducing the risk of COVID-19
infection among health care workers involved in emergency
trauma surgery during the pandemic: An umbrella review
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ealth care facilities in low- and middle-income countries are inadequately resourced to adhere to current COVID-19 prevention
recommendations. Recommendations for surgical emergency trauma care measures need to be adequately informed by available
evidence and adapt to particular settings. To inform future recommendations, we set to summarize the effects of different personal
protective equipment (PPE) on the risk of COVID-19 infection in health personnel caring for trauma surgery patients.
METHODS: W
e conducted an umbrella review using Living Overview of Evidence platform for COVID-19, which performs regular automated
searches in MEDLINE, Embase, Cochrane Central Register of Controlled Trials, and more than 30 other sources. Systematic reviews
of experimental and observational studies assessing the efficacy of PPE were included. Indirect evidence from other health care settings
was also considered. Risk of bias was assessed with the AMSTAR II tool (Assessing theMethodological Quality of Systematic Reviews,
Ottawa, ON, Canada), and the Grading of Recommendations, Assessment, Development, and Evaluation approach for grading the cer-
tainty of the evidence is reported (registered in International Prospective Register of Systematic Reviews, CRD42020198267).
RESULTS: E
ighteen studies that fulfilled the selection criteria were included. There is high certainty that the use of N95 respirators and sur-
gical masks is associated with a reduced risk of COVID-19 when compared with no mask use. In moderate- to high-risk environ-
ments, N95 respirators are associated with a further reduction in risk of COVID-19 infection compared with surgical masks. Eye
protection also reduces the risk of contagion in this setting. Decontamination of masks and respirators with ultraviolet germicidal
irradiation, vaporous hydrogen peroxide, or dry heat is effective and does not affect PPE performance or fit.
CONCLUSION: T
he use of PPE drastically reduces the risk of COVID-19 compared with no mask use in health care workers. N95 and equivalent respi-
rators provide more protection than surgical masks. Decontamination and reuse appear feasible to overcome PPE shortages and enhance
the allocation of limited resources. These effects are applicable to emergency trauma care and should inform future recommendations.
(J Trauma Acute Care Surg. 2021;90: e72–e80. Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.)
LEVEL OF EVIDENCE: R
eview, level II.
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M any health care facilities in low- and middle-income coun-
tries are inadequately resourced. COVID-19 has the po-

tential to decimate these already strained surgical health care
services unless health systems take stringent measures to protect
health careworkers (HCWs) from viral exposure. A recent study
showed that 15.6% of confirmed COVID-19 patients are symp-
tomatic and that nearly half of patients with no symptoms at
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detection time will develop symptoms later.1 These factors im-
pede and confound diagnostic triage. Improper infection preven-
tion may create a “super-spreader” event in a high-volume health
care facility or reduce available personnel. Consequently, the infec-
tion control strategy of trauma surgery staff is a top priority.

Personal protective equipment (PPE) is paramount to pro-
tect HCWs from contracting the virus and becoming disease car-
riers. Basic recommended PPE for trauma surgery staff of
high-income country facilities include the following: (1) a surgi-
cal mask or better for all personnel interacting with patients and
in the operating room (including cleaning staff ), (2) N95 or bet-
ter mask for all staff in close contact with the patients (<6 ft
away), (3) powered air purifier respirators (PAPRs) for aerosol-
izing and high-risk procedures (ear, nose, throat, thoracic, and
transsphenoidal neurosurgery operations); (4) universal testing
of patients preoperatively to enable appropriate PPE use, and
(5) changing scrubs after every procedure.2 These recommenda-
tions are suitable for high-resource settings but are less feasible
in low-resource settings. A rapid-turnaround survey of 40 health
care organizations across 15 LMICs revealed that 70% lack PPE
and COVID-19 testing kits and only 65% of the respondents
showed confidence in hospital staff’s knowledge about precau-
tions to be taken to prevent COVID-19 infection among hospital
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personnel.3 Some resource-adjusted recommendations include
the use of cloth masks and bandanas.While innovative, their mois-
ture retention, reusability, and filtration are considered inferior to
N95 and other masks.4 What is most needed are evidence-based
recommendations for PPE use in LMIC surgical systems where
resources are either limited or unavailable. Health care workers
have been instructed to consider refraining from caring for pa-
tients in the absence of adequate PPE availability.

