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Abstract

Introduction: To avoid exposure to SARS-COV-2, healthcare professionals use personal protective equipment (PPE) while
treating COVID-19 patients. Prior studies have revealed the adverse effects (AEs) of PPE on healthcare workers (HCWs);
however, no review has focused on the AEs of PPE on HCWs in intensive care units (ICUs). This review aimed to identify the
AEs of PPE on HCWs working in ICUs during the COVID-19 pandemic.

Methods: A scoping review was conducted. MEDLINE, CINAHL, the World Health Organization (WHO) global literature on
COVID-19, and Igaku-chuo-zasshi (a Japanese medical database), Google Scholar, medRxiv, and Health Research Board (HRB)
open research were searched from January 25-28, 2021. The extracted data included author(s) name, year of publication,
country, language, article title, journal name, publication type, study methodology, population, outcome, and key findings.
Results: The initial search identified 691 articles and abstracts. Twenty-five articles were included in the analysis. The
analysis comprised four key topics: studies focusing on PPE-related headache, voice disorders, skin manifestations, and
miscellaneous AEs of PPE. The majority of AEs for HCWs in ICUs were induced by prolonged use of masks.
Conclusion: The AEs of PPE among HCWs in ICUs included heat, headaches, skin injuries, chest discomfort, and dyspnea.
Studies with a focus on specific diseases were on skin injuries. Moreover, many AEs were induced by prolonged use of masks.
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Healthcare professionals wear personal protective equip-
ment (PPE) while treating COVID-19 patients to protect
themselves from SARS-COV-2 exposure. However,
prior literature has revealed adverse effects (AEs) of
PPE on healthcare workers (HCWs) (Houghton et al.,
2020). The AEs of PPE may cause reassignment of
HCWs to non-COVID-19 wards (Hoernke et al.,
2021). Additionally, PPE-related AEs may lead to inad-
equate use of PPE as well as increased chance of infec-
tion (Calo et al., 2020). Consequently, it may lead to loss
of personnel to treat COVID-19 patients.

Clarifying knowledge regarding the AEs of PPE is
crucial for the development of preventive measures and
treatment. According to our knowledge, one systematic
review (Houghton et al., 2020) reported several AEs of
PPEs; however, there have been no systematic reviews
focused on PPE-related AEs during the COVID-19 pan-
demic. We focused on the COVID-19 pandemic in this
study, due to the global scale of the pandemic, the same
root cause of infection, and use of similar PPE.

In this scoping review, we collected and systemically
charted the available literature on PPE-related AEs and
identified gaps in the existing knowledge. We found that
nurses and other HCWs working in the ICU are at a
high risk of infection as aerosol-generating procedures
are more frequent (Diaz-Guio et al., 2020). Moreover,
HCWs in the ICU are required to wear PPE in the
patient room as well as in the patient arca (World
Health Organization, 2020). Further, a previous report
revealed that HCWs in ICUs continuously wear PPE for
a median of four hours (Tabah et al., 2020). Therefore,
we focused on HCWs working in ICUs as they are at
high-risk of PPE-related AEs.

Methods

Study Design

We conducted a scoping review using the methodologi-
cal framework of Arksey and O’Malley (2005). Further,
we presented the results using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA ScR) (Tricco
et al., 2018). The PRISMA ScR checklist is presented in
Online Appendix 1. The primary research question was:
How does PPE affect HCWSs’ physical health, including
pressure areas on the face, heat symptoms, and head-
aches in the ICU, during the COVID-19 pandemic?
This scoping review was registered on the Open
Science Framework (osf.io/4ac6f).

Eligibility Criteria
We developed key inclusion criteria based on the
“population-concept-context” framework recommended

by the Joanna Briggs Institute for scoping reviews
(Peters et al., 2020). The population included healthcare
professionals, the concept was the effect of PPE on phys-
ical health status, and the context was the ICU during
the COVID-19 pandemic. We included studies on PPE-
related physical and physiological changes and AEs on
physical health that were published before January 25,
2021. We excluded psychological effects and infections
in healthcare professionals. We included studies on
healthcare professionals working in the ICU; however,
we also included studies with hospital and ICU staff
data. Articles published in academic journals and stud-
ies, comprising both quantitative and qualitative
research and reviews, were included. To capture the
most recent findings, we included pre-print studies, edi-
torials, commentaries, and letters. No language restric-
tions were applied.

