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ABSTRACT

Objective: To describe the prevalence and factors associated with pressure injuries related
to the use of personal protective equipment during the COVID-19 pandemic. Methods:
Cross-sectional study conducted using an instrument made available in social networks
with 1,106 health professionals. The data were analyzed using descriptive statistics and
compared, considering pvalue < 0.05. Results: There was a prevalence of 69.4% for pressure
injuries related to the use of personal protective equipment, with an average of 2.4 injuries
per professional. The significant factors were: under 35 years of age, working and wearing
personal protective equipment for more than six hours a day, in hospital units, and without
the use of inputs for protection. Conclusion: Pressure injuries related to the use of medical
devices showed a high prevalence in this population. The recognition of the damage in these
professionals makes it possible to advance in prevention strategies.

Descriptors: Personal Protective Equipment; Pressure Ulcer/Injury; Healthcare Personnel;
Coronavirus; Pandemics.

RESUMO

Objetivo: Descrever prevaléncia e fatores associados da lesao por pressao relacionada ao
uso de equipamentos de protecao individual durante a pandemia da COVID-19. Métodos:
Estudo transversal realizado por meio de instrumento disponibilizado em redes sociais com
1.106 profissionais de satide. Os dados foram analisados por meio de estatistica descritiva e
comparada, considerando valor de p < 0,05. Resultados: Houve prevaléncia de 69,4% para
lesdo por pressao relacionada ao uso do equipamento de protecéo individual, com uma
média de 2,4 lesdes por profissional. Os fatores significativos foram: menores de 35 anos
de idade, trabalhar e fazer uso de equipamentos de protecéo individual por mais de seis
horas no dia, em unidades hospitalares e sem o uso de insumos para protecao. Conclusao:
Aleséo por pressao relacionada ao uso de dispositivos médicos apresentou alta prevaléncia
nessa populacdo. O reconhecimento da leséo nesses profissionais possibilita avancar em
estratégias de prevencdo.

Descritores: Equipamento de Protecdo Individual; Lesdo por Pressao; Pessoal de Saude;
Coronavirus; Pandemias.

RESUMEN

Objetivo: Describir prevalencia y factores relacionados a la lesién por presién relacionada
al uso de equipos de proteccidn personal durante la pandemia del COVID-19. Métodos:
Estudio transversal realizado mediante instrumento disponible en redes sociales con 1.106
profesionales de salud. Los datos han analizados por medio de estadistica descriptiva y
comparada, considerando valor de p < 0,05. Resultados: Hubo prevalencia de 69,4% para
lesion por presion relacionada al uso del equipo de protecciéon personal, con una media
de 2,4 lesiones por profesional. Los factores significativos fueron: menores de 35 afos
de edad, trabajar y hacer uso de equipos de proteccién personal por mas de seis horas al
dia, en unidades hospitalarias y sin el uso de suministros para protecciéon. Conclusién: La
lesion por presidn relacionada al uso de dispositivos médicos presento alta prevalencia en
esa poblacion. El reconocimiento de la lesion en esos profesionales posibilita avanzar en
estrategias de prevencion.

Descriptores: Equipo de Proteccion Personal; Lesion por Presion; Personal de Salud;
Coronavirus; Pandemias.
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INTRODUCTION

The coronavirus disease, also known as COVID-19, is caused by
anew coronavirus, appeared in Wuhan, China, in December 2019.
It is a respiratory disease, extremely infectious, which presents
various clinical conditions and various symptoms. The patient may
present, among other symptoms, fever (83%-99%), cough (59%-
82%), fatigue (44%-70%), anorexia (40%-84%), shortness of breath
(31%-40%), expectoration (28%-33%) and myalgia (11%-35%)""3\.

Many infected people will present the mildest form of the disease
and will not need hospital admission. However, 14% of the patients
may develop the severe form of the disease, requiring oxygen therapy,
and at least 5% will evolve with pneumonia, a more severe clinical
form, requiring an Intensive Care Unit bed, with specialized profes-
sional assistance, and possibly the use of a mechanical ventilator®.

