
Introduction
Modern healthcare delivery requires teamwork and 
collaboration among professionals with complementary 
skills, as no individual alone can complete the chain of 
healthcare services (1). However, the work environment, 
especially the operating room, imposes significant 
psychological pressure on individuals, threatening their 
health (2). As the highest-risk treatment centers (3), 
hospitals expose staff to numerous occupational hazards, 
including biological, chemical, physical, and psychological 

agents (4, 5). According to research, a high percentage of 
healthcare workers are exposed to these risks (6), which 
not only affects their physical health but also imposes a 
heavy economic burden on organizations (7). Among these 
hazards, exposure to pathogenic biological agents and 
resulting infections is of great importance (8). One such 
risk is surgical smoke, which is generated by different tools, 
such as lasers, ultrasonic scalpels, drills, and electrosurgical 
units (monopolar and bipolar) (9, 10). By cutting or 
coagulating tissue and generating high heat, these devices 
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Abstract
Introduction: Although the use of advanced surgical instruments has facilitated surgical processes, 
the smoke generated by them contains hazardous particles, including chemicals and biological 
agents, endangering the health of the surgical team. Exposure to this smoke can cause eye and 
skin irritation, respiratory and cardiovascular diseases, and other complications. Therefore, this 
study aimed to evaluate the knowledge, attitudes, and preventive performance of the surgical 
team regarding the risks of surgical smoke in the teaching hospitals of Yazd, Iran.
Methods: This descriptive, cross-sectional study was conducted in 2019 using a valid researcher-
made questionnaire. The questionnaires were completed by 244 members of the surgical team 
(surgeons and surgical technologists) in teaching hospitals via the census method, and the data 
were analyzed using SPSS 21.
Results: The means ± standard deviations for knowledge, attitudes, and preventive performance 
were 10.6 ± 1.3, 43.7 ± 7.2, and 7.3 ± 1.8, respectively. There was a significant direct correlation 
between the knowledge scores of the surgical team and their attitude (P = 0.001, r = 0.25). 
Furthermore, a significant direct correlation was found between knowledge and preventive 
performance (P = 0.001, r = 0.27).
Conclusion: The findings indicated inadequate knowledge, attitudes, and preventive performance 
practices among the surgical team regarding the risks of associated with surgical smoke. 
Considering the serious health hazards associated with inhaling surgical smoke, it is essential to 
strengthen educational policies to increase the awareness, promote appropriate attitudes, and 
improve preventive practices among surgical team members. These measures can ultimately 
help protect their health.
Keywords: Attitude, Electrocautery, Knowledge, Preventive Performance, Surgical Smoke, Surgical 
Team
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cause intracellular fluid evaporation and cell membrane 
rupture, thereby releasing tissue particles and vapor into 
the environment (11).

Surgical smoke rapidly distributes in the operating 
room, and its concentration sharply increases upon the 
activation of the electrosurgical unit, potentially taking up 
to 20 minutes to return to baseline levels (12). This smoke 
consists of 95% water/steam and 5% cellular residues, 
which contain chemicals, blood and tissue particles, viruses, 
and bacteria (13). Moreover, the quantity and quality of the 
smoke depend on the type of surgery, type of tissue, device 
power, and duration of the surgery (14). Analysis of this 
smoke has revealed the presence of hazardous substances, 
such as aromatic hydrocarbons, benzene, formaldehyde, 
hydrogen cyanide, and carbon monoxide (15, 16). The 
American Industrial Hygiene Association has identified 
benzene as carcinogenic to humans and formaldehyde 
as a suspected carcinogen (17). It should be noted that 
exposure to surgical smoke is similar to inhaling cigarette 
smoke and has similar mutagenic and carcinogenic effects; 
indeed, the thermal destruction of one gram of tissue with 
an electrosurgical unit has been reported to be equivalent 
to six cigarettes (18-20).

Complications caused by surgical smoke include 
headache, eye and skin irritation, cardiovascular and 
respiratory diseases, nausea, and airway inflammation 
(15, 16). More dangerously, this smoke contains toxic 
organic compounds and can transmit live viruses, such 
as human papillomavirus (21-23). Studies have shown 
that operating room nurses are twice as likely as other 
individuals to suffer from respiratory problems (24). 
Likewise, chronic exposure to surgical smoke is associated 
with an increased risk of diseases such as Parkinson’s 
and Alzheimer’s, as well as breast and prostate cancers 
(25). Even human immunodeficiency virus-1 viral DNA 
has been observed in smoke produced by saws, which 
can survive for up to 14 days (18, 26). In laparoscopic 
surgeries, smoke is absorbed through the peritoneum and 
can cause increased carboxyhemoglobin (27). Additionally, 
most surgical smoke particles are smaller than 1.1 𝜇m 
(20) and easily penetrate deep into the lungs, causing 
inflammatory responses (11). Operating room personnel 
are exposed to these substances for years (16). Although 
half a million employees are annually exposed to this risk, 
limited protective measures are taken to reduce exposure 
to surgical smoke and its associated health risks (9, 28). 
In addition, safety policies primarily focus on patients, 
with little attention paid to staff health (29, 30). Standard 
surgical masks cannot filter particles smaller than five 
𝜇m and thus cannot protect staff (31). Similarly, general 
operating room ventilation is insufficient, highlighting the 
need for portable smoke evacuation systems, local exhaust 
ventilation, and high-efficiency particulate air filters (9, 
32). Therefore, the Association of Perioperative Registered 
Nurses, in its 2016 guidelines, mandated organizations to 
create a smoke-free environment, educate personnel, and 
use appropriate suction systems (33). However, research 
has shown that staff have limited knowledge of the hazards 

