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Abstract
Personnel protective equipment (PPE) are recommended during surgery even in COVID-19 negative patients especially in a high-
prevalence region due to its higher false-negative rates. However, the use of PPE has not been universal mainly due to the perception of
discomfort and associated stress and fatigue. This study was done to understand the pattern of PPE use by cancer surgeons during the
pandemic and the associated discomfort, stress, and fatigue with its use. The survey, consisting of 29 questions, was circulated widely
across the country by email and chat groups among cancer surgeons. The studywas registered with the Clinical Trials Registry of India
(CTRI/2020/08/027050). We received a total of 342 evaluable responses that could be included for analysis. All the respondents used
appropriate PPE in different combinations. N-95mask and the face shield were the two components of the PPE that gave rise to a lot of
discomforts. Fogging (of face shields) (p < 0.001,OR 3.61), dryness of mouth (p < 0.001,OR 3.35), and breathing difficulty/feeling of
suffocation (p = 0.034,OR 1.68) contributed to the stress, whereas headache (p < 0.001,OR 11.34) and breathing difficulty/feeling of
suffocation (p < 0.001,OR 4.24) contributed to the fatigue associated with PPE use the most. PPE was routinely used during cancer
surgery in COVID-19 negative patients during the pandemic. However, most surgeons experienced different degrees of discomfort,
especially with the N-95 masks and eye protection.
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Introduction

The risk to the HCW in the operating room (OR) is high due to
close contact with the patient’s body fluids, especially during
aerosol-generating procedures and in longer duration surger-
ies [1]. The regular use of personnel protective equipment
(PPE) has been recommended in all surgical procedures [2].
It is important to don appropriate personal protective equip-
ment (PPE) during surgery even in COVID-19 negative pa-
tients tested with RT-PCR due to the high false-negative rate,
especially when the prevalence rate in that geographical

region is high [3]. The usage of PPE has proven to be success-
ful in preventing and limiting the spread of the infection pre-
viously [4, 5]. However, there is associated discomfort with
prolonged duration usage. The regular use of PPE has resulted
in various health-related issues (headaches, dehydration, and
contact dermatitis) [6, 7]. Studies have shown that whenHCW
continue to work for >1 h with N-95 masks without a break,
the blood CO2 levels may increase causing various physiolog-
ical effects such as headache and increased work of breathing
among others [8].

During an audit of the COVID-19 briefing and debriefing
form at our institute (a tertiary cancer center), it was noted that
the compliance to PPE while operating on COVID-19-
negative patients was good, but not 100% [9]. The subsequent
survey done highlighted certain problems associated with
PPEs use during routine surgeries. Face shields were among
the components that were not routinely used, especially by the
surgeons, due to poor visibility, fogging, and discomfort [9].
Existing literature suggests that the use of the various PPEs
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leads to surgeon discomfort and contributes to surgeon fatigue
as well [10]. We undertook this nationwide survey among
surgical oncologists to assess the pattern of PPE use in routine
cancer surgery in COVID-19-negative patients during the
pandemic and the prevalence and magnitude of discomfort
and/or fatigue attributable to its use.

Methods

We developed a survey that consisted of 29 questions
(Appendix 1) after a detailed literature review and delibera-
tions regarding the various issues faced with the use of PPE
during surgery in COVID-19-negative patients since the onset
of the pandemic. The questions were also tailored based on
our previous survey done [9]. The survey was divided into
three sections, the first section had questions related to the
demographic details of the surgeons, including the number
of surgeries performed during the nationwide lockdown; the
second section had questions related to the various personal
protective equipment (PPE) used during these surgeries; the
third section had questions assessing the discomfort and fa-
tigue related to the use of PPE along with mechanisms
adopted to cope with them. The study was approved by our
institutional ethics committee and pre-registered with the
Clinical Trials Registry of India (CTRI/2020/08/027050) prior
to the start of the study.

