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Abstract: Surgical smoke has been proven to be harmful and carcinogenic to humans as well as
increasing the risk of acquiring infectious diseases. The operating room nurses’ willingness to use
protective equipment against surgical smoke was low. The factors associated with personal protective
behavior in the operating room against surgical smoke were sparsely explored. The purpose of this
study is to determine factors associated with surgical smoke self-protection behavior of the operating
room nurses. This was a descriptive correlational study using a convenience sample from a medical
center in northern Taiwan. The self-designed questionnaires included personal characteristics and
perceived attributes. The data were analyzed by descriptive and linear regression. Attendance at
in-service education with regard to surgical smoke, the attitude to surgical smoke, and surgical
smoke self-protection barriers were significant factors found in multivariate linear regression after
controlling the covariates. The overall model was significant and accounted for 14.2% of variances. In
summary, attending in-service education, attitude and barriers in executing self-protective behaviors
were significant factors. It is important to promote operating room nurses’ health through providing
correct surgical smoke knowledge, self-protection strategies to improve attitudes toward surgical
smoke, improving the hospital’s environment by adding surgical smoke evacuation equipment, and
standardizing the operating procedures.

Keywords: surgical smoke; personal characteristics; attitude; perceived attributes; self-protection behavior

1. Introduction

Approximately 10,000 nurses are exposed to surgical smoke each year in Taiwan [1].
The surgical smoke contains blood, chemicals, tissue particles, bacteria, and viruses. which
have potential risks of physical, cytotoxic, and genotoxic harm to the personnel in the
operating room, [2]. The physical harm includes skin and mucosal diseases (eye, skin,
respiratory tract, etc.), central nervous system disorders, infectious diseases (e.g., Human
Papillomavirus Virus), and cancer.

The Occupational Safety and Health Act in the US labor law was enacted by the
United States in 1970. The Act governs the federal law of occupational health and safety
in the private sector and federal government, demonstrating its emphasis on the occu-
pational safety of workers [3]. Moreover, the National Institute for Occupational Safety
and Health (NIOSH) and AORN established procedures for controlling surgical smoke
during laser/electrosurgical surgery [4] and recommended guidelines for surgical smoke
safety [5,6]. Later, the Ministry of Labor of the Republic of China amended the Occupational
Safety and Health Act in 2019 [7]. AORN published guidelines regarding surgical smoke
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safety related to a smoke-free environment, smoke evacuation, education and competency
verification, policies and procedures, and quality assurance and performance improvement
in 2016 [8]. Furthermore, AORN updated guidelines for surgical smoke safety, including
a smoke-free environment, smoke evacuation and filtration, and respiratory protection in
2021 [9]. However, the operating room nurses generally lack knowledge about surgical
smoke [10,11], rarely discuss the attitudes toward surgical smoke [12], and mostly fail to
take appropriate self-protective behaviors from surgical smoke [11,13,14].

Currently, there are three studies that addressed the relevant factors associated with
the self-protective behavior against surgical smoke. They showed that the training on the
medical personnel in the operating room [15–18], size and affiliation of the facility, number
of surgical professionals, interactions among medical and nursing personnel, and admin-
istrator’s support are related to the self-protective behavior of surgical smoke of medical
personnel in the operating room [15,17]. However, there is still a lack of a comprehensive
overview of the factors related to the operating room nurses taking self-protective behaviors
from surgical smoke. The purpose of this study is to investigate the factors associated
with the self-protective behaviors of operating room nurses against surgical smoke. The
result could help to raise hospitals’ awareness of the occupational injuries on their staff and
provide a safe working environment, encourage the establishment of standard operating
procedures, and provide appropriate protective equipment to improve staff health.

2. Materials and Methods
2.1. Design

This study was a descriptive correlational study with a cross-sectional survey method
using a structured questionnaire as a part of a large survey study [19].

2.2. Study Framework

The framework of this study is partially based on Rogers’ diffusion of innovations
theory, and the independent variables include individual characteristics and perceptions of
attributes; the dependent variable is the surgical smoke self-protective behavior (Figure 1).
The relationships between individual characteristics, perception attributes, and surgical
smoke self-protective behavior were examined.
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2.3. Participants and Setting

The participants are operating room nurses from two hospitals (a regional teaching
hospital and medical center) of the medical care corporate in northern Taiwan using
a convenience sampling method. The sample size was estimated using G*Power version
3.1 (Dusseldorf, German) with linear multiple regression, with effect size f2 of 0.15, α of
0.05, power of 0.8, and 41 predictors, with an estimated sample size of 216 participants [20].
Referring to the approximate non-response rate of 30% in most relevant survey studies, the
total number of samples required was 281 [12,13,21,22].

2.4. Instruments

The instrument for this study was a structured questionnaire on “Operating Room
Nurses toward Surgical Smoke Knowledge, Attitude, Self-protective Behavior and Resis-
tance Factors [10–12,14–16,18,23–28]”. Six experts on operating room nursing, toxcicology,
occupational medicine, industrial hygiene, environmental science, and environmental
engineering and pollution control were entrusted to evaluate the content validity of the
questionnaire using a 4-point Likert scale (1 point means highly irrelevant and can be
deleted; 4 points means that this topic is highly relevant to the research theme and purpose
and does not require any modification). The content of the questionnaire was modified
in accordance with the suggestions from these experts. The pilot study was based on
31 operating room nurses of a regional hospital. Three low discrimination questions of
the surgical smoke knowledge test were deleted to analyze whether the questions had the
function of distinguishing the respondents had correct knowledge of surgical smoke.