Literature Search Strategies

The following databases were searched on January 25,
2021: MEDLINE via PubMed, CINAHL, the WHO
global literature on COVID-19, and Igaku-chuo-zasshi
(a Japanese medical database). The key search terms
used to identify potentially relevant studies are listed in
Online Appendix 2. We also conducted a non-systematic
search with preprint servers such as medRxiv and Health
Research Board (HRB) open research to identify pre-
published studies on January 28, 2021. Additionally, a
non-systematic search was also conducted using Google
Scholar. All non-systematic searches were conducted by
three authors (AT, TU, and JT). We attempted to iden-
tify additional relevant studies by manually searching
the reference lists of studies identified through the
search as well as the articles citing those studies (based
on Google Scholar). Two of the six (TU, HS, TF, AT,
JT, and AO) reviewers independently screened the titles
and abstracts of all articles to identify potentially rele-
vant studies. Two of the three reviewers (TU, HS, and
AOQ) independently assessed eligibility based on a full-
text review. Disagreements were resolved by discussion,
and, if necessary, a third person was brought in for
arbitration.

Data Charting and Summarizing Data

The data charting form was developed by two research-
ers to determine which variables were extracted. The
data were extracted by six reviewers (HS, RS, AO,
TK, NH, and YW) using a pre-specified data charting
form. The extracted data included author name(s), year
of publication, country, language, article title, journal
name, publication type, study methodology, population,
outcome, and key findings. The extracted data were cat-
egorized into topics through discussion. We summarized
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our findings through classification by outcome-focused
topics in a narrative format. All authors participated in
and agreed on this classification.

Ethics

Ethical approval and patient consent were not required.

Results

Study Selection and Characteristics

The initial search identified 691 articles and abstracts. A
total of 25 articles were included in this study. The flow
diagram is presented in Online Appendix 3. We included
12 cross-sectional studies (Bharatendu et al., 2020;
Caglar et al., 2020; Hajjij et al., 2020; Heider et al.,
2021; Jiang, Liu, et al., 2020; Jiang, Song, et al., 2020;
Ong et al., 2020; Ramanan et al., 2020; Swaminathan
et al., 2020; Tabah et al., 2020; Unoki et al., 2020; Xia
et al., 2020), three case reports (Chiriac et al., 2020;
Dell’Era et al., 2020; Lam et al., 2020), three reviews
(Downie, 2020; Gefen & Ousey, 2020; Gross et al.,
2021), including a systematic review, two observational
studies (Abiakam et al., 2021; Choudhury et al., 2020)
including a study combined with a point prevalence
study, a retrospective study (He et al., 2020), two qual-
itative studies (Begerow et al., 2020; Hoernke et al.,
2021), and two letters without cases or data (Goh
et al., 2020; Wiwanitkit, 2020). Participants of seven
studies were exclusively HCWs working in the ICUs;
however, participants of the remaining studies included
HCWs working in the ICU. Several PPE-related AEs
were reported in the included studies.

Research Key Topics

The summarized findings of the included articles are
presented in Table 1. Of the 25 studies included in this
review, 11 articles (Begerow et al., 2020; Caglar et al.,
2020; Choudhury et al., 2020; Gross et al., 2021; He
et al., 2020; Hoernke et al., 2021; Ramanan et al.,
2020; Swaminathan et al., 2020; Tabah et al., 2020;
Unoki et al., 2020; Xia et al., 2020) reported miscella-
neous PPE-related AEs using qualitative and quantita-
tive methods. They reported prevalence with or without
risk factors for extreme exhaustion, headaches, thirst,
heat, pressure areas, retroauricular pain, chest discom-
fort, and dyspnea. Five articles investigated specific
symptoms, such as PPE-related headaches (Bharatendu
et al., 2020; Goh et al., 2020; Hajjij et al., 2020; Ong
et al., 2020) and voice disorders (Heider et al., 2021).
Nine studies reported PPE-related skin injuries and
manifestations (Abiakam et al., 2021; Chiriac et al.,
2020; Dell’Era et al., 2020; Downie, 2020; Gefen &
Ousey, 2020; Jiang, Liu, et al., 2020; Jiang, Song,

et al., 2020; Lam et al., 2020; Wiwanitkit, 2020). After
conceptual classification, we concluded that the studies
covered four key topics: PPE-related headaches, voice
disorders, and skin injuries and/or manifestations, and
miscellaneous AEs of PPE. The prevalence of each
adverse effect in the ICU is summarized in Table 2.

