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Abstract

Background—Consensus organizations, government bodies, and healthcare organization
guidelines recommend that surgical smoke be evacuated at the source by local exhaust ventilation
(LEV) (i.e., smoke evacuators or wall suctions with inline filters).

Methods—Data are from NIOSH’s Health and Safety Practices Survey of Healthcare Workers
module on precautionary practices for surgical smoke.

Results—Four thousand five hundred thirty-three survey respondents reported exposure to
surgical smoke: 4,500 during electrosurgery; 1,392 during laser surgery procedures. Respondents
were mainly nurses (56%) and anesthesiologists (21%). Only 14% of those exposed during
electrosurgery reported LEV was always used during these procedures, while 47% reported use
during laser surgery. Those reporting LEV was always used were also more likely to report
training and employer standard procedures addressing the hazards of surgical smoke. Few
respondents reported use of respiratory protection.
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Conclusions—Study findings can be used to raise awareness of the marginal use of exposure
controls and impediments for their use.

Keywords

surgical smoke; local exhaust ventilation (LEV); electrosurgery; smoke evacuators; laser surgery;
engineering controls; healthcare workers

INTRODUCTION

Use of lasers or electrosurgical devices during surgical procedures can generate surgical
smoke from thermal destruction of tissue. Not only is surgical smoke a nuisance because it
has an unpleasant odor and can obstruct the surgeon’s view of the surgical site [UImer, 2008;
Gorman et al., 2013]; but, surgical smoke has been shown to contain a variety of toxic gases,
vapors and particulates including carbon monoxide, polyaromatic hydrocarbons, benzene,
hydrogen cyanide, formaldehyde, viable and non-viable cellular material, viruses and
bacteria [Sawchuk et al., 1989; NIOSH, 1996; Garden et al., 2002; Alp et al., 2006; Ulmer,
2008; Novak and Benson, 2010; Pierce et al., 2011; Gorman et al., 2013; OSHA, 2015].
Transmission of HPV through surgical smoke has been documented [Hallmo and Naess,
1991]. Surgical smoke has been shown to be mutagenic, cytotoxic and genotoxic [Tomita et
al., 1981; Gatti et al., 1992; Alp et al., 2006]. The quantity and quality of smoke generated
depends on several factors including type of surgical procedure (e.g., laser, electrosurgical,
ultrasonic), type and infectious nature of the tissue, extent of surgery (ablation, cutting, or
coagulation), power levels used, and duration of the surgical procedure [Alp et al., 2006;
Novak and Benson, 2010].

Each year, an estimated 500,000 healthcare workers including surgeons, nurses,
anesthesiologists, surgical technologists, and others are exposed to laser or electrosurgical
smoke [OSHA, 2015]. Surgical smoke exposures have been linked to acute adverse health
effects in exposed healthcare workers, including: eye, nose and throat irritation; headache;
cough; nasal congestion; and asthma and asthma-like symptoms [Wilks, 1959; King and
McCullough, 2001; Alp et al., 2006; Ulmer, 2008]. Surgical smoke has been shown to
induce acute and chronic inflammatory changes (e.g., emphysema, asthma, chronic
bronchitis) in the respiratory tract of animal models [Baggish and Elbakry, 1987; Winston,
1994], but data on long-term effects of exposure to surgical smoke are not available.

