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Abstract Although surgical smoke contains potentially
hazardous substances, such as cellular material, blood frag-
ments, microorganisms, toxic gases and vapors, many oper-
ating rooms (ORs) do not provide protection from exposure
to it. This article reviews the hazards of surgical smoke
and the means of protecting OR personnel. Our objectives
are to promote surgeons’ acceptance to adopt measures to
minimize the hazards. Depending on its components, surgi-
cal smoke can increase the risk of acute and chronic pul-
monary conditions, cause acute headaches; irritation and
soreness of the eyes, nose and throat; dermatitis and colic.
Transmission of infectious disease may occur if bacterial or
viral fragments present in the smoke are inhaled. The pres-
ence of carcinogens in surgical smoke and their mutagenic
effects are also of concern. This review summarizes previ-
ously published reports and data regarding the toxic com-
ponents of surgical smoke, the possible adverse effects on
the health of operating room personnel and measures that
can be used to minimize exposure to prevent respiratory
problems. To reduce the hazards, surgical smoke should be
removed by an evacuation system. Surgeons should assess
the potential dangers of surgical smoke and encourage the
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use of evacuation devices to minimize potential health haz-
ards to both themselves and other OR personnel.

Keywords Surgical smoke - Occupational health -
Surgeon - Health problems - Operation room personnel

Introduction

Although electrosurgical technology was developed by
Harvey Cushing and William T. Bovie in 1926 [1], “surgi-
cal smoke” was not officially recognized as a significant
hazard until the National Institute for Occupational Safety
and Health (NIOSH) published and distributed a Health
Hazard Evaluation Report in 1985 [2]. NIOSH, a depart-
ment of the Centers for Disease Control and Prevention
(CDC) within the US Department of Health and Human
Services, stated in that report that there is a “potential haz-
ard from exposure to smoke generated by electrocautery
(electrosurgery) knives” [2]. This potential hazard has been
a source of concern over recent years, and numerous stud-
ies [3—-24] have attempted to determine the risks of surgical
smoke, which is now also referred to as aerosols, cautery
smoke, diathermy plumes, plumes or smoke plumes [25].

Surgeons and operating room (OR) personnel are rou-
tinely exposed to surgical smoke. Many research studies
have confirmed that this smoke can contain potentially haz-
ardous substances, including dead and living cellular mate-
rial [8, 9], blood fragments [10], bacteria [18, 19], viruses
[20, 23, 26, 27], toxic gases and vapors (e.g., benzene [2,
11], toluene [3, 11, 13, 14, 28], carbon monoxide [4, 15],
acrylonitrile [11], methylpropene [28], acetaldehyde [12])
and lung-damaging particulates [29].

Surgical smoke control by local exhaust ventila-
tion (LEV) has been recommended by professional
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organizations and government agencies in the United
States, including the Association of periOperative Reg-
istered Nurses (AORN), the American National Stand-
ards Institute (ANSI), the Occupational Safety and Health
Administration (OSHA), NIOSH and the CDC [30, 31].
However, according to a survey from the United States and
Canada, many ORs still do not provide protection from
exposure to surgical smoke, and the most common obstacle
to providing such protection has been the surgeons’ resist-
ance or refusal to allow the use of LEV [32].

OSHA, an agency of the federal government charged with
enforcing laws and regulations that protect employees in
the United States, stated that an estimated 500,000 workers,
including surgeons, nurses, anesthesiologists and surgical
technologists, are exposed annually to laser or electrosurgi-
cal smoke. They further stated that surgical plumes can pro-
duce upper respiratory irritation, and have in vitro mutagenic
potential. However, there are currently no specific OSHA
standards for laser/electrosurgery plume hazards [33].

In the United Kingdom, the Health and Safety Execu-
tive, a national independent regulator that acts to reduce
work-related death and serious injury in workplaces, states
that diathermy emissions can contain numerous toxic
gases, particles and vapors, the inhalation of which can
adversely affect the surgeons’ and theater staff’s respira-
tory systems [34]. The Control of Substances Hazardous
to Health Regulations (COHSS) require employers to carry
out an assessment of the risks from hazardous substances
and to always try to prevent exposure at the source [34]:
under the COSHH guidelines, effective LEV is required to
prevent exposure to diathermy emissions [35].