associated with surgical smoke (21, 34). Given that limited 
research has been conducted in Iran, this study has been 
designed to investigate the knowledge, attitudes, and 
preventive performance of the surgical team regarding 
the complications of surgical smoke in teaching hospitals 
in order to provide a basis for planning and reducing these 
hazards.

Methods
This descriptive cross-sectional study was performed on all 
244 members of the surgical team, including surgeons and 
surgical technologists at the teaching hospitals of Shahid 
Sadoughi University of Medical Sciences in Yazd, Iran, in 
2019. Individuals were included in the study using a census 
method based on their willingness to participate. After 
obtaining ethical approval from Shahid Sadoughi University 
of Medical Sciences (IR.SSU.SPH.REC.1398.070) and 
securing an introduction letter to the teaching hospitals, 
the study objectives were explained to all participants. In 
addition, written informed consent was obtained, and 
participants were assured of the confidentiality of their 
personal information.

The data collection instruments, including knowledge, 
attitudes, and preventive performance questionnaires 
regarding the complications of surgical smoke, were 
developed by the researchers. The questionnaires were 
designed through an extensive review of relevant literature 
and existing research instruments in order to ensure 
comprehensive coverage of the study constructs. Moreover, 
a pilot study was conducted with 30 surgical team members 
(15 surgeons and 15 surgical technologists) to assess face 
validity and item clarity. Participants completed the 
questionnaire and were asked to identify any ambiguous 
or unclear items; based on their qualitative feedback, 
necessary modifications were made to improve the clarity 
and comprehensibility of the questions.

Then, content validity was quantitatively and 
qualitatively evaluated by a panel of ten experts in the fields 
of surgery and health education. The experts assessed the 
questionnaire items for relevance and necessity based on 
the study objectives. Likewise, the content validity index 
was calculated for each item, with all items achieving an 
excellent score of 0.9 or higher, confirming the content 
validity of the instrument. In the final stage of tool 
development, the difficulty level and clarity of the items 
were evaluated by ten surgical specialists and operating 
room technologists.

To assess the reliability of the questionnaires, internal 
consistency was also measured using Cronbach’s alpha 
coefficient. For the attitude section, internal consistency 
was initially estimated based on a pilot study performed 
on 20 surgical team members, yielding a value of 0.846. 
Subsequently, a comprehensive reliability assessment 
was conducted on a sample of 100 surgical specialists and 
surgical technologists. The Kuder-Richardson coefficient 
for the knowledge questionnaire was 0.87. Additionally, 
Cronbach’s alpha coefficients for the attitude and 
preventive performance questionnaires were 0.90 and 0.88, 
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respectively, indicating acceptable reliability for all scales.
Following the validation and reliability confirmation, 

the final questionnaires were distributed among the target 
population. After completion, all questionnaires were 
collected and coded for analysis. Ultimately, data were 
analyzed using SPSS software, version 21. Descriptive 
statistics (means, standard deviations, frequencies, and 
percentages) were reported, and the Kolmogorov-Smirnov 
test was used to assess the normality of data distribution. 
Based on the results, parametric statistical tests, including 
independent t-test, one-way analysis of variance, and Chi-
square, were employed, and a confidence level of 95% 
(α = 0.05) was considered for all statistical tests.

The inclusion criteria for this study encompassed all 
surgical team members, specifically surgeons and surgical 
technologists, employed at the teaching hospitals in Yazd. 
The participants were further required to demonstrate a 
willingness to partake in the study and provide written 
informed consent after receiving a brief explanation of the 
research objectives and being assured of the confidentiality 
of their personal information. Conversely, the exclusion 
criteria consisted of a lack of willingness to participate in 
the study and the submission of incomplete questionnaires, 
defined as those with more than 10% of the questions left 
unanswered.