Evidence of the efficacy of different PPE in emergency
trauma surgery setting is needed to adequately adapt recommen-
dations of PPE use to limited resources environments. A prelim-
inary search of International Prospective Register of Systematic
Reviews, MEDLINE, the Cochrane Database of Systematic Re-
views, and the JBIDatabase of Systematic Reviews and Implemen-
tation Reports did not find any completed or ongoing systematic
reviews on the topic. The primary objective of the review was
to summarize the effects of different PPE in reducing the risk
of COVID-19 infection of health personnel caring for patients
undergoing trauma surgery. The purpose of the reviewwas to in-
form recommendations for the rational use of PPE in emergency
surgery staff, particularly in low-resource environments where
PPE shortages and high costs are expected to hamper the safety
of HCWs and affect the care of trauma patients.

PATIENTS AND METHODS

We conducted a broad evidence synthesis (umbrella review)
to summarize the effects of PPE on the risk of COVID-19 infection
in HCWs caring for patients in need of emergency surgery because
of trauma. A protocol of this review following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
statement was registered in the International Prospective Register
of Systematic Reviews (CRD42020198267). This reviewwas con-
ducted following the JBI methodology for systematic reviews.5

Selection Criteria
Participants

We considered studies that included HCWs in emergency
trauma surgery settings during the COVID-19 pandemic. Given
the likelihood that reports on this specific population were scarce
or even nonexistent, we also included studies of HCWs in any
procedural and in-hospital setting, such as the operating room,
the emergency department, and critical care units. Furthermore,
indirect evidence from other viral respiratory diseases (especially
severe acute respiratory syndrome [SARS] and Middle East re-
spiratory syndrome [MERS]) was considered if summarized
and discussed regarding the COVID-19 pandemic.

Intervention(s)
Different types of PPE were used while caring for patients

in hospital settings (preferably in emergency surgery).

Comparator(s)
Comparators of interest were no PPE use and different

types of PPE.

Outcomes
The primary outcome of interest was the risk of contagion

to health personnel involved in the care of the described
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
population during the COVID-19 pandemic, expressed as inci-
dence, or with association measures such as risk ratios or odds
ratio (OR) when compared with different PPEs or no-PPE.

Types of Studies
This review considered systematic reviews of experimen-

tal and observational studies, and experimental or observational
studies if not included in systematic reviews that fulfilled popula-
tion and intervention criteria. Only studies published in English
or Spanish were included. We included preprint studies identified
in our search, but no ongoing studies were considered.

Search Strategy
We conducted searches in the Living Overview of Evidence

platform for COVID-19. The platform was consulted on July 27,
2020, using the following entries: (1) prevention or treatment,
procedures, protective measures, and PPE plus population filter:
COVID-19; (2) prevention or treatment, procedures, protective
measures, PPE plus population filter: health workers.

Information Sources
The databases to be searched include the Living Overview

of Evidence platform for COVID-19, a system that performs au-
tomated regular searches in PubMed, Embase, Cochrane Central
Register of Controlled Trials, and more than 30 other sources.
When compared with manual searches, this platform consistently
identifies all the available studies associated with the terms of in-
terest. It allows for a fast (automated) search that is easy to update,
a crucial element given the urgent need to answer the research
question rapidly and thoroughly.

Study Selection
Following the search, all identified citations were collated and

uploaded into EndNoteX9 (Clarivate Analytics, PA). The citations
were then imported into JBI SUMARI for the review process. Two
independent reviewers examined titles and abstracts for eligibility.
Full-text reviewverified fulfillment of selection criteria.All decisions
taken during screening were documented and are outlined in this
report with a list of excluded studies. Any disagreements that
arose between the reviewers were solved by consensus. The re-
sults of the search are presented in a Preferred Reporting Items
for Systematic Reviews and Meta-analyses flow diagram (Fig. 1).6

Assessment of Methodological Quality
Eligible studies were critically appraised by a reviewer and

verified by a second reviewer using the AMSTAR tool (Assessing the
Methodological Quality of Systematic Reviews, Ottawa, ON, Canada).
The risk of biaswas assessed for only the primaryoutcome: infectionof
HCWs byCOVID-19 or similar. The results of the critical appraisal are
reported narratively and are considered for discussion of results.

