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Introduction

At the end of 2019, a Chinese doctor announced to the world
a new disease caused by a coronavirus strain: severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). This in-
fectionwas named by theWorld Health Organization (WHO)
coronavirus disease 2019 (COVID-19).1 The WHO declared
the outbreak a Public Health Emergency of International
Concern on January 30, 2020, and a pandemic on March 11,

2020.1–3 The disease is highly transmissible by infected
respiratory droplets and contact, especially in closed loca-
tions with poor ventilation and low light, and in hospital
environments. An infected person transmits the virus to two
or three other people, depending on environmental condi-
tions. Regarding COVID-19, this transmission rate, called the
reproductive number, ranges from 2.0 to 3.5.4,5

Several health professionals at the front line of the
COVID-19 pandemic response are being infected through
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Abstract Introduction The prolonged or incorrect use of facial masks, respirators and glasses
or visors results in friction, pressure and shear forces that constantly act on the facial
skin, leading to lesions and dermatitis.
Objective To develop and validate algorithms to guide health professionals in the
correct use of personal protective equipment (PPE) and indicate preventive measures
against skin injuries caused by inappropriate use during the COVID-19 pandemic.
Methods For the develoment of the algorithms, an integrative literature review was
performed using the following databases: PubMed, SciELO, and LILACS. The algorithms
were evaluated by 59 health professionals (nurses, doctors, and physiotherapists),
using the Delphi technique. A content validity index (CVI) was used for the statistical
analysis.
Results The experts classified the items of the algorithms from fully inadequate to
fully adequate in the first round of consultations, and from partially adequate to fully
adequate in the second round. The overall CVI values were of 0.83 and 1.0 in the first
and second rounds respectively.
Conclusion The algorithms validated by the expert panel can be used by health
professionals when donning and doffing PPE, and to prevent the facial-skin lesions
caused by their use.
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facial injuries caused by the use of personal protective
equipment (PPE). It is very important that health institutions
provide PPE to these professionals, as well as training re-
garding their use, because they are indispensable to comply
with the standard measures of prevention of infections by
droplets and contact during the pandemic.6,7

Personal protective equipment is every device designed to
protect the physical integrity of the worker, and include
gloves, glasses or facial protectors, respiratory protective
equipment (RPE), aprons, and those for lower-limb. It cannot
be ignored that hand hygiene is one of the most important
standard precautions to prevent contamination and the
spread of the virus. Prolonged or incorrect use of face masks,
RPE and glasses or visors results in constant friction, pres-
sure, and shear forces on facial skin, leading professionals to
suffer lesions and dermatitis.8,9

In this sense, it is important to develop educational
technology, manuals, booklets, algorithms, and applications
that provide appropriate information about the techniques
for the use of PPE and on preventive actions and therapeutic
approaches for facial-skin lesions caused by them. Thus,
professionals will be providing damage-free care, safely,
andwithout risk to the patient, avoiding being contaminated
and preventing facial-skin lesions.

Algorithms constitute a finite sequence of well-defined
intructions that can be carried out systematically. They are
simple, direct, and easily-accessible instruments, commonly
employed in the health field to provide a complete view of
the clinical process and assist in decision making.10–12

The present study aimed to develop and validate three
algorithms to provide guidance to health professionals on the
correct use of PPE and to recommend preventive measures
related to facial-skin lesions caused by the use of PPE during
the COVID-19 pandemic.

Methods

Amethodological study on the development of a technologi-
cal tool.

For the development of the algorithms, a content survey
was initially carried out through an integrative literature
review.13 The following stages for the conduction of the
research were defined: identification of the subject and
selection of the research question, establishment of criteria
for the inclusion and exclusion of studies, definition of the
information to be extracted from the selected studies, cate-
gorization and evaluation of the studies included, interpre-
tation of the results, presentation of the review, and
synthesis of the knowledge obtained.14

The subject was “facial-skin lesions caused by the use of
PPE during the COVID-19 pandemic”.

The objective of the present study was to answer the
following guiding questions: what kinds of PPE are used by
health professionals at the front line of the COVID-19 pan-
demic response, and what techniques are used for donning
and doffing? What are the preventive measures available in
the literature to avoid facial-skin lesions caused by the use of
PPE during the COVID-19 pandemic?

