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Abstract N\
During the coronavirus disease 2019 (COVID-19) pandemic, the mandatory use of personal protective equipment (PPE) has resulted |
in a significant reduction in the infection rate among health care workers (HCWs). However, there are some ongoing concerns about
the negative impact of using PPE for prolonged periods.

This study examined the impact of wearing PPE on surgeons’ performance and decision making during the COVID-19 pandemic.

In this cross-sectional study, an anonymous online questionnaire was created and disseminated to surgeons all over the Eastern
Province of Saudi Arabia. The questionnaire included the demographic data, the local hospital policies, the non-technical skills (e.g.,
communication, vision, and comfort) and the technical skills, and the process of decision making.

From June 2020 to August 2020, 162 surgeons participated in this questionnaire. Of them, 80.2% were aged from 26 to 45 years,
70.4% have received a special training for PPE, and 59.3% of participants have operated on COVID-19 confirmed cases. A negative
impact of wearing PPE was reported on their overall comfort, vision, and communication skills (92.6%, 95.1%, and 82.8%,
respectively). The technical skills and decision making were not significantly affected (60.5% and 72.8%, respectively). More
preference for conservative approach, damage control procedures, and/or open approach was reported.

Despite its benefits, PPE is associated with a significant negative impact on the non-technical skills (including vision,
communication, and comfort) as well as a non-significant negative impact on technical skills and decision making of surgeons. Extra
efforts should be directed to improve PPE, especially during lengthy pandemics.

Abbreviations: COVID-19 = coronavirus disease 2019, HCWs = health care workers, MOH = Ministry of Health, PPE = personal
protective equipment, SARS-CoV2 = severe acute respiratory syndrome coronavirus 2.

Keywords: COVID-19, decision making, N95, non-technical skills, performance, personal protective equipment, surgeon,
technical skills

Editor: Hasanain Faisal Ghazi.

The study was approved by the Institutional Review Board, Imam Abdulrahman Bin Faisal University.

All participant physicians consented and agreed to contribute to this online questionnaire.

The authors have no funding and confiicts of interest to disclose.

All data generated or analyzed during this study are included in this published article [and its supplementary information files].

2 Department of Surgery, King Fahad University Hospital, Imam Abdulrahman Bin Faisal University, Al-Khobar, Saudi Arabia, ® Department of Obstetrics and
Gynaecology, Alexandria Maternity University Hospital, Alexandria, Egypt, © Department of Surgery, Faculty of Medicine, Alexandria University, Alexandria, Egypt,

9 Department of Surgery, King Fahad Specialist Hospital, Dammam Saudi Arabia, © College of Medicine, Imam Abdulrahman Bin Faisal University, Dammam, Saudi
Arabia.

) Correspondence: Mohammed S. Foula, King Fahad University Hospital, Al Agrabiyah, Al-Khobar 34443, Saudi Arabia

(e-mail: mohamed.foula@gmail.com, msfoula@iau.edu.sa).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.
How to cite this article: Alarfaj MA, Foula MS, Alshammary S, Nwesar FA, Eldamati AM, Alomar A, Abdulmomen AA, Alarfaj L, Almulhim A, Alarfaj O, Zakaria HM.
Impact of wearing personal protective equipment on the performance and decision making of surgeons during the COVID-19 pandemic: an observational cross-
sectional study. Medicine 2021,100:37(e27240).

Received: 12 March 2021 / Received in final form: 20 August 2021 / Accepted: 28 August 2021

http://dx.doi.org/10.1097/MD.0000000000027240


https://orcid.org/0000-0002-8232-8979
https://orcid.org/0000-0002-8232-8979
https://orcid.org/0000-0003-1951-635X
https://orcid.org/0000-0003-1951-635X
https://orcid.org/0000-0002-1945-6599
https://orcid.org/0000-0002-1945-6599
https://orcid.org/0000-0003-0875-8054
https://orcid.org/0000-0003-0875-8054
mailto:mohamed.foula@gmail.com, msfoula@iau.edu.sa
http://dx.doi.org/10.1097/MD.0000000000027240