By May 18, 2020, there were more than 4 million confirmed
cases and more than 300,000 deaths, with a lethality rate of 6.7%
worldwide. In the same period, Brazil had more than 240 thousand
cases and almost 17 thousand deaths, being the fourth country
in several confirmed cases and the sixth in many deaths. Since
the beginning of the pandemic, the state of Ceard has shown a
higher number of cases and deaths, presenting a lethality rate
of 6.8%, and 97.3% of cities with confirmed cases®.

Among infected people, it shall be pertinent to highlight the
high number of health professionals. The Brazilian Ministry of Health
disclosed on May 14, 2020, that the country had, until then, 31,790
infected health professionals and that the number of workers with
suspicion of COVID-19 reached 199,768. According to the records,
technicians and nursing auxiliaries lead the list of categories with
more infected people, 68,250 (34.2%); followed by nurses, 33,733
(16.9%); physicians, 26,546 (13.3%); physiotherapists, 4,179 (2.1%);
among other health professions. In this reality, Ceard is in third place
in the number of confirmed cases per state, being only behind the
states of Sdo Paulo and Rio de Janeiro®.

To contain the spread of the infection, the World Health
Organization indicates personal protective equipment (PPE)
by all professionals in health care sites. Thus, the use of gloves,
surgical masks, goggles or face protection, and surgical gowns
are indispensable, as well as items for specific procedures, such
as the use of respirators, N95 classification masks, filtering facial
parts (PFF2) or equivalent standard and aprons®.

Healthcare professionals face significant charges with coronavirus
infections. Studies have shown that the use of PPE and training in
infection control are associated with decreased risk of infection,
while specific exposures are related to increased risk of infection.

However, some issues are imbricated/overlapped in the use
of PPE during the pandemic. An important point to consider
is the availability of these inputs. A study conducted in Jordan
pointed out that only 18.5% of medical professionals caring for
patients with COVID-19 had access to PPEs®. Although health
professionals are acting tirelessly, the inadequate inputs of
equipment created discouragement among the workers, as
well as triggering concerns about the risk to which they expose
themselves and their families®.

Another relevant issue regarding EPPs relates to the derma-
tological manifestations associated with prolonged use and the
pressure they imprint on the site of use. Social networks have
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often presented images of professionals with skin lesions, caused
mainly by the N95 mask.

So far, there is only one work (Chinese) in the world literature
that describes the occurrence of these lesions, thus justifying
the development of this study. This work evaluated 1,844 health
professionals, who presented an average of up to 2.6 lesions per
person.The highest prevalence (42.8%) found was for lesion due to
pression-related through medical device (Medical Device-related
Pressure Injury), followed by moisture and friction injury, with 30%
and 2%, respectively'?,

OBJECTIVE

Describe the prevalence and associated factors of pressure
injuries related to the use of personal protective equipment
during the COVID-19 pandemic.

METHODS
Ethical Aspects

Following the ethical precepts for research with human be-
ings and approved by the Brazilian Research Ethics Committee.
The participants received and electronically signed the Informed
Consent Term, and anonymity was assured.

Design, location, and period of the study

Theresearch is a transversal descriptive study with a quantita-
tive approach, guided by the STROBE tool. Conducted between
15 and 20 May 2020, in Cear3, it has the largest number of cases
of COVID-19 among states in the Northeastern Region of Brazil.
Until May 20, 2020, 30.560 cases presented the laboratory criteria,
of which 58.9% occurred in the city of Fortaleza, capital of Ceara®.

Population and sample

The population was composed of 81.426 health professionals,
with active registration in the respective state class council, in the
following categories: physicians (15.506), nursing professionals
(56.323), and physiotherapist (9.597).

The sample was of the convenience type, considering a 3%
sample error and 95% confidence interval (Cl), totaling, in the
end, 1.106 professionals, with the following stratification: 741
nursing professionals, 242 physicians, and 123 physiotherapists.

Inclusion and exclusion criteria

As inclusion criteria, professionals acting directly in the care of
patients with COVID-19 were considered during the data collec-
tion period. Professionals who returned incomplete instruments
were excluded, as well as those who reported not using PPE.

Study Protocol
For data collection, the team made available a semi-structured

questionnaire on Google Forms, through social networks (What-
sApp, Instagram, Facebook) for health professionals in Ceara. This
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tool included the following variables: socio-professional data,
information related to the use of PPE, presence of injury related
to PPE, types of injuries and anatomical locations, and preventive
measures used (if used).

