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ABSTRACT

Background: The use of personal protective equipment (PPE) decreased the probability of viral transmission during the COVID-19 pandemic. However, some
drawbacks have been observed with its extensive use, such as headaches, anxiety, and stress among physicians, which could affect decision-making processes, the
performance of physicians, and consequently patients’ safety. Few articles have studied the impact of PPE on physicians from different specialties. This study assessed
the effect of wearing PPE on the performance and decision-making of physicians during the COVID-19 pandemic and compared the effects of wearing PPE on
physicians from different specialties.

Methods: A descriptive cross-sectional study was carried out through an anonymous 39-item online questionnaire. The physicians were divided according to the
probability and frequency of performing invasive procedures. Group 1 included emergency medicine and critical care physicians, intensivists, and anesthetists, group
2 included physicians from different surgical subspecialties, and group 3 included physicians from different medical fields.

Results: This study included 272 physicians; group 1 included 54, group 2 included 120, and group 3 included 98 physicians. Approximately, 90.4% of the par-
ticipants aged between 30 and -40 years, and 72.8% of the participants were specialists. Results indicated that the comfort, vision, and communication were
significantly reduced in all groups (81.1%, 88.7%, and 75.5%, respectively). In contrast, the handling of instruments was not significantly affected in the second
group only. In addition, the decision-making and the rate of complications were not significantly affected.

Conclusion: There was a negative impact of wearing PPE on the non-technical skills (vision, communication and overall comfort), and the technical skills of the
physicians. The decision-making and patients’ safety were not significantly affected. Recommendations include additional improvement of the PPE design due to its
crucial effect on both non-technical and technical skills of physicians.

The abrupt surge of COVID-19 infection among physicians was
claimed to be due to the inadequate protective measures which could be,

1. Introduction

In January 2020, the outbreak of a new Coronavirus Disease (COVID-
19) was announced as a public health emergency by the World Health
Organization (WHO). In March 2020, the WHO evaluated the pandemic
characterization of COVID-19 [1]. The COVID-19 pandemic created a
strenuous challenge to the whole society, particularly to the health care
system [1]. During this pandemic, healthcare providers (HCPs) were the
first line of defense. They managed on daily basis the suspected,
confirmed, and even asymptomatic COVID-19 patients [2,3]. Indeed,
there is a higher risk of COVID-19 transmission to HCPs in their work-
place [2].
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to a great extent, prevented by the correct use of appropriate personal
protective equipment (PPE). Therefore, the interim guidance of a high
level of PPE was issued by the WHO in February 2020, including the use
of medical masks, double gloves, face shields, and gowns for all HCPs [4,
5]. In addition, full respiratory protection was recommended during
aerosol-generating procedures (AGPs) for patients with suspected or
confirmed COVID-19 or in emergent circumstances when COVID-19
status was uncertain [4,6]. The N95 respirator is suitable for safety
during standard airborne precautions. However, the high-risk AGPs can
cause high viral load aerosolization, which increases the transmission
risk. Improved respiratory safety with 99, 100, or high-efficiency
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Abbreviation

PPE Personal Protective Equipment
HCPs Healthcare Providers

AGPs Aerosol-Generating Procedures
WHO World Health Organization

particulate air filters (HEPA) may be sufficient in such circumstances
[6]. The recommended PPE decreases but does not entirely remove the
possibility of transmission. Several previous studies have reported that
only moderate protection was obtained despite total dedication to
appropriate PPE use in different respiratory illnesses [7].

The features of the recommended PPE are different from the ordi-
nary, routinely-used PPE as they are much heavier, bulkier, and more
cumbersome. The recommended PPE requires special training for proper
donning and doffing. Moreover, some drawbacks have been observed
with the extensive use during COVID-19 pandemic that can lead to sub-
optimal obedience and a higher infection rate among HCPs. De-novo
headaches, anxiety, and stress which have been previously reported
with PPE use can affect the decision-making and performance of HCPs
[8-10]. Despite the impact of PPE on the overall performance and
decision-making of physicians, research on the effect of PPE is marked
with scarcity [11].

1.1. Hypothesis

Taking the features of PPE as well as the paucity of published liter-
ature into consideration, our primary objective was to specifically assess
the effect of wearing PPE on the technical and non-technical aspects of
performance and decision-making of physicians during COVID-19
pandemic. The secondary objective was to compare between the effect
of wearing PPE on physicians from different specialties. The study hy-
pothesized that wearing PPE affects physicians’ performance regardless
of their specialties.