Alarfaj et al. Medicine (2021) 100:37

1. Introduction

In March 2020, the World Health Organization declared the
coronavirus disease 2019 (COVID-19), which was caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV2), a
pandemic. Since then, the Saudi government has implemented
many strategies and protocols to increase the readiness of all
sectors, especially the healthcare sector. Early March 2020, the
Ministry of Health (MOH) has announced the first case of
COVID-19 in Saudi Arabia."! Initially, the MOH implemented
many specific protocols within the healthcare system to ease the
predicted stress on the healthcare system and health care workers
(HCWs) including, but not limited to postponing all elective
surgical procedures in the governmental hospitals, transitioning
to virtual online clinics whenever possible, requiring all HCWs to
always wear different levels of personal protective equipment
(PPE) according to the infection control protocols regardless of
dealing with suspected or confirmed cases to protect the HCWs,
conducting multiple training workshops for proper donning and
doffing of the PPE, increasing the numbers of the screening tests
to early detect and isolate any asymptomatic patients, and
ensuring sufficient supply of PPE. These protocols were subjected
to continuous revision and modification according to the local
progression of the pandemic.”!

The most crucial strategy of the MOH declared protocol was
that all HCWs have been mandated to wear different kinds of
PPE as a standard practice while dealing with suspected or
confirmed cases to protect themselves as a frontline defense.
Although elective surgical procedures were canceled or post-
poned, surgeons continued to perform emergency surgical
procedures on patients regardless of their SARS-CoV2 status.

Some studies have started the discussion on the drawbacks of
using PPE and its impact on the HCWs, especially with the
prolonged use during the COVID-19 pandemic, such as de-novo
headache and anxiety.®=>! However, only few studies have
specifically addressed the impact of PPE on surgeons’ perfor-
mance.'®”! During surgery, many aspects can be affected including
technical skills (e.g., tactile movements and handling of the
instruments) and non-technical skills (e.g., vision, visual field,
communication, overall comfort, and fatigability). Moreover, the
psychological stress (e.g., feeling of insecurity even while wearing
the PPE) may alter the process of decision making and the
performance while dealing with suspected or confirmed cases.®!

In this paper, we aimed at specifically studying the subjective
impact of wearing PPE on the surgeons’ performance and
decision making through an anonymous online-based subjective
questionnaire. This study can help the healthcare system to deal
with this pandemic or any upcoming outbreaks or pandemics.

2. Methods

As a cross-sectional observational study, we created an
anonymous online-based subjective questionnaire through
Google Forms with a total of 37 questions divided into 5 parts.
The first part included the demographic data and the level of
surgical experience. The second part included the local hospital
policies of routine patients screening, type of PPE while dealing
with cases, and the training programs of HCWs for the
appropriate use of PPE. The third part included questions about
non-technical skills as communication, vision, overall comfort,
and fatigability; technical skills as tactile movements and
instrumental handling; and the process of decision making.
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The fourth part represented the outcome, from the surgeons’
perspective, including patients’ safety and complication rates and
self-infection with SARS-CoV2. The questionnaire was then
revised and modified by 3 independent professors affiliated with
multiple universities to check its integrity, coherence, and
relevance.

The sample size consisted of 132 surgeons using a non-
probability convenience method. After being approved by the
Institutional Review Board of Imam Abdulrahman Bin Faisal
University, the questionnaire was distributed as a sharable
hyperlink to surgeons with different levels of experience in
different hospitals all over the Eastern Province of Saudi Arabia
through emails, and different social media platforms such as
WhatsApp and Twitter. Inclusion criteria included any surgeon
working at any hospital in the Eastern Province of Saudi Arabia
where COVID-19 patients are being admitted. Physicians of non-
surgical specialties were excluded from the study.