In Japan, the Japanese Association for Operative Medi-
cine has stated that the smoke and mist generated during an
electrosurgical procedure are potential hazards, and recom-
mended that patients and perioperative staff should be pre-
vented from inhaling it by removing it with an evacuation
system [36]. However, there are no national regulations con-
cerning this, and most surgeons and perioperative nurses in
Japan are unaware of the potential hazards of surgical smoke.

The primary objective of this article is to demonstrate
to surgeons that surgical smoke may present serious haz-
ards to themselves and other OR personnel. The secondary
objective is to discuss the possible means of avoiding or
minimizing exposure to surgical smoke.

Potential health risks of surgical smoke

The composition of surgical smoke varies considerably,
with the nature and size of the particles generated depend-
ing greatly on the type of procedure, energy used and
power level employed. The adverse health effects to OR
personnel vary depending on what the smoke contains. A
list of potential risks to health is shown in Table 1 [37].

@ Springer

The effects of surgical smoke on the respiratory sys-
tem are directly influenced by the size of the particles in it.
Particles that are 5 pm or larger are deposited on the oro-
pharyngeal walls, whereas aerosols between 2 and 5 pm
are delivered to the airways and aerosols between 0.8 and
3.0 wm reach the pulmonary parenchyma [38] (Fig. 1).

According to Gates et al. [39], long-term OR employ-
ment and the resulting exposure to surgical smoke do not
appear to increase the risk of lung cancer. Although Puk-
kala et al. [40] reported that male physicians had a low risk
of lung cancer in five Nordic countries, the specific lung
cancer risk of surgeons has not been reported.

Surgical smoke exposure may increase the risk of acute
or chronic pulmonary conditions, such as asthma or pneu-
monia. With respect to acute respiratory symptoms, Nav-
arro-Meza et al. [41] reported that in Mexico, many sur-
gical residents develop lumps in their throats (58 %) and
sore throats (22 %) as a result of exposure to electrocau-
tery smoke. The plastic surgeons at Bryn Mawr Hospital
in Pennsylvania noticed that several OR personnel were
experiencing acute health effects, including upper res-
piratory and eye irritation, headache and nausea, during
breast reduction procedures [2]. Ball et al. reported that the
incidence of some respiratory problems, such as bronchi-
tis, asthma, sinus infections and allergies in perioperative
nurses was double that of the general population [42, 43].
In the United States, there was a significant association
between OR nursing and severe persistent asthma, com-
pared with administrative nursing [44]. Supporting these
findings, Baggish et al. [29] examined the effects of long-
term inhalation of carbon dioxide (CO,) laser smoke on the

Table 1 The risks of surgical smoke (modified version of list of Alp
etal. [37])

Respiratory system

Nasopharyngeal lesions, sneezing, throat irritation, acute and
chronic inflammatory changes in respiratory tract (emphysema,
asthma, chronic bronchitis)

Eyes

Eye irritation, lacrimation
Skin

Dermatitis
Gastrointestinal system

Nausea, vomiting, colic
Blood disorder

Anemia, leukemia
Infection

Human immunodeficiency virus, hepatitis, human papilloma virus
[20, 23, 27, 36]

Others

Carcinoma, lightheadedness, hypoxia, dizziness, headache, weak-
ness, anxiety
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lungs of rats and showed pathological changes consistent
with interstitial pneumonia, bronchiolitis and emphysema.

Components of surgical smoke

Surgical smoke is made up of 95 % water or steam and 5 %
cellular debris in the form of particulate materials [31]. The
amount and content of smoke generated varies widely from
procedure to procedure. Factors that can affect the amount
and content of smoke include the target tissue [11, 14],
presence of particular bacteria [18, 19] or viruses [27, 45],
the type of energy imparted (i.e., electrocautery vs. ultra-
sonic scissors [28], or bipolar vs. monopolar devices [46]),
and the mode of cutting or coagulation [47].