An electronic questionnaire-based survey was created
using the SurveyMonkey platform (Survey Monkey Inc.,
San Mateo, CA). The link (https://www.surveymonkey.com/
r/8LM7JDW) for this web-based cross-sectional survey with
an introductory message explaining the purpose of the survey
was widely circulated among surgical oncologists practicing
in different parts of India via email/chat messages through
personal contacts, mailing lists, and chat groups of surgical
societies and institutional alumni. The anticipated time to
complete the surveywas 8min. The survey linkwas kept open
for 4 weeks between 11 August 2020 and 8 September 2020.
Three reminders were sent at regular intervals (10 days) in-
cluding one before the closure of the survey.

Statistical analysis was done with SPSS version 24 (IBM
Corp, Armonk, New York). Quantitative analysis of the re-
sponses to the survey questions was done to understand the
use of PPE and the associated discomfort and fatigue. The chi-
square test was done to understand the stress, fatigue, and
inability to enjoy surgery caused by various components of
the PPE (univariate analysis). Binary logistic regression (mul-
tivariate analysis) was subsequently performed to identify the
various factors associated with the different PPE components
that maximally contributed to stress, fatigue, and inability to
enjoy surgery. A p value of 0.05 was considered statistically
significant. No adjustments were made for multiple
comparisons.

Results

A total of 374 responses were received from the nationwide
survey. Most of those who started the survey completed it
(88%), and those who completed it took an average time of
6 min 25 s. Out of the 374 responses, 32 had to be excluded
(Fig. 1), and the remaining 342 responses were included for
the final analysis.

Demography of the Respondents (Table 1)

The majority of our respondents had a dedicated site-specific
oncology practice (operated only on certain sites, e.g., head
and neck, breast, etc.) (n = 241, 70.4%) (Fig. 2). There was
fairly even distribution among the respondents between pri-
vate (n = 176, 51.5%) and publicly funded hospitals (n = 155,
45.3%) (Table 1). The approximate number of cancer surger-
ies performed in these hospitals during the pandemic was ≤ 10
cases/day (n = 298, 87.1%). Almost all publicly funded hos-
pitals (except two) performed routine preoperative tests for
COVID-19. In the private sector, 21 out of the 176 centers
did not perform the routine preoperative test for COVID-19
(p < 0.001).

Pattern of PPE Usage (Table 2)

N-95mask/eye protection devices/double gloves/reusable
gowns were the most common combination of PPE used by
surgeons in publicly funded hospitals, whereas the N-95
masks/eye protection devices/double gloves/disposable
gowns/shoe covers were the most common combination used
by surgeons in the private sector. A large majority of the
surgeons (n = 280, 81.8%) were in agreement with the PPE
policy adopted by their respective institutes/centers. N-95
with a 3-ply mask was the most commonly used mask com-
bination (n = 115, 33.6%), and face shields were often used
for eye protection (n = 180, 52.6%). Most surgeons used eye
protection during routine surgeries (n = 264,77.2%), but a few
surgeons used them only in surgeries that involved aerosol-
generating procedures (n = 61, 17.8%).

Discomfort and Fatigue Attributable to the Usage of
PPE (Table 2)

The discomfort and fatigue associated with the routine use of
PPE are summarized in Table 3. Most surgeons experienced
varying degrees of discomfort though they were able to con-
tinue operating despite the discomfort. Most surgeries lasted
for 3 h or more (n = 203, 59.3%). Nearly one-fourth of the
surgeons (n = 82, 24%) had to take a break in between surgery
due to the discomfort caused by the use of PPE. Face masks
gave rise to a variety of issues such as difficulty in communi-
cation, dryness of mouth, breathing difficulties/ suffocation,