2.4.1. Individual Characteristics

Personal characteristics include sex, age, educational level, title, current job depart-
ment, clinical nursing ladder, existing respiratory problems, etc. (Figure 1).

The original questionnaires on the frequency and severity of symptoms of surgical
smoke had 16 items, respectively. According to the opinions of the experts, one item was
deleted for epistaxis; the items of nausea and vomiting were combined into one item, and
one item was added as an open question for self-reporting other uncomfortable symptoms.
The modified version of the questionnaire had 14 items, and the content validity index
(CVI) of the questionnaires on the frequency of subjective symptoms and the severity of the
questionnaires are 0.99 and 1.00, respectively. The frequency of perceived symptoms was
measured on a 4-point Likert scale, with 0 meaning “never” to 3 meaning “always,” and
the total possible score range was 0–42. The higher scores indicated the higher frequency
of the perceived symptoms. The Cronbach’s α was 0.85 and 0.89 for the pilot study and
the present study, respectively. In addition, the severity of self-perception was measured
on a 7-point Likert scale, with 0 indicating no symptoms to 6 indicating the most severe
symptoms, with a possible total score range of 0–84. The higher scores indicated the more
severe of the perceived symptoms. The Cronbach’s α was 0.92 and 0.91 for the pilot study
and the present study, respectively.

The original surgical smoke knowledge test was designed as 20 multiple-choice ques-
tions with 5 options, referencing the AORN operating room smoke in-service education
test [9,29–31]. 1 point stands for each correct answer, and 0 point stands for each wrong
answer and no idea. According to the opinion of the experts, four questions with unclear
meaning and not related to professional knowledge were deleted, and three questions with
low discrimination were removed, leaving 13 questions with a possible total score range of
0–13. The higher scores indicated the higher knowledge score. The CVI before and after
the revision were both 0.74, and the Kuder-Richardson-20 (KR-20) after the deletion was
0.44, with the test difficulty level of 0.54.

2.4.2. Perceptions of Attributes

The original surgical smoke attitude questionnaire consisted of 11 items, including
nurses’ attitudes toward the protective equipment and in-service education provided by
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the hospital, their attitudes toward the use of protective equipment, and the hazards of
surgical smoke, on a 4-point Likert scale from 1 meaning “strongly disagree” to 4 meaning
“strongly agree,” with a total score range of 11–44. The higher score indicates the higher
attitude score toward surgical smoke. After revising the questionnaire according to the
suggestions from the experts, the CVI was 0.81, and the Cronbach’s α of the pilot study
and the present study were 0.72 and 0.88, respectively.

The original surgical smoke self-protection resistance factor questionnaire consisted
of seven items, mainly for understanding the reasons for not using protective equipment
and materials, on a 4-point Likert scale from 0 for “never” to 3 for “always”. According
to the suggestions from the experts, the wall-mounted and mobile suction systems were
compared separately and one question was added for the open-ended question “other
resistance factors”. The revision of the questionnaire consisted of 9 items with a possible
total score range of 0–27. The higher score represents higher resistance scores for self-
protection against surgical smoke. The CVI was 0.76, and the Cronbach’s α of the pilot
study and the present study were 0.70 and 0.71, respectively.

2.4.3. Self-Protective Behaviors for Exposure to Surgical Smoke

The original surgical smoke self-protective behavior questionnaire consisted of six
questions, including the frequency of using the most frequently used protective equipment
and objects, on a 4-point Likert scale from 0 for “never” to 3 for “always”, with a possible
total score range of 0–18. The higher score represents higher scores of surgical smoke
self-protective behavior. There is another question on the reasons for using wall-mounted
or mobile suction systems. According to the suggestions from the experts, the wording of
the questions in this questionnaire was revised and one question was added. The modified
version of the questionnaire was seven items with a CVI of 0.81, and the Cronbach’s α was
0.65 and 0.39 for the pilot study and the present study, respectively.

2.5. Data Collection

The pilot study was conducted from 2 October to 9 October 2019, recruiting 31 nurses
in a regional teaching hospital. The researcher explained the purpose, methodology, and
rights of the participants to the operating room nurses. The questionnaires were distributed
to those who agreed to participate. The questionnaire takes approximately 20 min to
complete and a $250 gift voucher would be given upon completion of the questionnaire.
A total of 290 questionnaires were distributed in this study, and 290 questionnaires were
collected, with a recovery rate of 100%, of which 283 (97.59%) were valid.

2.6. Ethical Considerations

This study was approved by the Institutional Review Board (Case No. 201900857B0).
Before beginning our research to distribute the study instructions and questionnaires,
informed consent was obtained from the operating room nurses. They were informed that
they can withdraw from the research at any time.