The analysis of data was performed using Statistical Package for
Social Science (IBM SPSS) version 20. The qualitative data collected
were presented in the form of numbers and percentages. The
quantitative data were presented as mean (+standard deviation) for
variables with normal distribution, and median (range) for variables
with the non-parametric distribution. Both Chi-Square and Fisher
exact tests were used to test the statistical significance of association
between categorical variables. The confidence interval was set to
95%, the margin of error accepted was set to 5%, and the P value
was considered significant at P<.0S5.

3. Results

During the period between June 2020 and August 2020, 162
surgeons agreed to participate in this anonymous online survey
by accepting the consent at the beginning of the questionnaire. All
participants were surgeons of different specialties who worked at
hospitals where confirmed cases of COVID-19 were admitted.
Approximately, 80.2% of the participants were aged from 26 to
45years. Surgeons from different levels of experience have
participated (junior and senior residents, registrar, and con-
sultants) (Table 1).

Most of the participants reported receiving special training for
proper methods of donning and doffing of PPE (70.4%,
P<.0001). Most of them encountered confirmed or suspected
cases (88.9%, P<.0001), and 59.3% of the participants have
operated on confirmed cases. Most surgeons reported routine
screening tests for patients before any surgical procedures

The first part of the questionnaire: demographic data (age and
seniority level) of the participants.

Number of participants (%)

Age
<26 4 (2.5
26-35 106 (65.4)
36-45 24 (14.8)
46-55 16 9.9)
>56 12 (7.4)
Level
Junior resident 64 (39.5)
Senior resident 32 (19.8)
Registrar/senior registrar 28 (17.3)
Consultant 38 (23.5)
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The second part of the questionnaire: local hospital policies, training programs of the HCWs and load of cases.

Number of participants (%) P value

Receiving a special training for proper method of donning and doffing PPE Yes 114 (70.4) <.0001"
No 48 (29.6)

Average number of on call per week (Mean +SD) 2.81+2.03

Did you encounter a positive COVID-19 patient? Yes 122 (75.3) <.0001"
Suspected cases only 22 (13.6)
No 18 (11.1)

Did you operate on a positive COVID-19 patient? Yes 28 (34.6) 203
Suspected cases only 20 (24.7)
No 33 (40.7)

COVID-19 screening test before assessing a patient Routine 62 (38.3) 035"
Not routine 100 (61.7)

COVID-19 screening test before performing a procedure Routine 108 (66.7) 003"
Not routine 54 (33.3)

Type of the performed surgical procedure Emergency 98 (60.5) <.0001"
Elective 4 (2.5
Both elective and emergency 18 (11.1)
No 42 (25.9)

COVID-19 = coronavirus disease 2019, HCW = health care workers, PPE = personal protective equipment.

*Statistically significant results at P<.05.

(66.7%, P=.003), and no routine screening test before assessing
a new patient (61.7%, P=.035). In addition, 60.3% of the
participants reported performing only emergency surgical
procedures (P <.0001) (Table 2).

Regarding surgical performance, a significant number of
participants reported a negative impact of wearing PPE on their
overall comfort (92.6%, P <.0001). In terms of their vision, it
was affected with either fogging, the affection of the visual field
or both (95.1%, P<.0001). Moreover, communication with
other colleagues or patients was negatively affected (82.8%,
P<.0001). In contrast, handling of instruments was not
significantly affected by wearing the PPE (60.5%, P <.0001),
and the tactile movements showed no statistically significant
difference. Similarly, the decision making process was not
significantly affected by wearing the PPE (72.8%, P <.0001).
However, some participants reported more preference of
conservative approach rather than surgical approach, damage
control procedures rather than definitive procedures, and an open
approach rather than minimally invasive approaches and/or
postponing all non-emergency procedures. Moreover, 91.4% of
the participants reported no changes in the postoperative
complications when performing a surgical procedure wearing
the PPE (Table 3).