The mean aerodynamic size of particles generated varies
greatly depending on the device used. Electrocautery cre-
ates particles of the smallest aerodynamic size (0.07 pm)
[47], whereas laser tissue ablation creates larger particles
(0.31 wm) [48], and the largest particles are generated by
ultrasonic scalpels (0.35-6.5 pm) [10] (Fig. 1). The smaller
particles from any of these devices tend to travel greater
distances from their point of production. In one study, the
particles traveled up to 1 m from the impact site and were
recovered from the upturned inner surface of the surgeon’s
eyeglasses after colposcopic laser treatment of genital con-
dylomata [49]. In general, smaller particles are of greater
concern from a chemical standpoint, whereas larger parti-
cles are of more concern from a biological standpoint [50].
The components of surgical smoke can be classified into
chemical and biological components, as described in detail
below.

Chemical composition

The chemical composition of surgical smoke has been
well documented; a number of toxic chemical byproducts

have been identified. According to a review by Pierce et al.
[51], researchers have reported 150 chemical constituents
of plumes. Electrothermal injuries and the burning of pro-
teins and lipids produce a noxious odor that is noticeable
to personnel in the OR. As noted above, in addition to pos-
sible long-term effects, these chemicals may cause acute
headaches and irritation and soreness of the eyes, nose and
throat [31, 37].

Of the many chemical compounds that may be present
in surgical smoke, the toxic substances of concern, and
the risk category, along with the International Agency for
Research on Cancer (IARC) [52] and workplace exposure
limits (WELSs) by COHSS [53] are shown in Table 2. WELs
are British occupational limits, and are set to help protect
the health of workers. Two time periods are used to set lim-
its: long-term (8 h) exposure limits (LTELs) and short-term
(15 min) exposure limit (STELs) [53].

Short-term exposure to acrylonitrile can cause eye irrita-
tion, nausea, vomiting, headache, sneezing, weakness and
lightheadedness. Long-term exposure causes cancer in lab-
oratory animals and has been associated with higher inci-
dences of cancer in humans. Repeated or prolonged expo-
sure of the skin to acrylonitrile may produce irritation and
dermatitis [37]. OSHA has set the upper limit of ambient
exposure to this substance at 2 ppm. Exposure levels of OR
personnel have been demonstrated to be 1.6 = 1.0 ppm,
just under this established limit [54].

Benzene causes irritation in the eyes, nose and respira-
tory tract, as well as headaches, dizziness and nausea. Even
at relatively low concentrations, long-term exposure may
result in various blood disorders, from anemia to leukemia.
Many of the blood disorders associated with benzene expo-
sure can be asymptomatic [37]. OSHA has set permissible
exposure limits for the inhalation of benzene, because this
substance is a documented cause of leukemia [31]. High
concentrations of benzene (exceeding the specified limits)
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Table 2 The chemicals in surgical smoke and their adverse effects

Acetaldehyde [12, 31, 64]

Eye, skin and respiratory irritant. Clinical exposure to vapors can also induce erythema, coughing, pulmonary edema and narcosis. May be
teratogenic. Irritation can be expected after exposure to 50 ppm for 15 min. May facilitate uptake of other atmospheric contaminants by
bronchial epithelium [31]. Acetaldehyde has been classified as a Group-2B (possibly carcinogenic to humans) carcinogen by the IARC [52].
LTEL: 20 ppm; STEL: 50 ppm [53]

Acetylene [25, 50]

Headache, dizziness, reduced visual acuity, poor judgment, memory and coordination; weakness, unconsciousness; rapid pulse and respiration,

cyanosis [70]
Acrolein [31, 64]

Eye, skin and upper respiratory tract irritant. May increase blood clotting time and cause liver and kidney damage [31]. Acrolein has been clas-
sified as a Group-3 (Not classifiable as to its carcinogenicity to humans) carcinogen by the IARC [52]. LTEL: 0.1 ppm; STEL: 0.3 ppm [53]

Acetonitrile [25, 31, 50]
Nose irritant, throat asphyxiant. Has caused liver and kidney damage in animal models [31]. LTEL: 40 ppm; STEL: 60 ppm [53]
Acrylonitrile [11, 15, 25, 37, 50]

Colorless volatile liquid that will liberate cyanide and is easily absorbed through the skin and lungs [25]. Short-term exposure can cause eye
irritation, nausea, vomiting, headache, sneezing, weakness and lightheadedness, and long-term exposure may cause cancer [37]. Acrylonitrile
has been classified as a Group-2B (possibly carcinogenic to humans) carcinogen by the IARC [52]. LTEL: 2 ppm [53]

Benzene [24, 25, 31, 37, 50, 55, 64]

