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ABSTRACT

Objectives To explore the association between N95
respirator wearing and device-related pressure injury
(DRPI) and to provide a basis for protecting medical staff
from skin injuries.

Design A cross-sectional, multicentre study.

Setting and participants Medical staff of 60 hospitals
were selected from 145 designated medical institutions
located in the epidemic area where the patients with
COVID-19 were treated in China.

Results In total, 1761 respondents wore N95 respirators
(use alone 20.8%; combination use 79.2%), and the
prevalence of DRPI was 59.2% (95% Cl 56.93 to 61.53).
A daily wearing time of >4 hours (OR 1.62, 95% ClI

1.11 to 2.35), wearing a N95 respirator in combination
with goggles both with the presence of sweating (OR
13.40, 95% Cl 7.34 to 23.16) and without the presence
of sweating (OR 0.80, 95% Cl 0.56 to 1.14) and wearing
only a N95 respirator with the presence of sweating (OR
9.60, 95% Cl 7.00 to 13.16) were associated with DRPI.
A correspondence analysis indicated that if there was no
sweating, regardless of whether the N95 respirator was
worn by itself or in combination with goggles, single-
site DRPI mainly occurred on the nose bridge, cheek
and auricle. If there was sweating present, regardless of
whether the N95 was worn by itself or in combination with
goggles, multiple DRPI sites occurred more often on the
face.

Conclusions The prevalence of DRPI among medical
staff caused by N95 respirators was very high, which was
mainly associated with a longer daily wearing time and
interaction with sweating. The nasal bridge, cheeks and
auricles were the primary protection locations found.

INTRODUCTION

Currently, the COVID-19 pandemic hasspread
to >200 countries, and 500 million people are
infected; approximately 350000 people have
been killed by the disease. The pandemic is
becoming the largest public health emer-
gency around the world.' * Early studies
have indicated that patients with COVID-19
and those who are virus carriers could have
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» The prevalence of device-related pressure injury
(DRPI) due to wearing a N95 respirator for doctors
and nurses was 60.2% and 59.1%, respectively.

» Daily wearing time was an independent risk factor
for DRPI, and there was an interaction between
wearing condition and sweating.

» |f there was sweating, regardless of whether the
N95 respirator was worn by itself or in combination
with goggles, multiple sites of DRPI occurred more
often on the face.

» The dependent variable and independent variable
are further defined in the part of statistical analyses
and the corresponding analysis is reformulated to
make it more specific.

» ltis difficult to observe and analyse prevention out-
comes and the degree of sweating in medical staff
who are wearing a N95 respirator.

been infected by human-to-human transmis-
sion.”* In every country, medical staff have
become the most important pioneers in the
fight against the COVID-19 pandemic. These
individuals work hard daily for 8-12hours
while wearing personal protective equipment
(PPE), including protective face masks (N95
respirator use by itself or combination with
goggles), protective gowns, latex gloves and
shoes. The N95 respirator, as a primary piece
of PPE, plays an important role in protecting
doctors and nurses from becoming infected

with the disease”® and is considered a part of

the strict occupational protection measures
for medical staff who are fighting COVID-
19.7 Therefore, it is recommended that all
medical staff working in the frontline against
COVID-19 wear a N95 respirator in China. >°

Unfortunately, approximately 80% of N95
respirator users reported multiple-sites pres-
sure injuries on their face during working
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on the front lines of COVID-19, also known as device-
related pressure injury (DRPI).*? Previously, DRPI mostly
occurred in critically ill patients”"; however, now DRPI
is becoming a new occupational injury for medical staff
worldwide who wear a N95 respirator while fighting
against COVID-19. Therefore, we organised a multi-
centre, cross-sectional survey to understand the associ-
ation between N95 respirator wearing and DRPI and to
provide a basis for frontline medical staff in regard to
protecting their skin from occupational injuries while
wearing N95 respirators both in China and in other coun-
tries around the world.