All included studies, regardless of their risk of bias, underwent
data extraction and synthesis.

Data Extraction
Data were extracted from the included studies by a re-

viewer and verified by a second reviewer using a data extraction
tool from JBI SUMARI.5

The data extracted include specific details about the popula-
tions, study methods, interventions, and outcomes of significance
e73



Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses search results, study selection, and inclusion process.
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to the review question and specific objectives. Disagreements were
solved by consensus.

Data Synthesis
Studies were summarized narratively considering their scope,

number of included studies, and risk of bias. Effect sizes from
systematic reviews and individual studies not included in them
are expressed as ORs (for dichotomous data) with their 95%
confidence intervals (CIs).

Assessing Certainty in the Findings
The Grading of Recommendations, Assessment, Devel-

opment, and Evaluation approach for grading the certainty of
the evidencewas followed. Grading the certainty of the evidence
was not undertaken if adaptation from the identified reviews
using the Grading of Recommendations, Assessment, Develop-
ment, and Evaluation approach was considered complete and
adequate.7,8 The certainty of the evidence was considered for in-
terpretation and discussion of findings.

RESULTS

Study Inclusion
The study selection process is illustrated in Figure 1.6 The

described search identified a total of 258 records. After title and
e74
abstract screening, 78 studies were considered for full-text re-
view, of which 60 were excluded. Reasons for exclusion were
as follows: wrong study design (n = 30),9–38 wrong intervention
(n = 23),39–60 wrong outcomes (n = 1),61 wrong language
(n = 5),62–66 and wrong patient population (n = 2).67,68 This left
18 studies for appraisal, extraction, and synthesis.4,69–84

Appendix I (http://links.lww.com/TA/B877) shows a list
of the 60 excluded studies, with reasons for their exclusion.
Studies excluded because of wrong study design were mostly
narrative reviews, guideline recommendations, and case reports.
Wrong setting was the reason for exclusion when studies were
developed in a nonhospital or community setting. Studies that
did not report data related to COVID-19 contagion in HCWs
were also excluded.

Included Studies
Seventeen of the 18 included studies were systematic

reviews,4,69–72,74,75,77–81,83,85 and 1 was a qualitative evidence
synthesis.83 Appendix II (http://links.lww.com/TA/B878) provides
details of the characteristics of the included studies. All but one
study was published in 2020.77 Data extracted from reviews in-
cluded thousands of participants from 35 different countries.

Ten of 17 systematic reviews evaluated the risk of conta-
gion for respiratory viral infections,4,33,70–72,76,80,82 of which 6
included outcome data for COVID-19 infection.4,70,74,76,80,82,84
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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Four systematic reviews71,74,77,79 evaluate other respira-
tory pathogens such as seasonal influenza, SARS, H1N1, and
MERS.

Methodological Quality
Tables 1 and 2 show the results of the risk of bias assess-

ment of the included studies. Overall, the methodological quality
of the 18 included studies was assessed as moderate to high by
JBI appraisal standards, and no disagreements occurred between
the reviewers. Of the 17 included systematic reviews, 9 had low
risk of bias overall (fulfilled all indicators),70,71,74–77,79,80,82 and
5 had concerns in 1 indicator,69 because of not performing risk
of bias assessment. Two reviews had risk of bias in more do-
mains,72,84 having no method of study appraisal and no method
for minimizing errors in data extraction, and failing to report a
risk of bias assessment. One review only fulfilled four indica-
tors83; in addition to failing in the aforementioned indicators, it
lacked future directives and recommendations for policy and clin-
ical practice. All systematic reviews clearly stated the review
question, applied appropriate inclusion criteria, and search strategy.
Several reviews chose not to combine studies for meta-analysis
because of study limitations and heterogeneity in study designs,
comparisons, and analyses. Our search also found a qualitative
research synthesis with low risk of bias overall.83

Review Findings
We did not identify comparative studies of PPE effect on

the risk of COVID-19 contagion in the emergency surgery set-
ting. We did identify systematic reviews of observational studies
of COVID-19 in HCW as well as of experimental and observa-
tional studies that also addressed this question in HCWs regard-
ing other coronavirus epidemics (SARS and MERS epidemics)
considered generalizable to the COVID-19 pandemic. Some
studies also assessed and summarized evidence from other viral
respiratory illnesses, such as H1N1 or influenza, and reported
results consistent with those of the coronaviruses outbreaks.

