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Abstract
Aim This study aimed to evaluate the efficacy of smoke filters for use in endoscopic surgery and their significance during 
the present COVID-19 pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Methods The literature was reviewed by analyzing articles on PubMed using the search terms “smoke”, “filter”, and 
“laparoscopy”.
Results A systematic literature search revealed six smoke filter clinical studies pertinent to endoscopic surgery. The stud-
ies focused on the different aspects and efficacy of these filters: (1) UGF1 filter (Pall Biomedical, St. Germaine en Laye, 
France) investigated captured mesothelial cells and other debris, (2) Valve-less trocar AirSeal™ (SurgiQuest, Orange, CT) 
fitted with an ultra-low particulate air (ULPA) filter investigated smoke evacuation and filtration to reduce exposure of staff 
to hazardous fumes, (3) automatic smoke evacuator (IES2, ERBE) equipped with ULPA identified 37 filtered carcinogenic 
substances, (4/5) the Tropian trocar (Tropian Tech., Gunpo, Korea), a charcoal filter, investigated in two studies focused on 
filtration of further hazardous compounds, and (6) charcoal/ULPA combination filter by Dyeing and Finishing Technology 
Institute investigated filtration rates of volatile organic compounds.
Conclusions Surgical plume can be cleared of hazardous chemical through smoke filters. There were six different filter 
studies identified with regards to endoscopic surgery which can aid in protecting the surgical staff from dangerous smoke 
by filtering cells, recirculating, and filtering gas, and removal of carbon-based substances. No clinical study has specifically 
investigated the removal of viruses by smoke filters including the SARS-CoV-2.
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Introduction

The new severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) outbreak started in late 2019 and its spread 
has changed surgical practice around the world. Since this 
virus is largely transmitted via respiratory droplets, there has 
been great concern that medical procedures that generate 
aerosols pose a risk to medical staff. During laparoscopy, 
the pneumoperitoneum is created in the abdominal cavity 

under pressure where the insufflated  CO2 is moist and con-
centrated. Whenever electrocautery or other energy-powered 
devices are used, smoke that arises along with by-products 
of electric decomposition of tissue is released into the oper-
ating room through ports by the positive intraabdominal 
pressure. Various reports have already studied the potential 
danger of laparoscopic smoke [1, 2]. Previous research has 
also demonstrated that laparoscopy can lead to aerosoliza-
tion of viruses [2–4]. Thus, to minimize the risk of possible 
transmission of Coronavirus disease 2019 (COVID-19), the 
number of laparoscopic surgeries was reduced to a minimum 
since the start of the pandemic. There has been recent men-
tion on the use of filters, if laparoscopy has to be performed, 
during the present SARS-CoV-2 pandemic [5]. The aim of 
this study was to determine the efficacy and data available 
on filters in laparoscopic surgery and assess the possible 
significance during the COVID-19 pandemic.

 * Amulya K. Saxena 
 amulya.saxena@nhs.net

1 Department of Pediatric Surgery, Chelsea Children’s 
Hospital, Chelsea and Westminster Hospital NHS Fdn 
Trust, Imperial College London, 369 Fulham Road, 
London SW10 9NH, UK

2 Department of Paediatric Surgery, University of Medicine 
and Pharmacy ``Carol Davila”, Bucharest, Romania

http://crossmark.crossref.org/dialog/?doi=10.1007/s42804-020-00060-y&domain=pdf


62 G. O. Alqadi, A. K. Saxena 

1 3

Methods

The literature was systematically reviewed by analyzing arti-
cles on PubMed using the search terms “smoke”, “filter”, 
and “laparoscopy”. Articles in English, which analyze the 
use of filters during laparoscopic procedures, were selected. 
The article was drafted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement (Fig. 1) [6]

Results

The literature search revealed 11 articles, 6 of which met 
the inclusion criteria and revealed 4 filter systems varia-
tions in used in surgical practice. The first article concern-
ing risks of particle contamination in the smoke produced 
during laparoscopic surgery appeared in 1997 and interest 
arose on this subject continuously during the last decade [7]. 

For these studies, pneumoperitoneum was created and then 
electrocautery devices were used to generate smoke that was 
evacuated through filtering devices, which were analyzed.

1. UGF1 Filter

The first system for smoke collection and filtration was 
described in 1997 due to concern over metastasis in the port 
sites [7]. Nine laparoscopic procedures were evaluated using 
a chimney cannula attached to a UGF1 filter (Pall Biomedi-
cal, St. Germaine en Laye, France) through which fumes 
passed through a pore size of 0.5 μm. Further specification 
of the UGF1 filter was not available from the publication, 
authors, or after contacting the company. The filter analysis 
demonstrated mesothelial cells in six of nine samples, and 
electron microscopy revealed debris and identifiable cells 
in three. There were no metastases found in the port sites 
on follow-ups.