Miscellaneous Adverse Effects

Eleven articles described miscellaneous, nonspecific
PPE-related AEs, including two articles with qualitative
methods(Begerow et al., 2020; Hoernke et al., 2021). Six
studies (Caglar et al., 2020; Ramanan et al., 2020;
Swaminathan et al., 2020; Tabah et al., 2020; Unoki
et al.,, 2020; Xia et al.,, 2020) conducted a cross-
sectional survey and an article conducted retrospective
cross-sectional survey (He et al., 2020) on the AEs of
PPE. One international study (PPE-SAFE study)
showed that 80% of HCWs working in the ICU reported
significant AEs, including heat (51%), thirst (47%),
pressure areas (44%), and headaches (28%) (Tabah
et al., 2020). Another study conducted using the same
methodology in a Japanese ICU revealed that heat was
the most common adverse effect (75.2%), followed by
pressure areas (56.1%), thus indicating that the nurse’s
position was an independent risk factor for significant
heat symptoms (Unoki et al., 2020). Similarly, the same
methodology of the PPE-SAFE study’s methodology
(Tabah et al., 2020) was applied to Australian ICU set-
tings (Ramanan et al., 2020). The study found that 49%
HCWs that experienced PPE-related AEs reported that
the prevalence of pressure areas and headaches was 17%
and 10%, respectively.

A Chinese study conducted a cross-sectional survey
focusing on discomfort, including physical and psycho-
logical effects among HCWs in Wuhan, including ICU
staff (22.9%) (Xia et al., 2020). Reported discomfort
included retroauricular pain (81.8%), chest distress or
dyspnea (78.5%), and dizziness or palpitations
(42.1%). Another study employed a retrospective
cross-sectional design focusing on the relationship
between goggles and health in nurses (He et al., 2020).
The study revealed that the most common goggle-related
symptoms were headaches (79.1%), followed by nausea
(46.8%). A study examining PPE-related physiological
changes in ICU professionals reported a significant
increase in heart rate and a decrease in perfusion index
and oxygen saturation (Choudhury et al., 2020). The
authors assumed that these physiological changes may
lead to excessive exhaustion in ICU nurses after long
shifts.
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Headaches

Four articles discussed PPE-related headaches
(Bharatendu et al., 2020; Goh et al., 2020; Hajjij et al.,
2020; Ong et al., 2020). Two studies investigated the
prevalence and risk factors (Hajjij et al., 2020; Ong
et al., 2020), one was a letter of comment on a previous
study (Goh et al., 2020), and one study suggested mech-
anisms and countermeasures (Bharatendu et al., 2020).

In one study, 128 of 158 (81.0%) HCWs experienced
PPE-related de novo headaches when they wore a N95
respirator mask, either with or without protective eye-
wear (Ong et al., 2020). In another study that investigat-
ed PPE-related de novo or aggravated chronic
headaches, 96 of 155 (62%) HCWs experienced head-
aches, of which 51 (32.9%) had de novo headaches
and 45 (29%) had worsening chronic headaches (Hajjij
et al., 2020). Wearing PPE for over 4 hours (Odds ratio
[OR]: 3.91, 95% Confidence interval [CI], 1.35-11.31;
p=.012) and pre-existing primary headache diagnosis
(OR: 4.20, 95% CI, 1.48-15.40; p =.030) were identified
as risk factors associated with PPE-related de novo
headaches (Ong et al., 2020).

One observational study conducted in Singapore
showed physiological changes in cerebral blood flow,
pulsatility index (PI), and end-tidal carbon dioxide
(ET-CO,) while wearing PPE (Bharatendu et al., 2020).
Donning of N95 respirator masks significantly increased
mean flow velocity (4.4 4+ 10.4cm/s, p <.001), decreased
PI (0.13+£0.12; p <.001), and increased ET-CO, (3.1 &+
1.2mmHg (p < .001), suggesting that the elevated PaCO,
led to increased cerebral blood flow, resulting in head-
aches. However, donning a powered air purifying respi-
rator resulted in changes in PI and ET-CO, to the same
level as the baseline.

to PPE. Many staff in ICU who wore a
high level of PPE experienced PPE

Intervention/Important results
skin abrasion, itching or burning
related skin injury.

sensation.
The authors discussed skin damage related

Methodology and population
Narrative review

N/A

Study title

Voice Disorders

equipment used to mitigate

COVID-19
COVID-19 skin damage chal-

lenges: A brief review

One article described voice disorders as a side-effect of
prolonged PPE use in HCWs in Chile, including ICU
staff (Heider et al., 2021). Forty-seven of 218 (21.56%)
HCWs reported mild symptoms, and 24 of 218 (11.10%)
reported moderate or severe symptoms. Overall, nearly
33% HCWs noticed issues with their voices. The number
of working hours, hours of mask daily use, and simul-
tanecous mask use were independent variables associated
with voice abnormalities.

