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ABSTRACT

Obijective: Thanks to the rapid development of technology, the number of advanced equipment used in operating rooms is
increasing, as in many areas. Although such equipment provides convenience, it also poses some risks for operating room
staff and patients. The visible gas released into the environment because of the use of equipment such as electrocautery,
laser, ultrasonic scalpel, drill, and saw for the purposes of hemostasis, dissection or excision during surgery is called surgical
smoke, which might affect operating room staff negatively.

Material and Method: This systematic review and meta-analysis aims to determine the effect of smoke prevention
measures on symptoms in operating room workers exposed to surgical smoke. Descriptive, cross-sectional and prospective
cohort studies published between 2010-2021 were evaluated. Eligible studies were selected from the databases of CINAHL,
MEDLINE, SCOPUS, Science Direct, Cochrane Library, and Google Scholar on December 21, 2021. Results of 8 studies
(6 descriptive, 1 cross-sectional, 1 prospective cohort) were pooled.

Results: The analysis of pooled studies revealed that having knowledge of surgical smoke, presence of an evacuator,
frequency of exposure, and the symptoms of headache, nausea, sore throat and burning eyes had a high positive effect on
exposure to surgical smoke. Taking precautions against surgical smoke and the symptom of respiratory changes were found
to have a negative effect on exposure to surgical smoke.

Conclusion: It was concluded that the incidence of symptoms of headache, nausea, sore throat and burning eyes increased
in direct proportion to exposure to surgical smoke, and there was a decrease in respiratory changes because of the exposure.
In addition, the exposure decreased as the knowledge level of the operating room workers increased, they took more
precautions and they used smoke evacuation devices more, and the incidence of symptoms increased as the frequency of
exposure to surgical smoke increased.

Keywords: Electrosurgical Smoke, Occupational Exposure, Occupational Hazard, Precaution, Surgical Smoke.

OZET

Amag: Teknolojinin gelismesiyle birlikte birgok alanda oldugu gibi ameliyathanelerde de ileri diizey ekipmanlarin kullanimi
artmaktadir. Bu ekipmanlar kullanim agisindan kolaylik saglasa da ameliyathane calisanlar1 ve hastalar agisindan bazi
riskleri de barindirir. Cerrahi duman, elektrokoter, lazer, ultrasonik nester, matkap, testere gibi ekipmanlarin ameliyat
sirasinda hemostaz, diseksiyon ya da eksizyon amagli kullanilmasi sonucu ortama salinan goriiniir 6zellikteki gazdir.
Ameliyathane ¢aliganlar1 bu durumdan olumsuz etkilenebilirler.

Gere¢ ve Yontem: Bu sistematik derleme ve meta analizde, cerrahi dumana maruz kalan ameliyathane ¢alisanlarinda
dumandan korunmaya yonelik 6nlemlerin semptomlar iizerindeki etkisi belirlenmesi amaglandi. 2010-2021 yillar1 arasinda
yayinlanan tanimlayici, kesitsel ve prospektif kohort calismalar degerlendirildi. 21 Aralik 2021 tarihinde CINAHL,
MEDLINE, SCOPUS, Science Direct, Cochrane Library, Google Scholar veri tabanlarindan uygun caligmalar segildi.
Toplam 8 calismanin sonuglari (6 tanimlayici, 1 kesitsel, 1 prospektif kohort) birlestirildi.

Bulgular: Birlestirilmis ¢aligmalarin analizinde; cerrahi duman hakkinda bilgi sahibi olma, tahliye cihazinin varligi, maruz
kalma sikligi ile bas agrisi, bulanti, bogazda yanma, gézlerde yanma semptomlarmin cerrahi dumana maruz kalma iizerinde
pozitif yonde yliksek etki biiyiikliigiine sahip oldugu bulundu. Cerrahi dumana y6nelik 6nlem alma ve solunum degisiklikleri
semptomu ise cerrahi dumana maruz kalma tizerinde negatif yonde etki biiyiikliigiine sahip oldugu bulundu.

Sonug: Cerrahi duman maruziyetine bagli ameliyathane ¢alisanlarinda bas agrisi, bulanti, bogazda yanma ve gozlerde
yanma bulgulart maruziyetle dogru orantili olarak arttig1, solunum degisikliklerinde ise azalma oldugu sonucu elde edildi.
Ameliyathane c¢alisanlarinin bilgi diizeyleri, 6nlem alma yontemleri ve duman tahliye cihazlari kullanimi arttik¢a
maruziyetin azaldig1, dumana maruz kalma siklig1 arttikca semptomlarin da arttigi sonuglarina ulasildi.