Headache, weakness, appetite loss and fatigue. May cause bone marrow damage, injury to blood-forming tissue from chronic low-level expo-
sure. The threshold value limit in parts per million inhaled intermittently over one year may alter the nutritional status and gross metabolism
[31]. Benzene has been classified as a Group-1 (Carcinogenic to humans) carcinogen by the IARC [52]. LTEL: 1 ppm [53]

Carbon monoxide [4, 15, 50]

Headache, fatigue, nausea, vomiting, cardiac dysrhythmias, myocardial ischemia, lactic acidosis, syncope, convulsion and coma, depending on
the degree of exposure and susceptibility of the individual [50]. LTEL: 30 ppm; STEL: 200 ppm [53]

Cyclohexanone [13]

A potent respiratory irritant. Classified as a carcinogen for humans and suspected neurotoxicant. Major component released during abdominal
surgery [13]. Cyclohexanone has been classified as a Group-3 (Not classifiable as to its carcinogenicity to humans) carcinogen by the IARC
[52]. LTEL: 10 ppm; STEL: 20 ppm [53]

Decane [13, 24]
Eye, skin and respiratory tract irritation; headache; dizziness, stupor, incoordination; loss of appetite, nausea; dermatitis [70]
Formaldehyde [31, 50, 64]

Eye, nose, throat and respiratory system irritant. Exposure may cause cough and bronchospasm. Sensitizer. Shown to cause nasal tumors in rats
[31]. Formaldehyde has been classified as a Group-1 (Carcinogenic to humans) carcinogen by the IARC [52]. LTEL: 2 ppm; STEL: 2 ppm
[53]

Furfural [3, 12, 25]

Irritation of eyes, skin and upper respiratory irritation; headache; sore throat, cough, shortness of breath, vomiting [70]. Furfural has been clas-
sified as a Group-3 (Not classifiable as to its carcinogenicity to humans) carcinogen by the IARC [52]. LTEL: 2 ppm; STEL: 5 ppm [53]

Hydrogen cyanide [37, 50]
Hydrogen cyanide is a toxic colorless gas that is easily absorbed by the lungs, gastrointestinal tract and skin. It combines with ferric iron in
cytochrome oxidase, thereby inhibiting cellular oxygen utilization [50]. STEL: 10 ppm [53]
Polyaromatic hydrocarbons (e.g., naphthalene) [31, 54, 64]

Absorbed via the respiratory tract. Ocular and respiratory irritant. Wide range of sensitivity. Effects noted at very low doses. Exposure likely
occurs via particle inhalation [31]. Naphthalene has been classified as a Group-2B (possibly carcinogenic to humans) carcinogen by the
IARC [52]

Styrene [24, 25, 31, 50, 64]

Respiratory irritant. Short-term vapor exposure in animal studies found damage to the lining of the nose [31]. Styrene has been classified as a

Group-2B (possibly carcinogenic to humans) carcinogen by the IARC [52]. LTEL: 100 ppm; STEL: 250 ppm [53]
Toluene [3, 14, 24, 25, 31, 50, 64]

Well absorbed via inhalation. Vapors irritate the eyes and respiratory tract. Extensive documentation of effects in animal models, many related
to central nervous system functions High levels associated with teratogenesis [31]. Toluene has been classified as a Group-3 (Not classifiable
as to its carcinogenicity to humans) carcinogen by the IARC [52]. LTEL: 50 ppm; STEL: 100 ppm [53]

Xylene [24, 31, 50, 64]

Well absorbed via the respiratory tract. Respiratory tract irritation begins at 200 ppm. Chronic exposure is associated with reversible changes
in red and white blood cell counts and increases in platelet counts [31]. Xylene has been classified as a Group-3 (Not classifiable as to its
carcinogenicity to humans) carcinogen by the IARC [52]. LTEL: 50 ppm; STEL: 100 ppm [53]
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have reportedly been detected near the diathermy electrode
during colorectal surgery [55].

Hydrogen cyanide is a colorless toxic gas that may cause
headache, weakness, throat irritation, vomiting, dyspnea,
lacrimation, colic and nervousness after absorption through
the skin and lungs [37]. Polycyclic aromatic hydrocarbons,
the main byproducts of incomplete combustion, are ubiq-
uitous environmental pollutants [56]. Both gaseous and
particle-bound polycyclic aromatic hydrocarbons enter the
human lung to a certain extent during respiration, inducing
toxicity and carcinogenic effects [56]. One of these polycy-
clic aromatic hydrocarbons, naphthalene, causes ocular and
respiratory irritation at very low doses [31].