The presence of lesions was considered a dependent variable.
Theindependent variables were: gender, professional category, time
of daily use of PPE (in hours), workplace (if it works in the hospital
area or other services such as Basic and Secondary Care), if it used
some input to protect itself from injuries from PPEs, relief of PPE
pressure every two hours, time of hours worked per day (up to six
hours or more, Considering that higher workload requires longer
PPE use time and, usually, the minimum hour load of a shift is usu-
ally six hours), as well as age (with dichotomization of values below
and above 35 years, based on other studies according to which a
considerable portion of the population of health professionals is
in this age group). For bivariate analysis between the variables, it
is explicit that the professional categories “physician” and “phys-
iotherapist” were grouped in a single class for the calculation of
the odds and accomplishment of the association with the nursing,
considering that this is the predominant category of the study.

To classify Medical Device-related Pressure Injury, the gradual
classification system of pressure lesions was used: Stage 1 Pres-
sure Injury (PL1) - intact skin, with redness that does not whiten,
changes in sensitivity, temperature and consistency may precede
visual changes; Stage 2 Pressure Injury (PL2) - loss of skin in partial
thickness, with exposure of the dermis, the wound is pink or red,
moist, and may also present as an intact or ruptured blister, fat
tissue and deep tissues are not visible; Stage 3 Pressure Injury
(PL3) - loss of skin in total thickness, in which fat is visible, there is
no exposure of fascia, muscle, tendon, ligament, cartilage and/or
bone; Stage 4 (PL4) - loss of skin in total thickness and tissue loss
with exposure or direct palpation of the fascia, muscle, tendon,
ligament, cartilage, or bone; Deep Tissue Pressure Injury (DTPI) -
intact or unbroken skin with localized, persistent area of dark red,
brown, or purple discoloration that does not whiten, or epidermal
separation that shows a darkened bed lesion or bleb with bloody
exudate. Due to the DTPI characteristics, it is impossible to define
the lesion in any of the classifications presented previously".

Analysis of results and statistics

The data were typed in Excel® spreadsheets, later exported to
the Statistical Package for the Social Sciences (SPSS), version 23.0.
Descriptive statistical tests were performed (simple and absolute
frequencies, mean, standard deviation). Regarding the variables
related to skin lesions, the point prevalence was calculated. Fisher’s
exact and Pearson’s chi-square tests were applied for the association
between explanatory variables, considering p-value < 0.05, odds
ratio, 95% confidence interval (95% Cl), and binary hierarchical
logistic regression for variables that presented significant values
in bivariate analysis. The variables were adjusted and only those
with statistical significance were kept in the final model.

RESULTS

One thousand and one hundred six health care professionals
from 96 cities participated in the survey, involving the capital,
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metropolitan region, and interior of Ceard. The sample was com-
posed of 925 (83.6%) female professionals, 509 (46.1%) singles,
with a mean age of 34.08 years (standard deviation, 8.9), being
632 (57.1%) under 35 years old. On average, the professionals
had 9.55 (+13.4) years of training and an average workload of
10.7 (£3.9) hours. In Table 1 is presented the socio-professional
characterization.

Regarding the use of PPEs, 972 (87.9%) reported using it always
during the patient’s care with COVID-19. Among the justifications
for those who did not make frequent use, 11 (8.1%) participants
reported forgetfulness, 118 (86.8%), lack of PPE availability in the
service; and 7 (5.1%) did not consider it necessary. The average
time of PPE use was 9.15 h (+3.6), in which 306 (27.7%) used the
equipment for up to six hours daily and 800 (72.3%) for more
than six hours daily.

Among the most used PPE, the cap and gloves were indicated,
with a frequency of 989 (89.4%) and 945 (85.4%), respectively.
The use of apron was referred by 873 (78.9%); N95 mask, by 787
(71.2%); face protector, by 740 (66.9%); surgical mask, by 726
(65.6%); glasses, by 529 (47.8%); and PFF2 mask, by 360 (32.5%).