Fig. 1  PRISMA statement for systematic review of smoke filter investigations applied in endoscopic surgery
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2. Ultra‑low particulate air (ULPA) filter

2a. ULPA built‑in port

Focusing on maintaining pneumoperitoneum, a valve-less 
port AirSeal™ (SurgiQuest, Orange, CT) fitted with a 
0.1 μm ULPA filter was investigated [8]. This system main-
tained insufflation by creating a pressure barrier, while cap-
turing the escaping gas that was filtered and then redirected 
into the port. This valve-less port was reported to have expe-
ditious smoke evacuation and filtration, and demonstrated 
reduced exposure of staff to hazardous fumes.

2b. UPLA with automatic smoke evacuator

An automatic smoke evacuator in laparoscopic surgery was 
investigated using an industrial smoke-detection device [9]. 
Smoke was generated using a high-frequency electrosur-
gical unit (HF-ESU) and laparoscopic coagulating shears 
(LCS) and evacuated by the automatic smoke evacuator Erbe 
IES2 (Erbe Elektomedizin GmBH, Tübingen, Germany) 
equipped with a smoke absorptive membrane (#7-510-16, 
Northgate Technologies Inc., Scottsdale Court, IL). The 
volume of residual smoke using an HF-ESU was found to 
be significantly lower in the evacuation group (47.4 ± 16.6) 
than the control group (76.7 ± 2.4, P = 0.0018). Also, the 
amount of surgical smoke after LCS was significantly lower 
in the evaluation group (21.3 ± 10.7) versus control group 
(75 ± 39.9, P = 0.044). The filtered contents investigated by 
gas chromatography and mass spectrum analysis identified 
37 substances, three of which were carcinogenic according 
to the International Agency Research on Cancer (IRAC) 
and identified as acetaldehyde, dimethylformaldehyde, and 
furfural.

3a./b. Charcoal filter

Two groups reported the use of a Tropian trocar (Tropian 
Tech., Gunpo, Korea) that has a built-in filter made of two 
layers of processed and refined charcoal [10, 11]. Each layer 
has 1200 m2/g surface to absorb a large amounts of smoke. 
The space between the two charcoal layers is occupied by 
innumerable 1–50 μm micropores designed to trap liquid 
and aerosolized substances. These studies evaluated smoke 
generated by (1) laparoscopic nephrectomies using electro-
cautery and Harmonic Generator 300 (Ethicon Endo-Sur-
gery Inc., Cincinnati, OH);[9] and by (2) laparoscopic or 
robot assisted procedures for benign uterine diseases using 
electrocautery, SurgiwandTM (Medtronic, Minneapolis, 
MN, USA) or HotShears™ EndoWrist cautery (Intuitive 
Surgical, Sunnyvale, CA, USA) [11]. The smoke filtered 
through the Tropian trocar was processed by ultra-perfor-
mance liquid chromatography. Surgical smoke was analyzed 

for a number of hazardous substances to which exposure is 
regulated by the National Institute of Occupational Safety 
and by the Occupational Safety and Health Administration 
and yielded comparable rates of filtration for the traced sub-
stances (Table 1) [12].

4. Charcoal and ULPA combined filter

The Dyeing and Finishing Technology Institute filter device 
consists of a glass cylinder with a hole on top where the air 
enters and is then passed through a complex filter that had 
multiple layers of activated carbon fiber, ultra-low particu-
late air, and antiviral filters [13]. The post-filter smoke was 
then analyzed to determine the rate of volatile organic com-
pounds that the filter can eliminate. The total elimination rate 
of the compounds was 86.49 ± 2.83%; of which four were 
carcinogenic and their elimination rates were 1,2-dichlo-
roethane 84.5 ± 6.0%, benzene 92.6 ± 2.9%, ethylbenzene 
93.1 ± 8.4%, and styrene 98.8 ± 4.8%, respectively.

A total of 62 substances were identified in techniques 2b, 
3a, 3b, and 4 with approximately 20% of these substances 
confirmed in two or more techniques (Table 2) [9–11, 13].