For the composition of the appropriate question for the
resolution of the clinical question studied, the PICO strat-
egy15was used, in which P corresponds to the population
(health professionals), I, to intervention (technique for don-
ning and doffing PPE, preventive measures for facial-skin
lesions), C, to comparison (does not apply), and O, to the
outcome (protocol in the form of an algorithm).

Literature review
We performed an integrative review of the literature found
in the health sciences databases Medical Literature Analysis
and Retrieval SystemOnline (MEDLINE), Scientific Electronic
Library Online (SciELO) and Latin American and Caribbean
Literature in Health Sciences (Literatura Latinoamericana y
del Caribe en Ciencias de la Salud, LILACS, in Spanish).

The following controlled descriptors in health sciences
were used: COVID-19; pressure injury related to medical
device, and equipment and provisions. The search strategy
used different combinations of the descriptors, as well as
the Boolean operator AND in Portuguese, Spanish and
English.

For the selection of publications, the following inclusion
criteria were adopted: original studies published between
2015 and 2020, directly related to the subject, with the full
text available. The exclusion criteria were: dissertations,
monographs, technical reports, and articles not related to
the subject under study, as well as duplicate studies.

First, the titles and abstracts were read independently by
two researchers to ensure that the texts contemplated the
guiding question of the reviewandmet the inclusion criteria.
In case of doubt regarding a publication, it was initially
included, and the decision on its selection was only made
after the full text was read.

To classify the level of evidence of the selected studies, the
categories of the Agency for Healthcare Research and Quality
were adopted, covering six levels: level 1: evidence resulting
frommeta-analysis of multiple randomized controlled clini-
cal trials; level 2: evidence obtained from individual studies
with experimental design; level 3: evidence from quasi-
experiments; level 4: evidence from descriptive (non-exper-
imental) studies or those with a qualitative approach; level
5: evidence from case or experience reports; and level 6:
evidence based on expert opinions.

Structuring and validation of algorithms
The structuring of the algorithms comprised the descrip-
tion of the technique for donning and doffing PPE used by
health professionals during the COVID-19 pandemic. Meas-
ures for the prevention of injuries caused by the use of PPE,
including the types and the technique for the use of facial
devices, and the technique for the use of creams and skin-
barrier protectors, which should be adopted before, during
and after the use of PPE, have also been described.

To validate the algorithms, we used the Delphi technique,
an interactive forecasting method which relies on a panel of
experts. The content of the study instruments is evaluated by
the panel through questionnaires in search of a consensus
between 50 and 100% among the evaluators.15–18
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The expertswere selected bymeans of snowball sampling,
inwhich, when a health professionalwho fits the established
inclusion criteria is identified, they are asked to indicate
other participants. The Brazilian Association of Technical
Standards (Associação Brasileira de Normas Técnicas, ABNT,
in Portuguese) recommends a minimum sampling of ten
participants.

Physicians, physiotherapists, and nurses who were at the
front line of the COVID-19 pandemic responsewere included
in the study. The professionals who agreed to participate in
the research but did not answer the questionnaire within
eight days were excluded.

An invitation letter was sent to 110 selected professionals,
including an initial personal presentation and explanations
regarding the research topic, copy of the approval of the
institutional Ethics in Research Committee, a description of
the task assigned to the experts, and the communication of
the eight-day deadline to fill out and return the question-
naire for each round of the evaluation. The invitation letter
also included, as attachment, the questionnaire to evaluate
the content of the algorithms, including the following items:
graphic presentation, ease of reading, vocabulary, sequence
of algorithms, types of PPE used in the COVID-19 pandemic,
techniques for donning and doffing PPE, preventivemeasures
and therapeutic approaches (types and techniques for the
use of facial devices, technique for the use of creams and
skin-barrier protectors), and skin care before, during, and
after the use of PPE.

A Likert scale was used in the questions regarding the
evaluation of the algorithm, with the following options:
“partially inadequate”, “fully inadequate”, “partially ade-
quate”, and “fully adequate”; there was also a section for
the experts to make suggestions.

In the data analysis, the answers classified as “partially
adequate” or “fully adequate”were considered validated. The
suggestions presented by the experts were evaluated and,
based on them, adjustments were made so that the content
of the algorithmswas considered validated. Questionswhose
answers were “partially inadequate” or “fully inadequate”
were sent back to the experts in the second round of
evaluation with suggestions made for retrial, seeking to
reach a consensus among the judges.

