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Is laparoscopic surgery risk for surgical teams
during the coronavirus disease pandemic? An
in vitro study with a laser and high-speed camera
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Abstract. — OBJECTIVE: Laparoscopic sur-
gery has been suggested to pose a risk of infec-
tion to the surgical team due to aerosol and gas
leakage during the coronavirus (COVID-19) pan-
demic. However, there have been no studies on
the risk of gas and aerosol leakage in laparo-
scopic surgery. We aimed to answer the ques-
tion “Is the aerosol and gas leakage in laparos-
copy is hazardous in terms of coronavirus infec-
tion?” with this study.

MATERIALS AND METHODS: In this study,
gas and aerosol leaks were documented by sim-
ulating the entry and exit maneuvers from a tro-
car during laparoscopic surgery using a high-
speed camera, fog, and laser in a model repre-
senting the abdomen.

RESULTS: The maximum gas and aerosol
leakage were found during wet gauze extraction
from the 10 mm trocar, and its velocity reached
7.5 m/s. The fastest aerosol leakage rate was ob-
served when a 5 mm grasper was extracted from
the 5 mm trocar. The results of the subsequent
trials were consistent with these values.

CONCLUSIONS: Higher leakage speeds were
observed than the velocity of the exhaled air in
a resting person. The surgical crew members,
who work very close to the trocars and each oth-
er, are at serious risk of infection with COVID-19
which can spread as fast as exhalation speed
through trocars. Since there is an evident risk of
infection for the surgical crew from laparoscop-
ic surgery of a patient whose intraabdominal flu-
ids are infected with COVID-19, patients must be
evaluated elaborately for COVID-19 preopera-
tively and infected patients should undergo sur-
gery conventionally.
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Introduction

In the coronavirus pandemic, the commonly
performed laparoscopic surgery has been spec-
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ulated to pose a risk of infection to the surgical
team!. In a UK (United Kingdom) study?, 56%
(133/237) patients having an acute appendici-
tis operation had an open procedure. This is at
significant odds with UK practice prior to the
pandemic, where only a small number of patients
had open procedures (0.4%). This is likely due
to guidance issues that suggested laparoscopic
surgery should be avoided due to concerns about
aerosol-generating procedures®. Carbon dioxide
(CO,) gas with a pressure of 14 mmHg is used
to enlarge the surgical site. Considering that a
minimum of 2 m of social distancing is advised
during this pandemic, the surgical crew mem-
bers, who work very close to the trocars and
each other, are at serious risk of infection with
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which can spread as fast as
exhalation airspeed through trocars. When lapa-
roscopic instruments enter and exit the abdomen
via trocars, high-speed gas leakage can occur
from the edges of the sealing ring of the trocars>.
The gas evacuated from the discharge tab can be
rendered harmless by draining it into the hospital
vacuum system or underwater drainage system
using a hose attached to the faucet’. However, a
system that can prevent high-velocity gas leakag-
es during the entrance and exit of surgical instru-
ments via trocars is not available.

Moreover, accumulated smoke due to cauter-
ization is sometimes evacuated via the stopcock
valve to clear the visual field. During this step,
high-speed gas leakage occurs again from the ab-
domen toward the operational theater. Along with
high-speed leakage, blood, peritoneal fluid, and
saline used for irrigation can spread to the envi-
ronment in aerosol form. However, the speed and
range of this spread and the possibility of a haz-
ard threat to the surgical team remain unknown.

In the past, blood-borne viruses, such as the

Corresponding Author: Murat Bulut Ozkan, MD; e-mail: bulutozkan@gmail.com



Pandemic risk of laparoscopy surgery

hepatitis B virus, HI'V, and HPV have been found
in surgical smoke during laparoscopy via aero-
solization®. However, the only evidence of viral
transmission to medical staff documented in the
literature was post-laser ablation of HPV-positive
vaginal warts. On the other hand, laparoscopy
is thought to be safer than open surgery since it
involves less contact with infectious blood. How-
ever, because of the differing transmission routes
of infection, the conclusion cannot be extended to
SARS-CoV-2. In addition, the viruses that have
been examined so far are not respiratory viruses.
As a result, with SARS-CoV-2, the danger of
aerosol exposure must also be considered. If the
virus is present in these particles (with a diameter
of 5 m), it can be inhaled and induce infection®.

