
69

Surgical Smoke: Risks and 
Mitigation Strategies

Sajid Malik, Farah Khairi, and Sujith Wijerathne

�Introduction

As the usage of electrocautery, ultrasonic scal-
pels, and lasers have become commonplace, oper-
ative staff and patients alike are at increased risk 
of exposure to dangerous surgical smoke emanat-
ing from these devices. Terms like “smoke,” 
“plume,” and less commonly “aerosol” are used 
to refer to by-products of laser tissue ablation and 
electrocautery, whereas “plume,” “aerosol,” and 
“vapor” are associated with ultrasonic dissection. 
“Smoke,” although not formally accurate in all 
cases, is a widely accepted term used to describe 
surgically generated gaseous by-product [1].

Surgical smoke contains particulates like car-
bon monoxide, polyaromatic carbons, benzene, 
hydrogen cyanide, formaldehyde, viable and 
nonviable cellular material, viruses, and bacteria 
[2]. These particulates pose a risk to surgeons, 
operating theater personnel, and patients because 

they harbor these chemicals and biological com-
ponents, and have shown to carry mutagenic and 
carcinogenic potential.

Factors affecting the amount and content of 
smoke produced does include type of procedure, 
surgeon’s technique, pathology of target tissue 
(e.g., presence of bacteria or virus), type of energy 
device, power levels used, and the amount of cut-
ting, coagulation, or ablation performed [3]. The 
smoke produced by each energy device has its own 
unique properties, comprising of aerodynamic 
particle size, chemical makeup, and biological 
constituents. For instance, electrocautery produces 
the smallest aerodynamic particle size, followed 
by laser tissue ablation creating larger ones while 
harmonic scalpels produce the largest particle size. 
The smaller the size, the further the distance these 
particles travel, and they pose a higher chemical 
concern. Larger particles, on the other hand, raise 
more concerns from a biological aspect [1].

Studies have compared the deposition of par-
ticulate matter in ten different tissues, and have 
shown that the liver produced the highest number 
of particles, skeletal muscle and renal tissues pro-
duced medium mass of particulate matter, while 
other tissues produced significantly less particu-
late mass [4].

Particles that are greater than 5μm can deposit 
on walls of the nose, pharynx, trachea, and bron-
chus whereas particles smaller than 2  μm are 
deposited in the bronchioles and alveoli. 
Considering that 77% of plume is in the inspir-
able range, it is concerning that smoke can cause 
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acute and chronic inflammatory changes, includ-
ing alveolar congestion, interstitial pneumonia, 
bronchiolitis, and emphysematous changes in the 
respiratory tract [5].

Multiple carcinogens have been identified in 
surgical smoke, with butadiene and benzene 
showing 17- and 10-fold higher concentrations 
than second-hand smoking. Several laboratory 
and animal studies have demonstrated smoke 
from laser and electrocautery surgery causing 
acute and delayed carcinogenic effects on humans. 
Although there is no direct evidence at present to 
show that surgical smoke is carcinogenic to 
humans, there are persistent concerns [5].

Besides chemical components, mutagenicity 
and cytotoxicity also pose great concerns to users 
of lasers, electrocautery, and powered surgical 
instruments. Tomita et  al. quantified the muta-
genic effect created by thermal destruction of just 
1g of tissue to be equivalent to three to six ciga-
rettes [6]. Additionally, studies have shown 
smoke produced from breast tissue has the muta-
genicity of a TA98 strain of Salmonella, and 
another study demonstrated that it induced cyto-
toxicity in human small airway epithelial cells 
and mouse macrophages [7].

Surgical smoke, produced with or without a 
heating process, contains bio-aerosols with via-
ble and nonviable cellular material that conse-
quentially poses a risk of infection such as HIV, 
hepatitis B virus, and human papillomavirus 
(HPV) [8]. Although the possibility of disease 
transmission via surgical smoke exists, actual 
documented cases of pathogen transmission are 
rare. Only one such case has essentially been 
proven, whereby a surgeon contracted laryngeal 
papillomatosis after treating anogenital condy-
loma with a laser. HPV types 6 and 11, the same 
types in anogenital papillomatosis, were found in 
this individual’s larynx, a very uncommon area of 
infection, which would suggest direct contact as 
a route of transmission [9].

Patients are also at risk from surgical smoke, 
particularly during laparoscopic procedures 
whereby smoke gets trapped in the peritoneal cav-
ity. Potential complications include carbon mon-
oxide toxicity, port-site metastases via chimney 
effect, and toxicity to peritoneal compartment and 

its contents [1]. The chimney effect, first described 
in 1995, stipulates that cancer cells are aerosolized 
during laparoscopic surgery and can leak from 
around the cannula during the procedure. The 
localized inflammation from the trauma caused by 
cannula and trocar insertion increases the potential 
for cancer cells to implant. It was also suggested 
that pneumoperitoneum creates a pressure gradi-
ent with resulting outflow of gas and floating 
tumor cells through port wounds, creating a chim-
ney effect that does not occur in a standard wound 
[10]. Smoke also limits surgical field visibility, 
which poses direct harm to patients.

�Mitigating the Risks

Once we recognize that surgical smoke is essen-
tially an occupational hazard, it is important to min-
imize its production and have proper evacuation 
systems or protocols in place. It is also vital to raise 
awareness among surgeons and operating theater 
personnel regarding the dangers of surgical smoke.