Anahtar Kelimeler: Cerrahi Duman, Elektrocerrahi Dumani, Mesleki Maruziyet, Mesleki Tehlike, Onlem.
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INTRODUCTION
Thanks to the rapid development of technology, the number of advanced equipment used in operating
rooms is increasing, as in many areas. Although such equipment provides convenience, it also poses
some risks for operating room staff and patients (Olgun, 2020; Tseng et al., 2014). The visible gas
released into the environment because of the use of equipment such as electrocautery, laser, ultrasonic
scalpel, drill, and saw for the purposes of hemostasis, dissection or excision during surgery is called
surgical smoke (SS) (Ilge et al., 2017; Mowbray et al., 2013). SS occurs due to the high temperature that
the cell is exposed to during cautery application, which is used for hemostasis of tissue and blood vessels,
thus causing the intracellular fluid to boil, the protein and organic substances to burn, and the fat and
protein in the surrounding tissues to break down (Olgun, 2020). Of the visible and odorous SS, 95% is
composed of water and 5% of particles such as dead cell debris, fragments of blood, viruses, and bacteria
(lice et al., 2017). In addition, polycyclic aromatic hydrocarbons (PAHs) such as naphthalene,
phenanthrene, benzene, formaldehyde and hydrogen cyanide are also found in SS (Alver et al., 2012;
Benson et al., 2019; Claudio et al., 2017; Tseng et al., 2014; Van Gestel et al., 2020). These particles
and PAHSs are potentially dangerous to human health due to their toxic and carcinogenic characteristics.
Aerosolized SS increases the risk of transmission of pathogens such as Human Immunodeficiency Virus
(HIV), Human Papillomavirus (HPV) and Hepatitis B to patients and staff (Keeley and Smalley, 2022).
The most common symptoms observed in operating room staff due to inhalation of SS were
reported to be headache (17.9%), nasal congestion (15.4%), and eye irritation (15.4%), respectively
(Stanganelli et al., 2019). Another study examining the symptoms observed in nurses found that
headache (26.1%), eye irritation (23.9%), and oral or nasal mucosal irritation (17.4%) were the most
common ones (Saito et al., 2019). It was reported that respiratory symptoms related to SS exposure in
physicians trained in the operating room were foreign body sensation in the throat with 58%, pharyngeal
soreness with 22%, and nausea with 4% (Navarro-Meza et al., 2013), while the most common symptoms
due to SS exposure in nurses working in the operating rooms of different hospitals were headache with
61.9%, lachrymation with 54.3% and sneezing with 44.8% (Usta et al., 2019). The most common
symptoms of SS reported in the literature are headache (71.8%), nausea (63.4%), cough (57.7%) (Alcan
et al., 2017), throat irritation (56.6%) (Unver et al., 2016), lachrymation (41.7%) (ilge et al., 2017). In
another study examining 672 operating room workers with similar results, respiratory changes (57.3%)
were reported in addition to these symptoms (Van Giersbergen et al., 2019). The cohort study Xie et al.
conducted with 75.011 nurses in 2021 reported that the risk of developing Chronic Obstructive
Pulmonery Disease (COPD) was 69% higher in nurses who worked in the operating room for 15 years
or longer compared to those who did not work in the operating room (Xie et al., 2021). The Occupational
Safety and Health Administration (OSHA) of the US Department of Labor announced that more than
half a million operating room workers, including surgeons, nurses, anesthetists, and surgical
technologists, are exposed to SS each year (OSHA, 2022). High filtration masks (N95, N99, N100 etc.)
and smoke evacuation systems (general ventilation, central smoke extraction systems, wall-mounted
ventilator, evacuation device, etc.) are among the measures that can be taken to prevent exposure in
operating room workers (Van Giersbergen and Sahin Kdze, 2022). In their study in which they examined
the bacterial and particulate filtration performance of surgical masks and user compliance, Oberg and
Brosseau (2008) reported that none of the masks included in the study had satisfactory filtration
performance and did not fit the participants' faces to provide sufficient respiratory protection (Oberg
and Brosseau, 2008). In their systematic review and meta-analysis examining the effects of surgical
masks and N95 masks in the prevention of acute respiratory infections, Smith et al. (2016) found that
there was not enough data showing that N95 masks are superior to surgical masks (Smith et al., 2016).
In a randomized controlled study examining the effects of a smoke evacuation system to investigate the
amount of smoke reaching the surgeon's mask in different types of surgery, the content of the smoke on
the surgeon's mask was analyzed, and it was reported that fewer particles were measured in the smoke
content in the surgeries in which an evacuation system was switched on compared to those in which it
was not (Pillinger et al., 2003). On the other hand, Spearman et al. (2007) reported in their study with
169 surgeons and nurses working in the operating room that only 3% of the surgeons used an evacuation
device, 26% thought that adequate precautions were taken, and that the nurses were not authorized to
use evacuation equipment because it was at the discretion of the surgeon (Spearman et al., 2007). Ball
(2010) examined the compliance of 777 perioperative nurses with smoke evacuation procedures and
reported that it was affected negatively due to the complexity of the procedures (Ball, 2010). Although
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the risks and biological effects of SS exposure have been proven, the regulations made to prevent such
exposure are insufficient (Canicoba and Brito Poveda, 2021).