Author, year, study
location

Downie, 2020,
Bahrain.

Skin Injuries and Manifestations

Nine articles (Abiakam et al., 2021; Chiriac et al., 2020;
Dell’Era et al., 2020; Downie, 2020; Gefen & Ousey,
2020; Jiang, Liu, et al., 2020; Jiang, Song, et al., 2020;
Lam et al., 2020; Wiwanitkit, 2020) described PPE-
related skin injury manifestations; however, these con-
sisted of three original articles (Abiakam et al., 2021;

Continued.

Note. AE, adverse effect; PPE, personal protective equipment; HCWs, healthcare workers; ICU, intensive care unit; COVID-19, coronavirus disease-2019; OR, Odds ratio; Cl, Confidence interval; SpO,,

Saturation of Peripheral Oxygen; VAS, Visual Analogue Scale; PAPR, Powered Air-Purifying Respirator: ET-CO,, end-tidal carbon dioxide: P, pulsatility index: MFV, mean flow velocity: VHI-10, voice

handicap Index-10 questionnaire.

Table 1.
Type of AEs
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Table 2. Types and Frequency of Adverse Effects Related to PPE Among ICU HCWs.

Type of AE Frequency of AEs Reference
Heat 51-75% Tabah et al. (2020), Unoki et al. (2020)
Thirst 28-47% Tabah et al. (2020), Unoki et al. (2020), Ramanan et al. (2020)
Voice disorders 31.3% Heider et al. (2021)
Fatigue/exhaustion 20-70.7% Tabah et al. (2020), Choudhury et al. (2020)
Dyspnea/breathing difficulty 60.0%, Choudhury et al. (2020)
Bronchospasm 1.1% Choudhury et al. (2020)
Headache 10-90.7% Tabah et al. (2020), Unoki et al. (2020),
Ramanan et al. (2020), Choudhury et al. (2020)
Palpitations 2.7% Choudhury et al. (2020)
Skin injuries and manifestations 17-56.1% Tabah et al. (2020), Unoki et al. (2020),

Ramanan et al. (2020)

Note. AEs, Adverse effects; PPE, Personal Protective Equipment; HCWs, Health care workers.

Jiang, Liu, et al., 2020; Jiang, Song, et al., 2020), three
case studies (Chiriac et al., 2020; Dell’Era et al., 2020;
Lam et al., 2020), a letter without data or cases
(Wiwanitkit, 2020), and two brief reviews (Downie,
2020; Gefen & Ousey, 2020). All the studies and opin-
ions focused on the use of masks. In particular, a study
by Lam et al. (2020), which was based on a case-series
study, emphasized that the N95 mask was associated
with pressure ulcers at the bridge of the nose.

Jiang, Song et al. (2020) conducted a web-based cross-
sectional survey using a convenience sample of 4308
respondents, comprising nurses and physicians, includ-
ing ICU staff found that the prevalence of PPE-related
skin injuries was 42.8% (95%CI: 41.30-44.30). Skin
injuries were divided into three categories: device-
related pressure injury (DRSI), moisture-associated
skin damage (MASD), and skin tears (ST). The study
revealed that skin injuries were most common in 42.8%
HCWs in departments or wards, including the ICU.
Additionally, the prevalence of DRSI, MASD, and ST
was 30.0% (95%CI 28.69-31.41), 10.8% (95%CI 9.91-
11.82), and 10.8% (95%CI 1.62-2.40) of those with skin
injuries, respectively. Injuries were frequently observed
at the bridge of the nose, cheeks, and ears (Jiang, Song et
al., 2020). A one point prevalence study conducted with
108 HCWs working in an ICU and a high dependency
unit revealed that the skin around the bridge of the nose
(69%), ears (30%), cheeks (23%), and chin (20%) was
affected, resulting in redness blanching, pressure
damage, and itching (Abiakam et al., 2021). Lam et al.
(2020) reported five HCWs working in ICUs with pres-
sure ulcers at the bridge of the nose within two-week
periods.

Discussion

To our knowledge, this is the first scoping review focus-
ing on PPE-related effects in HCWs in intensive care
units during the COVID-19 pandemic.