At the end of the questionnaire, an additional comments
section was provided for suggestions on how to improve the
performance while wearing the PPE. Some participants suggested
measures, such as using anti-fog lotion or anti-fog masks, contact
lenses instead of glasses, well-fitted, ventilated, and light-
weighted PPE suits. In addition, they recommended providing
a better working environment, such as providing better air
conditioning, using electronic devices for communications as
headphones, and switching to damage control procedures.
Finally, some participants requested more training workshops
for the PPE donning and doffing.

4. Discussion

During the era of the COVID-19 pandemic, the HCWs were at a
clear higher risk of getting infected with the SARS-CoV2, and

therefore, their protection was crucial to maintain the healthcare
sector and prevent its collapse.['®! The mandatory use of PPE has
resulted in a significant reduction in the infection rate among
HCWs.'%" In the Saudi healthcare system, all HCWs are
obliged to always wear different levels of PPE according to the
infection control protocols whether dealing with suspected or
confirmed cases. The PPE can be classified in different ways and
includes at least wearing a pre-fitted appropriate size N935 face

The third part of the questionnaire: the different aspects of
surgeons’ performance.

Number of
participants (%) P value
Comfort Yes 118 (72.8)  <.0001"
Sometimes 32 (19.8)
No 12 (7.4)
Vision Fogging of the googles 74 (45.7) <.0001"
Affection of the visual 44 (27.2)
field and fogging of
the googles
Affection of the visual field 12 (7.4)
Sometimes 24 (14.8)
No effect 8 (4.9
Communication Yes 96 (59.3) <.0001"
Sometimes 38 (23.5)
No 28 (17.3)
Handling of instruments ~ Yes 42 (25.9) <.0001"
Sometimes 22 (13.6)
No 98 (60.5)
Tactile movements Yes 48 (29.6) 495
Sometimes 50 (30.9)
No 64 (39.5)
Decision making Yes 14 (8.6) <.0001"
Sometimes 30 (18.5)
No 118 (72.8) .
Rate of complications Decreased 0 <.0001"
No change 148 (91.4)
Increased 14 (8.6)

: Statistically significant results at P<.05.
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masks, gloves with or without protective eyewear (well-fitted
goggles or face-shield), and gowns.!!

Despite the safety provided by PPE, some drawbacks have been
observed especially with the prolonged uncertain pandemic status
and the extensive and prolonged use of PPE for the first time.[*!
These drawbacks may lead to suboptimal compliance of the
HCWs and misuse of the PPE. Consequently, these drawbacks
can decrease HCWs protection level and increase their infection
rate.!"? In addition, these drawbacks may affect the physicians’
performance in a way that may negatively affect the outcome and
safety of the patients.['3! Nevertheless, the literature lacks
extensive discussion of the drawbacks and negative impact of
using PPE on the HCWSs.!®”!

Counter to other medical specialties, the competence in
surgical management, especially in emergencies, depends on
the surgeon’s ability to take a safe and right decision in a timely
manner; the surgeon’s appropriate technical skills based on his/
her background and experience; and the surgeon’s ability to
perform an appropriate history-taking and clinical examination.
Yet, the surgeons have confronted a unique situation during the
COVID-19 era for the first time, for instance: they have been
mandated to work in different work environments as medical
wards, triaging clinics, emergency rooms, and even the intensive
care units; they were required to perform surgical procedures,
which might carry exceptional hazards as the emergency
situations may not allow time to investigate the patient’s
COVID-19 status; they performed minimally invasive procedures
that are considered high risk procedures for aerosol-generating
particles;' 119! their technical and non-technical skills may be
negatively affected by the prolonged wearing of the PPE; and their
prompt decision making skill may be negatively affected by the
observed associated overall fatigability, discomfort, anxiety due
to fear of unsafety, limited movements, headache, and decrease in
the visual fields, etc.!*”!