2.7. Data Analysis

The analysis was conducted using SPSS 21.0 (IBM, Armonk, NY, USA). The contin-
uous variables were checked for assumptions such as normality, extreme values, and
multicollinearity, and extreme values were removed by using winsorizing. The statistical
methods included descriptive and bivariate and multivariate linear regressions. The sig-
nificant level was defined as p < 0.05. The variables with p < 0.25 in the bivariate analysis
were entered into the multivariate linear regression analysis of individual characteristics
and perceptions of attributes, and the variables of two blocks with p < 0.25 were entered
into the overall multivariate linear regression analysis [32].
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3. Results
3.1. Individual Characteristics

95.1% of the operating room nurses were female, with an average age of 35.81 years
(SD = 8.42), and the highest proportion of the academic program was a two-year technical
program (40.3%) (Appendix A: Figure A1); 91.5% did not learn the concept of “surgical
smoke” during their school years and 68.2% attended in-service education on the concept of
“surgical smoke” during employment, with an average of 2.00 years (SD = 8.37); the highest
proportion of the clinical nursing ladder was N4 (34.3%) (Appendix A: Figure A2), most of
the operating room nurses were unidisciplinary, daily exposure to surgical electrocautery
smoke averaged 6.73 h (SD = 2.26) in the operating room, and wall-mounted or mobile
suction systems were the most frequently used in general surgery (42.8% vs. 39.9%). The
total frequency of subjective symptoms from nurses in the operating room exposed to
surgical smoke ranged from 0–25 with a mean of 9.02 (SD = 6.00), and the total severity of
subjective symptoms ranged from 0–53 with a mean of 14.95 (SD = 12.06). The total score
for the knowledge of surgical smoke ranged from 0–13 with a mean of 6.93 (SD = 2.16) and
a correct response rate of 53.3% (Table 1).

Table 1. Score of the surgical smoke knowledge test, perceptions of attributes, and self-protective
behaviors for surgical smoke in the operating room nurses.

Instruments # Items Rating Scale Range Mean (SD)

The frequency of symptoms of
surgical smoke 14 0–3 0–25 9.02 (6.00)

The severity of symptoms of
surgical smoke 14 0–6 0–53 14.95 (12.06)

The surgical smoke knowledge test 13 0–1 0–13 6.93 (2.16)
The surgical smoke attitude 11 1–4 27–44 39.41 (4.00)

The surgical smoke self-protection
resistance factor 9 0–3 0–22 9.23 (3.89)

The self-protective behaviors for
surgical smoke 7 0–3 4–20 10.29 (2.95)

3.2. Perceptions of Attributes

The total attitude score of the operating room nurses towards surgical smoke ranged
from 27–44 with a mean of 39.41 (SD = 4.00) (Table 1). The rate of operating room nurses
who checked “agree” and “strongly agree” in the 11 items on the attitude toward surgical
smoke was significantly high, but among which, “to wear an N95 mask” had the lowest
rate in terms of “agree” (41.3%) and “strongly agree” (29.0%).

The total score of resistance factors for self-protection against surgical smoke among
operating room nurses ranged from 0–22, with a mean of 9.23 (SD = 3.89) (Table 1). Among
the nine items on resistance to surgical smoke self-protection by operating room nurses, the
top three in terms of frequency (the total rate of sometimes, often, and always) were that
wearing an N95 mask would make breathing difficult (96.1%), the mobile suction system
too noisy (91.8%), and the wall-mounted suction system too noisy (86.6%).

3.3. Self-Protective Behaviors When Exposure to Surgical Smoke

The total score of self-protective behaviors for surgical smoke among operating room
nurses ranged from 4 to 20, with a mean of 10.29 (SD = 2.95) (Table 1). The top 2 highest rates
of frequently and always using surgical smoke self-protective behaviors among operating
room nurses were surgical masks (77.7% vs. 13.4%) and wall-mounted suction systems
(41.0% vs. 26.1%), and the bottom two lowest rates were N95 masks (1.4% vs. 4.6%), and
laser masks (4.6% vs. 9.2%).
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3.4. Factors Associated with Surgical Smoke Self-Protective Behaviors among Operating
Room Nurses

The bivariate regression analysis in Appendix B (Table A1) showed that: current
working department (≥two departments vs. single department), use of a wall-mounted
suction system for fracture reconstruction, use of mobile suction system for other pro-
cedures, and surgical smoke attitude score were significant correlated. However, after
controlling for covariates, the multivariate regression analysis showed no in-service ed-
ucation on surgical smoke concepts during employment (b = −0.77, p = 0.038), attitude
toward surgical smoke (b = 0.15, p = 0.001), and resistance to surgical smoke self-protective
behaviors (b = −0.10, p = 0.028) were significantly correlated factors. The overall model
was significant (F(18,263) = 3.59, p < 0.001), explaining 14.2% of the variance in the nurses’
surgical smoke self-protective behavior (Adjusted R2 = 0.142).

4. Discussion
4.1. Individual Characteristics

This study found that drowsiness, headache, runny nose or other nose discomforts and
cough, dizziness, and tearing or other eye discomforts were the top six common symptoms
in the operating room (Appendix A: Figure A3), which are similar to the findings of
Asdornwised et al. [28], Ball & Gilder [33], Ilce et al. [14], and Addley [22], but with different
orders. In comparison with other studies, the most common symptom experienced with
surgical smoke was headache. The second was respiratory symptoms and eye symptoms.
Asdornwised et al. [28] showed that coughing and sneezing were the most serious, and
headache was the most severe symptom of this study. This was caused by the high
concentrations of surgical smoke that irritated the upper respiratory tract for the operating
room nurses, and the same as with smokers with regard to the potential increase of the
incidence of headache [34]. This may result from the fact that surgical smoke increases
the sensitivity of the brain’s pain receptors, narrows blood vessels, and reduces blood
flow to the brain, decreasing the effectiveness of pain medications and making pain relief
more difficult [35].