Indian J Surg Oncol (June 2021) 12(2):365–373366

https://www.surveymonkey.com/r/8LM7JDW
https://www.surveymonkey.com/r/8LM7JDW


skin issues (dermatitis/acne), and headache. A large number of
surgeons faced a combination of the above issues (n = 136,
39.8%), the most common combination being breathing diffi-
culties/suffocation, headache, and communication difficulties
(n = 36). Breathing difficulties and feelings of suffocation

were more with the use of N-95 masks (with or without the
3-ply mask (p < 0.001), in comparison with the face respira-
tors (p < 0.001). Surgeons who used face respirators had more
problems with communication (p = 0.005). The eye protection
components of PPE caused a variety of issues such as poor
visibility, fogging, headache, discomfort, and inability to use
loupes. A large number of surgeons faced a combination of
the above issues (n = 199, 58.2%), the most common combi-
nation being issues of poor visibility and fogging (n = 42).
Both goggles and face shields were associated with poor vis-
ibility (p < 0.001) and fogging (p = 0.017) when compared to
the use of routine prescription glasses or when none were
used. The majority of the surgeons were not satisfied with
the visibility that was available with the use of eye protection
components (n = 157, 45.9%). However, very few respon-
dents felt (n = 23, 6.8%) that there was an increase in the
number of complications attributable to the use of PPE.

The components of the PPE used during surgery that con-
tributed to discomfort the most were the N-95 mask and the
face shield. Moderate to a great deal of fatigue (n = 236, 69%)
and stress (n = 181, 52.9%) were reported by the large major-
ity of the surgeons. Factors that maximally attributed to the
fatigue with the use of N-95 masks were headache {p <
0.001[11.34(4.76–27.05)]} followed by breathing
difficulties/suffocations {p < 0.001 [4.24 (2.49–7.47)]}
(Table 3). Similarly, factors that maximally attributed to the
stress with the use of N-95 masks were dryness of mouth {p <
0.001 [3.35(1.82–6.17)]}, followed by fogging (due to eye
protection device) {p < 0.001 [3.61(1.93–6.77)]}, and breath-
ing difficulty/suffocation {p = 0.034 [1.68(1.04–2.72)]}
(Table 3). The majority of the surgeons (n = 223, 65.2%) felt
that they were unable to enjoy the surgeries compared to ear-
lier due to routine use of PPE.

Physical exercise and frequent breaks between surgeries
followed by meditation/yoga were the common measures tak-
en by the respondents to minimize the stress and fatigue
resulting from the use of PPE overall. Surgeons who reported

Fig. 1 Flowchart giving details of
the respondents included and
excluded

Table 1 Basic demographic features of the respondents

Variables Numbers (%) (n=342)

Age group

25–30 years
31–40 years
41–50 years
51–60 years
>60 years

28 (8.2%)
177 (51.8%)
91 (26.6%)
37 (10.8%)
9 (2.6%)

Gender

Men
Women

275 (80.4%)
67 (19.6%)

Prior health issues (like headache and dermatitis)

Yes
No

39 (11.4%)
303 (88.6%)

Specialty

General surgical oncology
Site-specific surgical oncology
Plastic and reconstructive surgery

95 (27.8%)
241 (70.4%)
6 (1.8%)

Type of institute (presently working)

Government
Private
NGO based

155 (45.3%)
176 (51.5%)
11 (3.2%)

Number of cases operated (since national lockdown)

<5 cases/day
6–10 cases/day
11–15 cases/day
16–20 cases/day
> 20 cases/day

194 (56.7%)
104 (30.4%)
23 (6.7%)
5 (1.5%)
16 (4.7%)

COVID-19 testing before routine cancer surgery

Yes
No

319 (93.3%)
23 (6.7%)
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moderate to high levels of stress and fatigue took frequent
breaks between surgery and did yoga/meditation as a stress
relief measure (p = 0.004).

Discussion

India currently stands second (9,884,100 cases) in the list of
countries with confirmed COVID-19 cases (https://www.who.
int/emergencies/diseases/novel-coronavirus-2019). As the
country starts to open up after a lengthy period of lockdown
(https://en.wikipedia.org/wiki/COVID-19_pandemic_
lockdown_in_India), patients diagnosed with cancer from across
the country seeking treatment for their illness have begun
accessing care in high-volume hospitals like ours. There is a
resultant rise in the number of cancer surgeries being performed
at these institutes. Our survey confirms that most centers in India
perform RT-PCR tests for COVID-19 before elective cancer
surgeries. However, the sensitivity of the RT-PCR employed
for testing of COVID-19 infection is between 52 and 72%
[11]. Hence, abundant precaution, by donning appropriate PPE,
must be taken even if patients test negative for COVID-19 in a
high-prevalence country like India.