METHODS

Study design

A cross-sectional multicentre study was performed aimed
at evaluating the prevalence of DRPI and exploring the
association between wearing a N95 respirator and DRPI
to help provide a basis for preventive measures in regard
to medical staff.

Materials and samples

The sample size was determined based on 80% of the
medical staff who reported facial injuries while wearing
N95 respirators. Considering a tolerated absolute error of
2% and a CI of 95%, the sample size calculated was 1537
participants. Bearing in mind that 5% of the returned
questionnaires may be invalid, a total of 1618 participants
were needed.

The inclusion criteria were as follows: (1) medical staff
who worked in an environment with either a moderate
risk of exposure to COVID-19 (emergency departments
and screening clinics where suspected cases are treated)
or a high risk of exposure to COVID-19 (intensive care
units (ICUs) and wards in designated medical institu-
tions located in the epidemic area where patients with
COVID-19 were treated)'*"” and wore only a N95 respi-
rator or wore one in combination with other PPE; (2)
those aged 20-60 years, regardless of gender and (3)
those who voluntarily participated.

The exclusion criteria were as follows: (1) medical staff
who did not wear a N95 respirator or who used other
alternatives; and (2) questionnaires that were incomplete
or invalid.

Data collection

We designed a data collection questionnaire consisting
of 10 items after consulting the relevant literature and
guidelines,” " and we received feedback about the ques-
tionnaire from frontline medical staff in Wuhan. The
data collection included three aspects of information:
four items related to general demographic information
(gender, age, current working position and occupation);
three items related to the wearing of a N95 respirator
(single use or in combination with goggles, wearing time
per day and with or without sweating) and three items
related to DRPI information (when the injury happened,

anatomical location, pressure injury classification).”
Before the formal investigation, 30 medical staff members
were selected for a pilot survey. It took 3—-4min for each
person to complete the questionnaire. One hundred per
cent of these respondents thought that the questionnaire
was clear and easy to answer.

We uploaded the questionnaire on the Questionnaire
Star survey tool and disseminated it to groups of medical
teams providing support to Wuhan in infectious disease
departments, isolation wards and ICUs via the WeChat
social platform on 8 February 2020. Before the survey was
disseminated, the inclusion and exclusion criteria and the
survey objective used for the recruitment of participants
was openly available online in China. All the participants
voluntarily provided their informed consent. The survey
was completed anonymously. The privacy and confiden-
tiality of the study participants were also strictly main-
tained. The participants voluntarily used their mobile
phone to answer and submit the questionnaire online
until 22 February 2020.

Research quality control

We provided single-choice and multiple-choice responses
to the participants in order to answer quickly and accu-
rately. The classification of DRPI depended on the
staging system set forth in the 2019 International Guide
for Prevention and Treatment of Pressure Ulcer/Injury,
that is, stages 1, 2, 8, 4, deep tissue injury or unstageable.”
All the data were output gathered from the Question-
naire Star website. Then, two researchers checked each
questionnaire to estimate if it was completed and if the
answers were logical; finally a database was established for
the statistical analysis.

Patient and public involvement
No patients were involved.