The literature indicates that studies have been carried out on the symptoms in the operating room
staff exposed to SS (Alcan et al., 2017; Ilce et al., 2017; Navarro-Meza et al., 2013; Saito et al., 2019;
Stanganelli et al., 2019; Usta et al., 2019; Unver et al., 2016; Van Giersbergen et al., 2019; Xie et al.,
2021), SS analysis (Benson et al., 2019; Claudio et al., 2017; Van Gestel et al., 2020), and measures
taken to prevent SS (Hahn et al., 2017, Liu et al., 2020).

Research questions
This study aims to determine the effect size of the operating room staff's knowledge about SS and the
use of a smoke evacuator on the symptoms.

MATERIALS AND METHODS

Literature Review

Literature review was performed using the databases of CINAHL, MEDLINE, SCOPUS, Science
Direct, Cochrane Library, and Google Scholar. The following keywords were used for the review:
“surgical smoke” OR “smoke surgical” OR “surgical smoke plume” OR “electrosurgery smoke” OR
“electrocautery smoke” AND “surgery”. MeSH (Medical Subject Headings) thesaurus was used while
creating the keywords. The studies published in national and international journals in 2010 and later,
regardless of whether the full text was available and the language of publication, were reviewed. Studies
in Turkish, English and Spanish are included in the publication language. The literature review was
carried out on December 21, 2021.

Selection of Studies

The inclusion criteria were that the study was related to human health, a research article with full text
published, and conducted in 2010 and later. The exclusion criteria were that the study was COVID-19
pandemic related, its full text was not available, and it was related to smoke analysis.

Assessment of Methodological Quality of Studies

A checklist the Joanna Briggs Institute (JBI) developed for systematic reviews and research syntheses
was used for the quality assessment of the studies (JBI, nd). This checklist consists of eleven items that
are marked as “yes, no, unclear, not applicable”. The assessment results for each included study are
presented in Table 1. Two of the researchers (ZKA, EK) carried out the quality assessment process. The
guestions answered differently were reviewed and discussed, and a common decision was reached.

Table 1. Quality assessment scores

Researcher(s) and year Type of study Quiality score
Stanganelli et al.1, 2019 Prospective cohort study Ye§: L1711
No: 0/0
) . Yes: 9/1
11 =
Saito AC et al.*, 2019 Cross-sectional study Unclear: 2/11
Usta et al.*3, 2019 Descrintive stud Yes: 11/11
P y No: 0/0
Okgiin Alcan et al.'4, 2017 Yes: 9/11

Descriptive study Unclear: 2/11

Aydin et al.?®, 2021 . Yes: 9/11
Descriptive study Unclear- 2/11

Yes: 8/11
Van Giersbergen et al.’¢, 2019 Descriptive study No: 1/11

Unclear: 2/11
Unver et al.’?, 2016 Yes: 9/11

Descriptive study Unclear: 2/11

Ilge et al.%, 2016 _— Yes: 9/11
Descriptive study Unclear- 2/11
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Extraction of Data

The form the researchers developed was used as the data extraction form. Data such as the name of the
study, publication year and language, place and type of study, sample size, and symptoms observed in
operating room staff were obtained using this form. Two of the researchers (ZKA, EK) performed the
data extraction process independently. In case the extracted data turned out to be different, the studies
were re-examined and correct data were obtained.

Statistical Analysis

In this systematic review, the data obtained from the quantitative studies (Alcan et al., 2017; Aydin et
al., 2021; Ilge et al., 2017; Saito et al., 2019; Stanganelli et al., 2019; Usta et al., 2019; Unver et al.,
2016; Van Giersbergen et al., 2019) were pooled by performing a meta-analysis (pooled estimates). The
meta-analysis was performed using Comprehensive Meta-Analysis Version 3 (Comprehensive meta-
analysis, nd). Heterogeneity between the studies was assessed using Cochran's Q and Higgins I? tests,
and an I? greater than 50% was considered to indicate statistically significant heterogeneity. If > was
50% or more, random effects results; if it was less than 50%, fixed effects results were considered. The
95% confidence interval (CI) and Estimated Ratios (ORs) were calculated for each outcome variable
(DerSimonian and Laird, 1986). An OR equal to 1 indicates that there is no relationship between the
variables, and that higher than 1 indicates that the risk ratio has an effect (Dinger, 2014). The studies
included in the meta-analysis were grouped into five main categories. Considering the heterogeneity test
according to these categories, four of them were analyzed using random effects and one of them using
fixed effects results (Table 2).