This study found that the total score of surgical smoke knowledge ranged from
0–13 with a mean of 6.93 ± 2.16. This was higher than that of Arli [36], which showed
that the total score of surgical smoke knowledge ranged from 2–10 with the mean of
5.19 ± 1.46 (5.10 ± 1.56 for operating nurses). However, unlike Arli’s study, the number
of surgical smoke knowledge questions was 16, and the participants included surgeons,
anesthesiologists, surgical technicians, anesthetists, and operating room nurses (66.1%).
The number of surgical smoke questions in this study was 13 and there were only 283 op-
erating room nurses recruited in the study. The knowledge of surgical smoke among the
participants were both low in Arli’s and our series. Therefore, hospital administrators
should improve the knowledge of surgical smoke protection among operating room nurses
through in-service education and training.

4.2. Perceptions of Attributes

The participants agreed or strongly agreed with the attitude towards surgical smoke,
with a rate of 96% or more. 99.3% of the participants thought that appropriate protective
measures should be taken to avoid the harm of surgical smoke. But when it came to
wearing N95 masks during surgery, only 70.3% of the participants agreed or strongly
agreed, indicating that the participants would choose to take self-protective measures
under certain conditions. It is possible that the damage of surgical smoke gradually
affects the health of operating room nurses, unlike COVID-19, which has the risk of being
transmitted. Owing to no immediate threat of surgical smoke, the operating room nurses
feel difficulty in breathing due to wearing N95 masks, thereby causing the lower score of
wearing N95 masks. Therefore, the hospital administrators can enhance the knowledge
and attitude of surgical smoke protection through in-service education and training, or



Healthcare 2022, 10, 965 7 of 14

develop low-cost, well-ventilated, and effective masks to improve the health of operating
room nurses.

In the studies of Ball [16], Edwards & Reiman [24], and Asdornwised et al. [28], they
noted that physicians’ refusal to using smoke evacuators and the inconvenience due to the
loud noise of the evacuators serve as barriers to the use of smoke evacuators. The results
of this study showed that noisy wall-mounted evacuators and mobile suction systems
were the highest causes affecting surgical smoke self-protective behavior, while physicians’
refusal to use smoke evacuators was the least common factor. Noise pollution (>75 decibels,
dB) is second only to air pollution (surgical smoke) and can have various effects on the
health of operating room staff, including physical effects such as rapid breathing and heart
rate, high blood pressure, annoyance, headache, memory disorder and poor concentration,
and cardiovascular and metabolic systems disorders and psychological aspects such as
attacks of stress, fatigue, depression, anxiety, and cognitive impairment [37,38]. The
noise of the smoke evacuators makes the surgeons unable to concentrate on the surgical
procedure, which affects their judgment during surgery and endangers the safety of the
patient [38]. Therefore, the operating room should use low-noise smoke evacuators and
regular maintenance of the smoke evacuators.

4.3. Self-Protective Behavior from Exposure to Surgical Smoke

This study found that the top two self-protective behaviors for surgical smoke among
operating room nurses were surgical masks (91.1%) and wall-mounted suction systems
(67.1%), while the lowest two were N95 masks (6.0%) and laser masks (13.8%). The lowest
rate in wearing N95 masks for operating room nurses might be because of the difficulty
in breathing after wearing it. This corresponded with the result of the attitude toward
surgical smoke in the survey question “medical and nursing personnel should wear N95
masks during surgery to prevent surgical smoke hazards”, which has the highest rate in
choosing “strongly disagree” and “disagree”. This study found that the rate of wearing
N95 masks and goggles was higher than the study by Asdornwised et al. [28]. In their
study performed in Thailand, the rate of “often” and “always” in properly wearing high
filtration surgical masks was 25.2% and 16.7%, respectively, which were lower than for those
concerning protective eyewear (29.2% and 25.2%, respectively). However, in the current
study, 68.2% of the participants attended in-service education on “surgical smoke” during
their employment, which was also higher than that in the study by Asdornwised et al. [28].
The potential reason was that the participants of the Asdornwised et al. [28] study were
older, and they had higher education levels and had more years of experience in the
operating room than the participants of the current study; moreover, they would acquire
knowledge about surgical smoke through colleagues, mass media and other sources. In
addition, this study found that wearing surgical masks (97.5% vs. 91.1%), N95 masks (66.8%
vs. 8.9%), and goggles (69.3% vs. 46.7%) was higher than that found by Ilce et al. [14] in
a hospital in Turkey, which may be caused by the fact that all the participants in this study
had more years of experience in the operating room than the participants in the study by
Ilce et al. [14].

4.4. Factors Affecting Surgical Smoke among the Operating Room Nurses

The purpose of this study was to examine the factors associated with the self-protective
behaviors of operating room nurses against surgical smoke. In this study, “no in-service
education on surgical smoke concepts during employment”, “surgical smoke attitude
score”, and “resistance factor score for surgical smoke self-protection” were found to be
significantly correlated with self-protective behaviors. In other words, those who did not
participate in in-service education on surgical smoke concepts had better self-protective
behaviors than those who did. The surgical smoke attitude has the strongest influence on
the self-protective behavior of operating room nurses with a standardized b of 0.15; that is,
every 1 point increase in surgical smoke attitude would increase the self-protective behavior
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by 0.15 points; every 1 point increase in resistance would decrease the self-protective
behavior score by 0.10 points.