Statistical analyses

All analyses were based on complete data cases. The
Shapiro-Wilk test was used to test the normality of
the continuous variables. Continuous variables were
presented as the mean with the SD or as the median
with the IQR where necessary. Categorical variables were
described as frequencies and percentages. Student’s
t-tests or Mann-Whitney U tests were used to compare
the differences between the groups for continuous or
ordinal variables. Pearson’s % tests or Fisher’s exact tests
were used for comparing categorical variables, where
applicable. First, the univariate analysis was performed
with DRPI as the dependent variable (O=none, l=yes),
and with the wearing condition (1=N95 respirator, 2=N95
respirator with goggles), daily wearing time (DWT)
(1=DWT <4hours, 2=DWT >4 hours), sweating (0=none,
1=yes), gender (O=male, l=female), age (1=<3byears,
2=>35years) and occupation (l=doctors, 2=nurses) as
independent variables. Second, the binary logistic regres-
sion analyses were used to evaluate the influence of inde-
pendent risk factors. Those variables with a probability
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value of p<0.10 in the univariate analysis were entered
into the multivariate logistic regression model, which
used the backward method to establish whether they
were independently associated with DRPI. Interaction
analysis was employed to explore the risk characteris-
tics of wearing only N95 respirators or wearing them in
combination with other PPE on outcomes of DRPI. If
there were interactions between the factors, we analysed
their combinations to obtain the OR and 95% CI values of
different combinations; if there were no interactions, we
analysed the factors separately as independent variables.
Based on all subjects with DRPI, a contingency table of
different behaviour characteristics related to wearing PPE
and the anatomical locations of the reported DRPI was
constructed, and the associations between these factors
were evaluated by correspondence analysis. A p value of
0.05 or less was considered to indicate statistical signifi-
cance. All statistical analyses were performed using SPSS
V.22.0 for Windows (SPSS, Chicago, Illinois, USA).

RESULTS

Characteristics of device-related pressure injury in medical
staff wearing N95 respirators

In this survey, an online mode was adopted, and the
possibility of missing data caused by no responses of
the respondents was small. All analyses were performed
based on complete data cases. In total, 1800 respondents
participated from 60 hospitals of 145 designated medical
institutions located across 12 provinces in China, and 39

respondents were excluded for not wearing a N95 respi-
rator. Finally, 1761 respondents who wore N95 respirators
were included. Of them, 366 respondents (20.8%) wore a
N95 respirator only, and 1395 respondents (79.2%) wore
a N95 respirator plus goggles. The average DWT was
7.0+2.3hours, with 89.4% (1574 respondents) wearing
the respirator for >4 hours and 62.2% (1096 respondents)
reporting sweating. The respondents were 16.5% male
(290 respondents) and 83.5% female (1471 respondents),
and 13.4% of them were doctors (236 respondents),
while 86.6% of them were nurses (1525 respondents). In
total, there were 1043 cases with 2413 DRPI locations, and
the total prevalence of DRPI was 59.2% (95% CI 56.93
to 61.53). The prevalence of those who reported wearing
NO95 respirators combined with goggles was higher than
that of those who reported wearing only N95 respirators
(62.9% (95% CI 61.40 to 66.59) vs 45.4% (95% CI 41.30
to 51.60), p<0.001); the prevalence for those wearing N95
respirators with reported sweating (79.5%) was higher
than that for those without reported sweating (30.3%)
(p<0.001); and the prevalence of those who reported
wearing DWT >4hours (63.2%) was higher than that
of those who reported wearing DWT <4hours (37.4%)
(p<0.001). The characteristics of DRPI in the medical
staff who reported wearing a N95 respirator are shown
in table 1.

Table 1 The characteristics of DRPIs in medical staff wearing N95 respirator (n=1761)

Characteristics N Prevalence of DRPI 95% CI for prevalence P value

Wearing condition <0.001
N95+goggles (n, %) 1395 877 (62.9) 60.33 to 65.40
N95 by itself (n, %) 366 166 (45.4) 40.25 to 50.46

Daily wearing time <0.001
>4 hours 1574 974 (61.9) 59.48 to 64.28
<4 hours 187 69 (37.4) 29.98 to 43.81

Sweating <0.001
Yes 1096 876 (79.9) 77.56 to 82.30
No 665 167 (25.1) 21.82 to 28.41

Gender 0.181
Male 290 182 (62.8) 57.19 to 68.32
Female 1471 861 (58.5) 56.01 to 61.05

Age (years) 0.865
<35 1196 710 (59.4) 56.58 to 62.15
>35 565 333 (58.9) 54.88 to 62.99

Occupation 0.752
Doctors 236 142 (60.2) 53.92 to 66.42
Nurses 1525 901 (59.1) 56.61 to 61.56

DRPI, device-related pressure injury; DWT, daily wearing time; N95, N95 respirator; N95+goggles, N95 respirator in combination with goggles.
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Table 2 Multivariate logistic analyses of DRPI in medical staff wearing N95 respirator

Variables OR 95% CI for OR P value

Wearing condition and sweating
N95+goggles with sweating 13.40 7.34 t0 23.16 <0.001
N95+goggles without sweating 0.80 0.56 to 1.14 0.209
N95 by itself with sweating 9.60 7.00to 13.16 <0.001
N95 by itself without sweating 1.00 Reference

Daily wearing time >4 hours 1.62 1.11t0 2.35 0.012

DRPI, device-related pressure injury; N95+goggles, N95 respirator in combination with goggles.