Discussion

With increasing popularity of laparoscopy, many researchers 
commenced investigations on potentially harmful particles 
and substances generated by electric cauterization during 
these procedures. These by-products were identified to pose 
a risk not only to the patient, but also to the entire operating 
theater staff [1, 2]. The present COVID-19 pandemic has 
again put these concerns into spotlight, leading many spe-
cialty organizations and hospitals to recommend restrictions 
or even completely exclude laparoscopic surgeries due to 

Table 1  Comparison of removal rates of hazardous substances using 
the Tropian filter

Chemicals Removal rate (%)

Hahn et al. [9] Ha et al. [10]

Benzene 69 38
Toluene 72 69.4
Ethyl benzene 46 77.8
Xylene 44 100
Styrene 35 66.7
Formaldehyde 39 50.6
Acetaldehyde – 23.7
Propionaldehyde 33 0
Butyraldehyde 60 10.7
Isovaleraldehyde – 20
Veraldehyde –
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Table 2  Substances identified 
in smoke generated by 
laparoscopic procedures

Takahashi 
et al. [9]

Choi et al. [13] Hahn et al. [10] Ha et al. [11]

Acetaldehyde x x x
Propanol x
Acetone x x
Methyl alcohol x
2-Methylbutanol x
3-Methylbutanol x
2,3-Butanedione x
Pentanol x
Hexanal x
Isopropenyl methyl ketone x
1-Methoxy-2-propanol x
n-Butanol x
Heptanal x
Dodecane x
Ethylene glycol ethyl ether x
2-Pentylfuran x
3,3,4,4,5,5,6,6,7,7,8,8-Tride-

cafluoro-1-octanol
x

Octanol x
1-Hepten-3-one x
1-Hydroxy-2-propanone x
Dimethylformamide x
Nonanal x
Ethylene glycol butyl ether x
N,N-Dimethylacetamide 36 72 x
1,3-Ditertiarybutylbenzene x
1-Octen-3-ol x
Acetic acid x
Furfural x
2-Ethylhexanol x
Decanal x
Pyrrole x
Benzaldehyde x
Propanoic acid x
Ethylene glycol isopropyl ether x
Diethylene glycol ethyl ether 101 x
2-Furanmethanol x
Xylene x x x
Ethanol x
2-Butanone x
Hexane x
1,2-Dichloroethane x
Benzene x x x
N-Heptane x
Toluene x x x
Ethylbenzene x x x
p-Xylene x
Styrene x x x
N-nonane x
o-Xylene x
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possible virus transmission along with the evacuated pneu-
moperitoneum [14]. Smoke filters have suddenly gained the 
spotlight in this pandemic as potential devices for SARS-
CoV-2 virions filtration that could be expelled along with 
smoke during endoscopic surgical procedures.

Harmful smoke appears in both open and laparoscopic 
surgeries when cautery or other energy-powered devices 
are used. However, unlike open surgery, in laparoscopy, the 
smoke is initially concentrated in the abdomen under a low-
oxygen atmosphere and then escapes under pressure during 
instrument changes or at the end of the procedure when the 
valves are opened to evacuate the pneumoperitoneum [10]. 
Smoke and gas can also exit around the port sites as the skin 
is not perfectly sealed around them. Hence, even though 
both approaches have the propensity to generate aerosols, the 
overall risk has been estimated to be lower with open surgery 
[15]. To address this issue, researchers focused on testing 
smoke filters in laparoscopy for gases escaping/evacuating 
during procedures with the intention of protecting medical 
personnel.

The first report regarding laparoscopic smoke-generated 
risks appeared following evidence of metastases arising in 
port sites [7]. Investigations on the UGF1 filtration system 
after use demonstrated clumps of whole cells, blood, and 
mesothelial cells attached to the filter. Though this report 
focused only on the aerosolized cells which could implant 
themselves in port sites along with the escaping air, it also 
underlined the implications of aerosolization for operating 
room theater staff. Though this study met the inclusion cri-
teria in the present systematic review, specific information 
on the filtration system used in this device was not available. 
Also, since the product cannot be commercially purchased 
after over 20 years of the report being published, it may not 
be relevant to further investigate its characteristics in the 
context of the present pandemic.

The report on the ULPA built-in smoke filter used a 
system that enabled air filtration as part of a recirculation 
system designed to maintain pneumoperitoneum [8]. The 
mechanism used here created a pressure barrier acting as 
a valve by redirecting escaping gas through the filter and 
back to the abdomen. Using a valve-less port, there was a 
decrease in consumption of  CO2, meaning that there was 
lesser gas escape through ports while changing instruments. 
The filter had the added benefit of clearing the smoke that 
also impeded vision. This technique of reducing gas evacua-
tion in the operating room acted as further protection for the 
surgical team against potential hazards of the electrosurgical 
smoke.

