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ABSTRACT

Introduction: The coronavirus disease (Covid-19) pandemic has led the surgical society to
new challenges in the operating theatre. Aerosolization during laparoscopic interventions in
Covid-19 patients may pose an increased risk to surgical staff and patients.
Methods: We briefly review the inconceivably fast emerging studies for laparoscopy during
the Covid-19 era and announce our practical method of surgical plume filtration during
laparoscopic procedures of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
positive patients.
Results: The use of minimally invasive surgery can be considered appropriate, safe and 
feasible in patients with Covid-19 and the use of trocar filtration systems reduces considerably
the risks of infection.
Conclusions: Despite the little evidence of viral transmission through laparoscopic surgical
approach, modifications in surgical practice are recommended, such as the use of filtrating
systems in order to minimize staff exposure to aerosolized viral particles.
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INTRODUCTIONINTRODUCTION

As the pandemic of the coronavirus disease (Covid-19) caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-Cov-2) progressed in the year
of 2020, the lack of available clinical knowledge led to the uncertainty whether
traditional medical and surgical practice will continue to be efficient enough, not
affecting the safety and health of patients and medical staff (1).

Since the first cases of Covid-19 have emerged, there has been persuasive
evidence that aerosol-generating procedures (AGP) can be the cause of a much
larger coronavirus transmission (2). Therefore, all medical and surgical societies
recommend that all AGP in patients with uncertain or positive coronavirus 
status should be avoided. Laparoscopic and robotic surgery are also included in
this type of procedures (3-6). Several international scientific societies like the
European Society for Endoscopic Surgery (EAES) and the Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES) have recommended the use
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of a filtering system attached to a trocar to evacuate the
surgical smoke and release the pneumoperitoneum 
(3,7). Filtering systems should be part of the surgical 
equipment in the future and surgeons should be 
familiar with the technical aspects behind these devices.

METHODSMETHODS

We present our simple, accessible and cheap
method of surgical smoke evacuation during laparo-
scopic procedures (figure 1). The smoke evacuation 
system consists of five components (figure 1a). The first
one is a 5 mm/12 mm trocar, as both have exhaust valve
with the same diameter. Trocars are inserted through
the patient’s abdominal wall into the abdomen after
pneumoperitoneum is established by the Hasson “open
laparoscopy” technique. A 20-cm piece of reusable 
flexible CO2-insufflation tubе is connected to the 
trocar’s exhaust valve via metal connection. We adjust
a standard 15 mm connector from the set of an 
ordinary endotracheal tube to piece together the
abovementioned installation parts with the filter 
(figure 1b). What we use for filtration of the surgical
smoke is a mechanical high-efficiency particulate air
(HEPA) breathing system filter with a hydrophobic
membrane of coated glass fibres, which allows the 
bacterial and viral filtration rates to be very high 
(> 99,9%). With resistance of up to 1.3 mbar at 30
liters/minute, the filter works fluently, without compro-
mising the surgical work. Apart from having a proper 
filtration system, safety protocols for the surgical 
treatment of Covid-19 patients should be preserved. All
operating room staff should have personal protective

equipment (PPE). At the end of the operation specimen
extraction should be preceded by a total desufflation of
the pneumoperitoneum, enhanced by a suction system
with a tip placed in the trocar shaft in order not to draw
tissues inside.

DISCUSSIONDISCUSSION

In the limiting context of the Covid-19 pandemic, it
is of great importance to calculate the risks and 
benefits of every decision we make. Our efforts should
be directed towards the well-being of the patient, the
health-care providers and resource conservation - PPE,
hospital beds, medications and ventilators. We present
some of the recommendations for the surgical 
management of SARS-CoV-2 infected patients (2-7,17,
19,20,21) in table 1.

The SARS-Cov-2 is an RNA virus with size of 0.12
microns (µm). It has multiple transmission pathways, as
it can be found in the nasopharynx, the entire gastro-
intestinal tract and the upper and lower respiratory
tract (8-10). The virus can be distributed generally 
by droplets and contact with infected people with or
without symptoms of infection. The contagiousness of
the SARS-Cov-2 is such that each patient will infect 2-4
people (11,12). The virus has an incubation period of 14
days with a mean duration of 5.2 days. Patients with
Covid-19 can have a variety of clinical presentations –
from being asymptomatic carriers to having a severe
form of the disease with multisystem organ failure. The
Covid-19 infection remains a global threat due to its
high contagiousness, unpredictable clinical course and
the absence of clinically approved antiviral treatment.

Figure 1 - Our model of surgical smoke filtrating system
(a) Components of the filtrating system; (b) The system – assembled 1 – 12 mm trocar; 2 – metal connector; 3 – CO2 insufflation tube; 

4 – disposable endotracheal tube connector; 5 – mechanical high-efficiency particulate air (HEPA) filter
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Laparoscopy in times of the Covid-19 pandemic can
be of great importance. It is much less traumatic than
open surgery, leads to decreased length of hospital 
stay and minimizes the need for prolonged medical
treatment. This leads to improved survival and faster
recovery compared with the open approach, which is of
great benefit for the patient infected with SARS-CoV-2.
The self-contained operative field in laparoscopy 
prevents the spillage of fluids and tissues, reducing the
risk to the operating staff. Furthermore, laparoscopic
and robotic surgery allow the surgical team to be in less
proximity with the patient and away from each other
than in open surgery, which minimizes the risk of 
transmission of the virus.