Logistic regression analysis of device-related pressure injury
caused by N95 respirator

The dichotomous variable of DRPI was regressed as a
dependent variable (none=0, yes=1).

By entering those variables with a probability value
of p<0.10 based on univariate analysis (in table 1) into
a multivariate logistic regression model, the backward
method was selected to establish whether the variables
were independently associated with DRPI. An interaction
analysis was employed to explore the risk characteristics
of wearing either a N95 respirator plus goggles or only
wearing a N95 respirator on the occurrence of DRPI, and
the results indicated that DWT and reported sweating
were associated with DRPI (the omnibus test of model
coefficients was p<0.001; the Hosmer-Lemeshow test for
goodness of fit of the model was p=0.297; C-index=0.78);
in addition, there was an interaction between wearing a
N95 respirator and sweating (the omnibus test of model
coefficients was p<0.001; the Hosmer-Lemeshow test for
goodness of fit of the model was p=0.250; C-index=0.79),
but there was no interaction between wearing a N95 respi-
rator and DWT (the omnibus test of model coefficients
was p<0.001; the Hosmer-Lemeshow test for goodness of
fit of the model was p=0.381; C-index=0.78). As an inde-
pendent factor, DWT was analysed with interactive vari-
ables (wearing a N95 respirator plus goggles or wearing
only a N95 respirator, both reported with and without

sweating) in a multivariate logistic regression model. The
omnibus test of model coefficients was 3?=754.838 (df=4,
p<0.001). The Hosmer-Lemeshow test for goodness of
fit of the model was %=3.308 (df=4, p=0.508). Approx-
imately 82.1% of the participants could be classified
correctly through the model. These results showed that
the model fit the data well and could reasonably explain
the relevant results. The results are shown in table 2.

Correspondence analysis of anatomical locations and N95
respirator

In 1043 cases, the reported DRPI was mainly located on
the nasal bridge, cheek and auricle, and there were two
to three locations with coexisting features. Stage 1 (non-
blanchable erythema) (79.6%) and stage 2 (partial thick-
ness skin loss) (19.4%) were the main categories. The
staging and location distribution of the reported DRPI
are shown in table 3.

A correspondence analysis of the 1043 cases with DRPI
was conducted to analyse the results of the DRPI in
different locations under the scenarios of N95 use with
goggles or N95 use byitself, reported either with or without
sweating, to determine the most easily injured anatomic
locations and most prevalent causes. The x* value of this
correspondence analysis was 229.678 (p<0.0001), which
suggests highly significant associations. The proportion
of inertia in the correspondence analysis indicated that

Table 3 Staging characteristics on locations of DRPI in medical staff wearing N95 respirator (cases of DRPI=1043)

Cases (proportion %) Prevalence
Location Stage 1 Stage 2 Stage 3 DTI Rate (95% CI)*
Nose bridge 75 (68.8) 32 (29.4) 0 (0.0) 2(1.8) 6.2 (5.06 to 7.32)
Cheeks 53 (77.9) 14 (20.6) 0 (0.0) 1(1.5) 3.9 (2.96 to 4.76)
Auricle 30 (76.9) 9 (23.1) 0 (0.0) 0 (0.0) 2.2 (1.53 to 2.90)
Nose+cheeks 169 (82.0) 35 (17.0) 1(0.5) 1(0.5) 11.7 (10.20 to 13.20)
Nose+auricle 76 (73.8) 26 (25.2) 1(1.0) 0(0.0) 5.8 (4.75 to 6.95)
Cheeks+auricle 68 (86.1) 10 (12.7) 0(0.0) 1(1.3) 4.5 (3.52 to 5.45)
Nose+cheeks+auricle 359 (81.8) 76 (17.3) 1(0.2) 3(0.7) 24.9 (22.91 to 26.95)
Total 830 (79.6) 202 (19.4) 3(0.3) 8(0.7)