Firstly, “those who did not attend in-service education on surgical smoke concepts
during employment had higher self-protective behaviors than those who did”, is different
from the findings of Ball [16] and Steege et al. [18]. This study showed that those who
did not attend in-service education on surgical smoke concepts had higher self-protective
behaviors than those who did. This could be the reason that 56.8% of the participants have
worked in the operating room for over 10 years. It is easy to develop protective behaviors
based on their work experience. The top five “always” adopted self-protective behaviors
were surgical masks (77.7%), wall-mounted suction systems (41.0%), general medical masks
(36.4%), mobile suction systems (26.1%), and goggles (8.1%). The surgical masks generally
filter particles size of 5 µm or larger, while the surgical smoke particles from electrocautery
are 0.07–0.42 µm. Thus, surgical masks are not suitable for filtering electrocautery smoke
particles, indicating that the overall self-protective behavior of nurses is inadequate [14,21].
The studies by Massarweh et al. [39] and Spearman et al. [13] showed the same low rate for
the personal use of protective equipment. The rate of selecting the correct answers on the
knowledge test was 53.3%, indicating that the participants’ knowledge of surgical smoke is
inadequate. Therefore, it is important to consider how to alter their attitudes and implement
self-protective behaviors in clinical practice through an innovative interventional in-service
education program.

Secondly, “surgical smoke attitude” had the strongest influence on the self-protective
behaviors of operating room nurses. In other words, higher surgical smoke attitude scores
indicated better-implemented behaviors. This aligned with the studies from Ball [15,17]
that operating room nurses with positive attitudes towards surgical smoke evacuation rec-
ommendations are more likely to implement surgical smoke evacuation recommendations.
The rate of “agree” and “strongly agree” among the operating room nurses ranged from
96.5% to 100%. Except for “medical personnel should wear N95 masks during surgery, “the
rate of “agree” and “strongly agree” was 70.3%, showing that nurses conditionally chose
self-protective behavior. In addition to enhancing education and strengthening attitudes,
the management team should develop new products or find alternatives with the same
protection because respiratory protection is the last line of defense to prevent nurses from
surgical smoke exposure.

Lastly, the rate of “resistance factor score of surgical smoke self-protective behavior”
has the opposite trend of “self-protective behavior score”. In this study, the most com-
mon occurrence of resistance factor was “wearing N95 mask makes breathing difficult”,
which is in line with the 70.3% who “agree” and “strongly agree” with the surgical smoke
attitude that “medical personnel should wear N95 masks during surgery”. To avoid the
harm of surgical smoke, in addition to regular reviews of the efficiency and maintenance
of the high-efficiency particulate air filter (HEPA) system and smoke evacuator in the
operating room by the management, a policy on surgical smoke evacuation should also
be established. For example, Rhode Island was the first state in the United States to pass
legislation requiring the use of smoke evacuators in every surgery that produces surgical
smoke [40]. It is believed that with government regulation, support and oversight from
hospital management and implementation by operating room nurses, surgical smoke will
be eliminated to achieve a smoke-free working environment.

This study has several limitations. First, this study used a non-probability sampling
method and recruited operating room nurses from a medical foundation. Therefore, the
findings of this study were not generalizable to other hospitals. Second, the internal
consistency of the self-protective behavior questionnaire between the pilot study and the
present study were 0.65 and 0.39. This might be caused by the different characters of the
two hospitals. Third, the overall model of multivariate linear regression can only account
for 14.2% of the variance in the nurses’ surgical smoke self-protective behavior that might
need to explore other factors associated with self-protective behaviors of operating room
nurses for the future studies. Fourth, this study was conducted at two hospitals, so that the
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organization characteristics (e.g., type, size, leadership support) and the expectation of the
staff on surgical smoke protection were not explored.

5. Conclusions

“No in-service education on surgical smoke concepts during employment”, “surgical
smoke attitude score”, and “resistance factor score for surgical smoke self-protection”,
were significantly correlated with self-protective behaviors. By increasing nurses’ self-
awareness of surgical smoke hazards, these factors can influence the surgical team in
terms of putting greater emphasis on using self-protective gear properly and implementing
surgical smoke evacuation policies. Moreover, through the innovative design of easy-to-
breathe, protective, and low-cost surgical smoke protection devices, they can enhance the
self-protective behavior of medical personnel in the operating room, establish a smoke-free
workplace, and reduce smoke exposure to improve surgical quality and maintain the health
of the surgical teams and patients. The hospital directors of the nursing department and
the hospital administration need to watch out for the safety and health of employees in
the operating room by establishing smoke evacuation policies, monitoring surgical smoke
self-protective behaviors of employees in the operating room, and providing adequate and
sufficient surgical smoke equipment and utilities.
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Appendix A

Figure A1 is the proportion of academic background among operating room nurses,
Figure A2 is the proportion of clinical nursing ladder among operating room nurses, and
Figure A3. is the proportion of top 6 common symptoms experienced with surgical smoke
among operating room nurses.
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Appendix B 

Figure A3. The proportion of top 6 common symptoms experienced with surgical smoke among
operating room nurses.
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Appendix B

Table A1. Bivariate and multivariate analysis of operating nurses toward surgical smoke.

