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Abstract 

Electrocauterization smoke consists of 95% water and 5% toxic and mutagenic. It is an operating room 

hazards because it causes health problems for intraoperative teams including cancer, respiratory 

disorders, hypoxia, cardiovascular disorders, anemia, leukemia, and transition of hepatitis, HIV and 

HPV. Intraoperative team should be aware of the potential hazards of electrosurgery and take it 

seriously. The purpose of the present study was to determine intraoperative team' awareness of 

electrocauterization smoke hazards in Allame Bohlool Gonabadi hospital. Present descriptive cross-

sectional study evaluated awareness of intraoperative team in Allame Bohlool Gonabadi hospital in 

2019 by census method. After data collecting by a questionnaire, obtained data were analyzed by SPSS 

software, Kruskal-Wallis and Mann-Whitney tests. Finally, mean score of participant awareness of 

surgical smoke hazards was calculated and evaluated relationship between awareness level with 

gender, level of education and work experience. The significant level was P≤0.05. This research 

demonstrated that there was no notable difference between awareness and gender, level of education 

and work experience (p=0.203, p=0.591, p=0.286; respectively). Also, mean score of awareness of 

electrocauterization smoke hazards was 6.8± 0.14; such that 87% of them had poor awareness. The 

lowest rate of awareness was linked to women (45%), individuals with bachelor’s degree (82.85%), 

and work experience of 0-10 years (73.57%). Given that the awareness of intraoperative team in 

Allame Bohlool Gonabadi hospital is poor; holding workshops or pamphlets seems necessary. 
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Introduction Technology is progressing but sometimes 

along with its benefits, we see their unwanted 
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hazards that awareness of these hazards can 

help us in better utilization of this technology. 

In field of surgery, electrocautery is the most 

common heat-producing device that uses the 

high-frequency electrical current to cut or 

coagulate the targeted tissue. This heat causes 

boiling of the cellular contents so releases the 

plume into the air that is called “surgical 

smoke” (1). The Occupational Safety & Health 

Administration (OSHA) in the United States 

(US) estimates that 500,000 workers in the US 

such as surgeons and operating room 

technologists, perioperative nurses, 

anesthesiologists, and medical and under-

graduating students are exposed during several 

hours per day for many years (2). Surgical 

smoke consists of 95% water and 5% toxic and 

mutagenic components such as acetaldehyde, 

formaldehyde, Toluene, Ethylene, Phenol, 

Xylene, Benzene, Naphthalene and 

Phenanthrene (1, 3-5). It was found that 91.1% 

of the nurses and 86.1% of the physicians use 

common surgical masks (6). Unfortunately, 

standard surgical masks do not adequately filter 

surgical smoke particles because these particles 

are extremely small (7-9). So, it is listed as a 

workplace hazard in the operating room 

because it causes health problems for 

intraoperative teams such as cancer (10), 

respiratory disorders (11, 12), hypoxia and 

dizziness, sneezing and coughing, nausea and 

vomiting, dermatitis, cardiovascular disorders, 

anemia, leukemia, weakness, eye and throat 

irritation, tearing (13, 14), double vision, 

anxiety and headache. It is necessary to 

mention that this smoke is a vehicle for the 

transition of malignant cells such as hepatitis, 

HIV (15) and HPV (human papilloma virus) 

(16, 17). Based on studies, it is estimated that 

cauterizing one gram of tissue is equivalent to 

using six unfiltered cigarettes (18). One of the 

solutions offered to evacuate the surgical 

smoke is suctioning; but surgeons believe that 

suctioning the surgical smoke makes a lot of 

noise and reduces the speed of action; 

therefore, only the use of masks and room 

ventilation is sufficient to protect the staff from 

the surgical smoke (19). It should be noted that 

awareness of the complications of 

electrosurgical smoke causes the intraoperative 

team to do preventive proceedings and 

individual protection including local exhaust 

systems, effective ventilation systems, in 

addition to the use of the N95 mask, and safety 

goggles (5); so that create a smoke-free 

environment and ensure their health to some 

extent. Since the exposure with surgical smoke 

is many, this study was done to investigate the 

awareness of intraoperative team from 

electrosurgical smoke’s hazards and 

complications in Allame Bohlool Gonabadi 

Hospital. 

 

Methods 

Present descriptive cross-sectional research 

examined the intraoperative team awareness, 

including surgeons, operating room technicians 

and students who are dealing directly with the 

electrocauterization smoke in Allame Bohlool 

Gonabadi hospital in 2019. In this study, 

sampling did by census method and willingness 

to participate in this study was done. After 

obtaining informed consent verbally, the 

questionnaires were completed by the 

intraoperative team within 15-20 minutes in the 

operating room. This questionnaire consisted 

of two parts, demographic characteristics and 

questions about knowledge of the 

electrocauterization smoke complications. 