*These rates are the prevalence rate of DRPI for specific locations.
DRPI, device-related pressure injury; DTI, deep tissue injury.
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Figure 1
related pressure injury (DRPI).

the first dimension could explain 86.7% of the total varia-
tion, the second dimension could explain 12.0% and the
sum of both can explain 98.7% of the variation. There-
fore, it was reasonable to carry out the correspondence
analysis. The results are shown in figure 1.

DISCUSSION

The study significance of association between N95 respirator
wearing and device-related pressure injury

Since December 2019, the COVID-19 pandemic has
caused many problems worthy of global attention. Unex-
pected skin injuries due to wearing PPE in the working
environment have become a topic of concern.''” There-
fore, China’s government released a ‘Notice on Further
Strengthening the Protection of Medical Personnel
During Epidemic Prevention and Control’,'® calling
for the protection of medical staff’s health and safety,
including the prevention of occupational injuries.
Medical staff also reported that their results of pres-
sure injuries were partially improved by improving PPE
wearing technique.'” The issue of how to protect medical

Correspondence analysis of personal protective equipment (PPE) wearing condition, sweating and sites of device-

staff from occupational injuries is an important problem
to be solved in the prevention and control of COVID-19.
Therefore, we believed that it was necessary to explore
the association between DRPI and using a N95 respirator,
as such knowledge would have positive implications for
China and other countries, especially in regard to the
advanced prevention of occupational skin injuries among
medical staft during responses to public health emergen-
cies in the future.

The characteristics of device-related pressure injury in
medical staff wearing N95 respirators

Our research showed that 89.4% of the 1761 respondents
had a reported N95 respirator DWT of >4hours. More
than 80% of the medical staff reported that facial pres-
sure began within 2 hours of wearing, mainly in the areas
of the nose bridge and cheeks; the longer the N95 respi-
rator was worn, the more severe the reported pain and
discomfort were, which explains why the DRPI prevalence
in the group who reported wearing the N95 respirator
>4 hours was significantly higher than that in the group
wearing the N95 respirator <4hours (61.9% vs 37.4%,
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p<0.001). The characteristics of DRPI in medical staff
who reported wearing only a N95 respirator compared
with those who reported wearing a respirator in combi-
nation with goggles indicated that the prevalence of
DRPI between gender, age and occupation (doctors and
nurses) was not significant (table 1). One possible cause
was that 1143 respondents (64.9%) worked in an environ-
ment with a high exposure risk, with similar proportions
of age, gender and occupation, working intensity and
DWT. Interestingly, we found that the cases of DRPI in
the N95 respirator-wearing condition (either by itself or
in combination with goggles), DWT (either 24hours or
<4hours), both with and without sweating, was significant
(table 1, p<0.001); this outcome suggests that the DRPI
induced by the N95 respirator may be associated with
the interaction of DWT and sweating. These problems
deserve further discussion.