What the Covid-19 pandemic brings on surface is the
subject of exposure to surgical plume and aerosolization
during laparoscopy. Aerosols are particles under 5 µm
which can reach directly the broncho-alveolar level. The
virus is viable in aerosols for at least 3 hours, which
makes it transmissible (13,14). They can be generated
during maintenance and evacuation of pneumo-
peritoneum, changing instruments and utilizing energy
devices which generate smoke.

Des Coteaux et al. in 1996 demonstrated the 
presence of cell-size particles and aerosols in the smoke
generated during laparoscopic procedures (15). Surgical
plume particles size varies between 0.05 µm to more
than 25 µm and are able to spread up to 1 meter. Those
with size less than 10 µm can enter the respiratory tract
all the way up to the alveoli (16). The ultrasonic laparo-
scopic scalpel produces aerosols without being heated,
which leads to a higher possibility of having viable and
infectious particles as contents compared to aerosols

produced in high temperature, like the ones from 
electrocautery (table 2).

Before the Covid-19 era, some studies have shown
that pathogens like hepatitis B virus (HBV), human
papillomavirus (HPV) and human immunodeficiency
virus (HIV) could also present in surgical plume (17).
Although there are some major concerns about the risk
of SARS-Cov-2 transmission to staff in the operating
room, there is no significant evidence of the presence
of the virus in surgical smoke (18). The risk of infection
cannot be excluded as the SARS-CoV-2 has been 
identified in blood and stools and found to be viable
and infectious in aerosols for hours, which arises the
theoretical risk of virus transmission through surgical
smoke (19). There are still some controversies about
the presence of the SARS-CoV-2 in peritoneal fluid (20,
21). However, considering that the virus is highly conta-
gious, all precautions should be taken and every patient
with suspected Covid-19 who requires surgery should
be treated as positive until proven otherwise. It is
expected that in the future surgical procedures in Covid-
19 patients will gradually increase, which imposes the
need of effective mechanisms of surgical smoke filtra-
tion and evacuation. The use of filters recommended by
the Centre for Disease Control and Prevention (CDC) can
reduce the surgical smoke inhaled by operating room

Table 1 - Recommendations for surgical management of Covid-19 patients (2-7, 17, 19, 20, 21)

General recommendations Laparoscopic surgery

• Every patient – considered as Covid-19 positive • Number and diameter of trocars should be minimal

• An exclusive operating room for Covid-19 cases

• Operating theatres with negative pressure systems • Minimization of the usage of electrosurgical devices, 
specially ultrasonic scalpel

• Disposable surgical equipment • Evacuation of the surgical plume and pneumoperitoneum
through a filtrating system

• Closed doors during interventions • Intra-abdominal pressure during laparoscopic surgery 
– between 8 and 12 mmHg

• Closer surveillance of the patients with Covid-19 • Port incisions – as small as possible
in the post-op period

• The number of operating room members – limited • Surgical specimen extraction after total pneumoperitoneum
to minimum evacuation

• Covid-19 status of patients – added to safety surgery 
checklist of the institution

• Fascial closure – only after active evacuation of pneumoperitoneum

• Drains usage – only if inevitably needed

Device Particles

Ultrasonic scalpel 0,35 – 6,5 µm

Electrocautery < 0,1 µm

Laser ablation 0,3 µm

Table 2 - Energy devices generating surgical plume
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staff by 66% (22,23). There are several types of filters
available, but two are mostly used. HEPA filters can
retain particles larger than 0.3 µm at an efficiency rate
of 99,97 %, while ultralow particulate air (ULPA) filters
retain 99,9 % of particles with size of 0.1 µm, 
which makes them ideal for the filtration of particles
generated in electrosurgical procedures. Filters are
used as a part of filtration systems attached to 
trocars in order to evacuate surgical smoke safely and
effectively. The filtrating system we present is very 
similar to the ones other authors described (24,25). The
larger lumen of the rubber CO2 insufflation tube we
use turns out to evacuate surgical smoke faster and
more effective, leading to a better laparoscopic visuali-
zation, especially in interventions requiring extensive
tissue dissection and prolonged use of energy devices.
The longer tube we use, compared to the ones 
presented in other studies, allows better manipula-
tion with the filtrating system, not interfering with
other instruments and trocars on the abdominal wall
and affecting the work of the operator or the camera
assistant. The metal connection between the rubber
tube and the trocar is reusable and much more durable
than plastic ones and minimizes the risk of defect and
possible spillage of aerosols out of the abdomen during
the operation.

Standardization of the filtrating systems in the 
operating theatre during the Covid-19 pandemic should
be obtained. Specially-assembled sets should be 
prepared and ready to use, as this will increase the
awareness of surgical staff about the problem of 
surgical plume and aerosolization. Additional preventive
measures are of interest and should be in mind 
whenever a SARS-CoV-2-infection is suspected. 

CONCLUSIONCONCLUSION

In this situation of exposure to a highly contagious
virus like the SARS-CoV-2, we should do our best to 
minimize the risk of infection. The reduction of 
exposition to surgical smoke and aerosols containing
the virus during surgical procedures should be priority
to each and every surgeon nowadays. The usage of 
filtration systems along with all the other methods of
precaution aligned to evidence-based protocols will
allow us to continue to offer minimally invasive surgery
to those who might benefit most.
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