Several diverse professional, consensus, and governmental organizations recommend local
exhaust ventilation (LEV) to protect healthcare workers from the hazard of surgical smoke,
including: National Institute for Occupational Safety and Health [NIOSH, 1996];
Association of periOperative Registered Nurses [AORN, 2014a,b]; Association of Surgical
Technologists [AST, 2012]; the American Society for Laser Medicine and Surgery Laser
Safety Committee [ASLMS, 2007]; the American National Standards Institute ANSI
Z136.3-2005 (introduced in 2005, updated in 2011) [ANSI, 2005]; Occupational Safety and
Health Administration [OSHA, 2015]; Emergency Care Research Institute [ECRI, 20071];
Ministry of Health, New South Wales, Australia [2015]; and the Canadian Centre for
Occupational Health and Safety [2014]. Although some guidelines are specific to laser
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surgery, NIOSH, AORN, and ASLMS do not distinguish surgical smoke produced as a result
of laser surgery from that produced during electrosurgery. Although OSHA does not
currently have a regulatory standard for surgical smoke, a hospital e-tool on protecting
workers from various hazards including surgical smoke is available [OSHA, 2015]. Their
recommendations, like the others mentioned above, include using engineering controls such
as LEV in the form of portable smoke evacuators or room suction systems with inline filters.
Engineering controls, including LEV, represent the preferred method in a hierarchical
approach to mitigate workplace hazards [Manuele, 2005].

The primary objective of this study was to characterize use of exposure controls, and barriers
to using LEV and Personal Protective Equipment (PPE) (including respiratory protection) by
healthcare personnel who were exposed to surgical smoke generated by laser or
electrosurgical procedures (i.e., electrocautery, diathermy, and procedures using ultrasonic
devices). Previous surveys asking about exposure to surgical smoke have primarily been
among perioperative nurses [Edwards and Rieman 2008, 2012; Ball, 2010b] with one among
surgeons [Spearman et al., 2007]. They found that use of local exhaust ventilation was not
universal. Factors influencing their use included increased hazard awareness, positive
perceptions concerning the attributes of smoke evacuation guidelines, and leadership
support, among others. Impediments to using smoke evacuators included lack of equipment/
repair parts, physician resistance, uncertainty about health hazards, cost, noise, and staff
complacency [Spearman et al., 2007; Edwards and Rieman, 2008, 2012; Ball, 2010b]. This
survey provides the perspective of a diverse sample of healthcare workers including nurse
anesthetists, anesthesiologists, surgical technologists and assistants, in addition to
perioperative nurses, and their experience with safety precautions in place to provide
protection from the toxic components of surgical smoke. We also looked at characteristics
that correlate with use of local exhaust ventilation and how they compared to available
literature.

METHODS
Survey Methodology

The NIOSH Health and Safety Practices Survey of Healthcare Workers (referred to hereafter
as the Survey), an anonymous, multi-module, web-based survey was conducted January 28
through March 29, 2011. The study population primarily included members of professional
practice organizations representing healthcare occupations which routinely use or come in
contact with selected chemical agents including surgical smoke. Information on overall
methods used in the development and testing of the survey instrument, survey design and
functionality, survey population, survey implementation, respondent characteristics, and
other information including strengths and limitations of the survey have been described
elsewhere [Steege et al., 2014].

Survey Instrument

Practices related to control of surgical smoke were asked in a hazard module targeted to
healthcare workers who work within 5 feet of a source of surgical smoke. After general
questions on years exposed to surgical smoke, training on hazards of surgical smoke, and
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workplace procedures that address surgical smoke, respondents were directed to either a
submodule on laser surgery, electrical surgery, or each in turn. Laser surgery and
electrosurgery were addressed in separate submodules due to differences in previously
reported practices and guidelines; each submodule included the same 19 questions. Data on
demographics, occupation and employer characteristics were collected through the Survey
core module. When answer choices were not exhaustive, the survey allowed participants to
check “other” and type in responses in their own words. These were coded to the answers
provided in the survey where appropriate or new responses were coded and are reported
separately. All of the topic areas included in the surgical smoke module are listed in
Supplementary Information Appendix A. It was possible for respondents to complete the
surgical smoke module and not the core module. In those cases, demographic information is
not available.

Data Analysis

Data were analyzed using SAS 9.3 (Cary NC: SAS Institute, Inc.). Descriptive data,
including frequencies and proportions, are presented as well as workplace and employee
characteristics stratified by whether LEV is always or sometimes/never used. For the
stratified analysis chi-square Pvalues (Pearson chi-square for nominal variables; Mantel—
Haenszel for ordinal variables) are presented. Although we did not have a priori hypotheses,
statistical testing allowed us to compare our results to the existing literature.