Regarding the occurrence of skin lesions, its prevalence was
69.4% among all participants. These lesions had a more signifi-
cant occurrence among nursing professionals, 509 (66.1%); in
179 (23.2%) of physicians; and in 82 (10.7%) of physiotherapists.
The prevalence in these professionals was 68.7% in the nursing
team, 74% among physicians, and 66.7% among physiotherapists.

In all, there were 1,880 pressure injuries related to the use of
PPE, with an average of 2.4 per professional. These lesions were
processed and presented a punctual prevalence according to
these classifications: PL1 =675 (67%), PL2 = 19 (8.4%) and DTPI
=1(0.4%).The nasal bone region presented the highest number
of Medical Device-related Pressure Injury, with a record of 596
(31.7%) lesions in this area, according to Table 2.

A bivariate analysis was performed between the outcome and
the independent variables, in which there was an association
for the appearance of Medical Device-related Pressure Injury
in those professionals under 35 years of age (p = 0.003), who
worked and made use of PPE for more than six hours in the day
(p = 0.004 and p = 0.000, respectively), in-hospital units (p =
0.005) and without the use of inputs for protection (p = 0.000),
according to Table 3.

When one notices the association to the age under 35 and
the injury presentation obtaining odds of 0.652, people that age
had a decreased chance of developing lesions, as corroborated
by the regression model.

Hierarchical binary logistic regression analysis was performed,
in which presence of injury was defined as dependent variable
(0 =No, 1 =Yes) and single factors with p < 0.05 after bivariate
analysis (Table 3); and the independent variables were: no use
of protective input = 1; age up to 35 years = 1; time of PPE daily
use > 6 hours/day = 1; working in hospital = 1; and daily work
time > 6 hours/day = 1.

The variables“workplace”and “daily work time” were removed
from the final logistic model, as they did not present significant
values, had little adherence, representing an unfavorable influ-
ence on the model. The model containing three variables was
considered significant and is presented in Table 4.
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Table 1 - Socio-professional characterization by category of health care professionals in the state of Ceard, Brazil, 2020 (n = 1,106)

. Nursing professional Physician Physiotherapist Total
Variables n % N % N % n %
Gender

Male 77 104 82 339 22 17.9 181 16.37

Female 664 89.6 160 66.1 101 82.1 925 83.63
Marital Status

Single 348 47.0 113 46.7 48 39.0 509 46.1

Married 271 36.6 99 40.9 62 50.4 432 39.1

Common law marriage 67 9.0 21 8.7 08 6.5 96 8.6

Divorced 50 6.7 09 37 05 4.1 64 5.7

Widow (er) 05 0.7 00 00 00 00 05 0.5
City of Work

Capital of Ceara 485 65.5 171 70.7 95 77.2 751 68.0

Metropolitan Region/Rural area 256 345 71 29.3 28 228 355 320
Age (years)

<35 448 60.5 170 70.2 69 56.1 687 62.1

>35 293 39.5 72 29.8 54 43.9 419 379
Time of daily work (hours)

<6 86 11.6 22 9.1 33 26.8 141 12.7

>6 655 88.4 220 90.9 90 73.2 965 87.3

Table 2 - Distribution of pressure lesions, according to classification and anatomical locations in health care professionals in the state of Ceard, Brazil, 2020 (n = 1.880)