Demographic characteristics consisted of 

gender, level of education and work 

experience. Second part contains 21 three-

choice questions (true, false, I do not know) 

that showed knowledge of intraoperative team 

about the electrocauterization smoke 

complications. The scoring was based on, one 

for correct answer, zero for wrong answer and 

I do not know. Finally, scores were totalized to 
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obtain the subjects' score. Thus, the maximum 

knowledge score was 21. Obtained scores were 

classified as poor (less than 50% of total score), 

moderate (51 to 75% of total score) and good 

(more than 75% of total score) (20, 21). Data 

were analyzed using SPSS 20 and Kruskal-

Wallis and Mann-Whitney tests. The level of 

significance was at P≤0.05.  

 

Results 

In this study, the number of participants was 

140 peoples. As shown in Table 1, the highest 

number was belonging women (52.1%, 73 

people), with history work 10-0 years (82.85%, 

116 people) and bachelor's degree (89.28%, 

125 people).  The number, percentage, mean 

and standard deviation of each question are 

shown separately in Table 2.  In this study, in 

order to evaluate the normality of data 

distribution, Kolmogorov- Smirnov test was 

used, which was the result of the test (P = 

0.038) and showed that the data distribution 

was not normal and non-parametric tests 

should be used. It should be noted that in this 

study, Mann-Whitney test results showed that 

there was no significant difference between the 

knowledge and gender (P = 0.203). Also, 

results of Kruskal-Wallis test showed that there 

was no significant relationship between 

knowledge and level of education (p = 0.591) 

and between knowledge and work experience 

(p = 0.286). Based on the results, the mean ± sd 

of participants' knowledge about 

electrosurgical smoke’s hazards was 6.8± 0.14; 

so that 87% of the participants had a low level 

of awareness. In this regard, the lowest level of 

awareness allocated to women (45%, 63 

people), people with 0-10 years of experience 

(73.57%, 103 people) and participants with a 

bachelor's degree (82.85%, 116 people) Table 

3. 

 

Discussion 

Based on the results, the awareness of 

intraoperative team from electrosurgical 

smoke’s hazards in 87% of participants was 

poor. Also, women's awareness was less than 

men's; but there was no significant relationship 

between awareness from electrosurgical 

smoke’s hazards with work experience and 

education.  

Limchantra et al. 2019 reported that surgical 

smoke is dangerous for Operating Room 

Personnel (22). The results of previous studies 

have shown that the use of cautery smoke 

evacuation is not common and universal, and 

one of the factors that affect its evacuation is 

awareness of its dangers. In this regard, Ball 

et.al. in 2010 reported that awareness of the 

effects of cautery smoke is directly related to 

its evacuation, and training programs can create 

a smoke-free environment (23, 24). Numerous 

studies have emphasized that the surgical team 

exposed to cautery smoke should be aware of 

its side effects (25-28). Not only the surgical 

team should consider short-term complications 

such as burning of the mucous membranes and 

vision; but also they needs to consider its long-

term risks (25, 29). Ortolano et al. 2009 

explained chronic exposure of operating room 

personnel to surgical smoke is a worrying 

factor (27). Despite the complications of 

electrocauterization smoke and high exposure 

of intraoperative team to it, there was a few 

studies to determine the level of knowledge of 

intraoperative team about these. Results of 

present study are similar to our previous 

findings in Birjand and Mashhad (20, 21) that 

were showed poor knowledge of intraoperative 

team about complications of this smoke. 

Operating room personnel and surgeons must 

be aware of the surgical smoke hazards. 

Massarweh et al. 2006 stated that because of 

the hazards of conventional electrosurgical 

instruments, intraoperative team must be 

trained in the correct use of these devices (25). 

Health care personnel are responsible for 
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training of cautery using and must try to 

decrease the risks of these materials (18). In 

line with the findings of the present study, 

Clark in his study had indicated that the level 

of knowledge about the surgical diathermy 

hazards is low (30). Also, Lehman et al. 2008 

assessed the level of knowledge about medical 

electrical equipment with a questionnaire that 

was emailed to 1000 urologists and found the 

level of knowledge of urologists to be low (31). 

Sudhindra et al. 2000 reported that surgeon’s 

awareness of the hazards of cautery smoke was 

poor in a UK hospital (32). Unver et al. in 2016 

reported that only 55% of operating room staff 

in two hospitals in Turkey are aware of the 

negative effects of cautery smoke (33). 