Analysis of the related factors and interactions of device-
related pressure injury caused by the N95 respirator
The logistic model was also fitted with all factors present
in the univariable analysis. If the risk variables that showed
statistical significance were consistent in the backward
method, then the risk factors were confirmed more
robustly. The results showed that there was no interaction
between DWT and the wearing condition of the N95 respi-
rator (p=0.489); however, there was an interaction between
the wearing condition of the N95 respirator and sweating
(p<0.001). A multivariate logistic analysis of DRPI showed
that DWT and sweating were independent factors (p<0.05-
0.001) (table 2), which suggests that a DWT of >4hours
would increase the risk of DRPI (OR 1.62, 95% CI 1.11 to
2.35), regardless of whether the N95 respirator was worn
by itself or in combination with goggles. Setting the group
of individuals who reported wearing only a N95 respirator
without sweating as the reference group, the risk of DRPI
caused by wearing a N95 respirator in combination with
goggles plus reported sweating reached the highest value
(OR 13.40, 95%CI 7.34 to 23.16), followed by wearing
only a N95 respirator with reported sweating (OR 9.60,
95% CI 7.00 to 13.16) (table 2). This outcome suggests that
sweating may change the skin’s microclimate and increase
the friction coefficient between the skin and the N95 respi-
rator, while the combined effect of the N95 respirator’s
direct compression, friction and changed microclimate
may reduce the skin’s tolerance and make the skin more
vulnerable to mechanical forces, such that DRPI is prone
to occur. This principle of action is in line with the new
conceptual framework of pressure injury updated in 2014."”
Interestingly, medical staff reported that wearing a
NO95 respirator combined with goggles did not have an
increased risk of DRPI if without sweating. Therefore,
preventing or managing sweating is expected to be an
effective way to prevent DRPI.

Correspondence analysis of the anatomical locations of
device-related pressure injury caused by the N95 respirator
To further understand the role of the N95 respirator and
sweating in the occurrence of DRPI, we carried out a

correspondence analysis. The outcome of the correspon-
dence analysis of the different behaviour characteristics
related to wearing PPE and the anatomical locations of
DRPI showed the degrees of separation in the row and
column categories of the corresponding contingency
table. There was a clear separation between the PPE char-
acteristics and the DRPI locations. The proximity among
the categories of the different variables revealed trends
of association. Specifically, the results indicated that if
there was no sweating present, regardless of whether the
NO95 respirator was worn by itself or in combination with
goggles, single-site DRPI mainly occurred on the nose
bridge, cheek and auricle (see the left area in figure 1);
however, if there was a N95 respirator worn in combina-
tion with goggles plus reported sweating, multiple DRPI
locations occurred on the face (see the lower right area
in figure 1). When medical staff wore only a N95 respi-
rator and reported sweating, DRPI was mainly found on
the nose bridge and cheek (see the upper right area in
figure 1). These injury occurrence characteristics clearly
reflect the clinical characteristics and possibly indicate
that multiple injuries in these areas are caused by wearing
a N95 respirator. This means that the nasal bridge, cheeks
and auricles should be the primary locations that need
protection. We suggest that silicone foam dressings be
used prior to putting on a N95 respirator to protect the
cheek, auricle and nose bridge, dependent on the recom-
mendation of the Prevention and Treatment of Pressure
Ulcers/Injuries: Clinical Practice Guideline in 2019.% In
practice, silicone foam dressings can effectively reduce
pressure and absorb sweat to protect the skin from inju-
ries.'® The auricle is an extremely weak area of the human
body, and DRPI easily occurs on in this area due to the
pressure of the N95 respirator’s straps. Thus, we suggest
that the N95 respirator’s straps should be tied to either
the top of the head or one’s hair, which could effectively
prevent occupational injuries on auricles.'?*

Limitations

There were several limitations of the current study.
First, because of the pandemic emergency, it is difficult
to observe and analyse prevention outcomes and the
degree of sweat in medical staff who wear a N95 respi-
rator. Second, it is also difficult to analyse and compare
the effect of wearing a N95 respirator either by itself or in
combination with goggles on the different stage of DRPI.
In summary, these issues leave us with opportunities for
further research.

CONCLUSION

The prevalence of DRPI among medical staff caused by
wearing a N95 respirator is very high and is mainly asso-
ciated with both a longer DWT and the interaction of
wearing a N95 respirator either by itself or in combina-
tion with goggles and the presence of sweating. Preven-
tion practices should focus on the combined action of
multiple factors. The results of the current study provide
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an important basis for strengthening skin protection
and preventing occupational injuries among medical
personnel who are fighting against COVID-19.
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