Results
In total, 244 individuals participated in this study. Based on 
the findings, 123 of the study subjects (50.4%) were female, 
and the rest were male. About 38.9% held a Bachelor’s 
degree, around 49.6% had a work experience between 1 
year and 5 years, and most of them (92.6%) had passed no 
training course regarding surgical smoke. Further, nearly 
48.8% of the study subjects were surgical technologists, and 
0.8% of them were pediatric and neurosurgery specialists. 
In addition, most participants had the role of a surgeon 
(51.2%) in the surgical team, and the rest had the role of a 
surgical technologist. Around 21.7% had between 22 and 
28 hours of active presence in the operating room during 
the week, and 3.3% of them had between 50 hours and 
56 hours of active presence. Moreover, most individuals 
(62.3%) stated that the operating room authorities have 
not established appropriate and mandatory laws for the 
use of respiratory protective masks by staff during surgery. 
Furthermore, most individuals (51.6%) had obtained no 
information regarding surgical smoke and its complications 
through any means, and among other methods of acquiring 
information, most of them (36.1%) had gained information 
through colleagues in the surgical team. Table 1 presents the 
absolute frequency distribution and frequency percentage 
of other demographic characteristics of the study subjects.

Based on the results (Table 2), the total knowledge score 
of the participants was 2604 within the range of 0–6496, 
and the mean knowledge score per individual was 10.6 
within the range of 0–29. Additionally, the lowest and 
highest scores obtained by the participants were 0 and 24, 
respectively (range: 0–29.

Likewise, the total attitude score of the participants 

Table 1. Absolute Frequency and Percentage Distribution of Demographic 
Characteristics of the Surgical Team Members Participating in the Study

Variables Frequency
Percentage of 

Frequency

Gender
Female 123 50.4

Male 121 49.6

Educational 
qualification

Associate degree 11 5.4

 Bachelor’s degree 95 38.9

 Master’s degree 13 5.3

 Resident 65 26.6

 Specialist 42 17.2

 Subspecialist 18 7.4

Years of work 
experience

1–5 121 49.6

6–10 25 10.2

11–15 42 17.2

16–20 35 14.3

21–25 14 5.7

 > 25 7 2.9

Training course 
on surgical 
smoke

 Yes 18 7.4

 No 226 92.6

Specialty

 General surgery 27 11.1

 Orthopedics 21 8.6

 Obstetrics and 
gynecology

21 8.6

 Ophthalmology 10 4.1

 Otolaryngology (ENT) 6 6.6

 Cardiovascular surgery 5 2.1

Pediatrics 2 0.8

 Urology 11 4.5

 Plastic surgery 3 1.5

 Oral and maxillofacial 
surgery

7 2.9

Neurosurgery 2 0.8

Surgical technologist 119 48.8

Role in the 
surgical team

Surgeon 125 51.2

 Surgical technologist 119 48.8

Active presence 
in the operating 
room during the 
week/hours

1–7 12 4.9

 8–14 17 7

 15–21 35 14.3

 22–28 53 21.7

 29–35 42 17.2

 36–42 28 11.5

 43–49 32 13.1

 50–56 8 3.3

 More than 56 17 7

Existence of 
mandatory 
regulations

No 152 62.3

Yes 92 37.7

Source of 
information

 Members of the surgical 
team/surgical team 
colleagues

88 36.1

 In-service training classes 4 1.6

 Internet search and review 
of international guidelines

26 10.7

None 126 51.6

Note. ENT: Ear, nose, and throat.
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was 10656 within the range of 3136–15680, and the mean 
attitude score per individual was 43.7 (range: 14–70). 
Similarly, the lowest and highest scores obtained by the 
participants regarding attitude were 22 and 66, respectively 
(range: 14–70). Additionally, the total preventive 
performance score of the participants and the mean 
preventive performance score per individual were 1792 
(range 0–4032) and 7.3 (0–18), respectively. The lowest 
and highest scores obtained by the participants regarding 
preventive performance were 2 and 13, respectively, (range 
0–18).

The results of the independent t-test (Table 3) indicated a 
significant relationship between the surgical team’s attitude 
toward complications caused by surgical smoke and gender 
(P < 0.05), the mean score for the female and male groups 
being 62.4 and 42.7, respectively. Further, there was a 

significant relationship between the attitude variable and 
the individuals’ role in the surgical team (P < 0.05), such 
that the mean attitude of surgical technologists (45.08) 
was significantly higher than that of surgeons (42.3). In 
addition, a significant difference was observed in the mean 
preventive performance of the surgical team regarding 
complications caused by surgical smoke based on previous 
training received, so that the mean performance of the 
trained group was higher than that of the untrained group.

Data analysis (Table 4) showed no significant difference 
in knowledge across surgical specialties (P = 0.438), but 
significant differences were found for attitude (P = 0.038) 
and preventive performance (P = 0.002). Regarding attitude, 
neurosurgery (mean rank: 213), cardiac surgery (177), and 
maxillofacial surgery (171) surgeons ranked highest. For 
preventive performance, neurosurgery (163), pediatric 
surgery (160), and urologic surgery (140) specialists had 
the highest mean ranks. These findings suggest that while 
knowledge is consistent, attitude and performance vary, 
with neurosurgeons demonstrating the highest ranks in 
both areas.

