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ABSTRACT 

Laparoscopic surgery is one of the risky procedures due to exposing operating team to aerosols. 

In fact, aerosol exposure may occur in different steps to perform the operation including 

intentional or unintentional CO2 releasing mainly during insertion or removal of ports, retrieving 

specimens or removing pneumoperitoneum at the end of operation. High rates of other pathogens 

such as hepatitis B virus, human immunodeficiency virus, and human papillomavirus in smokes 

and aerosols generated by laparoscopic devices have been reported, but there is no strong 

evidence of an increased risk of transmitting the SARS-CoV-2 virus through laparoscopic 

surgery. The present study aimed to systematically review the literature with respect to safety of 

laparoscopic and minimally invasive surgeries during Covid-19 pandemic with respect to the risk 

of viral contamination through surgical smoking and aerosolization, and then to summarize the 

delivered recommendations for smoke evacuation and aerosol production control during Covvid-

19 outbreak.    

 

Introduction 

With the outbreak of the Covid-19 pandemic, not only has the world faced a major problem of 

preventing and controlling the high likelihood of the transmission of this viral infection, but also 

the management and planning of healthcares in medical centers were also of great concern (1,2). 

This issue was significant in several respects. First, the capacity of available facilities for the 

treatment and care of patients in hospitals, especially intensive care units, was limited in many 

communities, so that in some developing countries, it was not even possible to complete the 

treatment of patients in these centers leading continue of healthcares as outpatient or homecare 

(3). Second, treatment personnel also faced major problems, including the high risk of infection 

due to frequent exposure to patients and the provision of medical services (4). In this regard, 

scheduling aerosol generating operations especially those involve imaging procedures 

(gastrointestinal endoscopy, laparoscopy, bronchoscopy), or protective procedures (intubation, 
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extubation, chest tube insertion) or energy-based devices (electrocautery) exposes the personnel 

to this infection (5). Laparoscopic surgery is one of the risky procedures due to exposing 

operating team to aerosols. In fact, aerosol exposure may occur in different steps to perform the 

operation including intentional or unintentional CO2 releasing mainly during insertion or 

removal of ports, retrieving specimens or removing pneumoperitoneum at the end of operation 

(6). In fact, each steps of laparoscopic surgery may increase the risk for smoke inhalation to 

surgical and operating room personnel.  In this regard, in spite of high safety of laparoscopic 

surgeries, due to the fear of COVID-19 transmission because of generating SARS-CoV-2 

contaminated aerosols, its beneficial during Covid-19 outbreak is uncertain.In contrast, open 

surgery for suspected patients with Covid-19 also puts staff at high risk of transmitting this 

infection (7). Therefore, surgeons are generally reluctant to perform elective surgeries and try to 

delay such surgeries as much as possible (8). Also, emergency surgeries are performed in special 

circumstances and with a definite emphasis on protocols related to the control of Covid-19 

disease and in special and selected centers. Therefore, it is still questionable which procedure is 

preferred for patients undergoing surgery, especially emergency surgery during Covid-19 

outbreak. It seems that in order to perform each of these procedures, special instructions and 

recommendations should be developed and presented in order to reduce the possibility of 

transmitting the virus to personnel to a minimum and also to ensure the highest level of safety for 

patients. The present study aimed to systematically review the literature with respect to safety of 

laparoscopic and minimally invasive surgeries during Covid-19 pandemic with respect to the risk 

of viral contamination through surgical smoking and aerosolization, and then to summarize the 

delivered recommendations for smoke evacuation and aerosol production control during Covvid-

19 outbreak.    