To the best of our knowledge, there have
been no quantitative studies on these topics. We
designed a study to document leakage during
laparoscopic surgery to understand these issues
better.

Materials and Methods

We used a size 8.5 glove to simulate the ab-
domen undergoing laparoscopic surgery. The
glove was tied from the elbow level to ensure
no leakage. Thereafter, we cut the first, second,
and fifth fingertips of the glove and placed two
10 mm and one 5 mm trocars through the fin-
gers. The fingers were tied with a 2/0 silk suture
to prevent leakage. We stabilized the glove by
placing the elbow and the two uncut fingers on
the table. The glove was insufflated to a pressure
of 14 mmHg with smoke made from SAFEX
brand fog solution by SAFEX F2010 plus brand
fog generator. During the shooting, we used a
DANTEC Dynamics brand particle image ve-
locimetry (PIV) system to create a green laser (2
x 30 mJ [double cavity] and 1000 Hz) and laser
sheet optics to illuminate the smoke and aerosol
particles. Light scattered off the aerosol parti-
cles within the two-dimensional laser plane was
collected using a high-speed scientific comple-
mentary metal-oxide-semiconductor (sCMOS)
camera (Phantom brand) located perpendicular
to the laser sheet (Figure 1). Images were re-
corded at 528 frames per second (fps). Image
recording and data analysis were performed
for a 5 mm laparoscopic dissector and grasper
through a 5 mm trocar, 5 mm dissector, grasper,
10 mm endoclip adaptor, and wet gauze through
a 10 mm trocar.

Velocity vectors were calculated by applying
the cross-correlation algorithm to images. The
gas discharge spread angles and spread ranges
were estimated based on the velocity vectors.

Results

Based on the high-speed camera footage, the
fastest gas leakage occurred when the 5 mm
grasper came in and out through the 5 mm trocar.
We also calculated the propagation velocity of gas
leakage parallel to the long axis of the 5 mm tro-
car (2.3 m/s) (Figure 2). The aerosol spread was
not observed in these tests. On the other hand,
aerosol spread occurred when wet gauze was
retrieved from the 10 mm trocar. We calculated
its velocity as 7.5 m/s (Figure 3). The leakage
speeds of all surgical instruments entering and
exiting through the 5 and 10 mm trocars are given
in Table I.

The main and fastest stream direction of leaked
gases was forward from the trocar entrance to the
long axis of the trocar. Some air spread with rapid
turbulence was observed shortly after exiting the
trocar (Figure 4).

Discussion

Although laparoscopic surgery provides many
benefits for patients postoperatively’®, it may be
harmful to the surgical crew in the pandemic
context. Regardless of the COVID-19 test results
of the patients, the surgical crew was at risk of
being infected because false-negative results are
common’. The risk of infection of the surgical
crew will increase if the virus is present in the
abdominal organs and fluids. The virus is present

Figure 1. Experimental set-up.
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Figure 2. Gas leakage during 5 mm grasper exits through 5 mm trocar.

in the abdominal cavity in COVID-19 infected
patients'. Although new researches show that
swab and RNA replication samples were taken
from abdominal fluids with COVID-19 infected
patients can be resulted negative, two recent''?
2021 publications also recommend strict precau-
tions about minimally invasive surgery during
the pandemic. This situation may cause addition-

Air Leakage and Aerosol

al risks in laparoscopic interventions because the
possibility of aerosol formation during laparo-
scopic surgery is higher.

In a systematic review, written by Boghdady
et al!, they recommend if possible and safe, con-
servative management is the primary alternative
during the pandemic, but if laparoscopy is strong-
ly indicated can be used with precautions and

Air Leakage and Aerosol

Figure 3. Gas and aerosol leakage during wet gauze exits through 10 mm trocar.
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Table I. Propagation velocity of surgical instruments exit through 5- and 10-mm trocars.

5 mm trocar

10 mm trocarl

5 mm 5 mm 5 mm 5 mm 10 mm Wet
Surgical Instruments Dissector Grasper Dissector Grasper Clip Gauze
Propagation velocity (m/s) 1.8 2.3 1.3 1.5 0.8 7.5

precautions should be respected to protect health
care workers from possible aerosolized virus
contamination.