In addition, the results of the analysis of variance (Table 5) 
revealed a significant difference in the mean knowledge, 
attitudes, and preventive performance of the surgical team 
regarding complications caused by surgical smoke based 

Table 2. Total Score, Mean, Mode, Standard Deviation, Variance, Minimum, 
and Maximum Score of Knowledge, Attitudes, and Preventive Performance 

Dimensions
Observed 

Score Range
Total 
Score

Mean Minimum Maximum
Standard 
Deviation

State of 
knowledge

29–0 2604 10.6 0 24 1.3

State of 
attitude

70–14 10656 43.7 22 66 7.2

State of 
preventive 
performance

18–0 1792 7.3 2 13 1.8

Table 3. Results of Independent t-Test to Compare Knowledge, Attitudes, and Preventive Performance of the Surgical Team Based on Different Variables

Knowledge Attitudes Preventive Performance

Mean P-Value Mean P-Value Mean P-Value

Gender
Female 10.2

0.1
62.4

0.03
7.4

0.5
Male 11.11 42.7 7.3

Role in the surgical 
team

Surgeon 10.7
0.95

42.3
0.003

7.16
0.12Surgical 

technologist
10.65 45.08 7.5

Previous training
No 10.6

0.42
43.7

0.58
7.3

0.02
Yes 11.44 42.7 8.22

Existence of 
binding laws

No 10.7
0.62

43.4
0.55

7.19
0.09

Yes 10.5 44.02 7.59

Table 4. Results of the Kruskal-Wallis Test to Compare the Knowledge, Attitudes, and Preventive Performance of the Surgical Team Based on Surgical Specialty

Expertise
Knowledge Attitudes Preventive Performance

Average Ranks P-Value Average Ranks P-Value Average Ranks P-Value

General surgery 126

0.438

85

0.038

112

0.002

Orthopedics 142 111 69

Gynecological surgery 112 119 116

Ophthalmic surgery 122 112 68

Ear, nose, and throat surgery 110 104 135

Cardiac surgery 90 177 102

Pediatric surgery 201 130 160

Urologic surgery 122 124 140

Plastic surgery 177 124 110

Maxillofacial surgery 135 171 93

Neurosurgery 195 213 163

Surgical technologist 118 130 138
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on the education level (P < 0.05), so that the mean scores 
for knowledge, attitudes, and preventive performance of 
those with a master’s degree were substantially higher than 
those of other educational qualifications.

According to Table 6, the relationship between knowledge 
and attitude (r = 0.25, P = 0.001) was weak, positive, and 
statistically significant. Although significant, the weak 
correlation indicated that knowledge alone is not a strong 
driver of attitude, and other factors (e.g., training quality 
and workplace culture) likely play more substantial roles.

Similarly, a weak but significant relationship was found 
between knowledge and preventive performance (r = 0.27, 
P = 0.001), suggesting that while knowledge contributes 
to better performance, it is insufficient on its own. Actual 
performance may be hindered by other critical factors, 
including the availability of protective equipment and 
organizational support.

Unlike the other relationships, the correlation between 
attitude and preventive performance (r = 0.09, P = 0.14) was 
not statistically significant. This important negative finding 
demonstrates that a positive attitude alone is insufficient 
to guarantee safe performance in the absence of necessary 
equipment and a supportive environment. Despite 
having favorable attitudes, individuals may fail to adopt 
protective behaviors if resources are not readily available, 
underscoring the critical role of institutional support in 
bridging the gap between attitude and practice.

Discussion
A comprehensive examination of the status of knowledge, 
attitudes, and preventive performance of the surgical team 
in teaching hospitals in Yazd regarding the complications 
of surgical smoke painted a concerning picture of the level 
of safety and occupational health in surgical environments. 
The results of this study indicated that the mean knowledge 
score of the surgical team (with a score range of 0–29) 
was 10.6, and the mean preventive performance score 

(within the range of 0–18) was 7.3, representing a poor 
level of awareness and inappropriate performance by 
personnel against the hazards of surgical smoke. Although 
participants had relative awareness regarding the nature of 
smoke generation and its respiratory effects, they provided 
insufficient and occasionally incorrect information 
regarding the transmission of dangerous diseases (e.g., 
hepatitis and human immunodeficiency virus-1) through 
surgical smoke. The main reason for this deficiency has 
been cited as the lack of standard protective facilities and 
equipment in hospitals, so that most individuals mentioned 
that despite being aware of the existence of advanced 
equipment globally, none of the useful tools, such as 
suction with special filters or N95 masks, were available 
in their work environment. This lack of infrastructure, 
along with the lack of access to occupational protocols 
and global guidelines, is the main barrier to the correct 
performance of personnel. These findings are consistent 
with the results of studies by Ilce et al (9), Chapman et al 
(21), and Khoshdel et al (34), pointing to the low level of 
knowledge and preventive performance of surgical teams 
and the insufficient use of personal protective equipment.