In this scoping review, we suggested that various AEs
were common among HCWs providing care for
COVID-19 patients. Our findings were similar to a pre-
vious systematic review (Houghton et al., 2020). While
the median duration of continuous PPE wearing was
four hours, Tabah et al. (2020) reported an increase of
over 80% in the AEs of PPE if worn for more than three
hours. This indicated that the AEs of PPE, including
heat, pressure areas, skin manifestations, headaches,
and exhaustion, are common for HCWs working in
the ICU.

Our review clarified the dearth of data on the actual
condition of PPE-related AEs in critical care settings in
each country. The PPE-SAFE study (Tabah et al., 2020)
was the largest international cross-sectional study; how-
ever, more than half of the respondents were from
Europe. PPE-related adverse events were measured
using web-based surveys worldwide and in some coun-
tries the same inventory was used (Ramanan et al., 2020;
Tabah et al., 2020; Unoki et al., 2020). These surveys
helped HCWs establish preventive strategies against
the AEs of PPE. However, the factors influencing the
frequency and characteristics of AEs include the pan-
demic situation, critical unit structure (i.e., presence of
a COVID-19 dedicated ICU), ethnicity (i.e., shape of the
nose) (Abiakam et al., 2021; Verberne et al., 2020), and
the supply of PPE. In particular, the critical unit struc-
ture could be associated with the duration PPE use and
the frequency of donning and doffing. For example, in a
previous study (Unoki et al., 2020) conducted outside of
Japan, COVID-19-dedicated ICUs were dominant
(75%); however, they represented only 20% of such
ICUs in Japan. Japanese respondents who reported sig-
nificant thirst were 32.2%, while 47.4% of worldwide
respondents reported this issue. Additionally, a recently
published secondary analysis of the PPE-SAFE study in
Italy (Ippolito et al., 2021) reported that the median time
of wearing PPE continuously was 5h (Interquartile
range: 4-6h). This finding was statistically significantly
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higher than other countries. This could be because Italy
was the first Western country to be severely impacted by
COVID-19 and was therefore not prepared for a pan-
demic. Owing to these factors, the prevalence of PPE-
related AEs differs among countries.

Additionally, the prevalence of AEs differed among
professions. A previous study indicated that being a
nurse was a risk factor for feeling significant heat
while wearing PPE (Unoki et al., 2020). The authors
speculated that as nurses had a higher level of activity
than other professionals, they tended to feel significantly
more heat due to PPE.

Studies on the effects of goggles on AEs in HCWs are
rare. In this scoping review, only one study in China on
the effects of goggles was included. Eye protection is
essential to prevent exposure to SARS-CoV-2; however,
there are alternatives to goggles, such as face shields and
visors. In fact, 34.9% HCWs used goggles in an interna-
tional study in April 2020 (Tabah et al., 2020). Thus, it is
unlikely that there will be an increase in studies on AEs
of goggles.

In this scoping review factors and pathophysiology
for PPE-related headaches were studied. Headaches are
one of the common PPE-related symptoms. This is an
important issue because headaches may reduce concen-
tration and decrease professional performance (Hayjjij
et al., 2020). N95 masks, rather than eye protection,
seem to be associated with a de novo headache (Ong
et al., 2020). N95 masks alter cerebral perfusion, which
leads to headaches (Bharatendu et al., 2020). Moreover,
long-term use of N95 mask was consistently an indepen-
dent factor in the development or exacerbation of head-
ache. We recommend that HCWs with headaches must
avoid long shifts and be given opportunities to take off
the N95 mask. This will help them maintain sufficient
professional performance. Additionally, administrators
and HCWs should be aware of the effect of headaches
on professional performance as well as of the importance
of taking off N95 masks. Further, a powered air-
purifying respirator can be used to reduce headache
symptoms (Bharatendu et al., 2020). A previous cross-
sectional study indicated that headaches are associated
with psychiatric distress (Chew et al., 2020). However, it
was not able to show causal relationships for psychiatric
distress because of its design. A prospective study is
warranted to confirm causal relationships as detecting
risk factors will facilitate risk reduction.

The harmful effects of N95 masks on voice disorders
must be explored. Moreover, the N95 mask was shown
to cause acoustic attenuation. A prior study demonstrat-
ed that the FFP2 mask combined with a face shield was
responsible for up to 60.5% loss of speech intelligibility
in noisy environments (Muzzi et al., 2021). Wearing
masks makes it difficult for patients or colleagues to
hear HCWs speaking; thus, they are required to speak

louder than usual (Bandaru et al., 2020). This is also true
for the elderly, who have various degrees of hearing loss
and need to speak louder. A study in Chile suggested
that about 30% HCWSs including ICU staff noticed
issues with their voice (Heider et al., 2021). The authors
warned that HCWs are at risk of voice disorders during
the COVID-19 pandemic. Little is known about voice
disorders and PPE; thus, further investigation is required.