Human Subjects Review Board

The NIOSH Human Subjects Review Board (HSRB) determined that the activities in this
project were surveillance and did not meet the criteria of research according to 45 CFR
46.1101(b)(2) and CDC Guidelines for Defining Public Health Research and Public Health
Non-Research [CDC, 2010]. Informed consent was implied in this anonymous web survey.
Although not required by the HSRB, elements of a traditional informed consent document
were included in invitation letter, which included a weblink to begin the survey.

RESULTS

There were 4,533 respondents who were eligible and completed the hazard module
addressing exposure to surgical smoke. Respondents worked within 5 feet of a source of
surgical smoke during electrosurgery (99%) and/or laser surgery (31%). These respondents
were predominately female (61%) and white (91%), with the largest proportion in the 41 to
55 year age group (45%). Approximately half had education exceeding a bachelor’s degree
(53%) (Supplementary Information Appendix B).

Over half of respondents were nurses (56%), including nurse anesthetists (33%),
perioperative nurses (19%), and other nursing specialties (19 specific ones) (Table I). In
addition, over half of respondents identified themselves as anesthesia care providers,
including the nurse anesthetists, physician anesthesiologists (21%), and anesthesiologist
assistants (2%). Respondents also included technologists and technicians and surgical
assistants. Respondents were fairly evenly distributed in terms of years of experience in their
current occupation. Less than 1 in 10 respondents was a labor union member (Table I).

Am J Ind Med. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Steege et al.

Page 5

Respondents primarily worked for hospital employers (83%) while less than one in five
(17% laser surgery; 16% electrosurgery) worked for ambulatory healthcare service
employers (Table 1). One-third worked for employers with more than 1,000 employees while
approximately one-fourth (25%) worked for employers with less than 100. Most employers
were either for-profit or non-profit entities with only 12% in the public sector. Almost 60%
of respondents said that their primary place of employment was in a large city with 50,000
people or more. Less than 10% reported that they worked in a rural area.

Reported Exposure to Surgical Smoke During Laser Surgery and Electrosurgery

With regard to exposure during both laser surgery and electrosurgery, more than 4 in 10
respondents reported that they had more than 20 years of experience working in areas where
surgical smoke was generated; over 65% had more than 10 years (Table ). Most respondents
who were exposed to surgical smoke during laser surgery reported that in the past 7 calendar
days they had only been within 5 feet of the source for one day (71%), for less than a total of
1 hr (61%), and involved in one (52%) or two to five procedures (42%). Respondents had
more opportunity for exposure during electrosurgery with more than half (57%) reporting
that they worked within 5 feet of surgical smoke during electrosurgery four or more days of
the past 7. Twenty-two percent of respondents exposed during electrosurgery reported
working more than 20 hr within 5 feet of surgical smoke and two-thirds (68%) were present
for more than five procedures in the past 7 calendar days.

Worker Training, Employer Procedures, and Exposure Monitoring

In spite of their long term exposure to surgical smoke, 49% of laser surgery respondents and
44% of electrosurgery respondents said that they have never had training on the hazards of
surgical smoke and another third were trained more than 12 months ago (Table I1). Less than
one-third of respondents reported that their employer had procedures for addressing the
hazards of surgical smoke during either type of procedure; 4 out of 10 did not know whether
their employer had procedures. Most respondents were unaware whether exposure
monitoring had been conducted in the past 12 months, regardless of whether they had been
around surgical smoke during laser surgery or electrosurgery.