Table 2: Heterogeneity test results by parameters

Heterogeneity test Q value df (Q) value p value 1?

Having knowledge of surgical smoke 126.673 3 0.000 97.632

Taking precautions against surgical smoke 305.176 5 0.000 98.362

Symptoms related to surgical smoke 21.183 7 0.004 66.954

Presence of surgical smoke evacuation device 5.786 5 0.328 13.582

Frequency of exposure to surgical smoke 18.991 7 0.008 63.140
RESULTS

Results of the Review

Initially, 1308 studies were reached. Two of the researchers (ZKA, EK) independently analyzed the
titles and abstracts of these studies first. Opinion of the other researcher (FC) was sought in cases where
there was inconvenience or uncertainty in the selection. As a result of the review, the remaining 167
studies with full text were analyzed. Of those whose full texts were reviewed, 159 were excluded
because 58 of them were duplications, 42 were not relevant, and 59 did not meet the inclusion criteria.
The remaining eight studies were included in this study. The PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) flow diagram was used in the process of reducing the 1308
studies to eight and reporting them (Figure 1). Cohort, cross-sectional, and descriptive studies were
included in the study.

Characteristics of Studies and Participants
Six of the studies included in the systematic review and meta-analysis were descriptive (75%), one was
cross-sectional (12.5%) and one was prospective cohort study (12.5%). The sample size in the studies
ranged from 39 to 672. The studies included in the analysis were published between 2013 and 2021 and
their data were collected after 2012 (Table 1).
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Figure 1: PRISMA flow diagram

Quality Assessment Results

The studies included in the systematic review and meta-analysis were assessed independently by two
researchers (ZKA, EK). The kappa values of the quality scores obtained because of the assessment are
interpreted as follows: <0 shows worse agreement than chance, 0.01-0.20 slight, 0.21-0.40 fair, 0.41-
0.60 moderate, 0.61-0.80 substantial and 0.81-1.00 near perfect agreement; or a kappa of 0.75 and
greater shows excellent agreement, 0.40-0.75 fair to good and that below 0.40 poor agreement (Kilig,
2015). The kappa value of this study is 0.61, which indicates that there is substantial agreement between
the coders.
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Among the studies included in this study, six descriptive studies received the answer "Yes" to
11 items from the 11-item quality assessment tool, one cross-sectional study to 9 items, and one cohort
study to 11 items (Table 1).

Meta-analysis Results
In the studies included in this systematic review and meta-analysis, the problems related to SS exposure
were identified in five categories.

Table 3. Having knowledge of surgical smoke
Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio Hmit Hmit Z-Value p-Value
Aydyn et al. 2021 17,254 7,328 40,625 6,519 0,000
Okgln Algan ot al. 2017 0118 0,054 0,245 5,599 0,000
Usta ot 81,2018 10,240 5,426 18,326 7,178 0,000
Unver at al 2016 0277 0123 0623 -3103 0,002 -~

1,541 0,131 18,082 0,344 0,731
0,01 01 1 10 100

Favours A Favours B

Meta Analysis

Four of these studies reported that the operating room workers had knowledge about SS (Alcan
etal., 2017; Aydm et al., 2021; Usta et al., 2019; Unver et al., 2016). When the effect of knowing about
SS on exposure to SS was evaluated, it was found that the studies were significant alone, but not
statistically significant compared to the pooled results (p=0.731). In addition, it was revealed that
knowing about SS had a high positive effect on SS exposure (Table 3) (OR=1.541; 95% CI: 0.131-
18.082; z=0.344; p=0.731; 12 =97.632%)

Table 4. Taking precautions against surgical smoke
Meta Analysis

Sludl A me Statinticn for each stucdy Odcdn ratio and 98% CI

Odds Lower Upper
ratio et Hmit ZValuwe p-Valuo

Ayayn at al 2021 0,454 0,176 0,714 2904 0,004 -
ion at AL20186 0,030 0,013 0,072 7,809 0,000 -
OkgUn Algan et al 2017 0,021 0,008 0057 7651 0,000
Usta et 812019 2,641 1,513 4,800 3417 0,001 E =
Onver et al 2016 4737 2,703 10671 3,754 0,000 -
Vavur Van Gersbeargan at al 2019 0,03 0,023 0,042 J2 605 0,000 -