Toluene is well absorbed via inhalation and irritates the
eyes and respiratory tract. Its effects in animal models have
been extensively documented, many being related to cen-
tral nervous system functions and high levels being asso-
ciated with teratogenesis [31]. Lin et al. [14] reported that
the toluene produced during a single breast surgery was
2252 ng. Except for cigarette smokers and those who work
with toluene-containing products, members of the US pub-
lic are generally exposed to about 300 pg daily [57].

One study has demonstrated that electrosurgical smoke
reduces the clonogenicity of MCF-7 human breast carci-
noma cells in a dose-dependent manner; the authors con-
cluded that electrosurgical smoke is cytotoxic to cultured
cell lines [5]. Surgical smoke is also mutagenic, its muta-
genic potency being at least equivalent to that of cigarette
smoke [17]. The mutagenicity created by thermal destruc-
tion of 1 g of tissue is equivalent to that of three to six ciga-
rettes [17], and the mutagenic potential may vary among
people due to differences in susceptibility [16]. Fitzgerald
et al. [28] reported that the electrocautery plume in the set-
ting of live laparoscopic intraabdominal surgery had sig-
nificantly lower concentrations of volatile organic hydro-
carbons than cigarette smoke, but the concentrations of
toluene and methyl propene were at equivalent levels to
those in cigarette smoke.

Biological composition
Viable bacteria and viruses

The viability of the particulate matter in surgical smoke that
may be inhaled has yet to be demonstrated conclusively.
Five bacterial cultures grown on specimens collected from
plume smoke during laser resurfacing in 13 patients grew
coagulase-negative Staphylococcus. One of these five posi-
tive cultures also grew Corynebacterium and another Neis-
seria [19].

Travella et al. [23] have reported that the oral polio vac-
cine virus can survive excimer laser ablation. In one study,
proviral HIV DNA was recovered from the suction tubing

used to remove a CO, laser plume [27], and in another,
strands of human papillomavirus DNA were isolated from a
CO, laser plume during the treatment of plantar warts [58].
CO, laser surgeons have a higher risk of acquiring naso-
pharyngeal lesions, especially when they have been treat-
ing genital warts [22]. A case report linked the laryngeal
papillomatosis in a surgeon who used neodymium-doped
yttrium aluminum garnet (Nd: YAG) laser to virus particles
in the laser plume from one of his patients [45].

Viable malignant cells

In one study in which pellets of B16-FO mouse melanoma
cells were cauterized and the electrocautery plume was
collected in culture medium, intact melanoma cells were
identified in the culture media [8]. The authors of that study
concluded that viable cancer cells can be disseminated
in the abdominal cavity and that this can lead to port-site
metastasis in laparoscopic surgery. However, others have
concluded that malignant cells only aerosolize during lap-
aroscopy in the presence of carcinomatosis, and that it is
unlikely that tumor aerosolization contributes significantly
to port-site metastasis [59, 60].

Smoke from various tissues

It has been reported that fatty tissue generates 17-23 times
more particles than lean tissue when the ball tip of an
ultrasonic device is used, and 11-20 times more particles
when a hook tip is used [10]. The authors of those stud-
ies speculated that this difference is probably attributable to
the water content being higher in fatty tissue than in mus-
cle. Zhao et al. [11] reported that 39 and 16 types of gases
are generated during transurethral resection of the bladder
and prostate, respectively, and that there are differences in
the types of gases between benign hypertrophic prostate
and malignant bladder tumor tissues. Thus, the amount and
type of smoke compounds can vary with different surgical
sites or tissues.

Smoke generated by various surgical devices
Electrocautery

Numerous chemicals, some of which are hazardous and
present in greater than negligible quantities, have been
found in surgical smoke generated by electrocautery.
The most abundant chemicals in electrocautery smoke
are hydrocarbons, nitriles, fatty acids and phenols [50].
Although electrocautery is potentially less hazardous than
laser smoke as a route of disease transmission, human pap-
illoma virus DNA has been identified in the smoke from
warts treated with electrocoagulation [61].
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Ultrasonic scissors

On the whole, although many studies have been carried out
on the surgical smoke generated by electrocautery [3-5, 7,
8, 11, 14, 16, 24] and lasers [17-23], far fewer have focused
on that generated by ultrasonic scissors, and no agreement
yet exists about such smoke’s exact composition.