Use of Local Exhaust Ventilation (LEV)

Only half (47%) of respondents reported that LEV was always used during laser surgery
while even fewer (14%) reported that LEV was always used during electrosurgery (Table
I11). Those who were exposed during both electrosurgery and laser surgery were more likely
to report LEV is always used during electrosurgery than those who were only exposed
during electrosurgery procedures (data not shown). Of those who had LEV available for
laser surgery, portable smoke evacuators and room wall suction exhaust ventilation systems
were equally used; while for electrosurgery, room wall suction was favored. Thirteen percent
of laser surgery respondents and 18% of electrosurgery respondents reported use of both
types of systems.
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Personal Protective Equipment (PPE)

Most respondents reported never wearing a respirator (N95, half-facepiece air-purifying
respirator with particulate filter, or powered air-purifying respirator with particulate filter)
(90% for laser surgery, 96% for electrosurgery) (Table I11). None of the respondents
mentioned N100 respirators in the space for “other” responses. For laser surgery and
electrosurgery respectively, 29% and 58% never used either LEV or respirators (data not
shown). Only two-thirds (63% laser surgery; 64% electrosurgery) of those who reported
wearing a respirator had been fit-tested.

Those who were exposed to surgical smoke during laser surgery were more likely to always
wear eye protection (74%). For electrosurgery, only 39% always wore eye protection.

Laser and Surgical Masks

Use of laser and surgical masks was common with 90% of respondents to the laser surgery
submodule and 98% of electrosurgery respondents (data not shown).

Reasons Reported for Not Using LEV and PPE

The most frequently reported reasons for not using LEV during laser surgery were that using
LEV was “not part of our protocol,” “exposure was minimal,” and LEV was “not provided
by employer” (Table 1V). Approximately one-fifth of those exposed to surgical smoke
during laser surgery reported that LEV is not used because “general room ventilation is
sufficient to dissipate the smoke,” while another 20% report that they “use a different system
to remove smoke.” Respondents to the electrosurgery submodule were more likely to report
not using LEV due to a different system being used or sufficient general room ventilation
(36% and 29% respectively). “Not part of our protocol,” and “not provided by employer,”
were also top reasons for lack of LEV use during electrosurgery.

A large proportion of respondents chose to enter “other” and type in their own reason. For
laser surgery, many people typed in that they did not know why LEV was not used; other
respondents wrote that the procedures were internal to the patient (e.g. laparoscopic
surgeries) so they were not exposed to surgical smoke. For electrosurgery, the majority of
“other” answers were also essentially “I do not know” why LEV was not used but, in
addition, a large number did not feel like they had any control over the decision of whether
LEV was used or not because of decisions made by other staff (e.g., surgeons, supervisors,
perioperative nurses, surgical assistants) or hospital management.

Approximately half of respondents for both laser surgery (48%) and electrosurgery (56%)
reported that using respirators was “not part of our protocol.” Also reported in order of
frequency are: “exposure was minimal,” “not provided by employer,” and “not readily
available in work area.” The most common “other” response for not wearing a respirator
included that laser masks or standard surgical masks were used. The next most common
“other” reason was that respirators were only used when a patient had a known infectious
disease (e.g., Mycobacterium tuberculosis, HPV). Knowing the patient did not have various
infectious diseases was the most common “other” reason for not wearing a respirator typed
in by those exposed to surgical smoke during electrosurgery.
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The most common reasons for not wearing protective eyewear were that “exposure was
minimal,” and using it was “not part of our protocol.”

Characteristics of Respondents and Workplaces Where LEV Is Always Used

Proportions of workers reporting that LEV is always used when they are exposed to surgical
smoke during laser surgery or electrosurgery by workplace characteristics are presented in
Table V. Of respondents exposed to surgical smoke during both laser surgery and
electrosurgery, those who received recent training on the hazards of surgical smoke were
more likely to report consistent LEV use compared to those who had never received training.

Similarly, for both laser surgery and electrosurgery, those whose employer had standard
procedures that addressed the hazards of surgical smoke reported that LEV was more likely
to be used than those whose employer did not.