0,212 0,030 1,523 1,542 0,123

001 0 1 10 100

Favours A Fovours B

Metn Analysis

Considering the results of the six studies included in the category of taking precautions against
SS (Alcan et al., 2017; Aydin et al., 2021; Ilge et al., 2017; Usta et al., 2019; Unver et al., 2016; Van
Giersbergen et al., 2019), it was found that its effect on SS exposure was significant alone, but not
statistically significant compared to the pooled results (p=0.123). It was also found that taking
precautions against SS had a negative effect on SS exposure (Table 4) (OR=0.212; 95% CI: 0.030-1.523;
z=-1.542; p=0.123; 1> =98.362%).
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Symptoms related to surgical smoke
Table 5.1. Headache

Meta Analysis

Study name Statimtics for aach wtudy Odds ratio and 95% C1

Odae  Lower  Upner
ratio it i Z NValue pValue

Aydyn et al 2021 1,100 0,807 2,356 0,518 0,804
Ige ot al.2210 1,200 0,681 2373 0,705 0,432
Okgun Algan et 8l 2017 224 1,104 4,442 2,230 0,025 -
Satto et al. 2010 1,361 0,597 3,103 0,732 0,404
Stanganell ot al. 20109 2,070 1,181 7,500 2,271 0,023 -
Ustn wt 02019 2,041 1,812 4,000 D417 0,001 -
Unver va ¢if 2016 4,042 1,901 11,220 a.370 0,001 -
Yavuz Van Glersbergen et sl.2019 1,100 0,000 1,362 0,873 0,303

1,700 1,204 2,680 2,071 e

0,01 0.1 1 10 100
Favours A Favours i

Matn Analymsin

The effect of SS exposure on headache was observed in eight of the studies included in the meta-
analysis (Alcan et al., 2017; Aydin et al., 2021; llce et al., 2017; Saito et al., 2019; Stanganelli et al.,
2019; Usta et al., 2019; Unver et al., 2016; Van Giersbergen et al., 2019). The pooled results of the
studies revealed that SS had a high positive effect on headache (Table 5.1) (OR=1.788; 95% ClI: 1.234-
2.59; z=3.071; 1> =66.954%).

Table 5.2. Nausea
Meta Analysis

Brudhy name Stotintion for oaalh study tclm st and DR O
Odds Lower Uppes
ratio e it Z-Value p-Value
Aydyn at ml 202 0377 o, 1a7 0.757 -2 740 0,000
ige et 0l20 e 0,304 0.204 0. 724 2057 0,003
CkGUn Algan «1 ALI2017 2 ha 1,612 6. 820 1A% 0,002
20 g 1 800 0O .74y 3 ACa 1.240 0212
2 Tee 1,20 Boaa 2, a0 o014
0410 0,236 0,715 3. 140 0,002
2110 0.982 4550 1,910 0.0%6
O 806 0,734 1,082 1,192 0,233
1,027 0.GO7 1,738 o060 0222

©.0% o.9 ‘0 100

Favours A Favours B

Mo Ta Anaky sis

The effect of SS exposure on nausea was examined in all eight studies (Alcan et al., 2017; Aydin
etal., 2021; ilge et al., 2017; Saito et al., 2019; Stanganelli et al., 2019; Usta et al., 2019; Unver et al.,
2016; Van Giersbergen et al., 2019), included in the meta-analysis. According to the pooled results of
the study, it was not statistically significant (p=0.922). It was found that SS exposure had a positive
effect on nausea (Table 5.2) (OR= 1.027; 95% CI: 0.607-1.738; z=0.098; p=0.922; 1> =66.954%).

Table 5.3. Sore Throat

Meta Analysis

Rty name Bratiations Tor each atudy Oade ratio and BE% C1

Oddn  Lower Upper
ratio LTl v L-Value p-Value

Aydyn =l al 2021 . 708 232 0, Hus 211 0,000
ice = al2010 20348 1 240 4,402 2,081 0,008
Okgun Algan et sl 2017 1,000 0,540 2,042 o, 1en o.8a7
Senro et al 2010 1,779 0.7rs < 082 1.350 0. 7=
Manganeil at al 201w = roc 1000 P, T oL >, 001 0,057
Usie ot 812019 1.64a8 0.9%a Z,038 1. 700 0.ors
Unve- ve o 2010 2129 O S04 4,590 1910 0,055
Yavuz Van Geratergen of al. 2019 a.250 4. 93> T8 151758 0. 000