Surgeons can minimize the production of sur-
gical smoke by avoiding unnecessary tissue abla-
tion and using shorter, precise bursts. Assistants 
may also aid in capturing smoke with a suction 
wand. A recently unpublished study had shown 
that a suction wand can effectively capture 
95–99% of smoke if the tube’s orifice is within 2 
inches of the smoke source [11].

Small particles less than 1.1 μm constitute 77% 
of particulate matter found in surgical smoke [12]. 
Because of this, most conventional surgical masks 
do not have sufficient filtering or snug-fitting attri-
butes to provide respiratory protection. A study by 
Gao et al. had shown that wearing at least N95 res-
pirator and N100 filtering face piece respirator 
could offer more protection to wearers [13].

�Evacuation Systems

The National Institute for Occupational Safety 
and Health (NIOSH) of the United States recom-
mends a combination of general room and local 
exhaust ventilation (LEV) to remove airborne 
contaminants generated by surgical devices. They 
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Fig 1  Smoke evacuation pencils and tubing

advocate suction devices with a capture velocity 
of 100–150 feet per minute [13]. Three such suc-
tion devices utilizing LEV include smoke evacua-
tion wands, electrosurgical unit (ESU) pencils 
(Fig. 1), and cell foam technology.

ESU pencils are attached to tubing, which in 
turn connects to smoke evacuation filters. The lat-
est device based on cell foam technology operates 
by having an open cell foam core sandwiched 
between layers of nonporous plastic to keep 
smoke within the device and prevent loss of suc-
tion power. The LEV machines used are in turn 
connected to ultra-low particulate (penetration) 
air (ULPA) filters that include activated charcoal 
which absorbs and deodorizes chemicals and 
odors present in smoke [13]. Filters should also be 
used in the exhaust port of the collection device to 
prevent contents of smoke from leaking [14].

Alternatively, high-efficiency particulate air 
(HEPA) filters that are placed on top entry ports 
of suction canisters can trap particulates effec-
tively. Combination of HEPA filters with activated 
carbon called “high efficiency gas absorption” 
(HEGA) filters successfully prevent surgeons from 
volatile organic compounds and chemical vapors. 
Additionally, using activated carbon fiber filter 
during laparoscopic operations can dramatically 
reduce carcinogens by more than 85% [15].

�Special Considerations

The COVID-19 pandemic had drastic ramifica-
tions towards society and many had to adapt to 
the “new normal” and change work practices. 

The same applies to surgeons as there were raised 
concerns of the risk of coronavirus transmission 
in the operating room. Specifically, the elevated 
risk during intubation and extubation from the 
anesthetic standpoint, as well as the risk of 
release of potential infectious particulates in lap-
aroscopic smoke.

Past research had shown that laparoscopy can 
lead to aerosolization of blood-borne viruses but 
there has been no evidence to support that this 
effect is seen with COVID-19, nor that it is iso-
lated to laparoscopic procedures. However, to err 
on the side of caution, it is prudent to treat the 
coronavirus as exhibiting similar aerosolization 
properties. The UK and Ireland Intercollegiate 
Board have advised to consider laparoscopy only 
in selected cases whereby the clinical benefit of 
the patient outweighs the risk of viral transmis-
sion [16].

Assigning designated operating theaters for 
confirmed and suspect cases of COVID-19 can 
aid to streamline patient movements, limit the 
number of staff and equipment needed, as well as 
limiting contamination to specific areas. Negative 
pressure ventilation can curb contamination of 
surgical smoke via doors and vents. There had 
been recommendations to stop positive pressure 
ventilation during the procedure and for at least 
20 min after the patient has left the theater; how-
ever, the risks associated with positive pressure 
ventilation have not been quantified [17].

Smoke extraction is crucial and can be 
achieved with a general ventilation system, local 
extraction at the site of surgery, and use of per-
sonal filtration masks, as discussed before. The 
smoke evacuator can be of two types one without 
the triple filter and the other one with a triple fil-
tering tube (Figs.  2 and 3a, b). At present, the 
most effective smoke evacuation system is the 
triple filter, which includes a prefilter that traps 
large particles, an ULPA filter, and a special char-
coal that captures toxic chemicals.

There are however nonfiltration devices avail-
able in the market that can evacuate smoke as 
well. The Ultravision™ system removes smoke 
particulates during electrosurgical procedures, as 
an aid to maintain clear visual field. This system 
is not restricted by particle size, and it has been 
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Fig 2  AirSeal intelligence unit

a

b

Fig 3  (a) Airseal iFS without Triple lumen filtered tube, 
(b) Airseal iFS with Triple lumen filtered tube

demonstrated to remove more than 99% of all 
smoke particulates [16].

Methods recommended for laparoscopic sur-
gery include the use of balloon ports to reduce 
the risk of inadvertent displacement of trocars 
thus reducing the risk of loss of pneumoperito-
neum to the operating theater environment. These 
trocars also have valves preventing gas leakage 
whenever an instrument is passed through into 
the peritoneal cavity. Pneumoperitoneum should 
be maintained throughout the procedure at the 
lowest possible pressure and decompressed 

slowly at the end if an incision is required for 
specimen extraction [16].

�Conclusion

Surgical smoke contains harmful particulates and 
although more research is required to determine 
its direct effect on health, we must be wary of its 
long-term effects. There are many mitigation 
strategies that can be applied, ranging from filtra-
tion masks to sophisticated smoke evacuation 
systems. The most important step however is to 
first and foremost educate healthcare workers 
that surgical smoke is an occupational hazard, 
and should be treated seriously as such.
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