Respondents with ambulatory healthcare services employers were more likely to report
always having LEV than those who worked for hospitals for laser surgery (62% vs. 45%,
respectively); for electrosurgery both had equally poor access (16% and 14%, respectively).
For both laser and electrosurgery, workers in smaller establishments were more likely to
report consistent use of LEV. Neither employer ownership type (i.e., for-profit, non-profit or
public sector), nor population density where employer is located were significantly
associated with consistent LEV use. Of occupations with more than 20 respondents,
gastroenterology/endoscopy nurses (19%) and nurse anesthetists (16%) were most likely to
report that LEV is always used for electrosurgery. Use of LEV by occupation was not
significantly different for laser surgery respondents.

Those who spent less time (fewer days, fewer hours, fewer procedures for both laser surgery
and electrosurgery respondents, and fewer years—electrosurgery only) were more likely to
work in areas with consistent LEV than those who spent more time around surgical smoke.
For laser surgery, those with more than 20 years of experience working around surgical
smoke were also more likely to report LEV use.

DISCUSSION

This study represents the largest survey describing precautionary practices around surgical
smoke, with over 4,500 respondents. The primary purpose of this study was to describe
surgical smoke exposure control precautions used during laser and electrosurgical
procedures and to better understand impediments to their use. Perspectives of a diverse
group of healthcare workers including nurse anesthetists, physician anesthesiologists,
perioperative nurses, surgical technologists as well as other nursing and support personnel
are included; previous US surveys have included mainly perioperative nurses [Ball 2010g;
Edwards and Rieman 2008, 2012]. Both of these previous surveys had approximately the
same ratios of respondents who were hospital-based versus ambulatory center-based as the
current survey, with Ball [2010a,b] having a slightly higher proportion being hospital based.
Edwards and Reiman [2008] asked about LEV use for both laser as well as electrosurgery,
whereas Ball confined her study to practices around electrosurgery.
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In spite of numerous guidance documents recommending that LEV be used when surgical
smoke is generated [NIOSH, 1996; ANSI, 2005; ASLMS, 2007; Edwards and Reiman,
2008, 2012; AST, 2012; Canadian Centre for Occupational Health and Safety, 2014; AORN,
2014a,b; Ministry of Health, New South Wales, Australia, 2015], our survey found that LEV
is not always used to remove surgical smoke at the source. Only half (47%) of respondents
who were present during laser surgery reported that any kind of LEV was always used; the
proportion where LEV was always used during electrosurgery was even lower (14%).
Although the ANSI standard specifically targets laser generated airborne contaminants, it
also recommends that LEV should be used to evacuate smoke during electrosurgery [ANSI,
2005].

A U.K. survey in Wessex England on surgical smoke practices in 111 respondents reported
approximately 52% of surgeons and 67% of surgeons-in-training used any type of LEV
during diathermy procedures (a type of electrosurgery). Wall suction was most common,
with some use of laparoscopic smoke extractors/filters [Spearman et al., 2007]. The U.K.
investigators also reported that smoke was sometimes cleared by opening laparoscopic
portals, presumably directly into the operating theater, and “blowing away smoke,” exposing
the surgical team to the contaminants of insufflation gas containing surgical smoke. Other
published surveys do not report an overall proportion of respondents who report whether
LEV was used or not used. In our survey, those who were present for both electrosurgery
and laser surgery were more likely to report LEV is always used during electrosurgery—
although use is still much lower than for laser surgery—perhaps indicating that habits,
training, or procedures used in laser surgery had some influence over those used in
electrosurgery.

As Edwards and Reiman [2008] point out, differences in use of LEV for laser surgery versus
electosurgery may be due to the fact that the ANSI Z136 standard exists mainly to ensure
that users/ancillary personnel are protected from eye and skin injuries from lasers though
non-beam hazards such as surgical smoke are also addressed; no such industry consensus
document exists for electrosurgery. Some states or localities also require licensure for
operating laser devices [ANSI, 2005]. Although AORN’s Recommended Practices for Laser
Safety in Perioperative Practice Settings and Recommended Practices for Electrosurgery
[AORN, 2014a,b] have much of the same language for precautions related to surgical
smoke, other recommendations in the laser safety document may contribute to organizations
following the recommendations for laser surgery more carefully than for electrosurgery. For
laser surgery, AORN and ANSI Z136 recommendations include assembling a laser safety
committee, having a laser safety officer, and possibly a laser safety specialist too [ANSI,
2005; AORN, 2014a]. Having an interdisciplinary team responsible for safe use of lasers
may ensure greater awareness of all health and safety hazards, including surgical smoke.