Although no peer-reviewed reports were found on many 
of the present commercially available smoke evacuation 
devices, it is important to categorize these devices to better 
understand their filtration mechanisms. Karl Storz single-use 
smoke evacuation filters (Karl Storz, Tuettlingen, Germany), 
SeeClear® XCL™ (CooperSurgical Inc., Turnbull, CT), 
and PlumePort® (Conmed, Utica, NY) use ULPA filters 
for smoke management. The PlumePort® and SeeClear® 
XCL™ devices have activated carbon coupled with these 
devices, with the PlumePort® additionally offering a dual-
management moisture control process of a wicking agent 
and fluid trap. PlumePort® ActiV® and PlumePort® SEO 
are active versions of PlumePort® that can be connected to 
suction systems. S-PILOT® (Karl Storz, Tuettlingen, Ger-
many) also offers an automated system for smoke suction 
and filtration.

Four reports (Filter system 2b, 3a, 3b, and 4) focused 
their investigations specifically on substances identified in 
filtered smoke. Tissue decomposition by high-temperature 
ablation is known to produce breathable aerosols, complex 
organic chemicals, and cellular debris [16]. Therefore, in 
these techniques, the carbon compounds with carcinogenic 

Table 2  (continued) Takahashi 
et al. [9]

Choi et al. [13] Hahn et al. [10] Ha et al. [11]

N-Decane x
N-Undecane x
N-Hexadecane x
N-Tridecane x
N-Tetradecane x
N-Heptane x
Butyraldehyde x x
Formaldehyde x
Propionaldehyde x x
Isovaleraldehyde x x
Valeraldehyde x x
Formaldehyde x x
Butyraldehyde x
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risk were evaluated. These studies showed that using a filter 
can reduce the levels of certain compounds in the surgi-
cal plume. Takahashi et al. in 2013 also demonstrated that 
a great number of carbon-based substances are filtered in 
surgical smoke [9]. These substances are classified as toxic 
or harmful by the International Agency for Research on Can-
cer (IRAC) and workplace exposure to them is limited by 
the EH40/2005 workplace exposure limits [17]. This group 
reported that a significantly lower amount of room smoke is 
detected in the presence of smoke evacuators.

The Tropian trocar with a built-in charcoal/ULPA com-
bination filter has been found to be a simple and effective 
way of reducing the exposure of surgical smoke filled with 
volatile organic compounds to surgeons and operating room 
personnel [10, 11]. The different filtration rates with the use 
of these devices in the two reports as evident in Table 1 has 
been attributed to the difference in methodology and use of 
various additional devices.

In 2018, Choi et al. demonstrated that strong carcinogens 
were eliminated by more than 85% using an activated carbon 
filter, reducing the risks from these compounds to an almost 
negligible level. In these four techniques (Filter system 2b, 
3a, 3b, and 4), 62 substances were identified through filtra-
tion, but only a one-fifth of them appeared in two or more 
techniques as researchers focused their attentions on certain 
compounds and reported them using different nomenclature. 
All of these filter systems seem to be efficient in filtering out 
harmful particles either by clearing cells as in Filter system 
1, or by preventing air leakage as in Filter system 2a or by 
eliminating dangerous chemical substances as in Filter sys-
tems 2b/3a/3b/4.

These selected studies have shown that endoscopic smoke 
evacuation filters have specifically focused on smoke analy-
sis and filtration; however, the SARS-CoV-2 pandemic has 
led to their sudden interest for virus filtration. To date, none 
of the studies on smoke evacuation filters have investigated 
the filtration of virus as none of them were performed during 
a pandemic seen on the present scale. SARS-CoV-2 virions 
are approximately 0.125 μm (range 0.06–0.14 µm) in size 
and are transmitted as larger (> 20 μm) respiratory water 
droplets or aerosolized smaller droplets (< 10 μm) [18, 19]. 
Presently available filters such as ULPA can screen particles 
of 0.1 μm and high-efficiency particulate air filters (HEPA) 
particles of 0.3 μm [20]. Data on size of smoke associated 
virons is not available.

Another complex issue in COVID-19 is the transmission 
mode of SARS-CoV-2. Viral RNA from COVID-19 patients 
has been detected by molecular studies in upper and lower 
respiratory tract samples, faeces and blood, indicating the 
potential presence of an infectious virus [14]. Though viral 
RNA may be detected in blood, no transmission of COVID-
19 has been documented through this route [21].  With spe-
cific note of caution to endoscopic surgery, the presence of 

SARS-CoV-2 has also been confirmed in peritoneal fluid 
[22].

Viruses such as HIV, and hepatitis B and C have been 
detected in surgical smoke [18, 23] without documented risk 
of transmission from laparoscopic plume.

In conclusion, the efficacy of smoke filters have not been 
tested in peer-reviewed clinical studies on virus filtration, 
and controlled studies are needed to confirm whether the 
commercially available filters available for endoscopic sur-
gery are also capable of effectively filtering SARS-CoV-2 
virions.
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