2 480 Va3 4320 3,233 Q0o 1

0,01 0.1 100

Favours A Favours B

Maota Analysis

When the eight studies (Alcan et al., 2017; Aydin et al., 2021; flge et al., 2017; Saito et al., 2019;
Stanganelli et al., 2019; Usta et al., 2019; Unver et al., 2016; Van Giersbergen et al., 2019) reporting the
symptoms of sore throat due to SS exposure in operating room workers were examined, SS exposure
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was statistically significant compared to the pooled results (p=0.001) and had a high positive effect
(Table 5.3) (OR=2.489; 95% CI: 1.432-4.326; z=3.233; p=0.001; 1°=66.954%).

Table 5.4. Respiratory changes
Meta Analysis

Study name Statimtics for each study Oddm ratio and 96% C1

Odds Lower Upper
ratio i Hemit LZ-Value p-Value

Ayayn et al. 2021 0,136 0,083 0,200 -5,139 0.000
ige et al 2018 0,426 0227 0,801 -2.641 0. 008
Okgun Algan et 8l 2017 0,205 0.148 0,680 -3.471 0.001
Saito et al. 2019 0,234 0,068 0,580 -3,264 0,001
Stanganell et al 2019 1,633 0,655 4,074 1,082 0,203
Unta ot nl 2019 0,148 0,080 02067 o8,242 0,000
Unver ve did 2016 0,405 0,107 0,070 2.250 0,022
vavuz Van Glersbergen et 42019 1,800 1,450 2234 8 327 0,000

0,409 0,106 0,990 1,902 Qn47

0,01 10 100

Favours A Favours B

Meotla Analysis

It was observed in eight of the studies included in the meta-analysis (Alcan et al., 2017; Aydin
et al., 2021; Tlge et al., 2017; Saito et al., 2019; Stanganelli et al., 2019; Usta et al., 2019; Unver et al.,
2016; Van Giersbergen et al., 2019) that operating room workers exposed to SS suffered from
respiratory changes, and these studies were statistically significant (p=0.047) and had a negative effect
size (Table 5.4) (OR=0.405; 95% CI: 0.166-0.99; z=-1.982; p=0.047; 1>=66.954%).

Table 5.5. Burning eyes

Meta Analysis

Study name Statintics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio hmit hmit  Z.Value p-Value

Aydyn of sl 2021 4798 2,312 9,058 4,211 0,000
ige ot al 2016 2118 1,120 3,980 2,343 0,019
Qkgun Algan ot sl 2017 1.326 ) 686 2,564 0,838 0,402
Salo et al 2016 0,502 2,259 1,349 -1,248 0,212
Starganell et al 2019 4,000 1,560 10,266 2,888 0,004
Usts et al 2019 0,709 J,412 1.221 -1.241 0,215
Unver ve did 2016 2,469 1,138 5,382 2,200 0,022
Yavuz Van Glersbergen =t al 2018 5414 4,288 6,835 14,195 0,000

2,052 1,044 4041 2,082 Q.037

0,01 01 100
Favours A Favours B

Meta Analysis

The effect of SS exposure on the symptom of burning eyes was examined in eight of the studies
included in the meta-analysis (Alcan et al., 2017; Aydin et al., 2021; Ilce et al., 2017; Saito et al., 2019;
Stanganelli et al., 2019; Usta et al., 2019; Unver et al., 2016; Van Giersbergen et al., 2019). According
to the pooled results of the studies, it was found to be statistically significant (p=0.037) and to have a
high positive effect size (Table 5.5) (OR=2.053; 95% CI: 1.044-4.041; z=2.083; p=0.037; 1> =66.954%).

Table 6. Presence of surgical smoke evacuation device

Meta Analysis

Mtudy name Siatistios for aaoh study Lgde retio anda $Ev% CI

Odde Lower Uppor

ratio et it Z-Value p-Value
Lyayn ve aid, 2021 7,081 B2EW 15208 4, Bus 0,000 e
G v I8 2016 a ran 2,441 N7 4, 608 0,000 —
Okgan Algan ve did. 2017 5,718 2,749 117,80 4. 607 0,000 —r
Unto ve did 2019 2,750 407 19,128 6625 0,000 ——
Unver ve aid 2016 7,201 2,020 17,126 4 aa7 0,000 —_—
vavus Van Glersbargen ve 4i8. 2010 9,751 7,500 12,514 17,082 0,000

0,471 6,947 10,328 21,122 0,000

0,1 1 10 100
Favours A Foavours B

Matn Anaolysin
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The effect of the presence of an SS evacuator on symptom occurrence was examined in six of
the studies (Alcan et al., 2017; Aydin et al., 2021; Ilce et al., 2017; Usta et al., 2019; Unver et al., 2016;
Van Giersbergen et al., 2019) included in the meta-analysis. According to the pooled results of the
studies, it was found to be statistically significant (p=0.000) and to have a high positive effect size (Table
6) (OR=8.471; 95% ClI: 6.947-10.328; z=21.122; p=0.000; 1°=13.582%).