For laser surgery the top reasons given for LEV not being used were that it was “not part of
our protocol,” followed by “exposure was minimal” and “not provided by employer.” “Not
part of our protocol” and “not provided by employer” were the 2nd and 4th most reported
reasons for why LEV was not used for electrosurgery. These reasons indicate that managers
are not aware of hazards of surgical smoke or lack commitment to controlling surgical
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smoke. This concurs with Ball’s [2010a] finding that strong leadership support was a factor
in more widespread use of LEV.

The top reason given for why LEV was not used for electrosurgery was that “a different
system was being used,” and the 3rd was that “general room ventilation was sufficient.” The
survey did not ask respondents to specify what other system they used although one
possibility is a blood suction canister, used to suction blood and other fluids from the
surgical site. This would not be appropriate for surgical smoke evacuation which requires
specific filters that would lose their effectiveness if contaminated by fluids. General room
ventilation is recommended by NIOSH as a supplemental measure to remove smoke but is
not appropriate as primary prevention [NIOSH, 1996]. LEV should remove surgical smoke
at the source and be within 2 inches to be effective [NIOSH, 1996].

Examining the different characteristics of the healthcare workers and their employers, we
found the largest difference in consistent access to LEV between those who had recently
received training on the hazards of surgical smoke versus those who had never been trained.
Ball [2010a] also found that LEV was more often used by nurses with increased training and
knowledge. Ball’s finding that strong leadership support was a factor in more widespread
use of LEV also may be related to our finding that always using LEV was associated with
having facility procedures on how to safely deal with surgical smoke and may be an
indicator of leadership support for its use. Unexpectedly, we found that ambulatory
healthcare services employers and those with fewer employees were more likely to have
LEV for both laser and electrosurgery. For electrosurgery, employer type was not
significantly different.

Healthcare workers who reported that they were exposed to surgical smoke during
electrosurgery were exposed for a much longer period of time. Over half of respondents who
were exposed during electrosurgery were exposed 4 or more days in the past 7 (57%) and >5
hr per week (52%). For laser surgery most respondents were exposed only 1 day (71%) and
<6 hr per week (92%) and for far fewer procedures. This is especially concerning because at
least one study found smoke from electrosurgery to be more mutagenic than smoke from
laser surgery [Tomita et al., 1981]. In addition, we found those respondents who spent more
time exposed to surgical smoke were less likely to report that LEV was used.

Ball [2010b] also found that physicians (i.e., surgeons) did not allow LEV to be used. This
was included as one of the choices of why our respondents do not use LEV, but only 7% of
laser surgery respondents and 12% of electrosurgery respondents reported this as one of
their reasons. In addition, many respondents (27% of the 245 who wrote in an answer)
responded something to the effect that they did not feel they had any control over whether
LEV was used—"surgeons don’t like it,” “was not set up to use,” “medical director does not
think surgical smoke is hazardous.” Some of these other answers reflect reasons reported in
the literature for disuse, including expense, inconvenience, noise, and a general lack of
knowledge regarding the potential hazards associated with exposure to surgical smoke
[Bigony, 2007].
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Similar proportions reported using wall suction versus a smoke evacuator for laser surgery
while wall suction was more often used when smoke was removed during electrosurgery.
Several sources [NIOSH, 1996; ANSI, 2005; Novak and Benson, 2010 Edwards and
Reiman, 2012; Harkavy and Novak, 2014] report that with low volumes of smoke a wall
suction is adequate, but with larger volumes a smoke evacuator is necessary. We did not ask
respondents to comment on the amount of surgical smoke generated or what types of
procedures were being performed, so we cannot determine whether the most appropriate
type of LEV was used.