2. Methods and materials

A descriptive, cross-sectional study was carried out. The researchers
prepared an anonymous 39-item online questionnaire, which was pilot-
tested and divided into three thematic blocks. The first block investi-
gated the demographic characteristics of all participants. The second
focused on the work circumstances in the hospitals during the COVID-19
pandemic. The questions included in the third block covered different
aspects related to the effect of PPE on physicians’ performance and their
decision-making. The questionnaire consisted of both open-ended
questions and multiple-choice questions. The study was approved by
the local Institutional Review Board (IRB) and registered (researchreg
istry6857). This work has been reported in line with STROCSS criteria
[12].

2.1. Study setting

The online questionnaire was distributed to all hospitals in Alexan-
dria Governorate during the period from September to November 2020
and was voluntarily completed.

2.2. Study population

Using Rao-software for sample size calculation, the minimal total
sample size was 357 physicians. To get a 50% agreement using a pop-
ulation size of 5000, a one-sided Chi-square test with a confidence level
of 0.95 and response distribution of 0.5. The physicians were divided
according to the probability and frequency of performing invasive
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procedures on infected cases while wearing PPE. Group 1 included
emergency medicine and critical care physicians, intensivists, and
anesthetists as they are more commonly deal with positive patients and
perform invasive emergency AGPs. Group 2 included physicians from
different surgical subspecialties who were involved in performing
different surgical and/or endoscopic, emergency and/or elective and
invasive procedures on infected and/or suspected cases. Group 3
included physicians from different medical fields who were less likely to
perform any procedures while wearing PPE.

2.3. Statistical analysis of the data

All collected data was analyzed using Statistical Package for Social
Science (IBM SPSS) version 20. The data was presented as numbers and
percentages for the qualitative data, mean (+standard deviations) for
the quantitative data with parametric distribution, and median (range)
for the quantitative data with the non-parametric distribution. Differ-
ences between quantitative independent groups were tested using t-test.
Both Chi-Square test and Fisher exact test were used to test the signifi-
cance of association between data of categorical variables. The confi-
dence interval was set to 95% and the margin of error accepted was set
at 5%. So, the p-value was considered significant at P < 0.05.

3. Results

A total of 272 physicians consented to participate in this question-
naire, representing a 76.2% response rate. The first group included 54
physicians in the field of emergency medicine, critical care, and anes-
thesia; the second group included 120 surgeons in different surgical
specialties; and the third group included 98 physicians from different
medical fields. Ninety percent of the participants aged between 30 and
40 years, 62.1% were males and 37.9% were females. Regarding the
level of experience, 72.8% of the participants were specialists, 11% were
residents, and 10.3% were consultants. Most of the participants (91.9%)
were working in urban cities, while 60.3% were working at govern-
mental hospitals. The demographic information of the participants is
displayed in Table 1.

Regarding the appropriate training for PPE use, only 45.6% of the
physicians reported attending a special training workshop for proper
PPE donning and doffing while 54.4% did not attend formal training
workshops. Around 91.2% of the participated physicians handled
confirmed and/or suspected positive cases during the previous 3
months. Most physicians from all groups did not necessitate a routine
PCR for their patients before an assessment or even prior to performing a
procedure according to their hospitals policies (82.8% and 71%,
respectively). A statistically higher number of physicians in the second

Table (1)
Demographic characteristics of participants (n = 272).

Variable Number (%)
Age 25-30 12 (4.4)
30-40 246 (90.4)
40-50 12 (4.4)
50-60 2(0.7)
Gender Male 169 (62.1)
Female 103 (37.9)
Level Consultant 28(10.3)
Specialist 198 (72.8)
Senior resident 30(11)
Junior resident 6 (2.2)
Other 10 (3.7)
Workplace Tertiary university hospitals 64 (23.5)
Secondary public hospital 86 (31.6)
Military hospitals 14 (5.1)
Private 108 (39.7)
City of Practice Urban 250(91.9)
Rural 22(8.08)
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group performed procedures on positive cases (P < 0.001). However, the
physicians in the first group performed a non-significant higher number
of procedures as well as a significant higher number of procedures while
wearing full PPE (P = 0.041). The majority of performed procedures
were emergencies (P = 0.001). Table 2 provides a summary of the
studied groups in regards to the work circumstances at the hospitals.