Contrast to the results of the present study, 

Marzouk et al 1999 reported that 96% of 

intraoperative team were aware of the 

operating room hazards (34). these 

dissimilarities may be due to the generality of 

this study about awareness from the hazards in 

the operating room. Spearman et al. 2007 

demonstrated that only three of 98 surgeons 

used smoke extractors, while 72% of 

intraoperative team believed there are 

inadequate precautions to protect from the 

potential hazards of electrosurgical smoke (35). 

The consistent use of individual protection 

devices is dependent on knowledge and 

training about the hazards of surgical smoke 

(36).  

 

Conclusion 

In order to prevent and train of surgical smoke 

risks, it is suggested that health care 

professionals increase their awareness using 

the workshops and educational pamphlets and 

thus observe the principles of self-care against 

surgical smoke. 

 

Acknowledgment 

The authors thank the cooperation of the 

Development and Clinical Research Unit of 

Allameh Behlool Gonabadi Hospital for 

providing this study.  

 

 

Reference 

1.Ulmer B. Report of OSHA's draft: 

information for health care workers exposed 

to laser and electrosurgery smoke. Today's 

surgical nurse. 1999;21(2):18-9. 

2.Safety O, Administration H. 

Laser/electrosurgery plume.[on-line] 2015 

[citado em 16 nov 2018]. Washington; US 

Department of Labor. Occupational Safety 

& Health Administration Available from: 

https://www osha 

gov/SLTC/etools/hospital/surgical/surgical 

html. 

3.Weld KJ, Dryer S, Ames CD, Cho K, 

Hogan C, Lee M, et al. Analysis of surgical 

smoke produced by various energy-based 

instruments and effect on laparoscopic 

visibility. Journal of endourology. 

2007;21(3):347-51. 

4.Hensman C, Baty D, Willis R, Cuschieri A. 

Chemical composition of smoke produced 

by high-frequency electrosurgery in a closed 

gaseous environment. Surgical endoscopy. 

1998;12(8):1017-9. 

5.Claudio CV, Ribeiro RP, Martins JT, 

Marziale MHP, Solci MC, Dalmas JC. 

Polycyclic aromatic hydrocarbons produced 

by electrocautery smoke and the use of 

personal protective equipment 1. Revista 

latino-americana de enfermagem. 2017;25. 

6.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. Journal of 

clinical nursing. 2017;26(11-12):1555-61. 

7.Chen C-C, Willeke K. Aerosol penetration 

through surgical masks. American journal of 

infection control. 1992;20(4):177-84. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

91
3.

20
20

.9
.4

.6
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

26
-0

2-
23

 ]
 

                               4 / 8

https://dor.isc.ac/dor/20.1001.1.23222913.2020.9.4.6.9
http://intjmi.com/article-1-563-en.html


 

 

  Int J Med Invest 2021; Volume 9; Number 4; 57-64               http://intjmi.com 

  

 

 

8.Kunachak S, Sobhon P. The potential 

alveolar hazard of carbon dioxide laser-

induced smoke. Journal of the Medical 

Association of Thailand= Chotmaihet 

thangphaet. 1998;81(4):278-82. 

9.Weber A, Willeke K, Marchloni R, Myojo 

T, Mckay R, Donnelly J, et al. Aerosol 

penetration and leakae characteristics of 

masks used in the health care industry. 

American Journal of Infection Control. 

1993;21(4):167-73. 

10.Filter B. Overcoming obstacles to smoke 

plume evacuation what’s stopping 

you?[Internet]. 2015 [Acesso 17 set 2015]. 

Available from: Available from: 

http://pfiedler com/ce/1291. 

11.Baggish MS, Elbakry M. The effects of 

laser smoke on the lungs of rats. American 

journal of obstetrics and gynecology. 

1987;156(5):1260-5. 

12.Wenig BL, Stenson KM, Wenig BM, 

Tracey D. Effects of plume produced by the 

Nd: YAG laser and electrocautery on the 

respiratory system. Lasers in surgery and 

medicine. 1993;13(2):242-5. 

13.Alp E, Bijl D, Bleichrodt R, Hansson B, 

Voss A. Surgical smoke and infection 

control. Journal of Hospital infection. 

2006;62(1):1-5. 

14.Garden JM, O'Banion MK, Bakus AD, 

Olson C. Viral disease transmitted by laser-

generated plume (aerosol). Archives of 

dermatology. 2002;138(10):1303-7. 

15.Baggish MS, Polesz BJ, Joret D, 

Williamson P, Refai A. Presence of human 

immunodeficiency virus DNA in laser 

smoke. Lasers in surgery and medicine. 

1991;11(3):197-203. 