A high-quality systematic review that evaluated the effect of
physical distancing face masks and eye protection on preventing
COVID-19 contagion included 172 studies, considering evidence
from COVID-19, MERS, and SARS.82 Regarding the use of eye
protection, pooled analysis of 13 unadjusted and 2 adjusted studies
suggested a reduced risk of contagion with eye protection com-
pared with no eye protection (unadjusted respiratory rate
[RR], 0.34; 95% CI, 0.22–0.52; adjusted OR, 0.22; 95% CI,
0.12–0.39). Regarding masks, the authors identified 30 compara-
tive studies that focused on the effect of different masks and respi-
rators on virus transmission in HCWs or patients and 13 studies
that addressed the same effect for eye protection. They report that
the use of a surgical mask compared with no face mask was asso-
ciated with a considerable reduction in risk of contagion (OR, 0.33;
95% CI, 0.17–0.61). An even larger effect was seen when compar-
ingN95 andN95 equivalent respirators to nomask (OR, 0.04; 95%
TABLE 1. Qualitative Research

Citation Q1 Q2 Q3 Q4

Houghton et al.,73 2020 Y Y Y Y

% 100.0 100.0 100.0 100.0

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
CI, 0.004–0.30). Such estimates are based on studies, including a
total of 12,817 participants. Adjusted and unadjusted studies
were considered, and both estimates were consistent with the
mentioned effect on contagion risk reduction when considering
N95 or surgical/medical masks versus no mask (adjusted
OR, 0.15 (0.07–0.34); unadjusted RR, 0.34 (95% CI,
0.26–0.45). Evidence for the precisely estimated reduction was
rated as low by the authors, given some inconsistency and risk
of bias. Nevertheless, the beneficial effect of mask protection
was large, and they considered it of high certainty.82 They report
that N95 had a stronger protective association compared with
surgical masks or 12- to 16-layer cotton masks and both N95
and surgical masks also had a stronger association with protec-
tion versus single-layer masks. This review was considered piv-
otal because of the high number of included studies, the recent
date of publication, and the adequacy of methods and
reporting. Challenges reported in the studies included fre-
quent discomfort, high resource use, less clear communica-
tion, and perceived reduced empathy of care providers by
their patients.82

A rapid systematic review that also addressed the effect
of masks to prevent COVID-19 infection considered evidence
from the current pandemic in addition to the SARS and MERS
epidemics.4 The review reports a reduction of risk of transmis-
sion associated with the use of masks in general. It suggests
a more significant reduction associated with N95 respirators
compared with surgical masks in the hospital setting (an effect
seen for COVID-19 independently, as well as with the other
coronaviruses outbreaks).

Other reviews considered evidence from viral respiratory
illnesses, including influenza or H1N1, and report a beneficial
effect of PPE (medical masks or N95 respirators) on contagion
risk reduction.71,74,76,77,79,84 One of these reviews reports that
the use of masks by HCWs and non-HCWs can reduce the risk
of respiratory virus infection by 80% compared with no-mask
(OR, 0.20; 95% CI, 0.11–0.37).76 Furthermore, respirators were
found to be more protective than surgical masks, and surgical
masks more protective than cloth masks.84 There appears to be
no difference between respirators and medical masks when used
in non–aerosol-generating procedures low-risk environments.71,79

Conversely, no significant evidence was found that supported an
equivalence claim of medical masks with respirators in their level
of protection against COVID-19 or other similar viruses.78 In
moderate- and high-risk hospital settings, N95 is associated with
more significant reductions in risk of contagion.4,84

A systematic review based on experimental designs only
found that N95 respirators halve the risk of any respiratory ill-
ness compared with surgical masks; the certainty of the evidence
was low because of baseline differences, indirectness of evidence
for COVID-19, and lowevent rates that account for imprecision.74