Notable results were obtained when analyzing variables 
affecting the surgical team’s status. Gender-based 
examination showed no significant difference in knowledge 
and preventive performance between men and women; 
however, attitude scores were significantly higher in 
women, suggesting greater sensitivity to workplace safety 

Table 5. Results of the Analysis of Variance Test for Knowledge, Attitudes, and Preventive Performance of the Surgical Team Based on Other Variables

Knowledge Attitudes Preventive Performance

Mean P-Value Mean P-Value Mean P-Value

Experience/year

1–5 10.6

0.19

44.4

0.52

1.3

0.94

6–10 9.6 43.6 7.4

11–15 11.95 43.5 7.2

16–20 10.7 42 7.49

 ≥ 21 9.9 43 7.57

Education

Associate degree 9

0

44.4

0.02

7

0.02

Bachelor’s degree 10.11 45 4.3

Master’s degree 16 46.7 9

Specialist 10.9 42.25 7.5

Subspecialist 10.7 42 7

Active presence in the 
operating room/hour

1–14 11

0.89

43.8

0.34

7.4

0.85
14–28 10.4 43 7.4

28–42 10.7 44 7.4

 ≥ 42 11 44 7.2

Table 6. Correlation Coefficient Between Knowledge, Attitudes, and Preventive 
Performance in the Field of Surgical Smoke Complications

Number Variable 1 2 3

1 Knowledge 1

2 Attitude 0.25** 1

3 Preventive performance 0.27** 0.09 1

Note. *P < 0.05, **P < 0.01.



Avicenna J Care Health Oper Room 2026; 4(1)12

Keshtkar et al 

issues.
Regarding team roles, surgeons demonstrated a better 

status compared to surgical technologists, although 
both groups had low knowledge and performance levels, 
which contradicts the results of the study by Ilce et al (9), 
reporting surgeons as weaker than other personnel in using 
preventive devices.

Analysis by surgical specialty revealed no significant 
difference in knowledge across specialties, indicating a lack 
of specialized education in university curricula. However, 
significant differences were observed in attitudes and 
preventive performance. Neurosurgeons ranked highest 
in both domains. Likewise, cardiologists and maxillofacial 
surgeons scored high in attitude, while pediatricians 
and urologists scored high in preventive performance. 
These differences may be attributed to the nature of 
their surgeries and greater exposure to surgical smoke-
generating equipment.

 One of the most important findings was related to 
the variable of work experience; based on the obtained 
data, there was no significant relationship between 
work experience and the level of knowledge, attitudes, 
or preventive performance. Overall, personnel, whether 
during their studies or throughout their years of service, 
had received no effective training regarding surgical smoke, 
and work experience alone did not led to the improvement 
of their awareness.

In contrast, education and receiving previous training 
had a positive and significant impact on the status of 
personnel. More precisely, individuals with a master’s 
degree achieved higher scores in the knowledge and 
attitude sections. This may be due to the greater mastery 
of these individuals over scientific sources and credible 
global guidelines. Additionally, although receiving previous 
training had no significant effect on knowledge and attitude 
(which may be due to the low quality or forgetting of 
old trainings), its effect on preventive performance was 
significant, such that individuals who had received training 
showed better performance. This highlights the importance 
of continuous training and is consistent with the findings 
of studies by Chapman et al (21), Ball (24), the Association 
of perioperative Registered Nurses (35), and Chavis et al 
(36), emphasizing the necessity of continuous training to 
promote behavior change and create a safe environment. 
Another noteworthy point was that the presence or 
absence of mandatory workplace laws for mask use had no 
significant effect on any of the dimensions of knowledge, 
attitudes, or preventive performance, implying that external 
obligations are ineffective without internal awareness and 
sufficient education. Overall, it is suggested that health 
and education policymakers, through careful planning, 
incorporate topics related to surgical smoke and safety into 
university course syllabi. In addition, it is recommended 
that they hold effective and continuous in-service training 
courses to familiarize personnel with up-to-date guidelines 
and protective equipment, thereby improving preventive 
performance and increasing the health of the valuable 
workforce in the country’s healthcare system by enhancing 

awareness and changing attitudes.
Finally, it is important to acknowledge that the data were 

gathered in 2019. Although this issue does not diminish 
the validity of the findings, readers should consider 
that guidelines, training programs, or the availability of 
protective equipment may have changed in the intervening 
period.