16.Sawchuk WS, Weber PJ, Lowy DR, 

Dzubow LM. Infectious papillomavirus in 

the vapor of warts treated with carbon 

dioxide laser or electrocoagulation: 

detection and protection. Journal of the 

American Academy of Dermatology. 

1989;21(1):41-9. 

17.Ferenczy A, Bergeron C, Richart RM. 

Human papillomavirus DNA in CO2 laser-

generated plume of smoke and its 

consequences to the surgeon. Obstetrics and 

gynecology. 1990;75(1):114-8. 

18.Hill D, O’Neill J, Powell R, Oliver D. 

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. Journal of plastic, reconstructive & 

aesthetic surgery. 2012;65(7):911-6. 

19.Fencl JL. Guideline implementation: 

surgical smoke safety. AORN journal. 

2017;105(5):488-97. 

20.Khoshdel H, Salehi F, Kocharian A, 

Navabi MA, Taheri MMH. Surgical 

Team'Knowledge About electrocautery 

smoke complications in the Educational 

hospitals in Birjand, 2011. Journal of 

Surgery and Trauma. 2014;2(1). 

21.Khoshdel-sarkarizi H, Baradaran R, 

Nourmohammadi E, Khajavian N, Vafisani 

F. Surgical Teamâ s Knowledge of 

Electrocauterization Smoke Complications 

in Several Educational Hospitals in 

Mashhad, Iran, in 2014. Navid No. 

2019;22(70):59-66. 

22.Limchantra IV, Fong Y, Melstrom KA. 

Surgical smoke exposure in operating room 

personnel: a review. JAMA surgery. 

2019;154(10):960-7. 

23.Ball K. Compliance with surgical smoke 

evacuation guidelines: implications for 

practice. AORN journal. 2010;92(2):142-9. 

24.Ball K. Surgical smoke evacuation 

guidelines: compliance among perioperative 

nurses. AORN journal. 2010;92(2):e1-e23. 

25.Massarweh NN, Cosgriff N, Slakey DP. 

Electrosurgery: history, principles, and 

current and future uses. Journal of the 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

91
3.

20
20

.9
.4

.6
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

26
-0

2-
23

 ]
 

                               5 / 8

http://pfiedler/
https://dor.isc.ac/dor/20.1001.1.23222913.2020.9.4.6.9
http://intjmi.com/article-1-563-en.html


 

 

  Int J Med Invest 2021; Volume 9; Number 4; 57-64               http://intjmi.com 

  

 

 

American College of Surgeons. 

2006;202(3):520-30. 

26.Al Sahaf O, Vega-Carrascal I, 

Cunningham F, McGrath J, Bloomfield F. 

Chemical composition of smoke produced 

by high-frequency electrosurgery. Irish 

journal of medical science. 

2007;176(3):229-32. 

27.Ortolano G, Cervia J, Canonica F. Surgical 

smoke: a concern for infection control 

practitioners. Manag Infect Control. 

2009;9(8):48-54. 

28.Tan E, Russell K. Surgical plume and its 

implications: A review of the risk and 

barriers to a safe work place. ACORN: 

Journal of Perioperative Nursing in 

Australia. 2017;30(4). 

29.Fan JK-M, Chan FS-Y, Chu K-M. 

Surgical smoke. Asian Journal of Surgery. 

2009;32(4):253-7. 

30.Clark S. Are surgeons aware of the 

dangers of diathermy? Annals of the Royal 

College of Surgeons of England. 

2002;84(5):369. 

31.Lehman DS, Phillips CK, Hruby GW, 

Lambert S, Landman J. An assessment of 

urologists’ training and knowledge of 

energy‐based surgical devices. BJU 

international. 2008;102(2):226-30. 

32.Sudhindra T, Joseph A, Hacking C, Haray 

P. Are surgeons aware of the dangers of 

diathermy? Annals of the Royal College of 

Surgeons of England. 2000;82(1):31. 

33.Ünver S, Topçu SY, Findik ÜY. Surgical 

smoke, me and my circle. International 

Journal of Caring Sciences. 2016;9(2):697-

703. 

34.Marzouk D. Assessment of operating 

room in Ain Shams University Hospital: 

Knowledge and experience of operating 

room personnel about occupational hazards. 

The Egyptian Journal of Community 

Medicine. 1999;17:1-13. 

35.Bree K, Barnhill S, Rundell W. The 

dangers of electrosurgical smoke to 

operating room personnel: a review. 

Workplace health & safety. 

2017;65(11):517-26. 

36.Steege AL, Boiano JM, Sweeney MH. 

Secondhand smoke in the operating room? 