 

Materials and Methods 

The main issues focused in our systematic review were 1) the risk for contamination with 

coronavirus generating Covid-19 in laparoscopic surgery via surgical smoke and aerosol 

production, 2) safety of the procedure regarding Covid-19 transmission though procedural 

smoking and aerosolization, and 3) global recommendation for minimizing the risk for such 

contamination in operating room.  The current systematic review followed the principles of the 

“Preferred Reporting Items for Systematic Reviews and Meta-Analyses” guideline. First, all 

manuscripts related to Covid-19 were deeply searched by the two reviewers using the related 

keywords including “Covid-19”, “laparoscopy”, “minimally invasive surgery”, “smoke”, 

“aerosol” and “recommendation” in the international manuscript databases such as Web of 

Knowledge, SCOPUS, Web of knowledge (ISI), PubMed, Google Scholar, and Cochrane 

database. Any disagreement across our reviewers was rechecked by the third reviewer as the 

final arbitrator. The details of eligibility and the reasons for excluding the papers were shown 

schematically (Figure 1). The primary criterion for selecting articles was their relationship with 

comparing the risk and safety of laparoscopy and open surgery in transmitting Covid-19 

infection and also the presence of one of the keywords in the title of the article. In the inclusion 
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criteria for selecting the articles were 1) English language papers, 2) The articles with complete 

structure and contents, 3) Access to the full text of the article. Thus, the manuscripts with only 

abstract availability or with incomplete information were not included into our review, 4) all 

types of articles including the letters or editorials, original articles, and even reviews. The 

retrieved articles were placed in Endnote software and then duplicate and shared articles were 

removed in the foreword databases. Finally, the obtained information was categorized and 

analyzed by descriptive statistics and content analysis. Of the 126 articles available, a total of 36 

full-text articles were retrieved and placed at Endnote. After considering the inclusion and 

exclusion criteria and eliminating duplicate and common articles in the foreword databases (8 

articles), 28 articles were obtained and finally assessed. At this stage, all obtained articles were 

studied separately and the type of article and the main axis of the article were reviewed and 

extracted (Table 1). 

Table 1.The purposes and conclusion of the studies reviewed 

Author, 

country  

Type of 

paper 

Main topic Main points Preventive 

recommendations  

Alabi,  

Nigeria 

[9] 

Article 

Review  

Gynecological 

laparoscopy 

Increasing COVID 

19 transmission to 

healthcare workers 

during laparoscopy 

due to the formation 

of COVID 19 

contaminated 

aerosols  

Assessing risk factor, 

postponing elective 

surgeries, employing 

experienced endo 

surgeons, using 

protectors, 

postoperative 

following-up and 

telemedicine   

Boghdady,  

UK 

[10] 

Systematic 

Review 

Safety of 

laparoscopy 

Concerning the viral 

transmission via 

aerosol generation 

under the use of 

different devices 

during laparoscopy 

Postponing elective 

surgeries, choosing 

conservative 

approaches, using 

filters for the released 

CO2 during 

laparoscopy  

 

Chadi,  

Kanada 

[11] 

Article 

Review 

Safety of 

laparoscopy 

The viral 

transmission via 

aerosol generation 

negative-pressure 

ventilation, 

minimizing time and 

exposure during 

intubation, using 

surgical masks, as 

well as smoke 

evacuation systems 
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Chene,  

France 

[12] 

Article 

Review 

Safety of 

laparoscopy 

Viral contamination 

during 

Laparoscopy, 

introducing multi-

modal requirements 

for a safe 

laparoscopy 

high filtration masks 

during any 

laparoscopy, simple 

evacuation with a 

tube without filter in 

a washing solution, 

reducing pressure of 

the 

pneumoperitoneum 

Choudhary, 

India 

[13] 

Article 

Review 

Plume 

Management after 

Pneumoperitoneum 

No reports of the 

presence of SARS-

CoV-2 in the surgical 

plume generated 

during laparoscopic 

surgery 

Using smoke 

evacuation devices, 

low 

pneumoperitoneal 

pressure, minimizing 

setting of energy 

device 

da Costa, 

Brazil  

[14] 

Article 

Review 

Using insufflators 

for safe CO2 

removal 

Using smoke 

evacuators with a 

combination of 

suction and 

mechanical filtering. 