Our nationwide survey showed that N-95masks/eye pro-
tection devices/double gloves/gowns (reusable/disposable)
with or without shoe covers were the most often used combi-
nation of PPE used by cancer surgeons during the pandemic.
Among these, the N-95 masks and the eye protection compo-
nent contributed the most to surgeon discomfort. Four trou-
blesome issues, i.e., headache, dryness of mouth, breathing
difficulty/suffocation (attributable to the use of masks), and

fogging (caused by the eye protection component), were the
common reasons for increased stress and fatigue.

Headache

In our study, 43% reported headaches with the use of PPE. Most
respondents in our study attributed this to the use of N-95 masks
(20%) followed by both masks and eye protection devices
(16%). Only 7% attributed this to the use of eye protection de-
vices alone. The possible reasons for this headache could be
mechanical compression, hypoxemia, hypercarbia, and stress
[8, 12–14]. Pressure and/or tractional force from the mask and/
or the eye protection device can cause local tissue damage and
irritation of the underlying (superficial) sensory nerve endings
[15]. Also, the neck strain attributable to the use of these PPE
components could stimulate headaches [16, 17]. Ong and col-
leagues in their cross-sectional study among HCW in high-risk
areas of National University Hospital, Singapore, during the
COVID-19 pandemic found that most of their respondents de-
veloped de novo headaches with PPE usage of >4 h per day [6].
Most of the respondents agreed that these headaches influenced
their work performance. Possible solutions suggested have been
to wear the mask for a shorter duration, which may prevent or
reduce the severity of the headaches [8]. This may translate into
breaks between surgeries.

Breathing Difficulty/Suffocation

In our survey, a high percentage of respondents (56%) had
mentioned perceptions of breathing difficulty/suffocation.
This was higher with those using N-95 masks and less among
those using the face respirators. Though the N-95 mask offers

Fig. 2 Details of the practicing specialty of the respondents
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Table 2 Details of PPE usage
among the respondents and issues
with its use

Variables Number (%) (n=342)

PPE used during routine cancer surgery in COVID negative patients

N-95+eye protection + single gloves + reusable gowns

N-95+eye protection + single gloves + disposable gowns + shoe covers

N-95+eye protection + double gloves + reusable gowns

N-95+eye protection + double gloves + disposable gowns + shoe covers

39 (11.4%)

31 (9.1%)

112 (32.7%)

160 (46.8%)

Agreement with present PPE use at their respective Institutes

Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

115 (33.6%)

165 (48.2%)

43 (12.6%)

18 (5.3%)

1 (0.3%)

Type of mask used

N-95 only

N-95+3-ply

Face shield mask

Face respirators

Only 3-ply

Combinations

75 (21.9%)

115 (33.6%)

20 (5.8%)

54 (15.8%)

9 (2.6%)

69 (20.2%)

Type of eye protection used

Face shield

Goggles

Both

Others

None

180 (52.6%)

102 (29.8%)

29 (8.5%)

14 (4.1%)

17 (5%)

Use of eye protection

Always

Never

Only for aerosol generating procedures (AGP)

264 (77.2%)

17 (5%)

61 (17.8%)

Surgical gloves

Always used double gloves

Always used single gloves

Double gloves after COVID-19 pandemic

201 (58.8%)

88 (25.7%)

53 (15.5%)

Comfort levels with PPE use

Very comfortable

Neither comfortable nor uncomfortable

Uncomfortable but tolerable

Can be better

Very uncomfortable

No response

8 (2.3%)

31 (9.1%)

171 (50%)

24 (7%)

68 (19.9%)

40 (11.7%)

Necessity to take forced breaks in between surgery

Yes

No

No response

82 (24%)