The ultrasonic scissors produce a vapor rather than
smoke [62]. Because the process involves low-tempera-
ture vaporization, tissues do not desiccate from the loss of
moisture, and they do not burn [63]. High concentrations
of cellular debris (more than 1 x 107 particles/mL) have
been found in the plumes generated by ultrasonic scal-
pels; approximately a quarter of the concentration found in
plumes generated by dissection of a similar amount of tis-
sue with electrocautery [10].

One study indicated that the particles created by the
ultrasonic scissors are composed of tissue, blood and blood
byproducts [10]. However, another study reported that,
although large numbers of cellular particles are released
after ablation with ultrasonic scissors, very few were mor-
phologically intact, and there were no viable cells [9].

Lasers

The chemicals that have been found in the plumes gener-
ated by laser tissue ablation with either CO, or Nd:YAG
lasers include benzene, formaldehyde, acrolein and PAH
[64]. Furthermore, viable particles have been found in these
plumes, as described above. In general, the smoke gener-
ated by laser tissue ablation has more infectious potential
than that generated by electrocautery [61].

Exposure to surgical smoke in the OR

It is commonly believed that the scrubbed members of a
surgical team are at greater risk from inhaling smoke than
those further away. In fact, surgeons working 20-40 cm
from the point of smoke generation are exposed to the
highest concentrations of plumes [7]. However, nurses and
other OR personnel, along with anesthesia providers, are
constantly exposed to the hazards of surgical smoke; the
exposure of surgeons is often much less because they may
operate only a few times a week [30].

Typically, within 5 min of the beginning of an electro-
surgical procedure, the particulate matter in the immediate
area increases from a baseline of approximately 60,000 par-
ticles per cubic foot to one million particles per cubic foot.
A typical OR airflow recirculating system takes approxi-
mately 20 min to return particle concentrations to normal
after the completion of a surgical procedure [65]. An inves-
tigation by Bruske-Hohlfeld et al. [6] showed that, during
electro-cauterization and argon plasma tissue coagulation,

@ Springer

surgeons and close assisting OR personnel have very high
exposure to ultrafine particles (>100,000 cm™), and are
briefly exposed to very high concentrations of ultrafine par-
ticles, followed by longer exposure to lower concentrations
of such particles.

Countermeasures for reducing surgical smoke

To ensure the safety of OR personnel, approaches could
include minimizing the production of surgical smoke,
increasing the efficacy of its evacuation and preventing its
inhalation using effective masks. In addition, given that a
burning clot with laparoscopic coagulating shears report-
edly generates more surgical smoke than when the clot
is not burnt, the judicious use of devices can reduce the
amount of smoke produced [12].

Combination of general room ventilation and LEV
in the OR

All ORs have ventilation systems to capture and extract
bacteria and dust particles. In the United States, a mini-
mum of 15 air exchanges through general air circulation
is required in ORs, and all rooms should be maintained at
positive pressures [31]. The recommendations of the Japa-
nese Association for Operative Medicine are similar [66].

However, this alone does not prevent the emission of
smoke into the OR or the exposure of staff to it: LEV is
required to achieve this [35]. The most important precau-
tionary measure is the use of adequate evacuation systems.
Ott et al. [10] showed that, although air concentrations of
blood and tissue particles increase during the use of ultra-
sonic energy devices, local exhaust evacuation methods
diminish these concentrations. Studies have shown that the
inlet nozzle is 1 cm from the treatment site [20, 29].

Strategies according to surgical approach (open
or laparoscopic)

Open surgery

Several smoke evacuation systems for open surgery are
available and have been evaluated [31, 67]. Examples of
devices that are used to capture plumes include smoke
evacuation suction wands, electrosurgical unit pencils,
and the newest capture device, which is based on cell
foam technology, has an open cell foam core sandwiched
between layers of nonporous plastic to retain smoke within
the device and prevent a loss of suction power [67]. These
capture devices are connected to desktop suction pumps
called LEV, with ultra-low particulate air filters [67].
Newly constructed ORs can install a central smoke evacu-
ation system [31]. Such central evacuation systems remove
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the smoke directly to a remote site without using filters
[67]. Although the nanoparticle capture of such central
units is near complete (98-100 %), this system is slightly
noisier than a desktop system [67].