In this study, we focused on different aspects, during the
COVID-19 era, concerning the prolonged use of the PPE by
surgeons, including the surgeons’ performance and decision
making. The anonymous, online questionnaire was created after
our previous observations and was further modified by 3
independent senior professors affiliated with multiple universities
to ensure its validity and capability for generalization. The
questionnaire focused on understanding the different entities that
may affect the surgeon’s performance (both technical and non-
technical skills), and decision making from a surgeon’s perspec-
tive. In our study, all participants worked in hospitals that cared
for COVID-19 patients. There was a significant negative impact
of wearing the PPE on the non-technical skills: overall comfort,
visual impairment, and communication difficulties (92.6%,
95.1%, and 82.8%, respectively). However, the technical skills
and decision making were not significantly affected by the use of
PPE. Fortunately, more than 90% of the participants reported no
change in the rate of postoperative complications.

The study by Yénez Benitez et al!® is the only published study,
to the best of our knowledge, which specifically discussed the
surgeons’ performance while wearing PPE. The authors created
an online, 67-question questionnaire using Survey-Monkey,
which was distributed using emails and social media platforms.
The total number of participants was 134 with a 20% response
rate and only 57% of the participants performed surgical
procedures on COVID-19 patients. Unlike their questionnaire,
we included other surgical specialties as orthopedic surgeons,
neurosurgeons, and others to provide a panoramic view of
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surgeons’ performance. Similar to the results of this study, Yanez
Benitez et al reported the negative impact of wearing PPE on
surgeons’ comfort (66%), fatigability (82%), communication
(54%), vision (63%), and decision making (48%).

Previously, other reports also highlighted the negative impact
of PPE on communication in the operating room.!""1%17 In his
study, Hampton et al'® reported a significant difference in
speech discrimination scores, and difficulties of communication
and understanding while wearing the PPE that may affect
patient’s safety. In another study, Radonovich et al'”! studied the
causes of intolerability of HCWs of different kinds of masks, and
they reported that N95 masks were only tolerated for 4.1 to 7.7
hours. The authors attributed its intolerability to impaired
visibility caused by fogging, discomfort, pressure, pain, burning
eyes, itching, heat, light refraction, and feeling dizzy. Intermittent
frequent breaks were recommended to decrease fatigue.!'!
However, such recommendation was not feasible due to the
current pandemic situation as HCWs may easily get infected.

Similarly, stress has been previously discussed as a risk factor
that affects the surgeons’ performance and decision making
abilities.>"®?! Anxiety, feeling of unsafety, fatigability, sleeping
disturbance, family concerns, and increased on-call hours are
among the triggering factors of stress during the pandemic era.
These factors are further augmented by discomfort, heat stress,
impaired visibility, eye fatigue, and communication difficulties
while wearing the PPE. Consequently, patients’ safety may be
highly affected. Castle et al'"*! reported decreased performance
levels while wearing PPE in the form of long duration and a
higher rate of unsuccessful attempts for endotracheal intubation
or intravenous cannulation.

In addition to the above reported findings of this study, the
open-ended questions at the end of our questionnaire allowed
the participants to express their ideas and thoughts, which may be
considered as areas for more discussion and further research.
Most participants suggested improving the quality of the suits by
using light-weighted and well-fitted suits, overcoming visual
impairment by using anti-fog masks, and overcoming communi-
cation difficulties by using electronic devices, such as head-
phones.

The drawbacks of this study are few and do not affect its
results. First, the sampling method may not allow for external
generalization of our results. Still, we assume that 162
participants are a representable sample size. Second, despite
that we focused on surgeons working in Saudi Arabia to ensure
the consideration of similar circumstances and infection control
protocols; however, the study’s results can be generalized to
surgeons working all over the world. Finally, another limitation
of the current study is the complete dependence on subjective
reporting rather than on objective measurement.

5. Conclusion

The impact of prolonged use of the PPE on the surgeons’
performance is not extensively discussed. In our study, we called
attention to the significant negative impact of the prolonged use
of PPE on the non-technical skills of surgeons including vision,
communication, and overall comfort. Also, the current study
highlighted the non-significant negative impact on technical
skills, decision making, and patients’ safety. Further studies are
recommended to objectively assess these negative impacts.
Moreover, extra efforts should be directed to improve the
PPE, especially during lengthy pandemics.
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