There are 

electrostatic 

precipitators that 

charge surgical 

smoke  

 

 

Using smoke 

evacuators and 

electrostatic 

precipitators 

Author, 

country  

Type of 

paper 

Main topic Main points Preventive 

recommendations  

de Leeuw, 

Nederland  

[15] 

Systematic 

Review 

Safety of 

laparoscopy 

surgery should be 

performed on 

patients 

with COVID-19 only 

when necessary, and 

health care providers 

should use logic and 

common sense to 

protect themselves  

 

converting operating 

rooms to negative 

pressure 

environments with 

airflow changes 
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Emile,  

Sudan 

[16] 

Article 

Review 

Safety of 

laparoscopy 

Minimally invasive 

surgery use in the 

treatment of acute 

abdominal 

emergency. Avoiding 

the presumed risk of 

aerosolization of the 

virus particles  

 

Using devices to 

filter the released gas 

for aerosolized 

particles, Wearing 

full PPE, negative 

pressure room, safe 

evacuation of 

pneumoperitoneum 

via a filtration 

system, Using 

appropriate trocar-

size, minimize 

energy devices 

Francis, 

USA 

[17] 

Article 

Review 

Recommendation 

to increase 

laparoscopy safety 

Laparoscopy  can 

lead to aerosolization 

of blood borne 

viruses, but without 

evidence on Covid-

19, but 

recommendation are 

essential   

Postponing elective 

surgeries, Testing all 

patients before 

surgery, minimizing 

number of staff 

members during the 

procedure, using a 

closed smoke 

evacuation/filtration 

system with Ultra 

Low Particulate Air 

Filtration (ULPA) 

capability, Minimize 

the use of energy 

sources 

Gupta,  

India  

[18] 

Article 

Review 

Recommendation 

to increase 

laparoscopy safety 

Laparoscopic 

procedures have a 

theoretical risk of 

generating aerosols 

particularly during 

creation of 

pneumoperitoneum, 

and while using 

energy devices due to 

smoke generation 

negative pressure 

ventilation, Minimal 

personnel use, 

adequate PPE for 

personnel, regional 

anaesthesia should be 

preferred,  negative-

pressure ventilation 

Guraya,  

UAE 

Article 

Review 

laparoendoscopic  

surgical protocols  

Laparoendoscopic 

procedures increase 

Limiting the number 

of operating room 
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[19] the risk of aerosol 

exposure, disease 

transmission and 

contamination 

personnel, use of 

disposable 

instruments, small 

trocar incisions, 

negative pressure 

environment, and 

setting energy 

devices at low modes 

 

Author, 

country  

Type of 

paper 

Main topic Main points Preventive 

recommendations  

Mallick,  

UK 

[20] 

Article 

Review 

Gynecological 

laparoscopy 

Laparoscopic 

procedures have a 

theoretical risk of 

generating aerosols 

particularly during 

creation of 

pneumoperitoneum, 

the risk of 

contomntion may be 

higher than open 

surgery  

Laparoscopic 

procedures have a 

theoretical risk of 

generating aerosols 

particularly during 

creation of 

pneumoperitoneum 

Mintz,  

Italy  

[21] 

Article 

Review 

risk of COVID‑19 

transmission: 

laparoscopy vs. 

laparotomy 

Surgical smoke 

created by 

electrosurgical and 

ultrasonic devices 

has the same 

composition both in 

laparoscopy and 

laparotomy.  

The risk of 

COVID‑19 

transmission by 

laparoscopic smoke 

may be 

lower than for 

laparotomy 

Serban,  

Romania  

[22] 

Systematic 

Review 

Safety of 

laparoscopy 

The reports of 

SARS-CoV-2 

infected patients who 

underwent 

laparoscopic surgery 

revealed the presence 

of the virus, in 

digestive wall and 

stools in 50% of 

cases but not in bile 

Implementing 

standardized 

filtration systems for 

smoke evacuation 

during laparoscopy 
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or peritoneal fluid 

 

Somashekhar, 

India  

[23] 

Article 

Review 

Recommendation 

to increase 

laparoscopy safety 

Health care workers 

should also protect 

themselves by 

following the 

guidelines and 

recommendations 

while treating the 

patients 

Limiting the number 

of operating room 

personnel, use of 

disposable 

instruments, small 

trocar incisions, 

negative pressure 

environment, and 

setting energy 

devices at low modes 

Uecker,  

USA 

[24] 