The validity of the content of the algorithms was verified
based on a content validity index (CVI), whichwas calculated
based on the proportion of the number of “partially ade-
quate” and “fully adequate” answers. To verify content
validity, agreement values>0.8 was adopted.19

The present study was approved by the Ethics in Research
Committee of Universidade do Vale do Sapucaí under opin-
ion number 4,273,510.

Findings

A total of 12,535 articles were identified through the data-
base search, and 4,523 were excluded because they were
duplicates. Thus, 8,012 articles were selected for the reading
of the title, and 163, for the reading of the abstract, which
resulted in a sample of 112 articles for the reading of the full

text. From these, 86 were excluded because they did not
answer the guiding question, which led to a total of 26
articles selected for the development of the algorithms.

Three algorithms were developed comprising the techni-
ques for donning (►Figure 1) and doffing (►Figure 2), and the
preventive measures (►Figure 3).

In the validation study of the algorithms, we included 59
physicians, nurses, and physiotherapists working at the front
line of the COVID-19 pandemic response, who agreed to
participate in the study and sent the completed question-
naire within the requested time frame.

The results obtained in the first and second evaluations of
the expert panelregarding the content of the algorithms can
be found in► Table 1 and► Table 2 respectively.

In the first evaluation, the panel classified the algorithms
from “fully inadequate” to “fully adequate” (►Table 1), but
none of the algorithms items reached an agreement>80%
among the experts, as required for the validation. The CVI
ranged from 0.76 to 0.86, which corresponds to a good
content.

After corrections based on the experts’ comments, all
items of the algorithms were reevaluated as “partially ade-
quate” or “fully adequate” (►Table 2). In the second evalua-
tion, the experts reached a consensus, with a CVI of 1.0,
which characterizes the content of the algorithms as
excellent.

Discussion

Algorithms are used to direct clinical and care decisions,
preventive measures and disease treatment, hospital man-
agement, and public health. They should be validated and
developed based on scientific evidence.10,12,19,20

The adoption of the prevention measures against infec-
tion recommended by theWHO should be reinforced among
the general population. For health professionals, the use of
PPE and hand washing must be mandatory to aid suspected
or confirmed cases of COVID-19.21

The role of PPE in protecting the health of health workers
in the current pandemic is fundamental. With the risk of
biological contamination, they act as barriers that can pre-
vent infection, but their improper or prolonged use can cause
facial injuries. It is important that institutions develop
descriptive protocols or algorithms, and that professionals
are trained.22 A study23 on training and education in the
context of highly-infectious diseases showed that health
professionals felt the need for quality protocols and training
on the use of PPE. Thus, it is necessary that, during the
COVID-19 pandemic, institutions implement protocols and
provide training that enables the practical implementation
of the appropriate technique among all participants to
minimize technical errors, which leads to reduction in the
contamination risk and the prevention of injuries caused by
inappropriate use.

In the first evaluation of the algorithms, several sugges-
tions were made regarding the donning and doffing of PPE
and measures to prevent facial lesions. The adjustments
suggested were made, and the algorithms were sent back
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for the second evaluation, in which the experts approved
them by consensus.

Algorithms for the clinical practice of health professionals
should be developed based on scientific evidence, with the
purpose of assisting in technical, clinical, administrative, and
financial procedures. This tool aims to improve the care

provided to the patient, and optimize the cost-benefit ratio
of treatment and the adoption of preventivemeasures by the
professionals who provide care, seeking to reduce asmuch as
possible the risks of infection or injuries.24,25

During the validation process, the algorithms underwent
some changes, which contributed to a better understanding,

Fig. 1 Algorithm to guide health professionals in the donning of PPE during the COVID-19 pandemic.
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effectiveness and implementation of algorithms at our, en-
abling the professional to use the correct technique for
donning and doffing and, consequently, prevent facial inju-
ries, resulting in care with minimal risk.11,12,23

In the present study, algorithms were developed after an
integrative review of the literature to assist the professional
in the clinical practice. Algorithms guide the healthcare team
in the decision-making process, provide a broad view of an

Fig. 2 Algorithm for doffing PPE during the COVID-19 pandemic.
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entire process, and promote better care management.25–28

After their development, algorithms should be evaluated for
their effectiveness and usefulness.19,25–28

Final Considerations

The algorithms developed after an integrative review of the
literature and validated by the panel of experts can be

applied in the donning and doffing of PPE, and in the
prevention of facial-skin lesions caused by their use. These
algorithms provide theoretical and practical foundations to
health professionals and contribute to the standardization of
the donning and doffing techniques, enabling professionals
to prevent facial-skin injuries and infection by COVID-19,
resulting in an improvement in individualized and person-
alized care.