Although much less desirable according to the hierarchy of controls than LEV (an
engineering control) [Manuele, 2005], PPE could be used to reduce exposure to surgical
smoke [Harkavy and Novak, 2014]. Despite limited LEV use, though, few respondents
reported use of respirators, indicating they were not in their protocol. The main other reason
given for not using respirators was that either laser masks or standard surgical masks were
worn; however, neither laser masks nor surgical masks are certified by NIOSH as respiratory
protection.

Surgical smoke has been shown to cause eye irritation although no clear consensus exists for
what protective eyewear should be worn. Despite this, more respondents wore protective
eyewear than reported LEV, 74% of those working during laser surgery always wore
protective eyewear, possibly to protect from tissue or fluids and laser beam and not
necessarily the surgical smoke. For electrosurgery, 39% reported wearing protective
eyewear. The higher proportion wearing protective eyewear might reflect personal volition,
whereas many felt they did not have any control over whether LEV was used, they could
decide whether or not to use goggles or face masks. Effective LEV would eliminate the
smoke before eye exposure would occur.

Overall limitations of the survey are discussed in previous publications and include that the
survey, as a whole, was not a representative sample of all healthcare workers but a targeted
sample of members of professional practice organizations whose members were likely to be
exposed to certain chemical agents. Response rate cannot be calculated because classes of
chemical agents under study were specified in the invitation email and eligibility was based
on whether or not invitees used or came in contact with specific hazardous chemicals on the
job; it is unknown who decided not to participate because they did not use or come in
contact with any of the chemicals versus those who used them but decided not to participate
for other reasons. Therefore, we cannot generalize our results to all locations where surgical
smoke is generated. Data are self-reported and not independently confirmed. Specific to this
module on surgical smoke, no information was collected on type of procedure, amount of
smoke generated and whether or not it was adequately controlled. Finally, respondents who
reported they used “a different system” in place of LEV, were not queried as to what the
other system might have been.

CONCLUSIONS AND RECOMMENDATIONS

LEV use is not widespread for controlling surgical smoke despite authoritative guidelines
and recommendations from diverse professional, consensus, and governmental organizations
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stating that surgical smoke should be evacuated at the source to prevent worker and patient
exposure to chemical and biological toxicants. Respondents who reported receiving training
on the hazards of surgical smoke and procedures addressing this hazard were more likely to
report that LEV was always used, which may reflect management commitment to employee
health. On the other hand, a high proportion of those who reported that LEV was not always
used said it was because it was not part of their protocol and not provided by their employer.
Even when LEV was not used, respondents did not use respirators as a replacement for LEV
but reported use of standard surgical masks and laser masks which do not provide
respiratory protection.

Employers should develop standard operating procedures that include recommendations by
industry, standard setting, and government organizations, which stipulate use of LEV for all
procedures where surgical smoke is generated (electrosurgery and laser surgery). These
health and safety procedures would protect all healthcare personnel in the surgical suite/area
from exposure to surgical smoke. Use of LEV should not be at the discretion of individual
healthcare practitioners since many others are exposed including those anesthesiology
professionals, nurses, technologists, and technicians who took part in this survey. Overall,
our results provide a valuable snapshot of existing practices at the time of our survey
especially considering our large sample size and diversity of respondents. Study findings can
be used to raise awareness of surgical smoke controls and the need for education programs
promoting their use.
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TABLE |

Occupational, Employer and Exposure Characteristics of Respondents

Laser surgery (n®

Characteristic percentb Electrosurgery (n®) percentb
Occupation (1,390) (4,496)
Nurse 57 56