Forehead Nasal Bone Nasal Wing Zygomatic Ear Cheeck
n % n % n % n % n % n %
PL1" (n=1.734) 333 19.2 515 29.7 131 7.5 219 12.7 328 18.9 208 12.0
PL2" (n=115) 06 5.2 70 60.9 10 8.7 09 7.9 12 10.4 08 6.9
DTPIF(n=31) 08 25.8 1 355 05 16.1 01 3.2 03 9.7 03 9.7
Total (n = 1.880) 347 18.5 596 31.7 146 7.8 229 121 343 18.4 219 11.5
Notes: " Stage pressure injury 1; 'Stage pressure injury 2;* Deep tissue pressure injury.
Table 3 - Association between the presence of injuries in health care professionals in the state of Ceard, Brazil, 2020 (n = 768)
. Presence of lesions
Characteristics
n Prevalence (%) Odds ratio ClI'95% p value’
Gender 0.747 0.535-1.045 0.870
Male 116 64.1
Female 652 70.5
Profession 1.136 0.863-1.495 0.364
Nurse 508 68.6
Physician/Physiotherapist 260 71.2
Time of PPE daily use* (hours) 1.987 1.505-2.624 0.000
<6 180 58.8
>6 584 74.2
Relieves the pressure of PPE* every 2 hours 0.861 0.652-1.137 0.291
No 549 70.4
Yes 219 67.2
Place of work 1.689 1.533-1.892 0.005
Hospital 412 733
Other institutions 356 65.4
Use of protection inputs 72.763 23.13-228.84 0.000
No 465 58.1
Yes 303 99.0
Daily working time (hours) 1.710 1.189-2.458 0.004
<6 83 58.9
>6 685 72.0
Age (years) 0.652 0.527-0.882 0.003
<35 461 729
>35 307 64.8
Notes: * Confidence interval ; *Pearson chi-square test ; * Personal protection equipment.
Table 4 - Final logistic regression model — Fortaleza - CE, Brazil, 2020
CI¥95% for Exp b
B (EP)” p' Inferior Exp b Superior
Included
Constant 0.117 (0.144)
Use of prevention inputs 4.245 (0.585) 0.000 22.148 69.731 219.543
Age up to 35 years -0.495 (0.147) 0.001 0.457 0.609 0.813
Usage of equipament for over 6 hours 0.609(0.156) 0.000 1.353 1.838 2.496

Notes: *Standard ' Chi-square *Confidence Interval
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Table 5 - Inputs used by health professionals for prevention of pressure related injuries related to the use of Personnel Protection Equipment - Cear3,

Brazil, 2020
Prevented value®
n % Inferior Odds ratio Superior P
Inputs
Foam 1 91.7 0.150 1.204 9.655 1.000
Silicone 16 100 0.861 0.895 1.931 0.384
Transparent Film 40 97.6 0.663 5.000 37.702 0.097
Extra slim hydrocolloid dressing 29 403 1.335 4.231 13.454 0.010
Adhesive tape/Microporous adhesive 44 18.7 0.079 0.251 0.797 0.020

Note: *Fisher's exact test

The age 35 years presented a negative relation with the out-
come, configuring that this age group is a protective factor in
relation to the development of lesions, evidenced by the Exp b
< 1.The final model was significant [>=5,371; p=0,02, RZNagelkerke
= 0,298]. The Nagerlkerke R2 of the model summary was 0.298,
meaning that these independent variables can explain 29.8% of
the dependent variable’s observed variation.

When considering that 303 professionals used some input
to prevent these lesions, professionals informed the usage of
microporous adhesive tape as the primary input, 235 (75.3%).
When considering other inputs (some professionals indicated
more than one product), 87 (27%) participants (Table 5) reported
the preventive effect.

A significant association was observed for the use of hydro-
colloid plate and microporous adhesive/adhesive to prevent
injuries. However, the odds of the association of hydrocolloid
was 4.23 (95% Cl 1.335-13.454), indicating that those who used
this input had a greater chance of preventing injury than those
who did not use it, while the use of microporous adhesive/plate
had odds of 0.251 (95% Cl 0.079-0.797), showing that the use of
this input also did not reduce the chance of preventing injury.

DISCUSSION

The profile of professionals in this study resembles that of a
multicenter study conducted in China at the time of the COVID-19
pandemic, in which out of a total of 4,308 physicians and nurses
interviewed, the majority (88%) were female, mean age 32.5 years
(£ 7.1 years), the vast majority (67.4%), under 35 years. Regarding
the use of PPE, the same study indicated that the average time
was 7.7 hours (£2.9 hours), with 85.7% using daily for a period
longer than four hours 9,

Regarding PPE'’s use, although the biosafety rules demand its
use during the health care process, some professionals still do
not use it in the indicated manner. A study conducted in Goias,
Brazil, demonstrated that 30% of nurses reported using such
equipment is not common and only uses it sometimes!'?. Most
professionals know the standard precautions measures, but
the adherence attitude remains partial, and still present a risk
behavior by not using masks and goggles'?.