Fig. 3 Algorithm to prevent injury caused by the use of PPE during the COVID-19 pandemic.
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Table 1 Classification of the content of the algorithms by the expert panel during the first evaluation cycle

First evaluation: summarized questions Item suitability

(1) (2) (3) (4) Total CVI

n % n % n % n % n %

Is the content suitable for the target audience? 0 0 9 15.3 16 27.1 34 57.6 59 100 0.84

Is the text sequence logical and coherent? 0 0 8 13.6 12 20.3 39 66.1 59 100 0.81

Does the content make learning easier? 0 0 9 15.3 29 49.2 21 35.6 59 100 0.86

Is the vocabulary accessible? 1 1.7 10 16.9 10 16.9 38 64.4 59 100 0.84

Is the language easily comprehensible? 0 0 9 15.3 7 11.9 43 72.9 59 100 0.82

Does the content clarify doubts about the
subject?

0 0 14 16.9 14 30.5 31 52.5 59 100 0.76

Graphic presentation 0 0 9 15.3 10 16.9 40 67.8 59 100 0.81

WHO-recommended PPE for use in the
COVID-19 pandemic

0 0 9 15.3 25 42.4 25 42.4 59 100 0.83

Interface materials between PPE and the skin 0 0 9 15.3 7 11.9 43 72.9 59 100 0.79

Techniques for donning and doffing PPE 0 0 11 19.3 7 12.3 39 68.4 57 100 0.84

Guidelines for relief of pressure due to
the use of PPE

0 0 11 19.0 5 8.6 42 72.4 58 100 0.79

Care before and after the wearing PPE 0 0 10 16.9 10 16.9 39 66.1 59 100 0.83

Skin cleansing and moisturizing technique 0 0 9 15.3 6 10.2 44 74.6 59 100 0.84

General CVI 0.831

Abbreviations: CVI, content validity index; PPE, personal protective equipment; WHO, World Health Organization; COVID-19, coronavirus disease
2019.
Notes: (1) fully inadequate; (2) partially inadequate; (3) partially adequate; (4) fully adequate.

Table 2 Classification of the content of the algorithms by the expert panel during the second evaluation cycle

Second evaluation: summarized questions Item suitability

(1) (2) (3) (4) Total CVI

n % n % n % n % n %

Is the content suitable for the target audience? 0 0 0 0 7 11.9 52 88.1 59 100 1.0

Is the text sequence logical and coherent? 0 0 0 0 12 20.3 47 79.7 59 100 1.0

Does the content make learning easier? 0 0 0 0 12 20.3 47 79.7 59 100 1.0

Is the vocabulary accessible? 0 0 0 0 25 42.4 34 57.6 59 100 1.0

Is the language easily comprehensible? 0 0 0 0 28 47.5 31 52.5 59 100 1.0

Does the content clarify doubts about the subject? 0 0 0 0 6 10.2 53 89.8 59 100 1.0

Graphic presentation 0 0 0 0 13 22.0 46 78.0 59 100 1.0

WHO-recommended PPE for use in the COVID-19 pandemic 0 0 0 0 10 16.9 49 83.1 59 100 1.0

Interface materials between PPE and the skin 0 0 0 0 12 20.3 47 79.7 59 100 1.0

Techniques for donning and doffing PPE 0 0 0 0 9 15.3 50 84.7 59 100 1.0

Guidelines for pressure relief due to the use of PPE 0 0 0 0 22 37.3 37 62.7 59 100 1.0

Care before and after the wearing PPE 0 0 0 0 12 20.3 47 79.7 59 100 1.0

Skin cleansing and moisturizing technique 0 0 0 0 11 18.6 48 81.4 59 100 1.0

General CVI 1.0

Abbreviations: CVI, content validity index; PPE, personal protective equipment; WHO, World Health Organization; COVID-19, coronavirus disease
2019.
Notes: (1) fully inadequate; (2) partially inadequate; (3) partially adequate; (4) fully adequate.
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