In laparoscopic surgery, especially with wet
gauze, air and aerosol leaks propagate into the
surgical theater, reaching a speed of 7.5 m/s.

The highest leakage occurred during the entry
and exit of surgical equipment with a 5 mm grasp-
er and 5 mm trocar. Prior to the experiments, we
hypothesized that most leakages occurred when
a 5 mm grasper passed through a 10 mm trocar.
However, we re-evaluated the subject and applied
the principles of fluid dynamics. In conclusion, the
gas speed was higher when it passed through a
path with a smaller diameter, given constant mass
and pressure®. Higher leakage speeds result in
more significant aerosol and viral particle spread.

Most leakages occurred with the graspers due
to their anatomy. The jaws of the dissector fully
fit each other when in the closed position without
any space between them. On the other hand, the
grasper is utilized for clutching, not slipping, so it
is like a toothed jaw with some gaps between the
jaws. Due to these anatomical differences, when
the dissector passes through the trocars, there is
less leakage. However, when the grasper enters
or exits, there is more leakage due to the gaps be-
tween the jaws that sealing rings cannot prevent.

Leakage currents mainly occur forward and
parallel to the trocar axis, and turbulent flows
occur just in front of the trocar outlet. This phe-
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Figure 4. Vectorial view of gas leakage.

nomenon is explained by flow dynamics. Turbu-
lence is caused when high-pressure high-speed
gas passes through a constriction towards an
expanded area®. For this reason, the spread can
be omnidirectional, but it mainly proceeds in the
forward direction.

We did not observe aerosol formation or leak-
age during the insertion of dry gauze into the set-
up, but there was gas leakage. In the wet gauze
trials, there was an excessive amount of aerosol
formation and leakage, and the calculated veloci-
ty of the aerosols was 7.5 m/s. In the situation of a
contaminated abdomen, this step would pose the
most significant risk of infection.

Studies showed that exhaled air velocity varied
from 2.2 m/s to 9.9 m/s in normal healthy persons'.
The surgical crew members, who work close to tro-
cars, are at risk of being infected by a virus that can
spread as fast as exhalation airspeed through tro-
cars. The social distancing of at least 2 meters apart
should be strictly observed during this pandemic'®.

The most significant limitation of this research
is that it is an in vitro study. Another limitation
is infectivity and virulence of COVID-19 in ab-
dominal fluids cannot be shown with this study.

Conclusions

The surgical crew members performing lapa-
roscopic surgery in a patient whose intra-abdom-
inal fluids are infected with SARS-CoV-2 may
be at risk of infection. Therefore, patients must
be carefully evaluated for SARS-CoV-2 infection
preoperatively, and in our opinion, the infected
patients should undergo conventional surgery or
should wait for the ending of the contagious
period of the disease. Laparoscopic surgical in-
struments should be modified to minimize air
leakage while passing through the trocar valves.
Laparoscopic suction devices are preferred over
gauze for surgical site cleansing. Surgical materi-
als, such as wet gauzes should be removed from
the abdomen after desulfation because they can
also cause aerosol propagation.



M.B. Ozkan, M. Sener, M.T. Ozer

Precautions that we recommend about mini-
mally invasive surgery during the pandemic are
listed below:

— All patients who plan to undergo an operation
should be tested for SARS-CoV-2;

— All surgical crew should abide by the rules
about personnel protective equipment regula-
tions according to the guidelines;

— Laparoscopic surgical instruments should be
modified to minimize air leakage;

— Gauze usage during laparoscopic surgery
should be kept at a minimum level;

— Suction devices should be preferred to gauzes;

— A closed aspiration system should be used for
the desulfation of the gases.

Further studies should be conducted on pa-
tients infected with SARS-CoV-2 to determine
the abdominal viral load and evaluate our study’s
results to elucidate the contamination risk ex-
plicitly.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements

We are very thankful to Prof. Dr. Irfan Kurtbas, the head
of the Hitit University Scientific Technology Application
and Research Center, who was very helpful and support-
ive of our study.

Authors’ Contribution
All of the authors have contributed equally to both the ex-
perimental part and writing process.