Original 

article  

Quantifying the 

gas leaked from 

dynamic 

interactions 

between 

laparoscopic 

instruments and the 

trocar port 

 

Dynamic interactions 

and 

insertion/removal 

events between 

laparoscopic 

instruments and ports 

appear to contribute 

to consistent leakage 

of insufflated gas 

into the operating 

room  

Minimizing 

laparoscope and 

instrument removal 

and replacement 

would be one 

strategy to mitigate 

gas leakage during 

laparoscopic surgery 

Author, 

country  

Type of 

paper 

Main topic Main points Preventive 

recommendations  

Veziant,  

France 

[25] 

Article 

Review 

Safety of 

laparoscopy 

There is no expert 

consensus on the 

actual or extrapolated 

presence of ambient 

SARS-CoV-2 in the 

pneumoperitoneum 

as factual evidence is 

lacking 

Prefer the „„closed‟‟ 

technique for 

obtaining 

pneumoperitoneum, 

reduce the 

pneumoperitoneum 

pressure as, reduce 

the power of 

electrosurgery, using 

laparoscopic smoke 

aspiration systems, 

particle filters, using  

intracorporeal 

anastomosis, fully 

aspirate the 
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pneumoperitoneum 

before removing the 

last trocar 

Vigneswaran,  

USA 

[26] 

Article 

Review 

Safety of 

laparoscopy versus 

open surgery  

Laparoscopic 

procedures have a 

theoretical risk of 

generating aerosols 

particularly during 

creation of 

pneumoperitoneum, 

and while using 

energy devices due to 

smoke generation 

negative pressure 

ventilation, Minimal 

personnel use, 

adequate PPE for 

personnel, regional 

anaesthesia should be 

preferred,  negative-

pressure ventilation 

Zago,  

Italy  

[27] 

Original 

article  

Filter systems to 

improve safety of 

laparoscopy 

Assembling of two 

easily available and 

low-cost filter 

systems to prevent 

potential 

dissemination of 

Coronavirus via the 

aerosol 

Both filter systems 

were  proved to be 

effective in smoke 

evacuation, without 

affecting 

laparoscopic 

visualization 

Zakka,  

UK 

[28] 

Article 

Review 

Laparoscopy 

energy device and 

risk for virus 

contamination 

Investigations of 

other viruses have 

demonstrated 

aerosolization 

through energy 

devise use 

Appropriate personal 

protective equipment, 

evacuation and 

filtration of surgical 

plume, limiting 

energy device use if 

appropriate, and 

adjusting endoscopic 

and laparoscopic 

practice 

Zampolli,  

USA 

[29] 

Article 

Review 

Urological 

laparoscopy  

There is no society 

consensus on 

restricting 

laparoscopic or 

robotic surgery. 

However, 

there is expert 

consensus on 

modification of 

Modifications of 

standard practices 

during minimally 

invasive surgery such 

as using lowest intra-

abdominal pressures 

possible, controlled 

smoke evacuation 

systems, and 
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standard practices to 

minimize any risk of 

transmission 

minimizing energy 

device usage 

 

Results 

Special features of risk for viral contamination during laparoscopy 

Maintaining a proper pneumoperitoneum is essential for laparoscopic surgery. However, due to 

this necessity, the risk for aerosolization through gas (CO2) leaks or at exsufflation can increase. 