The reduction in contagion risk calculated from 2 RCTs was
estimated to be as follows: RR, 0.43; 95% CI, 0.29 to 0.64;
Q5 Q6 Q7 Q8 Q9 Q10

Y Y Y Y Y Y

100.0 100.0 100.0 100.0 100.0 100.0
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TABLE 2. Systematic Reviews

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Abdelrahman et al.,69 2020 Y Y Y Y Y U Y Y N Y Y

Ana et al.,70 2020 Y Y Y Y Y Y Y Y Y Y Y

Bartoszko et al.,71 2020 Y Y Y Y Y Y Y Y Y Y Y

Carl-Etienne et al.,72 2020 Y Y Y Y N N N N/A N/A Y Y

Chou et al.,4 2020 Y Y Y Y Y Y Y N/A N/A Y Y

Chu et al.,82 2020 Y Y Y Y Y Y Y Y Y Y Y

Toomey et al.,85 2020 Y Y Y Y Y Y Y N/A N/A Y Y

Fouladi et al.,83 2020 Y Y Y Y N/A N/A N/A N/A N/A N N/A

Iannone et al.,74 2020 Y Y Y Y Y Y Y Y Y Y Y

O’Hearn et al.,75 2020 Y Y Y Y Y Y Y Y Y Y Y

Liang et al.,76 2020 Y Y Y Y Y Y Y Y Y Y Y

MacIntyre and Chughtai,84 2020 Y Y Y Y N N/A N N/A N/A Y Y

Offeddu et al.,77 2017 Y Y Y Y Y Y Y Y Y Y Y

Prashanth et al.,78 2020 Y Y Y Y Y Y Y N/A N/A Y Y

Tom et al.,79 2020 Y Y Y Y Y Y Y Y Y Y Y

Verbeek et al.,80 2020 Y Y Y Y Y Y Y Y Y Y Y

Zorko et al.,81 2020 Y Y Y Y Y Y Y N/A N/A Y Y

% 100.0 100.0 100.0 100.0 82.35 76.47 82.35 58.82 52.94 94.11 94.11

N, no; Q, question; U, unclear; Y, yes.
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and I2 = 0%, from pooled analysis, with an absolute effect of
preventing 73 (95% CI, 91–46) more infections per 1000 HCWs
wearing N95 respirators compared with surgical masks.74

Among the included studies, one reported on the use of
PAPRs.70 Based on observational studies, the authors report that
they did not find a difference in risk of contagion inHCWswhen
comparing PAPR devices with other more compliant protective
elements (N95, FFP2). They found that PAPR users reported higher
heat tolerance but limited mobility and reduced audibility.

Regarding decontamination, a systematic review assessed
the effectiveness of ultraviolet germicidal irradiation for the de-
contamination of PPE and its impact on PPE performance.75 Its
findings support that the use of a cumulative ultraviolet-C dose
of at least 40,000 J/m2 results in adequate decontamination with-
out affecting performance or fit afterward. Another review on
the subject reported that mask (N95) performance was best con-
served using dry heat decontamination and that vaporous hydro-
gen peroxide and ultraviolet germicidal irradiation are effective
decontaminants. However, its effect on surgicalmasks is unknown.81

The authors also state that bleach is not safe for decontamination
since it alters mask performance and might be associated with
health risk for users.

A qualitative evidence synthesis that searched for barriers
and facilitators of HCWs adherence to PPE protocols included
20 studies of moderate- to high-quality overall (10 from Asia,
4 from Africa, 4 from Central and North America, and 2 from
Australia).73 They report that HCWs were unsure to follow rec-
ommendations when they are long and ambiguous or do not reflect
national or international guidelines. Some were overwhelmed
because of constantly changing guidelines and by the increased
workload and fatigue associated with PPE use because of prep-
aration and cleaning. A serious concern was the lack of PPE or
the low quality of the available items, pointing at a need to adjust
supplies during the pandemic. Health care workers reported that
it was challenging to use masks and other equipment when it made
e76
patients feel isolated, frightened, or stigmatized. Of course, discom-
fort associated with wearing PPE was also reported.