238 (69.6%)

22 (6.4%)

Surgery duration with PPE

1 h

2 h

3 h

>3 h

No response

42 (12.3%)

74 (21.6%)

97 (28.4%)

106 (31%)

23 (6.7%)

Indian J Surg Oncol (June 2021) 12(2):365–373 369



Table 2 (continued)
Variables Number (%)

(n = 342)

Issues with use of face asks including respirators

Combinations$

Communication

Dryness of mouth

Headache

Breathing issues/suffocations

Dehydration

Fogging

None

No response

136 (39.8%)

41 (12%)

4 (1.2%)

78 (22.8%)

40 (11.7%)

1 (0.3%)

4 (1.2%)

16 (4.7%)

22 (6.4%)

Issues with use of eye protection

Combination*

Poor visibility/fogging

Discomfort

None

Others

No response

199 (58.2%)

84 (24.6%)

6 (1.8%)

18 (5.3%)

12 (3.7%)

22 (6.4%)

Visibility with eye protection

Very satisfied

Satisfied

Neither satisfied nor dissatisfied

Dissatisfied

Very dissatisfied

No response

8 (2.3%)

68 (19.9%)

76 (25.4%)

117 (34.2%)

40 (11.7%)

33 (6.4%)

Stress during surgery during COVID pandemic

A great deal

A lot

Moderate

A little

None

No response

26 (7.6%)

52 (15.2%)

103 (30.1%)

93 (27.2%)

46 (13.5%)

22 (6.4%)

Problems with using more than one glove on fine motor skills ability

Yes

No

No response

82 (24%)

238 (69.6%)

22 (6.4%)

Increase in intraoperative complication rates attributable due to PPE usage.

Yes

No

No response

23 (6.8%)

297 (86.8%)

22 (6.4%)

Fatigue after surgery

A great deal

A lot

Moderate

A little

None

No response

44 (12.9%)

87 (25.4%)

105 (30.7%)

64 (18.7%)

20 (5.8%)

22 (6.4%)

Inability to enjoy surgery during the pandemic

Strongly agree 62 (18.1%)
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better protection from respiratory infections [17], its use is
associated with a feeling of discomfort, possibly because of
a higher breathing resistance [18]. Studies have shown that
prolonged use of N-95 masks is associated with higher nasal

resistance and different recovery processes when compared to
the use of surgical masks [19]. These factors could contribute
to the perceptions of breathing difficulties/suffocation that our
respondents had reported.

Table 2 (continued)
Variables Number (%)

(n = 342)

Agree

Neither agree nor disagree

Disagree

Strongly disagree

No response

153 (44.7%)

58 (17%)

39 (11.4%)

8 (2.3%)

22 (6.4%)

Change in choice of surgery

Yes

No

No response

92 (26.9%)

227 (66.4%)

23 (6.7%)

Type of surgery performed during lockdown

Less minimally invasive surgery

More minimally invasive surgery

No change

No response

109 (31.9)

54 (15.8%)

156 (45.6%)

23 (6.7)

Measures taken to reduce stress/discomfort

Meditation/yoga

Workouts (exercise)

Frequent breaks between surgery

Others

No response

61 (17.8%)

98 (28.7%)

92 (26.9%)

69 (20.2%)

22 (6.4%)

$, *more than one issues combined

Table 3 Univariate and multivariate analysis

Contributing Factors Stress due to PPE use Fatigue due to PPE use Inability to enjoy surgery due to
PPE use

Univariate
analysis
(p value)

Multivariate Analysis
(p value and OR with
95%CI)

Univariate
analysis (p
value)

Multivariate analysis
(p value and OR with
95%CI)

Univariate
analysis
(p value)

Multivariate analysis
(p value and OR with
95%CI)

Mask
Skin issues 0.435 – 0.09 – 0.523 –
Difficulty in communication 0.101 – 0.315 – 0.639 –
Dryness of mouth <0.001` <0.001