Based on some evidences, comparing laparoscopy and laparotomy showed higher concentration 

rate of micro-particles in operating room environment about 10 minutes after applying 

ultrasound or electro cutters for laparoscopic dissection (9-12). Thus, it seems that the risk for 

contamination of healthcare staff with particles such as viruses is considerably higher than in 

open surgery (13). In other words, leaked aerosolmay include high concentrations of different 

types of viruses especially the viruses sourced from the patient host. Such likelihood can also 

increased more in the case with poorly controlled exsufflation or occurring gas leakage during 

laparoscopic surgery (12-14, 16-20). In contrast with the pointed increased risk, some others 

contend that the scheduling operation with the closed surgical site (like laparoscopy or any 

minimally invasive surgeries) can reduce the risk for contamination as compared to open 

surgeries (17,18). To understand the contamination process related to laparoscopic surgery in 

detail, deeply attention to different steps of this procedure is necessary. Laparoscopic surgery 

contains of different procedural steps including intubation, maintaining a suitable and safe 

pneumoperitoneum, using both ultrasonic and electrical scalpels, smoke evacuation, extracting 

tissues specimens, pneumoperitoneum reversal, removing trocars, and finally closing the incision 

(20-26). At first, establishing a pneumoperitoneum is the main step for laparoscopy. In this step, 

the use of electrical equipment or ultrasonic scalpels is common that naturally lead to produce a 

large amount of smokes as well as low-temperature aerosols (10-14). Besides, the application of 

high power energy source (such as ultrasonic, monopolar or bipolar sources) is necessary for 

laparoscopic surgery that can be own an effectively origin for producing smoke (10,12). In 

addition, the gases produced in pneumoperitoneum are mainly immobile and thus the aerosols 

produced during the procedure tend to be concentrated leading higher capacity of infected 

particles in abdominal cavity (10,11). Interestingly, accidentally occurring any small incision in 

abdominal wall, releasing trocar valves or changing the clamps may expose the staff to more 

produced aerosols and thus higher risk for contamination (17,18). Along with the pointed 

mechanisms, the use of laser systems and electrocautery can flare smoke generation (16). In this 

regard, the procedures of cutting, removing tissues, vaporizing, and coagulating that lead to 

heating the target tissues can result in dispersion of the fine claws in the air and leading greater 

risk for infectious loads. It should be noted that the size of particles scattered is directly 

dependent to the load of energy used vaporization and cutting (18-23). In the regard, the largest 

particles are frequently generated by ultrasonic scalpels followed by laser tissue ablation (24). 

Such particles can travel larger distance from the production point, can penetrate easily the lungs 
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and thus can induce inflammatory and infectious responses. The smokes produced by using 

electrocautery and lasers can also induce various mutagenic and cytotoxic reactions in the tissues 

(17-22). Moreover, removal of specimens, if the sample itself is a reservoir for infectious 

particles doubles the spread of infection during the procedure. Overall, such smokes and aerosols 

can potentially threaten the personnel to a variety of infections (20,22). As an enhancer of the 

spread of infection, operating theatres naturally have an air positive pressure as compared to the 

surrounding air (20-24). This positive pressure is essential for preventing the flow of air from 

less sterile areas into a more sterile one. However this high pressure condition may accelerate 

and facilitate the aerosols spreading leading increase the risk for airborne viral transmission 

(25,26). Despite all the above evidence, no trace of the risk of spreading the SARS-CoV-2 virus 

and its increased risk following laparoscopy has been reported. However, high rate of the spread 

of other viruses has been well understood. In this regard, high rates of other pathogens such as 

hepatitis B virus, human immunodeficiency virus, and human papillomavirus in smokes and 

aerosols generated by laparoscopic devices have been reported (12-16). According to the 

literature, the presence of hepatitis B virus and human papillomavirus in surgical smokes has 

been found in up to 40% and 90% of smoke plumes especially following loop excision biopsy of 

the tissues (10-16). But reviews of recent studies have acknowledged two points. First, there is 

no strong evidence of an increased risk of transmitting the SARS-CoV-2 virus through 

laparoscopic surgery which may be due to the lack of interventional and experimental studies to 

evaluate the effect of laparoscopic intervention on staff contamination by this infection (22-26). 

Second, studies comparing the effect of open surgery and laparoscopy on the transmission of 

Covid-19 infection to personnel have not shown a difference between the two types of 

procedures (27,28).However, the lack of such findings based on the physiopathological processes 

described does not mean that there is no risk of transmission of the virus and therefore it is 

essential to take the necessary measures for preventing transmission of infection trough smokes 

and aerosols.  