Thus, with the explosion of the number of cases of COVID-19,
a severe problem is established for health professionals, who,
besides the situation of not offering PPE, in some cases may still
not be using it properly, including safe placement and withdrawal.
In this study, even being carried out during a pandemic period,
there were still registered professionals who referred not to use

itaccording to the correct biosecurity practices and fundamental
protocols for preventing this virus, which has high transmissibility
power. And, for denying the risk of infection, even having access
to PPE, those who did not use it justified it with the argument
of unavailability.

The World Health Organization (WHO) has determined health
professionals to assist in direct contact with the COVID-19 patient,
in the hospital environment, to use the surgical mask, cloak,
gloves, and eye protection (glasses or face mask). To perform
aerosol-generating procedures in patients with COVID-19, use
N95 or FFP2 mask, cloak, gloves, and eye protection®.

Due to the high transmissibility power of COVID-19(14), the listed
PPEs need to be used for extended periods by health professionals
to avoid infection, including withdrawal, which can result in skin
lesions. Research conducted with 542 health workers identified
some skin alteration due to the prolonged use of PPEs in 97%
of participants. Among such alterations resulting from lesions
pressure were: erythema, papules, maceration, and scaling®.

There s still no strong evidence on the development of these
lesions. Some factors have been associated, such as intense sweat-
ing, male gender, time of daily use over four hours and over 35
years may increase the risk of skin lesions"°.

In Brazil, no studies identified that characterized PL by using
PPE among health professionals who attend patients with CO-
VID-19. In this research, some associated factors were identified:
professionals over 35 years of age, workload, and PPE use for more
than six hours without using inputs for protection.

Itis known that the same mechanical forces (i.e., pressure and
shear) that cause pressure injuries in patients are also causing pres-
sure injuries in healthcare professionals when they wear PPE, such
as face masks (especially N95 masks) and goggles for long periods.
Like in patients, three main factors influence the appearance of
these injuries: pressure intensity (and shear), pressure duration
(and shear), and tissue tolerance of the individual (including the
effects of friction and moisture on tissue tolerance)©.

Regarding Medical Device-related Pressure Injury prevention,
organizations worldwide have published guidance on strate-
gies that can help prevent these injuries. However, there is no
potential evidence to recommend these, so they should be used
and monitored by dermatology services, stomatherapy and/or
hospital infection.

Among the cares is skin hygiene with right products (soaps
with acid pH), application of sealant or skin protector (barrier
cream), no use of oily products, use of good prophylactic dressings
(when clinically necessary) to avoid pressure lesions or protect
injured areas, removal of the mask from the face for 15 minutes,
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every two hours, outside the contact areas of the patient. If this
period is not practical, the mask should be lifted from the sides
for 5 minutes, every two hours”®

The adjustment and sealing of PFF2/N95 masks in contact with
the skin are necessary to provide an expected and significant
airway exposure reduction. Thus, any product that reduces the
fit and seal of PFF2/N95 can decrease the level of protection.

There is no clinically recommended usage for adhesive tapes
and acrylate derivatives (microporous adhesive). Those tapes
can interfere in the mask position and cause lesions related to
adhesives during the removal since these are of strong adhesion
to the skin, and it is fragile and humid®.

Study Limitations

Given the data presented and considering the population’s
distance condition, one of the limitations of this study was the
impossibility of comparing more accurately the self-reported
observations.Thus, itis essential to carry out observational studies
to judge these lesions and other skin characteristics in a more
straightforward way, such as hydration, pH, and transepidermal loss.

Coelho MMF, Cavalcante VMV, Moraes JT, Menezes LCG, Figueirédo SV, Branco MFCC, et al.

Contributions to the Nursing Area

This is the first Brazilian study about health professional
injuries occurrences caused by PPE’s continued use during the
confrontation of COVID-19. Understanding the behavior of these
injuries will make it possible to establish preventive strategies.
In this sense, this work provides subsidies for creating protocols
and public health policies to provide safe, professional practice.
Thus, itis possible to prepare professionals for similar situations
that may occur in the future.

CONCLUSION

The study evidenced that the professionals participating
in the study in the majority always wore personal protective
equipment in practice during the COVID-19 pandemic and had a
prevalence considered high for Medical Device-related Pressure
Injury. In this population, the incidence of injuries was associated
to the factors: no use of skin protection inputs, age over 35 years,
working time and daily use of PPE longer than six hours/day, in
the hospital environment.
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