Regarding physicians’ performance, there were no significant dif-
ferences between the three groups. The comfort, vision, and communi-
cation were significantly reduced in all groups by wearing PPE (81.1%,
88.7% and 75.5% respectively). The tactile movement was significantly
reduced in the first and third groups while the handling of instruments
was not significantly affected in the second group only. The relation
between PPE and performance among the three groups is displayed in
Table 3.

While wearing PPE, decision-making was not significantly affected
during performing a procedure in all groups. See Table 3. The partici-
pant physicians reported different strategies for decision-making during
dealing with positive and/or suspected cases. Table 4 provides a display
of the effect of PPE on decision making among specialties.

In relation to the complication rates, most physicians noticed no
change in the complication rates while wearing PPE. Statistically, the
rate of complications was not significantly affected while wearing PPE in
all groups as shown in Table 5.

Table (2)
Comparing the studied groups in regards to the work circumstances at the
hospitals.

(Mean =+ SD) Total P-value
Group Group Group N6
1 2 3

Do you Yes 6 26 12 44 0.430
routinely (17.2)
perform a No 46 88 78 212
COVID-19 (82.8)
screening
test before
assessing a
patient?

Did you Yes 52 108 88 248 0.413
encounter a (91.2)
positive No 2 12 10 24
COVID-19 (8.8)
patient?

Did you Yes 42 76 36 154 <0.001*
perform a (56.6)
procedure No 12 44 62 118
ona (43.4)
positive
COVID-19
patient?

Do you Yes 10 42 20 72 0.150
routinely (29.0)
perform a No 42 70 64 176
COVID-19 (71.0)
screening
test before
performing
a
procedure?

Number of performed 26 + 2+3 6+18 0.062
procedures on COVID-19 49
patients during the last
three months

Number of procedures 24 + 4+11 7+£20 0.041*
performed wearing full PPE 70

The type of Emergency 20 52 10 82 0.001*
procedure/ (46.6)
surgery Elective 4 6 12 22

(12.5)
Both 18 30 24 72
(40.9)
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4. Discussion

This study focused on other angles of PPE rather than its protection
properties. Using online questionnaire, we studied the different tech-
nical and non-technical skills that may be affected by continuous
wearing of PPE. We also compared between the performance and
decision-making abilities between different categories of physicians who
were divided according to the probability of performing invasive pro-
cedures while wearing PPE. To the best of our knowledge, no other study
has reported such comparison, while few studies reported the impact of
PPE on the performance of surgeons only [11,13]. Similar to our study,
different studies classified HCPs according to their risk exposure to AGPs
and found a higher risk for infection among physicians working in
high-risk departments [14,15].

Despite the significant reduction of infection among HCPs with the
use of PPE, some studies have raised questions about its effect, especially
with the prolonged wearing during the COVID-19 pandemic on physi-
cians’ performance, general comfort, exhaustion, non-technical skills
and sense of safety [11,16] that may also impact the patients’ outcome
[13].

For the maximum benefits of PPE, the appropriate training for cor-
rect donning and doffing as well as the continuous availability of PPE are
critical factors [17,18]. The availability of PPE may be affected by the
hospital level and location. In the current study, the majority of par-
ticipants were working in tertiary and secondary governmental hospitals
within urban areas. However, only 45.6% of physicians reported
receiving specialized training workshops for PPE use. Improper use of
PPE owing to the observed shortage of optimal training carries potential
hazards to all HCPs and the entire healthcare system.

In the current study, most of the performed procedures were emer-
gencies and reported in the first group (emergency medicine, critical
care and anesthesia) with a statistically significant difference (P <
0.001). Overall comfort, vision, and communication were negatively
affected in all groups (81.1%, 88.7% and 75.5%, respectively). Handling
of instruments was only affected in the first group. The tactile movement
was significantly affected in the first and third groups but not affected in
the second group. No change in the rate of procedures complications was
noted in all groups.