 

Principle recommendations for preventing virus transmission 

According to the likelihood of transmitting Covid-19 virus through smokes and aerosols 

generated by laparoscopic devices (despite not proving), many recommendations have been 

released recently by the different societies for reducing virus transmission risk among healthcare 

workers (12-29):1) As the patients-based measures, medical treatments or postponing the surgery 

should be considered to decrease the risk for horizontal transmission of virus to the personnel. Of 

course, this will mainly be related to elective surgery or with mild lesions. 2)The patients 

suspected to Covid-19 should be preoperatively assessed for the disease by reliable molecular 

and virology screening tests. 3) The laparoscopic operations should be performed by high 

qualified endo surgeons complete aware of safe laparoscopic procedures and able to perform the 

procedure in the shortest possible time. 4) The use of personal protective equipment is the basis 

for preventing the transmission of infection. The common measures for such prevention include 

disposable gloves and fluid-resistant gowns, filtering face piece class 2 or 3 or N95 respirator 
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and disposable eye protects. 5) To minimize the exposure to the source of infection in wards and 

operating rooms, minimizing the number of staff required for surgery or related care should also 

be considered. 6) Due to this fact that the presence of positive pressure ventilation may increase 

the chance for aerosols distribution, the operating pressure should be lowered as much as 

possible. In fact, a negative pressure environment is ideal to reduce dissemination of the virus 

beyond the operating theatre although such facilities are not widely available. 7) High precaution 

and attention should be taken within insufflations to prevent the risk for aerosol dispersion.  

Also, paying attention to port sites to prevent explosive dispersion of body fluids both at the 

insertion/removal of trocars and specimen retrieval is necessary. 8) In order to minimize the gas 

leaks, limiting the number of size of incisions along with exchange of instruments can help to 

such leakage. 8) The use of electrosurgical devices with low power setting also leads to lower 

generation rate of surgical smokes. 9) Using suitable smoke evacuation filters to remove CO2 

pneumoperitoneum, smokes and aerosols from surgical environment is very helpful to minimize 

the exposure to virus contamination. Using high-efficiency particulate air filters or ultra-low 

particulate air filters can remove particles even in the size of 0.3 microns (like viruses) by 99.9% 

efficiency rate, while N95 respirator mask filters can remove less than 95% of larger particles. 

10) Due to this fact that SARS-CoV-2 colonization may occur along the cell lines of the 

gastrointestinal and respiratory tracts, cares should be strongly taken within endotracheal 

intubation and ventilation. 11) Continuous air changing in the operating room can also protect 

the surgical staff and patients against virus transmission.    

 

Discussion and Conclusion 

Up to know, no consistent evidence has been obtained on exposing the healthcare personnel 

especially operating room staff to higher risk for SARS-CoV-2 contamination following 

laparoscopic or laser-based procedures as compared to open surgeries. However, in line with 

risky condition for transmitting other viral particles during these procedures, all required 

measures and protocols should be applied to minimize the risk for SARS-CoV-2 transmission 

during such procedures (20-26). Because of the likelihood of transmitting SARS-CoV-2 through 

aerosols and smoke generation during laparoscopic surgeries, personnel protection against virus 

exposing along with using instrument to removing and evacuating from operating room, 

applying low energy device and air negative pressure condition can minimize the risk for 

exposure to SARS-CoV-2 virus among personnel (16-22). Overall, postponing such operations if 

possible is the main fundament for personnel protection. As recommended by the Royal College 

of Surgeons, laparoscopic surgery should not in general consider and also based on the guideline 

released by the Society of American Gastrointestinal and Endoscopic Surgeon, conducting such 

procedures is allowed only by using filters for the released CO2 or other smokes and aerosols 

during laparoscopic or robotic surgeries (27-29). In final, as concluded by the American College 

of Surgeons, no information is available supporting the priority of laparoscopic to open surgery 

regarding the transmission of SARS-CoV-2 virus to personnel (29). Overall, further studies are 
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needed to assess the risk for transmitting virus to healthcare professionals through generating 

laparoscopy-related smokes and aerosols.  
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