Edwards et al. [32] reported that the most commonly
encountered obstacle is the surgeons’ resistance or refusal
to allow LEV, and surgical team members complaining of
the negative impact of noisy and bulky (or large) devices.
The noise of the smoke evacuation unit is reportedly 55—
60 dB maximum [67].

Laparoscopic surgery

It is possible to evacuate and filter surgical smoke through
special laparoscopic devices. Automatic smoke evacuation
provides a better view and reduces the risk of exposure to
harmful compounds [12]. The smoke released from a can-
nula is generally more concentrated than that generated by
open surgery, because in the former situation, the smoke
accumulates and is then released all at once in a relatively
high-velocity jet in a particular direction. Surgeons or other
OR personnel at whom such jets are pointing can be exposed
to high concentrations of smoke [50]. To prevent this, sur-
geons must not release cannulas; in addition, surgical smoke
should be evacuated and filtered during laparoscopic pro-
cedures. It is possible to reduce smoke production using
devices that produce less smoke, such as bipolar electrosur-
gical units or tissue fusion systems [46]. When the pneumo-
peritoneum is released at the end of laparoscopic procedures,
to prevent the spewing of abdominal contents into the faces
of surgical team members, surgical smoke should be evacu-
ated and filtered thorough evacuation system [31].

Limitations of surgical masks and respirators

Surgical masks are the most commonly used type of pro-
tective facemask in perioperative and other hospital set-
tings. Although surgical masks provide a barrier to splashes
and droplets impacting on the wearer’s nose, mouth and
respiratory tract, they do not provide protection against
airborne (aerosol) particles [68]: most surgical masks are
designed to filter particles that are >5 pm [30]. Masks
worn loosely or for too long are less effective; they should
be worn snugly and changed often [30].

Respirators that provide respiratory protection for indi-
viduals are available. The European standard for filtering
face masks lists three classes of filtering face pieces (FFP):
FFP1, FFP2 (approximately equivalent to N95) and FFP3
[68]. High-filtration masks have been designed to filter
particles as small as 0.1 pwm [30]. Although wearing such
masks affords some respiratory protection, viral particles
can be much smaller than 0.1 pm [69]. Because high-fil-
tration masks hinder normal breathing, they are not very

popular among OR personnel. In a study throughout North
America in 2010, the AORN reported that only 1-2 % of
OR personnel used respiratory protection with N95 or other
NIOSH-approved respirators during various types of elec-
trosurgery, the exceptions being condyloma surgery and
dysplasia treatment, during which the frequency of mask
use was 16 % [32]. Although high-filtration masks can be
worn to filter any residual plume that has not been evacu-
ated, they should not be used as a substitute for LEV.

The particle sizes, surgical devices, and surgical mask
and high-filtration mask ranges of the equipment used for
protection are illustrated in Fig. 1.

Future perspectives

It is evident from our review of the literature that surgi-
cal smoke poses potential health risks to surgeons and OR
personnel. The transmission of infectious disease through
surgical smoke may occur because of the potential for
generating infectious viral fragments, particularly when
treating condylomas caused by papilloma virus. The pres-
ence of carcinogens in surgical smoke and their mutagenic
effects have been known for over 30 years [17, 24]. Of sev-
eral potential risks, we are especially concerned about the
impact of surgical smoke on the respiratory systems of the
OR personnel. Hence, we consider that large-scale studies
of the prevalence of respiratory diseases in at-risk hospital
personnel are needed to assess this impact.

Surgical smoke should be removed by a smoke evacua-
tion system during both open and laparoscopic procedures.
Manufacturers should continue to encourage this by pro-
viding smoke evacuation technology that is easy to use and
effective in smoke capture. With new innovations in surgi-
cal power equipment, devices incorporating smoke reduc-
tion features may be developed. Surgeons should assess the
potential dangers of surgical smoke, educate the OR staff
about these dangers and encourage the use of evacuation
devices to minimize potential health hazards to surgical
personnel.
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