Variable
Bivariate Linear Regression Multivariate Linear Regression

b (SE) t Value p Value 95% CI b (SE) Standardised b t Value p Value 95% CI

Constant 3.84 (2.00) 1.92 0.056 −0.09–7.78
Academic Background

Five-year junior college program vs. two-year junior college program 0.76 (0.67) 1.13 0.261 −0.57–2.08 0.68 (0.65) 0.084 1.05 0.294 −0.60–1.96
Two-year technical program vs. two-year junior college program −0.16 (0.58) −0.27 0.788 −1.29–0.98 −0.16 (0.55) −0.026 −0.29 0.775 −1.25–0.93
Four-year technical program vs. two-year junior college program −0.75 (0.82) −0.92 0.356 −2.36–0.85 −0.98 (0.81) −0.088 −1.22 0.224 −2.57–0.61

College and graduate program vs. two-year junior college program −0.88 (0.62) −1.43 0.153 −2.09–0.33 −1.08 (0.59) −0.160 −1.83 0.069 −2.25–0.09
Learned the concept of surgical smoke in school

Yes vs. No 1.18 (0.63) 1.89 0.060 −0.05–2.42 1.08 (0.60) 0.102 1.80 0.072 −0.10–2.26
Attended in-service education on surgical smoke concepts during employment

Yes vs. No −0.50 (0.38) −1.33 0.186 −1.24–0.24 −0.77 (0.37) −0.121 −2.09 0.038 −1.49–−0.04
Clinical nursing ladder

Training/N/N1 vs. operation professional nurse −0.86 (0.77) −1.12 0.264 −2.38–0.66 −0.50 (0.77) −0.056 −0.65 0.517 −2.01–1.01
N2 vs. operation professional nurse −0.49 (0.70) −0.70 0.488 −1.86–0.89 −0.36 (0.67) −0.051 −0.54 0.591 −1.69–0.97
N3 vs. operation professional nurse −1.22 (0.69) −1.75 0.081 −2.58–0.15 −1.20 (0.68) −0.171 −1.76 0.079 −2.55–0.14
N4 vs. operation professional nurse −0.41 (0.66) −0.61 0.541 −1.71–0.90 −0.37 (0.64) −0.060 −0.58 0.560 −1.63–0.89

Current working department
Two or more specialists vs. one specialist 1.68 (0.68) 2.47 0.014 0.34–3.01 1.17 (0.65) 0.102 1.82 0.071 −0.10–2.45

Daily exposure to surgical electrocautery smoke in the operating room (hours) 0.15 (0.08) 1.95 0.052 −0.00–0.30 0.15 (0.08) 0.111 1.91 0.057 −0.00–0.29
Wall-mounted suction system for reconstructive fracture surgery

Yes vs. No −1.04 (0.49) −2.13 0.034 −2.01–−0.08 −1.08 (0.64) −0.129 −1.68 0.094 −2.35–0.19
Mobile suction system for reconstructive fracture surgery

Yes vs. No 0.69 (0.60) 1.16 0.246 1.87–0.48 0.86 (0.78) 0.085 1.11 0.269 −0.67–2.39
Mobile suction system for other surgeries

Yes vs. No 0.73 (0.36) 2.02 0.044 0.02–1.44 0.64 (0.36) 0.104 1.76 0.080 −0.08–1.35
Frequency of existing respiratory symptoms in surgical smoke 0.11 (0.05) 2.10 0.036 0.01–0.22 0.07 (0.05) 0.079 1.33 0.184 −0.03–0.18

Attitude toward surgical smoke 0.19 (0.04) 4.44 <0.001 0.11–0.27 0.15 (0.04) 0.204 3.47 0.001 0.07–0.24
Resistance factors of self-protection from surgical smoke −0.07 (0.05) −1.57 0.118 −0.16–0.02 −0.10 (0.05) −0.130 −2.21 0.028 −0.19–−0.01

Note: The bold values are significant p values. Overall mode F(18,263) = 3.59, p < 0.001, R2 = 0.197, Adjusted R2 = 0.142.



Healthcare 2022, 10, 965 13 of 14

References
1. Fu, L. President’s speech. Taiwan periOperative Registered Nurses Association Newsletter. 2016, pp. 1–2. Available online: http://www.torna.

org.tw/filedoc2/Upload/ (accessed on 7 January 2019).
2. Tan, E.; Russell, K. Surgical plume and its implications: A review of the risk and barriers to a safe workplace. ACORN J. Perioper.

Nurs. Aust. 2017, 30, 33–39. [CrossRef]
3. United States Department of Labor. OSH Act of 1970. Available online: https://www.osha.gov/laws-regs/oshact/

completeoshact (accessed on 21 December 2021).
4. The National Institute for Occupational Safety and Health (NIOSH). Control of Smoke from Laser/Electric Surgical Procedures.

Available online: https://www.cdc.gov/niosh/docs/hazardcontrol/hc11.html (accessed on 10 October 2021).
5. Association of Perioperative Register Nurses (AORN). Recommended Practices for Electrosurgery. 2009, pp. 99–118. Available

online: https://www.medline.com/media/mkt/pdf/research/or-safety-lean/AORN-electrosurgery-guidelines.pdf (accessed
on 10 October 2021).

6. Castelluccio, D. Association of Operating Room. Implementing AORN Recommended Practices for Laser Safety. AORN J. 2012,
95, 612–624. [CrossRef] [PubMed]

7. Ministry of Labor. Occupational Safety and Health Act. 2019. Available online: https://law.moj.gov.tw/ENG/LawClass/LawAll.
aspx?pcode=N0060001 (accessed on 10 October 2021).