Similar to this study, Yanez Benitez et al. studied the performance
and decision-making while wearing PPE through an online question-
naire, which was sent only to surgeons in 26 countries worldwide. Un-
like our study, the authors included only general surgeons. The total
number of participants was 134 and most of them reported negative
effects of wearing PPE on their surgical performance (54%) and their
comfort while performing procedures (66%). The participants also re-
ported visual difficulty (63%), increased surgical fatigue (82%) and
communication impediments (54%) [11]. In another study, Loibner
et al. reported reduced dexterity, reduced visibility during PPE use.
However, Loibner et al.‘s study was conducted under experimental
condition and the participants used ventilated suits [19]. Hampton et al.
reported the negative impact of wearing PPE on communication in the
form of a significant reduction in speech discrimination scores [20].
Furthermore, Radonovich et al. studied the reasons for intolerance of
different kinds of masks and respirators by HCPs and reported that the
interference of visual, auditory, and vocal communication was a major
factor [21]. Engelmann et al. recommended taking brief periodic breaks
to help sustain excellent performance, lower error rates, and improve
the well-being of the surgeons [22].

Although, in this study, decision-making was not significantly
affected by wearing the PPE in all groups, in the study by Yanez Benitez
et al., 40% perceived that their decision-making was affected by PPE use
[11]. In the current study, alternative decisions reported including more
conservative, damage-control, and open approaches. Most elective op-
erations were postponed as a strategy to decrease the load on healthcare
facilities.

Various risk factors have been suggested to explain the alteration of
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Table (3)
Relation between PPE and performance among specialties.
Group 1 Group 2 Group 3 Total N (%) P-value
Comfort Affected 38 78 56 172(81.1) 0.587
Not affected 2 2 6 10(4.7)
Sometimes 8 12 10 30(14.1)
P value <0.0001* <0.0001* <0.0001*
Vision Affected 44 86 58 188(88.7) 0.459
Not affected 0 4 8 12(5.6)
Sometimes 4 4 4 12(5.6)
P value <0.0001* <0.0001* <0.0001*
Communication Affected 40 74 46 160(75.5) 0.422
Not affected 4 6 12 22(10.3)
Sometimes 4 14 12 30(14.1)
P value <0.0001* <0.0001* <0.0001*
Tactile movements Affected 28 26 32 86(41.7) 0.107
Not affected 12 40 30 82(39.8)
Sometimes 6 24 8 38(18.4)
P value 0.001* 0.149 0.003*
Handling of Instruments Affected 22 18 16 56(26.9) 0.120
Not affected 14 48 34 96(46.1)
Sometimes 12 24 20 56(26.9)
P value 0.269 0.001* 0.056
Decision-making Affected 8 6 12 26 (12.7) 0.081
Not affected 26 72 38 136 (66.6)
Sometimes 14 12 16 42 (20.5)
P value 0.019* <0.0001* 0.001*
technical skills (vision, communication, and overall comfort), and
Table (4) . . L technical skills of the physicians of all specialties. On the other hand,
The effect of PPE on decision making among specialties. . . . s s e
decision-making and patients’ safety were not significantly affected.
Group  Group  Group  TotalN P Additional efforts should be directed to improve the PPE design to
1 2 3 (%) value . . . .
enhance the performance of physicians especially during prolonged
pandemics.
Conservative approach 6 20 18 44(31.9) 0.358
Damage-control 0 0 2 2(1.4) .
approach Funding
Open approach 0 2 0 2(1.4)
Postponing elective 0 12 4 16(11.6) No source of funding.
cases
g(t’;z E;natmn ;0 ;8 ;4 ?3(?;_ '79)) Ethical considerations
The study was approved by the Institutional Review Board, Faculty
of Medicine, Alexandria University.
Table (5)
Rates of complications while using PPE.
Consents
Group 1 Group 2 Group 3 Total N (%) P-value
Increased 2 2 0 4(1.9) 0.224 Consent was received from all participants.
Decreased 4 18 26 48(22.2)
No change 40 72 52 164(75.9) Consent
P value <0.0001* <0.0001* 0.0032*

physicians’ performance and decision-making while wearing of PPE
including the progressive fatigability, discomfort, heat stress, pressure,
sleeping disturbance, associated headache, associated anxiety, and
feeling unsecure [8,10,19,21].

This study provided an insight into the other important consequences
of PPE, rather than its protective features, that can impact HCPs and the
entire healthcare system. The study’s small number of participants was
the main limitation. The study was confined to one area to ensure uni-
form circumstances; however, it might be considered as another limi-
tation. Other significant factors that might affect the use of PPE, such as
gender and obesity were not included in this study. Hence, additional
well-designed prospective studies are suggested to thoroughly discuss all
risk factors for alteration of physicians’ performance during wearing
PPE.

5. Conclusion

There was a clear negative impact of wearing PPE on the non-

All participants consented and agreed to contribute to this online
questionnaire and study.
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