DISCUSSION

Our review aimed at summarizing the available evidence
of the effect of different PPE on the risk of COVID-19 infection
among HCWs caring for patients requiring urgent trauma assessment
and surgical care. We did not find experimental studies that
assessed PPE on emergency trauma surgery settings during the
pandemic. Limited observational evidence from COVID-19, in-
direct evidence from other health care settings, and other viral
outbreaks were all considered to answer our research question
given that the population (HCW) and intervention (PPE) of in-
terest were the same and thus considered applicable to the emer-
gency surgery setting.

The available evidence was consistent to show that the use
of N95 respirators and surgical masks is associated with a reduced
risk of coronaviruses respiratory illness compared with no mask
use, with high certainty on this beneficial effect.4,82 In moderate-
to high-risk environments, especially in aerosol-generating pro-
cedures, evidence suggests that N95 respirators are associated
with a more significant reduction in risk of COVID-19 infection
compared with surgical masks, an effect seen in observational
COVID-19 studies and experimental viral respiratory illness
studies. Low-quality evidence estimates from these studies sug-
gest a relative reduction of 50% in the risk of contagion associ-
ated with N95 respirators compared with surgical masks. Eye
protection also significantly reduces the risk of contagion com-
pared with no-eye protection. Furthermore, the decontamination
of masks and respirators with ultraviolet germicidal irradiation,
vaporous hydrogen peroxide, or dry heat is effective and does
not affect PPE performance or fit. This evidence should inform
decontamination and reuse protocols to avoid shortages and en-
hance resource allocation and use. The costs associated with
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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additional protective measures during the COVID-19 pandemic
could be significant and affect health care institutions in low- and
middle-income countries. The cost-effectiveness of interventions
must also be taken into consideration to generate recommenda-
tions during the current pandemic. The possibility to decontam-
inate and reuse different types of masks can be determined in
shortages and will probably reduce costs without affecting
HCW’s safety.

In a survey of 5,442 neurosurgical staff members in Hubei
province, among 120 participants that were infected, 78.3% re-
ported wearing surgical masks and 20.8% failed to use any pro-
tection when exposed to the source of infection. A total of 1,287
operated under level 2 protection, and only 1 was infected,28 fur-
ther illustrating the pertinence of wearing adequate PPE when
caring for surgical trauma patients.

Expert recommendations developed from a study of emer-
gency tracheal intubation in 202 patients with COVID-19 in
Wuhan, China, notes that, while PAPRs were the PPE of choice
when face shields or full hoods without PAPR were substituted,
there were no instances of infection of operators.10 Because the
risk of virus exposure due to self-contamination is high during
the removal of PPE, educational training for proper donning
and doffing of PPE as well as monitoring for compliance is
essential. The minimum recommended PPE is eye protection,
a fit-tested respirator (N95 or FFP3), a fluid-resistant gown,
and gloves. The French guidelines recommend FFP2-type protec-
tive filtering masks when performing any aerosol-generating pro-
cedures.12 Guidelines for chest compressions recommend level 3
PPE, which includes an FFP; disposable fluid-resistant gown, dis-
posable apron, and gloves; fluid-resistant surgical mask; and eye
or full-face protection.17 Recommendations for otolaryngologists
include fluid-resistant FFP3/N95 mask, disposable and fluid resis-
tant gloves, and gown, glasses, or a full face shield.14

Intubation of trauma patients is a high-risk-of-contagion
procedure during the COVID-19 pandemic. A survey in 503 hospi-
tals from 17 countries included 1,718 HCWs performing 5,148 tra-
cheal intubations and measured a 10.7% incidence of COVID-19
infection after tracheal intubation.30 Most participants reported
wearing gloves, gown, eye protection, and FFP2/FFP3/N95/N100
respirators. Simulation studies have assessed the effect of addi-
tional protective and preventive measures, such as transparent
plastic boxes or PAPR, on the vision, comfort, and success of
tracheal intubations.33,34

A survey of HCWs realities and perceptions during the
pandemic in Latin America included 936 participants and re-
ported low access to disposable gowns (67.3%), N95 respirators
(56.1%), and facial protective shields (32.6%). Even access to
disposable surgical masks was reported by only 83.9% of partic-
ipants.31 This emphasizes the need for rational use of limited
PPE during the pandemic in LMICs to ensure HCW safety with-
out withholding urgent trauma care.