Conclusion
This study revealed a concerning lack of knowledge and 
inadequate preventive performance regarding the hazards 
of surgical smoke among the surgical team in teaching 
hospitals in Yazd. Despite the availability of advanced 
equipment globally, the absence of standard protective 
facilities (e.g., smoke evacuation systems and N95 masks) 
remains a primary barrier to safety. The findings indicated 
that while gender and work experience did not significantly 
influence knowledge or preventive performance, higher 
education levels and previous training were associated with 
better outcomes. Notably, the mere existence of mandatory 
laws proved ineffective without proper awareness and 
education. Therefore, it is strongly recommended that 
healthcare policymakers integrate surgical smoke safety 
into university curricula and implement continuous, 
high-quality in-service training. It is noteworthy that 
these measures are essential to enhance staff awareness, 
improve attitudes, and ensure the occupational health of 
the surgical workforce.

Implications for Practice and Policy
Based on the study findings, the following actionable 
recommendations are presented:

Curriculum Integration
Specific modules on surgical smoke hazards should be 
incorporated into medical, nursing, and surgical technology 
curricula, covering topics such as health effects, smoke 
evacuation systems, and proper use of personal protective 
equipment.

Training Programs 
It is recommended that all operating room personnel 
receive mandatory annual in-service training, including 
practical workshops and online modules. Refresher courses 
every six months can reinforce learning and ensure updated 
knowledge.

Equipment Provision
Hospital administrators and health ministries must 
prioritize the procurement of smoke evacuation systems 
and N95 masks as an essential investment in workforce 
health. Clear protocols for mandatory use during all 
smoke-generating procedures should be established and 
monitored as well.

Acknowledgments
This study is the result of a master’s thesis in operating room 
approved by the Research Vice-Chancellor of Shahid Sadoughi 



Avicenna J Care Health Oper Room 2026; 4(1) 13

Surgical Team’s Knowledge and Attitudes Toward Surgical Smoke

University of Medical Sciences, Yazd. The authors deem it necessary 
to express their gratitude and appreciation to all respectable officials 
of the Research Vice-Chancellor of Shahid Sadoughi University of 
Medical Sciences, Yazd, and the staff participating in the study who 
appropriately cooperated with the investigators.

Authors’ Contribution
Conceptualization: Fatemeh Jabinian, Ahmad Entezari, Iman 
Keshtkar, Masoumeh Abbasi Shavazi
Data Curation: Iman Keshtkar
Formal Analysis: Sara Jambarsang
Investigation: Masoumeh Abbasi Shavazi, Iman Keshtkar
Methodology: Ahmad Entezari, Zahra Torkashvand
Project Administration: Ahmad Entezari, Masoumeh Abbasi Shavazi
Software: Sara Jambarsang
Supervision: Ahmad Entezari, Masoumeh Abbasi Shavazi
Writing–Original Draft: Zahra Torkashvand, Iman Keshtkar
Writing–Review & Editing: Ahmad Entezari, Fatemeh Jabinian, Zahra 
Torkashvand

Competing Interests
The authors declare no competing interests.

Ethical Approval
Written informed consent was obtained from all participants to take 
part in the study. Participants were also assured of anonymity and 
confidentiality of their information. In addition, ethical approval 
was provided by the Research Ethics Committee of Shahid Sadoughi 
University of Medical Sciences, Yazd, Iran (ethical code: IR.SSU.
SPH.REC.1398.070).

Funding
This study was financially supported by Shahid Sadoughi University 
of Medical Sciences, Yazd, Iran.

References
1.	 Kalantari R, Zakerian SA, Mahmodi Majdabadi M, Zanjirani 

Farahani A, Meshkati M, Garosi E. Assessing the teamwork 
among surgical teams of hospitals affiliated to social security 
organizations in Tehran city. Journal of Hospital 2016;15(3):21-
9. 

2.	 Lambert EG, Hogan NL, Griffin ML. The impact of distributive 
and procedural justice on correctional staff job stress, job 
satisfaction, and organizational commitment. J Crim Justice 
2007;35(6):644-56. doi:10.1016/j.jcrimjus.2007.09.001

3.	 Rahmati-Najarkolaei F, Moeeni A, Ebadi A, Heidaranlu E. 
Assessment of a military hospital’s disaster preparedness using 
a health incident command system. Trauma Mon 2017;22(2): 
e100058. doi:10.5812/traumamon.31448

4.	 Ghahremani E, Parandeh A, Vafadar Z, Ebadi A. Survey of 
the occupational hazards and related factors in health care 
workers in military hospitals during 2016-2017. J Mil Med 
2018;20(1):56-64.

5.	 Timmins P. Occupational Health and Safety Risk Factors for 
Rural and Metropolitan Nurses: Comparative Results from a 
National Nurses Survey. Australian Safety and Compensation 
Council; 2008.