Skin injuries are a common and serious adverse effect
of PPE. Skin injuries can cause pain and itching, increase
the likelihood of clinicians touching their face, ears, and
scalp, and may lead to risk of infection (Gefen & Ousey,
2020). Placing masks on the face inappropriately to
reduce pain at open wound sites may also increase expo-
sure to infection. Therefore, PPE-related skin injuries are
an important concern for HCWs who treat COVID-19
patients. Lam et al. (2020) first reported that N95 masks
were associated with pressure ulcers over the dorsum of
the nose. In this review, many articles on skin injuries
caused by N95 masks were included. Pressure from PPE
may have the most substantial impact on PPE-related
skin injuries. Moreover, the bridge of the nose and
cheeks where the mask and goggles compress is most
commonly affected by PPE (Abiakam et al., 2021;
Jiang, Liu et al., 2020).

MASD was also reported in the included studies
(Jiang, Song et al., 2020; Jiang, Liu et al., 2020).
MASD is induced by prolonged water immersion,
leads to hyperhydration of the stratum corneum, and
is associated with the wuse of gloves and boots
(Darlenski et al., 2021). MASD has also been investigat-
ed in patients (Woo et al., 2017). In fact, a previous
study suggested that 23.8% of ICU patients had
MASD. As there have been few studies regarding
MASD for HCWs, especially focusing on those in the
ICU, further studies are required on this topic.

Other types of PPE-related skin injuries can be caused
by combined effects of using multiple devices, such as
pressure on the ears from mask straps and goggles, and
the forechead from face shields and surgical caps (Jiang,
Liu et al., 2020). However, many studies have investigat-
ed skin injuries caused by the overall PPE and not on a
device-by-device basis (Jiang, Song et al., 2020; Jiang,
Liu et al., 2020). In these studies, being male, level 3
PPE, higher average daily time of PPE use (especially
>4 hours), frequency of PPE relief, and heavy sweating
were reported to be independent factors for PPE-related
skin injuries (Abiakam et al., 2021; Jiang, Song et al.,
2020; Jiang, Liu et al., 2020). However, there have been
few studies on the prevalence of PPE-related skin inju-
ries in HCWs working in ICUs. Further research is
needed to clarify skin injury factors for each device
because a combination of pressure, moisture, and shear
can cause or prevent PPE-related skin injuries, especially
in the area of intensive care.
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Strengths and Limitations

This study has extensively collected and reviewed litera-
ture on AEs of PPE during the COVID-19 pandemic,
with no language restrictions. Moreover, the literature
gathered includes a broad coverage, comprising preprint
servers. We believe that this scoping review will extend
the understanding of PPE-related AEs and contribute to
future research.

However, this review also has several limitations. We
attempted to focus on HCWs working in the ICU; how-
ever, few studies have exclusively sampled HCWs work-
ing in the ICU. Therefore, our review may not be specific
to ICUs. Additionally, we also searched through letters
and preprint servers to find extensive studies. In partic-
ular, the studies retrieved from the preprint server are
pre-peer-reviewed and the final papers may vary.
Therefore, the results of this review may be inaccurate.
However, we believe that the results of these studies will
not change significantly post peer review. Moreover, the
included studies have been conducted in different parts
of the world, and differences in the timing and magni-
tude of the spread of infection, health care resources,
and health care systems may have influenced the type
and incidence of PPE-related AEs.

Implications for Clinical and Future
Research

PPE-related AEs are common among HCWs. Further,
health and hospital administrators must monitor AEs
and provide appropriate education (Wiwanitkit, 2020)
as well as protective agents.

Due to diversity in ICU structural designs and admis-
sion policies among countries, the actual condition of
AEs of PPE should be examined; specifically, a cross-
sectional study should be conducted in each country or
region. Additionally, manufacturers should consider dif-
ferent shapes of N95 masks according to sex and ethnic-
ity to prevent mask-related skin injuries. Moreover,
research or systematic reviews on AEs as well as preven-
tive and treatment measures to counter them are strong-
ly warranted.

Conclusion

There were various PPE-related AEs for HCWs working
in the ICU, the majority of which were induced due to
prolonged use of masks. To ensure adequate use of PPE,
preventive measures to counter these AEs are warranted.
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