Table 7. Frequency of exposure to surgical smoke

Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Valus p-Value
Aydyn et.al 2021 6,790 3,074 15,001 4735 0,000
iice et.al. 2016 2,890 1,527 5469 3,261 0,001 —-
Okgun Alcan et.al.2017 6,648 2,536 17428 3,852 C,000
Saito et al..2019 16,901 6,033 47,351 5,373 0,000
Stangenellii et al.2018 15,625 4,595 53,137 4,402 C,000
Usta e: al.2019 10,625 5,572 20,259 7AT7T 0,000
Unveret al. 2016 25,000 5,086 68,786 6,233 0,000
Yavuz Van Giersbergen et al. 2019 7,471 5868 9511 16,323 0,000

8,575 5662 12,886 10,145 0,000

0,01 0,1 1 10 100
Favours A Favours B

Meta Analysis
According to the pooled results of the eight studies (Alcan et al., 2017; Aydin et al., 2021; Ilge
et al., 2017; Saito et al., 2019; Stanganelli et al., 2019; Usta et al., 2019; Unver et al., 2016; Van
Giersbergen et al., 2019) examining the effect of the frequency of operating room workers' exposure to
SS on symptoms, it was found to be statistically significant (p=0.000) and to have a high positive effect
size (Table 7) (OR=8.575; 95% CI: 5,662-12,986; z=10.146; p=0.000; 1>=63.140%).

DISCUSSION

This study was conducted as a systematic review and meta-analysis in order to investigate the symptoms
observed due to SS exposure, the conditions affecting SS exposure and the precautions taken to prevent
SS exposure in healthcare personnel working in the operating room. Since, to the best of our knowledge,
there is no meta-analysis study on this subject in the literature, the discussion was made using similar
systematic reviews.

When the effect of knowing about SS on SS exposure was evaluated in the study, it was found
that while the studies were significant alone, they were not statistically significant compared to the
pooled results (p=0.731), and having knowledge of SS had a high positive effect on SS exposure
(OR=1.541). Lindsey et al. (2015) reported in their systematic review study that having knowledge of
SS positively affects compliance with the procedures related to SS prevention (Lindsey et al., 2015).
Another study reported that 68% of the participants working in the operating room and exposed to SS
were not aware of the dangers and protective measures against SS or did not have any available
procedures, and if the operating room nurses were trained about SS, their compliance with the
procedures of smoke protection and evacuation increased (Stanley, 2019). It can be argued based on
these results that operating room staff do not have enough knowledge about SS, and as the level of
knowledge increases, more precautions are taken against SS exposure.

It was observed that taking precautions to avoid SS had a negative effect on SS exposure
(OR=0.212). The study Lindsey et al. (2015) conducted with 169 operating room workers found that
physicians who received medical training in the field of surgery (70%) were more likely to use smoke
evacuation equipment to take precautions compared to specialist physicians (43%) (Lindsey et al.,
2015). A study included in another systematic review reported that only 3% of surgeons used a smoke
evacuator as a precaution. Seventy-two percent of the staff participating in the study reported that the
precautions taken to protect against potential harms of SS were insufficient (Bree et al., 2017). Assessing
the efficiency of mask filters, a meta-analysis study reported that standard surgical masks provide 97%
and N95 masks with HEPA (high-efficiency particulate air) filters 99.99% protection against smoke
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particles with an average size of 1 um (micrometer) (Georgesen and Lipner, 2018). This study revealed
that the SS exposure of the operating room workers decreased as they took precautions against SS. Based
on these results, it can be argued that taking precautions with appropriate equipment reduces SS
exposure.

According to the pooled results of the studies, SS exposure was found to have a high positive
effect on headache (OR=1.788). In the systematic review Canicoba et al. carried out, headache was
reported in four (50%) of the eight studies (Calicoba and Brito Poveda, 2021). The study Asdornwised
et al. conducted with 377 perioperative nurses found that 79% of them experienced headache
(Asdornwised et al., 2018).