8. Croke, L. Guideline for surgical smoke safety. AORN J. 2021, 114, P4–P6. [CrossRef] [PubMed]
9. Fencl, J.L. Guideline Implementation: Surgical Smoke Safety. AORN J. 2017, 105, 488–497. [CrossRef]
10. Khoshdel, H.; Salehi, F.; Kocharian, A.; Navabi, M.A.; Hassanzadeh Taheri, M.M. Surgical Team Knowledge About electrocautery

smoke complications in the educational hospitals in Birjand, 2011. J. Surg. Trauma 2014, 2, 17–20.
11. Chavis, S.; Wagner, V.; Becker, M.; Bowerman, M.I.; Shirley Jamias, M. Clearing the Air About Surgical Smoke: An Education

Program. AORN J. 2016, 103, 289–296. [CrossRef]
12. Chapman, L.W.; Korta, D.Z.; Lee, P.K.; Linden, K.G. Awareness of Surgical Smoke Risks and Assessment of Safety Practices

During Electrosurgery Among US Dermatology Residents. JAMA Dermatol. 2017, 153, 467–468. [CrossRef]
13. Spearman, J.; Tsavellas, G.; Nichols, P. Current attitudes and practices towards diathermy smoke. Ann. R. Coll. Surg. Engl. 2007,

89, 162–165. [CrossRef]
14. Ilce, A.; Yuzden, G.E.; van Giersbergen, M.Y. The examination of problems experienced by nurses and doctors associated with

exposure to surgical smoke and the necessary precautions. J. Clin. Nurs. 2017, 26, 1555–1561. [CrossRef]
15. Ball, K. Compliance with surgical smoke evacuation guidelines: Implications for practice. AORN J. 2010, 92, 142–149. [CrossRef]
16. Ball, K. Surgical smoke evacuation guidelines: Compliance among perioperative nurses. AORN J. 2010, 92, e1–e23. [CrossRef] [PubMed]
17. Ball, K. Compliance with surgical smoke evacuation guidelines: Implications for practice. ORNAC J. 2012, 30, 14–16, 18, 19, 35–37.

[CrossRef] [PubMed]
18. Steege, L.A.; Boiano, J.M.; Sweeney, M.H. Secondhand smoke in the operating room? Precautionary practices lacking for surgical

smoke. Am. J. Ind. Med. 2016, 59, 1020–1031. [CrossRef] [PubMed]
19. Yu, C.L.; Lin, L.H.; Hsieh, S.I.; Chi, S.F.; Wang, C. Comparing different background characteristics in self-perceived symptoms,

knowledge, attitude, self-protection behavior, and resistance factors for surgical smoke among operating room nurses. Taiwan J.
Public Health 2021, 40, 268–282.

20. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef] [PubMed]

21. Hill, D.S.; O’Neill, J.K.; Powell, R.J.; Oliver, D.W. Surgical smoke—A health hazard in the operating theatre: A study to quantify
exposure and a survey of the use of smoke extractor systems in UK plastic surgery units. J. Plast. Reconstr. Aesthetic Surg. 2012, 65,
911–916. [CrossRef]

22. Addley, S.; Quinn, D. 1411 Surgical smoke risk – a survey of operating roomstaff. Occup. Environ. Med. 2018, 75, A166.
23. Edwards, B.E.; Reiman, R.E. Results of a survey on current surgical smoke control practices. AORN J. 2008, 87, 739–749. [CrossRef]
24. Edwards, B.E.; Reiman, R.E. Comparison of Current and Past Surgical Smoke Control. Practices: [1]. AORN J. 2012, 95,

337–350. [CrossRef]
25. Okoshi, K.; Kobayashi, K.; Kinoshita, K.; Tomizawa, Y.; Hasegawa, S.; Sakai, Y. Health risks associated with exposure to surgical

smoke for surgeons and operation room personnel. Surg. Today 2015, 45, 957–965. [CrossRef]
26. AORN. Guideline Summary: Surgical Smoke Safety. AORN J. 2017, 105, 498–500. [CrossRef] [PubMed]
27. Ansell Limited. A Self Study Guide Respiratory Protection in Surgery Registered Nurses. 2017, pp. 2–23. Available online:

https://www.ansellhealthcare.com/pdf/edPro/RN_CEU_RespiratoryProtection_Final.pdf (accessed on 10 October 2021).
28. Asdornwised, U.; Pipatkulchai, D.; Damnin, S.; Chinswangwatanakul, V.; Boonsripitayanon, M.; Tonklai, S. Recommended

practices for the management of surgical smoke and bio-aerosols for perioperative nurses in Thailand. J. Perioper. Nurs. 2018, 31,
33–41. [CrossRef]

29. Benson, M.S.; Novak, D.A.; Ogg, M.J. Proper use of surgical n95 respirators and surgical masks in the OR. AORN J. 2013, 97,
457–467. [CrossRef] [PubMed]

30. Dobbie, M.K.; Fezza, M.; Kent, M.; Lu, J.; Saraceni, M.L.; Titone, S. Operation Clean Air: Implementing a Surgical Smoke
Evacuation Program. AORN J. 2017, 106, 502–512. [CrossRef] [PubMed]