Precautionary practices lacking for surgical 

smoke. American journal of industrial 

medicine. 2016;59(11):1020-31. 

 

 

Table 1.Demographic characteristics of the participants (n=140).  

 

Demographic characteristics Number Percent (%) 

Gender Men 67 47.8 

Women 73 52.1 

Work experience 0-10 116 82.8 

10-20 21 15 

20-30 3 2.1 

Level of Education Surgeon 5 3.5 

Master of science 10 7.14 

Bachelor of 

science 

125 89.28 
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Table 2. The level of awareness of intraoperative team from electrosurgical smoke’s hazards 

based on questionnaire questions . 

 

Questions Yes           

Number 
(%) 

No     

 Number 

(%) 

I don’t know 

 Number (%) 

Mean Standard 

deviation 

Is surgical smoke a combination of several 

gases? 

67 (55.8) 5(4.1) 68(56.6) 0.55 0.98 

Are surgical smoke compounds harmful and 

dangerous? 

105(87.5) 15(12.5) 20(16.6) 0.87 0.72 

Can inhalation of surgical smoke cause 

respiratory complications such as 

emphysema, bronchitis and nasal injuries? 

78(65) 18(15) 44(36.6) 0.65 0.90 

Can inhalation of surgical smoke cause 

hypoxia and dizziness?  

74(61.66) 18(15) 48(40) 0.61 0.91 

Can contact with surgical smoke cause 

dizziness? 

72(60) 39(32.5) 29(24.16) 0.6 0.79 

Can exposure to surgical smoke cause HIV 

transmission? 

39(32.5) 74(61.66) 27(22.5) 0.32 0.68 

Does inhalation of surgical smoke increase 

the risk of lung cancer? 

88(73.33) 4(3.33) 48(40) 0.73 0.94 

Does contact with surgical smoke have skin 

side effects such as dermatitis?  

30(25) 44(36.66) 66(55) 0.25 0.78 

Can exposure to surgical smoke cause 

cardiovascular disease? 

23(19.16) 35(29.16) 82(68.33) 0.19 0.75 

Does exposure to surgical smoke cause 

diabetes? 

9(7.5) 79(65.83) 52(43.33) 0.07 0.58 

Can exposure to surgical smoke cause 

headaches? 

96(80) 24(20) 20(16.66) 0.8 0.73 

Can contact with surgical smoke cause nausea 

and vomiting? 

100(83) 182(15) 22(18.33) 0.83 0.75 

Can contact with surgical smoke cause 

gastrointestinal complications such as colitis? 

14(11.66) 62(51.66) 64(53.33) 0.11 0.65 

Can contact with surgical smoke cause 

transmission of the hepatitis virus? 

27(22.5) 66(55) 47(39.16) 0.22 0.71 

Can contact with surgical smoke cause 

anemia? 

10(8.33) 55(45.83) 73(60.83) 0.08 0.62 

Can exposure to surgical smoke cause 

leukemia? 

36 49(40.83) 55(45.83) 0.3 0.79 

Does exposure to surgical smoke cause 

weakness and fatigue? 

55(45.83) 23(19.16) 62(51.66) 0.45 0.91 

Can eye contact with surgical smoke cause 

eye irritation and tears? 

99(82.5) 13(10.83) 28(23.33) 0.82 0.80 

Can exposure to surgical smoke reduce vision 

and diplopia? 

25(20.83) 40(33.33) 72(60) 0.20 0.77 

Can exposure to surgical smoke cause throat a 

sore throat? 

83(69.16) 35(29.16) 22(18.33) 0.69 0.75 

Can exposure to surgical smoke cause 

transmission of the HPV virus? 

18(15) 41(34.16) 81(67.5) 0.15 0.71 
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Table 3. The level of awareness of intraoperative team from electrosurgical smoke’s hazards 

based on gender, level of education and work experience . 

 

                            

Level of 

awareness 

Gender        

Number (%) 

Work experience  

Number (%) 

Level of education                                                     

Number (%) 

 

Total           

Number 

(%) 

Men Women 0-10 10-20 20-30 
Surgeon 

Master of 

science 

Bachelor 

of science 

Poor          

(≤50%) 

60 

(42.85) 

63 (45) 103 (73.57) 18(12.58) 2 (1.42) 3 (2.14) 4 (2.85) 116 

(82.85) 

123 

(87.85) 

Moderate        

(51-75%) 

7 (5) 10 (7.14) 13 (9.28) 3 (2.14) 1(0.71) 2 (1.42) 6 (4.28) 9 (6.42) 17 

(12.14) 

Good      

(≥75%) 

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

91
3.

20
20

.9
.4

.6
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

26
-0

2-
23

 ]
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