Our findings regarding decontamination should be consid-
ered as a feasible solution for the limited access to N95 equivalent
respirators during shortages and in limited resources environ-
ments. Also, to avoid such shortages, it appears that N95 respira-
tor equivalents use should be limited to moderate- to high-risk
environments, when caring for patients with confirmed COVID-
19, or for suspicious or unknown status patients who need emer-
gency surgery because of trauma.
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
STRENGTHS AND LIMITATIONS

Our review used an automated search platform where ev-
idence on COVID-19 is available. This strategy streamlined the
rapid nature of the review while ensuring that all relevant studies
were identified. Using an automated system has the additional
long-term advantage of facilitating review updates by quickly
identifying new studies that satisfy selection criteria. Our review
also has the strength of having critically assessed all included
studies. We report on the estimates and evidence grading of the
identified high-quality systematic reviews. A metanalysis of sys-
tematic reviews results was not planned in our review protocol
and was not considered adequate, given the overlap of included
studies among reviews and the variation in selection criteria. De-
spite the differences between reviews, the consistency of findings
among the reviews provides high certainty of the beneficial ef-
fects of PPE in the hospital setting. The main limitation of our re-
view is that evidence from our specific setting of interest, that is,
emergency trauma surgery, was not identified. Nevertheless, ex-
trapolation from other clinical settings such as the emergency
room, COVID-19 wards, and critical care during the pandemic
was considered adequate given the characteristics of the interven-
tion and the similarities to the setting of interest.

CONCLUSIONS

The use of PPE drastically reduces the risk of COVID-19
compared with no mask use in HCWs in the hospital setting.
Respirators like N95 or equivalent provided more protection and
were found to halve the risk of COVID-19 contagion in HCWs
frommoderate- and high-risk settings. Eye protection also provides
additional protection and is associated with reduced incidence of
contagion. These effects apply to emergency trauma care. De-
contamination and reuse appear as feasible measures that could
help overcome PPE shortages and enhance the allocation of lim-
ited resources.

Recommendations for Practice
When caring for a trauma patient with suspected or unknown

COVID-19 status, HCWs should use at least N95 respirators or
equivalents to reduce the risk of COVID-19 infection adequately.
Decontamination with ultraviolet light, hydrogen peroxide, and
dry heat should be made available.

Recommendations for Research
Robust RCTs comparing the efficacy of surgical masks

versus N95 respirators in HCWs caring for trauma patients are
potentially unethical, as existing data show a significant protec-
tive effect, thus requiring emergency trauma surgery staff to wear
N95 respirators when available. As of October 2020, there is a
lack of consensus among international experts surrounding the
topic of aerosol transmission, meaning that viral microdroplets
are capable of floating in the air without being pulled down by
gravity. This means that, if someone coughs, sings, or even
breathes, the microdroplets can stay in stagnant air for up to
16 hours and, with normal ventilation, between 20 minutes and
4 hours. While multiple studies have discussed how SARS-
coronavirus 2 can be found in aerosols, including one from
May and another from April,86,87 a group of epidemiologists
in late July characterized research on aerosol transmission as
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unconvincing and cited extensive published evidence from
across the globe showing that the overwhelming majority of
viral spread is via large respiratory droplets.88 The Centers for
Disease Control did not acknowledge aerosol transmission as
an important route for viral transmission until September
2020, placing aerosol ahead of droplet transmission as the
predominant mechanism of viral spread. However, just a few days
later, the statement was recalled, with updated guidelines saying
HCWs need an N95 respirator for aerosol-generating procedures,
only.89 The hospital administrators and epidemiologists who
argue that the virus is mainly droplet spread claim N95
respirators and strict patient isolation practices are not
necessary for routine care of COVID-19 patients. It is essential
to develop a complete understanding of the transmissibility of
SARS-coronavirus 2 because it drives two different sets of
protective practices, touching on everything from airflow
within hospital wards to patient isolation to choices of PPE.
Enhanced protections would be expensive and disruptive and
would have strong implications on costs, especially in
low-resources environments. Amid the uncertainty, adopting the
highest possible forms of protection seems the best course of
action (Figure 2).
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