31. York, K.; Autry, M. Surgical Smoke: Putting the Pieces Together to Become Smoke-Free: 1.6. AORN J. 2018, 107, 692–703. [CrossRef]

http://www.torna.org.tw/filedoc2/Upload/
http://www.torna.org.tw/filedoc2/Upload/
http://doi.org/10.26550/2209-1092.1019
https://www.osha.gov/laws-regs/oshact/completeoshact
https://www.osha.gov/laws-regs/oshact/completeoshact
https://www.cdc.gov/niosh/docs/hazardcontrol/hc11.html
https://www.medline.com/media/mkt/pdf/research/or-safety-lean/AORN-electrosurgery-guidelines.pdf
http://doi.org/10.1016/j.aorn.2012.03.001
http://www.ncbi.nlm.nih.gov/pubmed/22541772
https://law.moj.gov.tw/ENG/LawClass/LawAll.aspx?pcode=N0060001
https://law.moj.gov.tw/ENG/LawClass/LawAll.aspx?pcode=N0060001
http://doi.org/10.1002/aorn.13523
http://www.ncbi.nlm.nih.gov/pubmed/34846736
http://doi.org/10.1016/j.aorn.2017.03.006
http://doi.org/10.1016/j.aorn.2016.01.007
http://doi.org/10.1001/jamadermatol.2016.5899
http://doi.org/10.1308/003588407X155752
http://doi.org/10.1111/jocn.13455
http://doi.org/10.1016/j.aorn.2010.06.002
http://doi.org/10.1016/j.aorn.2009.10.026
http://www.ncbi.nlm.nih.gov/pubmed/20678599
http://doi.org/10.1016/j.aorn.2010.06.002
http://www.ncbi.nlm.nih.gov/pubmed/22783605
http://doi.org/10.1002/ajim.22614
http://www.ncbi.nlm.nih.gov/pubmed/27282626
http://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
http://doi.org/10.1016/j.bjps.2012.02.012
http://doi.org/10.1016/j.aorn.2007.11.001
http://doi.org/10.1016/j.aorn.2011.07.019
http://doi.org/10.1007/s00595-014-1085-z
http://doi.org/10.1016/j.aorn.2017.02.008
http://www.ncbi.nlm.nih.gov/pubmed/28454615
https://www.ansellhealthcare.com/pdf/edPro/RN_CEU_RespiratoryProtection_Final.pdf
http://doi.org/10.26550/311/33-41
http://doi.org/10.1016/j.aorn.2013.01.015
http://www.ncbi.nlm.nih.gov/pubmed/23531312
http://doi.org/10.1016/j.aorn.2017.09.011
http://www.ncbi.nlm.nih.gov/pubmed/29173375
http://doi.org/10.1002/aorn.12149


Healthcare 2022, 10, 965 14 of 14

32. Hosmer, D.W.J.; Lemeshow, S. Applied Logistic Regression, 3rd ed.; John Wiley & Sons: Hoboken, NJ, USA, 2013.
33. Ball, K.; Gilder, R.E. A Mixed Method Survey on the Impact of Exposure to Surgical Smoke on Perioperative Nurses. Perioper. Care

Oper. Room Manag. 2022, 26, 1–9. [CrossRef]
34. Ogg, M.J. Surgical Smoke Inhalation: Dangerous Consequences for the Surgical Team. 2020. Available online: https://blogs.cdc.

gov/niosh-science-blog/2020/06/18/surgical-smoke/ (accessed on 10 October 2021).
35. Clinic, C. Nicotine Headache. 2021. Available online: https://my.clevelandclinic.org/health/diseases/21813-nicotine-headache

(accessed on 7 January 2022).
36. Arli, S.K.P. Knowledge of the Operating Room Team Members about Surgical Smoke Safety. Int. J. Caring Sci. 2020, 13, 489–496.
37. Peris, E. Noise Pollution Is a Major Problem, Both for Human Health and the Environment. 2020. Available online: https://www.eea.

europa.eu/articles/noise-pollution-is-a-major (accessed on 7 January 2019).
38. Iberdrola, S.A. Noise Pollution: How to Reduce the Impact of an Invisible Threat? 2021. Available online: https://www.iberdrola.

com/environment/what-is-noise-pollution-causes-effects-solutions (accessed on 7 January 2019).
39. Massarweh, N.N.; Cosgriff, N.; Slakey, D.P. Electrosurgery: History, Principles, and Current and Future Uses. J. Am. Coll. Surg.

2006, 202, 520–530. [CrossRef]
40. Plante, T.; Greenhalgh, J.A. The smallest state passes big smoke evacuation legislation. AORN J. 2019, 110, 180–190.

http://doi.org/10.1016/j.pcorm.2021.100232
https://blogs.cdc.gov/niosh-science-blog/2020/06/18/surgical-smoke/
https://blogs.cdc.gov/niosh-science-blog/2020/06/18/surgical-smoke/
https://my.clevelandclinic.org/health/diseases/21813-nicotine-headache
https://www.eea.europa.eu/articles/noise-pollution-is-a-major
https://www.eea.europa.eu/articles/noise-pollution-is-a-major
https://www.iberdrola.com/environment/what-is-noise-pollution-causes-effects-solutions
https://www.iberdrola.com/environment/what-is-noise-pollution-causes-effects-solutions
http://doi.org/10.1016/j.jamcollsurg.2005.11.017

	Introduction 
	Materials and Methods 
	Design 
	Study Framework 
	Participants and Setting 
	Instruments 
	Individual Characteristics 
	Perceptions of Attributes 
	Self-Protective Behaviors for Exposure to Surgical Smoke 

	Data Collection 
	Ethical Considerations 
	Data Analysis 

	Results 
	Individual Characteristics 
	Perceptions of Attributes 
	Self-Protective Behaviors When Exposure to Surgical Smoke 
	Factors Associated with Surgical Smoke Self-Protective Behaviors among Operating Room Nurses 

	Discussion 
	Individual Characteristics 
	Perceptions of Attributes 
	Self-Protective Behavior from Exposure to Surgical Smoke 
	Factors Affecting Surgical Smoke among the Operating Room Nurses 

	Conclusions 
	Appendix A
	Appendix B
	References