Nurse anesthetist 40 33
Perioperative nurse 14 19
Other nurse 3 3
Physician (anesthesiologist) 23 21
Technologist/technician 13 17
Surgical technologist 13 16
Other technologist/technician <1 1
Surgical assistant 2 3
Anesthesiologist assistant 3 2
Dentist/other dental professional 1 <1
Time in current occupation (1,387) (4,492)
0-5 years 19 20
6-10 years 14 14
11-20 years 25 24
21-30 years 23 24
>30 years 18 17
Member of a Labor Union (1,388) (4,481)
Yes 8 9
Employer industry category (1,389) (4,490)
Hospital 82 83
Ambulatory healthcare services 17 16
Other 1 1
Size of employer—number of workers (1,389) (4,484)
<10 6 5
10-99 21 20
100-249 11 12
250-1,000 28 29
>1,000 34 34
Employer ownership type (1,372) (4,448)
For profit 46 45
Non-profit 41 43
Public sector 12 12
Employer location by population density (1,390) (4,497)
Large city (50,000 people or more) 62 59
Small city (fewer than 50,000 people) 18 21
Suburbs (developed areas adjacent to cities) 11 11
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Laser surgery (n®)

Characteristic percent Electrosurgery (n®) percentb
Rural 8 9
Number of years (in career) working in areas where surgical smoke was (1,391) (4,498)

generated

<1 2 2

1-5 15 15

6-10 15 15

11-20 26 25

>20 41 43
Number of days working within 5 feet of a source of surgical smoke in past (1,311) (4,469)
week

1 71 10

2 15 12

3 7 21

4 4 20

5 3 30

6-7 1 7
Number of hours working within 5 feet of a source of surgical smoke in past (1,330) (4,467)
week

<1 61 16

1-5 31 32

6-20 6 30

21-40 2 19

>40 1 3
Total number of procedures working within 5 feet of a source of surgical (1,307) (4,452)
smoke in past week

1 52 5

2-5 42 26

6-10 4 32

11-25 1 29

>25 <1 7

a . Lo . . .
Number of respondents varied for individual items (i.e., number of eligible respondents less number who elected not to answer).

bPercents may not add up to exactly100% due to rounding.

Am J Ind Med. Author manuscript; available in PMC 2017 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Steege et al.

TABLE Il

Training, Employer Procedures, and Exposure Monitoring

Laser surgery (n®)

Page 16

percentb Electrosurgery (n) percentb

Received training addressing hazards of surgical smoke (1,391) (4,495)

Yes, within the past12 months 23 24

Yes, more than12 months ago 29 32

Never 49 44
Employer has standard procedures addressing hazards of surgical smoke (1,391) (4,494)

Yes 30 31

No 31 29

I don’t know 39 40
Exposure monitoring (e.g., air sampling) conducted in the past 12 months to (1,338) (4,439)
assess workers’ exposure to surgical smoke

Yes 7 5

No 36 36

1 don’t know 57 59

a . Lo . . .
Number of respondents varied for individual items (i.e., number of eligible respondents less number who elected not to answer).

bPercents may not add up to exactly100% due to rounding.
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TABLE Il
Use of Engineering Controls and PPE While Exposed to Surgical Smoke

Type of control Laser surgery (n®) percentb Electrosurgery (n®) percentb
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Engineering control

How often was local exhaust ventilation used? (1,315) (4,436)
Always 47 14
Sometimes 22 26
Never 31 59

Type of local exhaust ventilation (904) (1,793)
Portable smoke evacuator 58 44
Room (wall) suction 55 75
Both 13 18

Personal protective equipment
Respirator (N95, half-facepiece air purifying respirator with particulate (1,305) (4,400)
filter, powered air purifying respirator with particulate filter)
Always 6 1
Sometimes 4 3
Never 90 96

Respirators were fit-tested (126) (159)
Yes 63 64

Eye protection (1,308) (4,405)
Always 74 39
Sometimes 13 22
Never 13 39

a . S . . .
Number of respondents varied for individual items (i.e., number of eligible respondents less number who elected not to answer).

bPercents may not add up to exactly100% due to rounding.
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