6.	 Siddique K, Mirza S, Tauqir SF, Anwar I, Malik AZ. Knowledge 
attitude and practices regarding needle stick injuries amongst 
healthcare providers. Pak J Surg 2008;24(4):243-8.

7.	 Kakizaki M, Ikeda N, Ali M, Enkhtuya B, Tsolmon M, Shibuya 
K, et al. Needlestick and sharps injuries among health care 
workers at public tertiary hospitals in an urban community 
in Mongolia. BMC Res Notes 2011;4:184. doi:10.1186/1756-
0500-4-184

8.	 Johnston JJ, O’Conor E. Needlestick injuries, management and 
education: a role for emergency medicine? Eur J Emerg Med 
2005;12(1):10-2. doi:10.1097/00063110-200502000-00004

9.	 Ilce A, Yuzden GE, Yavuz van Giersbergen M. The examination 

of problems experienced by nurses and doctors associated with 
exposure to surgical smoke and the necessary precautions. J 
Clin Nurs 2017;26(11-12):1555-61. doi:10.1111/jocn.13455

10.	 Heinsohn P, Jewett DL, Balzer L, Bennett CH, Seipel P, Rosen 
A. Aerosols created by some surgical power tools: particle 
size distribution and qualitative hemoglobin content. Appl 
Occup Environ Hyg 1991;6(9):773-6. doi:10.1080/104732
2X.1991.10389727

11.	 Sanderson C. Surgical smoke. J Perioper Pract 2012;22(4):122-
8. doi:10.1177/175045891202200405

12.	 Nicola JH, Nicola EM, Vieira R, Braile DM, Tanabe MM, Baldin 
DH. Speed of particles ejected from animal skin by CO2 laser 
pulses, measured by laser Doppler velocimetry. Phys Med Biol 
2002;47(5):847-56. doi:10.1088/0031-9155/47/5/311

13.	 Stanton C. Guideline for surgical smoke safety. AORN J 
2016;104(4):10-2. doi:10.1016/s0001-2092(16)30626-3

14.	 Steege AL, Boiano JM, Sweeney MH. Secondhand smoke in the 
operating room? Precautionary practices lacking for surgical 
smoke. Am J Ind Med 2016;59(11):1020-31. doi:10.1002/
ajim.22614

15.	 Kisch T, Liodaki E, Kraemer R, Mailaender P, Brandenburger M, 
Hellwig V, et al. Electrocautery devices with feedback mode 
and teflon-coated blades create less surgical smoke for a quality 
improvement in the operating theater. Medicine (Baltimore) 
2015;94(27): e1104. doi:10.1097/md.0000000000001104

16.	 Dobrogowski M, Wesolowski W, Kucharska M, Paduszyńska 
K, Dworzyńska A, Szymczak W, et al. Health risk to medical 
personnel of surgical smoke produced during laparoscopic 
surgery. Int J Occup Med Environ Health 2015;28(5):831-40. 
doi:10.13075/ijomeh.1896.00374

17.	 Lee T, Soo JC, LeBouf RF, Burns D, Schwegler-Berry D, Kashon 
M, et al. Surgical smoke control with local exhaust ventilation: 
experimental study. J Occup Environ Hyg 2018;15(4):341-50. 
doi:10.1080/15459624.2017.1422082

18.	 Barrett WL, Garber SM. Surgical smoke: a review of the 
literature. Is this just a lot of hot air? Surg Endosc 2003;17(6):979-
87. doi:10.1007/s00464-002-8584-5

19.	 Jamal S, Hassan M, Farooqi M, Ali S. Surgical smoke-concern 
for both doctors and patients. Indian J Surg 2015;77(Suppl 
3):1494-5. doi:10.1007/s12262-014-1195-2

20.	 Tomita Y, Mihashi S, Nagata K, Ueda S, Fujiki M, Hirano M, et 
al. Mutagenicity of smoke condensates induced by CO2-laser 
irradiation and electrocauterization. Mutat Res 1981;89(2):145-
9. 

21.	 Chapman LW, Korta DZ, Lee PK, Linden KG. Awareness of 
surgical smoke risks and assessment of safety practices during 
electrosurgery among US dermatology residents. JAMA Dermatol 
2017;153(5):467-8. doi:10.1001/jamadermatol.2016.5899

22.	 Atar Y, Salturk Z, Kumral TL, Uyar Y, Cakir C, Sunnetci G, et 
al. Effects of smoke generated by electrocautery on the larynx. 
J Voice 2017;31(3):380.e7-9. doi:10.1016/j.jvoice.2016.05.012

23.	 Pope CA 3rd, Bates DV, Raizenne ME. Health effects of 
particulate air pollution: time for reassessment? Environ Health 
Perspect 1995;103(5):472-80. doi:10.1289/ehp.95103472

24.	 Ball K. Compliance with surgical smoke evacuation guidelines: 
implications for practice. AORN J 2010;92(2):142-9. 
doi:10.1016/j.aorn.2010.06.002