Institution Review Board

This article does not contain any studies with human par-
ticipants or animals performed by any of the authors, so no
institutional review board approval is required.

ORCID ID

Murat Bulut Ozkan: 0000-0003-4683-3772; Mustafa Tahir
Ozer: 0000-0002-3055-7016; Mehmet Sener: 0000-0003-
0272-1904.

References

1) El Boghdady M, Ewalds-Kvist BM. Laparoscop-
ic Surgery and the debate on its safety during
COVID-19 pandemic: A systematic review of rec-
ommendations. Surgeon 2021; 19: e29-e39.

2) Javanmard-Emamghissi H, Boyd-Carson H, Hol-
lyman M, Doleman B, Adiamah A, Lund JN, Clif-

1402

10)

11)

12)

13)

14)

15)

ford R, Dickerson L, Richards S, Pearce L, Cor-
nish J, Hare S, Lockwood S, Moug SJ, Tier-
ney GM; COVID: HAREM (Had Appendicitis, Re-
solved/Recurred Emergency Morbidity/Mortality)
Collaborators Group. The management of adult
appendicitis during the COVID-19 pandemic: an
interim analysis of a UK cohort study. Tech Colo-
proctol 2021; 25: 401-411.

Cahill RA, Dalli J, Khan M, Flood M, Nolan K.
Solving the problems of gas leakage at laparos-
copy. Br J Surg 2020; 107: 1401-1405.

Welsh Surgical Research Initiative (WSRI) Col-
laborative. Surgery during the COVID-19 pan-
demic: operating room suggestions from an in-
ternational Delphi process. Br J Surg 2020; 107:
1450-1458.

Kwak HD, Kim SH, Seo YS, Song KJ. Detecting
hepatitis B virus in surgical smoke emitted during
laparoscopic surgery. Occup Environ Med 2016;
73: 857-863.

Serban D, Smarandache CG, Tudor C, Duta LN,
Dascalu AM, Alius C. Laparoscopic Surgery in
COVID-19 Era-Safety and Ethical Issues. Diag-
nostics (Basel) 2020; 10: 673.

Schwenk W, Haase O, Neudecker J et al. Short
term benefits for laparoscopic colorectal re-
section. Cochrane database Syst Rev 2005;
CD003145.

Bisgaard T, Klarskov B, Kehlet H, Rosenberg J.
Recovery after uncomplicated laparoscopic cho-
lecystectomy. Surgery 2002; 132: 817-825.

Arnaout R, Lee RA, Lee GR, Callahan C, Yen CF,
Smith KP, Arora R, Kirby J. E. SARS-CoV2 Test-
ing: The limit of detection matters. bioRxiv 2020.
doi:10.1101/2020.06.02.131144.

Barberis A, Rutigliani M, Belli F, Ciferri E, Mori
M, Filauro M. SARS-Cov-2 in peritoneal fluid: an
important finding in the Covid-19 pandemic. Br J
Surg 2020; 107: e376.

Barone M, Ippoliti M, Mucilli F. SARS-CoV-2 peri-
toneal positivity and emergency surgery: is there
any putative predisposing factor? Updates Surg
2021; 1-3.

AlAradi J, AlHarmi RAR, AlKooheji M, Almahari
SA, Isa MA, AlMarzooqg R. SARS-CoV-2 in perito-
neal swabs from asymptomatic patients undergo-
ing emergency abdominal surgery. J Surg Case
Rep 2021; 2021: rjab116.

Peng S, Chen Q, Liu E. The role of computation-
al fluid dynamics tools on investigation of patho-
gen transmission: Prevention and control. Sci To-
tal Environ 2020; 746: 142090.

Mhetre MR, Abhyankar HK. Human exhaled air
energy harvesting with specific reference to PVDF
film. Eng Sci Technol Int J 2017; 20: 332-339.

Setti L, Passarini F, De Gennaro G, Barbieri P,
Perrone MG, Borelli M, Palmisani J, Di Gilio A, Pi-
scitelli P, Miani A. Airborne Transmission Route of
COVID-19: Why 2 Meters/6 Feet of Inter-Personal
Distance Could Not Be Enough. Int J Environ Res
Public Health 2020; 17: 2932.