SS exposure was found to have a positive effect on nausea (OR=1.027) in these studies.
Canicoba et al. reported that nausea was observed in operating room workers in three (37.5%) of the
eight studies (Calicoba and Brito Poveda, 2021). A study reported that 63% of nurses had nausea
problems (Asdornwised et al., 2018).

This study found that SS exposure had a high positive effect on sore throat in operating room
workers (OR=2.489). All eight (100%) studies included in the systematic review examining symptoms
associated with SS exposure in operating room workers reported sore throat, throat irritation, or throat
ache (Calicoba and Brito Poveda, 2021). A study showed that 74% of nurses suffered from sore throat
(Asdornwised et al., 2018).

The results of this study indicated that SS had a negative effect on symptoms of respiratory
changes (OR=0.405). The Health and Safety Executive (HSE) in the United Kingdom published a report
on the harmful effects of SS exposure in 2012, in which a study conducted with 777 nurses found that
the incidence of respiratory-related problems in perioperative nurses was twice that of general nurses
(Beswick and Evans, 2021). In addition, higher rates of allergy (18.4% compared to 24.2%), asthma
(6.4% compared to 10.9%), and bronchitis (4.5% compared to 9%) were reported in nurses (Lindsey et
al., 2015; Beswick and Evans, 2021). Respiratory symptoms (coughing, sneezing, chronic bronchitis,
asthma, etc.) were reported in all (100%) of the studies included in the systematic review of Canicoba
et al. (Calicoba and Brito Poveda, 2021). A study found that 73% of nurses had coughing/sneezing
problems and these symptoms were observed at their highest intensity (Asdornwised et al., 2018).

The results of this study revealed that SS exposure had a high positive effect on burning eyes
(OR=2.053). Twenty-five percent of the studies included in the systematic review by Canicoba et al.
reported eye irritation, lachrymation or burning eyes (Calicoba and Brito Poveda, 2021). A study showed
that 70% of nurses had eye irritation problems (Asdornwised et al., 2018).

According to the results of this study, as SS exposure increased in operating room workers, the
symptoms of headache, nausea, sore throat and burning eyes increased, too. As reported in the literature
and in this study, it is thought that an increase in operating room workers’ exposure to SS results in an
increase in the occurrence of negative symptoms. On the other hand, the reason for the decrease in
respiratory changes (cough, sneezing, bronchitis, etc.) as SS exposure increased might be that those
working in the operating room used surgical masks or high filter masks.

The use of a smoke evacuation device was found to have a high positive effect on SS exposure
(OR=8.471). In their systematic review, Stanley et al. reported that 51% of surgeons used smoke
evacuation devices, and 73% of them preferred to use these devices because they improve the field of
view, 57% because they provide safety, and 16% because they prevent the smell caused by smoke
(Stanley, 2019). Edwards et al. investigated the SS control measures and the use of smoke evacuation
systems of 623 operating room workers and reported that the use of these devices varied depending on
the surgeon's perception of danger or the amount of SS produced (Edwards and Reiman, 2008). Lindsey
et al. found that the most frequently reported reason for not using smoke evacuation systems was the
surgeon's unwillingness or refusal to use them (Lindsey et al., 2015). The literature and the results of
this study indicate that the use of a smoke evacuation device, which is one of the measures taken to
prevent the harmful effects of SS, will significantly reduce SS exposure.

The present study also revealed that the frequency of SS exposure had a high positive effect on
the symptoms (OR=8.575). Fow-Lewis et al., in their systematic review, examined the incidence of
HPV in operating room workers exposed to SS, and reported more skin lesions in those exposed to SS
for more than five years (77%) compared to those exposed for five years or less (23%) (Fox-Lewis et
al., 2020). The HSE report Beswick et al. prepared showed that 97% of 111 surgeons and residents were
always or frequently exposed to SS (Beswick and Evans, 2012). When the findings of this study and the
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literature are examined, it is observed that the incidence of symptoms increases as the frequency of SS
exposure increases. The reason is the thought that as the frequency of exposure to SS, which has
potentially negative effects on human health, increases, the symptoms will inevitably increase, too.

CONCLUSION
This study concluded that the symptoms of headache, nausea, sore throat and burning eyes due to SS
exposure increased in direct proportion to the exposure in operating room workers, and there was a
decrease in respiratory changes. It was also concluded that as the knowledge level of operating room
staff increased, smoke evacuation devices were used more, and more precautions were taken, SS
exposure decreased, and that the symptoms increased as the frequency of exposure to SS increased.

It is recommended to develop standard procedures for SS in the operating room and to provide
more staff training in this regard, to use smoke evacuation devices effectively, to prefer masks with high
filtration, and to increase the number of staff in order to reduce the frequency of exposure.
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