25.	 Schultz L. An analysis of surgical smoke plume components, 
capture, and evacuation. AORN J 2014;99(2):289-98. 
doi:10.1016/j.aorn.2013.07.020

26.	 Johnson GK, Robinson WS. Human immunodeficiency virus-1 
(HIV-1) in the vapors of surgical power instruments. J Med Virol 
1991;33(1):47-50. doi:10.1002/jmv.1890330110

27.	 Beebe DS, Swica H, Carlson N, Palahniuk RJ, Goodale RL. High 
levels of carbon monoxide are produced by electro-cautery 
of tissue during laparoscopic cholecystectomy. Anesth Analg 
1993;77(2):338-41. doi:10.1213/00000539-199377020-00021

28.	 Gao S, Koehler RH, Yermakov M, Grinshpun SA. Performance 
of facepiece respirators and surgical masks against surgical 

https://doi.org/10.1016/j.jcrimjus.2007.09.001
https://doi.org/10.5812/traumamon.31448
https://doi.org/10.1186/1756-0500-4-184
https://doi.org/10.1186/1756-0500-4-184
https://doi.org/10.1097/00063110-200502000-00004
https://doi.org/10.1111/jocn.13455
https://doi.org/10.1080/1047322X.1991.10389727
https://doi.org/10.1080/1047322X.1991.10389727
https://doi.org/10.1177/175045891202200405
https://doi.org/10.1088/0031-9155/47/5/311
https://doi.org/10.1016/s0001-2092(16)30626-3
https://doi.org/10.1002/ajim.22614
https://doi.org/10.1002/ajim.22614
https://doi.org/10.1097/md.0000000000001104
https://doi.org/10.13075/ijomeh.1896.00374
https://doi.org/10.1080/15459624.2017.1422082
https://doi.org/10.1007/s00464-002-8584-5
https://doi.org/10.1007/s12262-014-1195-2
https://doi.org/10.1001/jamadermatol.2016.5899
https://doi.org/10.1016/j.jvoice.2016.05.012
https://doi.org/10.1289/ehp.95103472
https://doi.org/10.1016/j.aorn.2010.06.002
https://doi.org/10.1016/j.aorn.2013.07.020
https://doi.org/10.1002/jmv.1890330110
https://doi.org/10.1213/00000539-199377020-00021


Avicenna J Care Health Oper Room 2026; 4(1)14

Keshtkar et al 

smoke: simulated workplace protection factor study. Ann 
Occup Hyg 2016;60(5):608-18. doi:10.1093/annhyg/mew006

29.	 Bhattacharya A. Costs of occupational musculoskeletal disorders 
(MSDs) in the United States. Int J Ind Ergon 2014;44(3):448-54. 
doi:10.1016/j.ergon.2014.01.008

30.	 Müller B, Münch EB. B. Beneficial Health Organization Design 
in the Hospital-Development and Evaluation of Health Circles 
as Participation and Intervention Model. Weinheim: Juventa; 
1997.

31.	 Dalal AJ, McLennan AS. Surgical smoke evacuation: a 
modification to improve efficiency and minimise potential 
health risk. Br J Oral Maxillofac Surg 2017;55(1):90-1. 
doi:10.1016/j.bjoms.2016.03.029

32.	 Eti Aslan F, Kan Öntürk Z. Güvenli ameliyathane ortamı; 

biyolojik, kimyasal, fiziksel ve psikososyal riskler, etkileri ve 
önlemler. Maltepe Üniversitesi Hemşirelik Bilim ve Sanatı 
Dergisi 2011;4(1):133-40.

33.	 Fencl JL. Guideline implementation: surgical smoke safety. 
AORN J 2017;105(5):488-97. doi:10.1016/j.aorn.2017.03.006

34.	 Khoshdel H, Amouzeshi A, Amouzeshi Z, Unesi Z. Surgical 
team’ knowledge about electrocautery smoke complications 
in the educational hospitals in Birjand, 2011. J Surg Trauma 
2014;2(1):17-20.

35.	 AORN. Guideline at a glance: surgical smoke. AORN J 
2017;105(2):250-1. doi:10.1016/s0001-2092(16)31044-4

36.	 Chavis S, Wagner V, Becker M, Bowerman MI, Jamias MS. 
Clearing the air about surgical smoke: an education program. 
AORN J 2016;103(3):289-96. doi:10.1016/j.aorn.2016.01.007

https://doi.org/10.1093/annhyg/mew006
https://doi.org/10.1016/j.ergon.2014.01.008
https://doi.org/10.1016/j.bjoms.2016.03.029
https://doi.org/10.1016/j.aorn.2017.03.006
https://doi.org/10.1016/s0001-2092(16)31044-4
https://doi.org/10.1016/j.aorn.2016.01.007