[3.35(1.82–6.17)]
0.02 – 0.016 0.025

[4.12(1.19–14.25)]
Breathing difficulty/feeling of
suffocation

0.017 0.034 [1.68(1.04–2.7)] <0.001 <0.001 [4.24(2.4–7.47)] <0.001 <0.001
[5.18(2.4–11.18)]

Headache 0.004 – <0.001 <0.001
[11.34(4.76–27.05)]

0.016 –

Eye protection component
Poor visibility 0.028 0.001 – 0.04 –
Fogging <0.001 <0.001

[3.61(1.93–6.77)]
0.139 – 0.174 –

Uncomforting 0.674 – 0.05 – 0.06 –
Incompatible with loupes 0.151 – 0.34 – 0.282 –
Headache 0.319 – <0.001 – 0.334 –
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Dryness of Mouth

Of the respondents in our study, 22% reported experiencing
dryness of the mouth. With the use of N-95 masks/respirators,
there is a switch from nasal to oral breathing in most adults
with higher energy expenditure [20]. The heat and amount of
water lost via expired air are significantly greater with mouth
breathing than nasal breathing, especially during high work-
load [21]. These factors could contribute to the dryness of
mouth while using the N-95 masks/face respirators. Some of
the strategies to minimize dryness of mouth include educating
the user to breathe nasally, to use masks with exhalation
valves and minimal dead space within [21]. The Centers for
Disease Control and Prevention (CDC) had earlier warned
against the use of masks with (one-way) exhalation valves
or vents, as the exhaled air may spread respiratory droplets
to others [22]. However, these masks/respirators can be used
while wearing a face shield or, if tolerable, a disposable mask
over the respirator/mask with valves to prevent the spread of
respiratory droplets to others [23].

Fogging

Some studies, including our previous study, have reported
impaired visibility due to fogging by the majority of their
survey respondents [9, 10]. In the present survey too, fogging
was an important issue associated with the use of eye protec-
tion contributing to the overall discomfort related to the use of
PPE. Fog-resistant eye protection may overcome some of
these drawbacks. As an alternative, Hu and colleagues had
suggested the use of either washing-up liquids or hand
sanitizer on the protective eyewear to prevent fogging. The
authors suggested it be evenly applied with gauze or cotton
swabs and use subsequently after drying thoroughly [24].

Stress Relief Measures

Multiple factors have played a role in affecting the mental
health of the surgeon during the COVID-19 pandemic.
Some of them involve issues faced with the use of personal
protective equipment. HCWs must be aware of the impact of
the use of PPE on their well-being. Breaks in between surger-
ies may help minimize discomfort and fatigue. They must also
hydrate themselves adequately to minimize dehydration
(https://blogs.cdc.gov/niosh-science-blog/2020/06/10/ppe-
burden/). In our study, respondents used exercise (30.6%),
took frequent breaks between surgeries (28.7%), and did
yoga/meditation (19%) to overcome the stress and discom-
fort. Other authors have suggested multiple coping mech-
anisms for surgeons that could be adopted during the
pandemic [25].

The strength of our study is that it is among the few at-
tempts made to assess surgeon discomfort associated with the

use of PPE during routine cancer surgeries in the pandemic. It
brings to the forefront the common issues about its use along
with the measures that were taken by these surgeons to over-
come them from a reasonable number of responses received.
The limitation of the study, however, is that we could not go
into the details of the coping measures adopted by the respon-
dents to overcome their stress and fatigue.

Conclusions

In this national survey, among surgeons performing cancer
surgery in COVID-19 negative patients, it was found that
the N-95mask/eye protection devices/double gloves/reusable
gowns were the most common combination of PPE used
among the respondents. The N-95mask and the eye protection
device (face shield) were components of the PPE maximally
contributing to discomfort and fatigue. Workouts, taking fre-
quent breaks between surgery, and yoga/meditation were
common measures taken by the respondents to overcome the
stress and fatigue caused by the use of PPE. The findings from
this study could help surgeons better understand the various
issues associated with the use of PPE and help them adopt
various strategies to minimize them.
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