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Abstract
The pandemic of COVID-19 across the globe triggered national lockdowns hampering normal working for all the essential
services including healthcare. In order to reduce transmission and safety of patients and healthcare workers, the elective surgeries
have been differed. The visits to the hospitals for follow-ups and consultations received temporary halt. However, we cannot halt
the treatment for cancer patients who may or may not be COVID-19 positives. These are emergencies and should be treated
ASAP. Conducting emergency surgeries during pandemic like COVID-19 is challenge for surgeons and the entire hospital
infrastructure. The available information about COVID-19 and its propensity of contamination through droplets and aerosol need
some modifications for conducting surgeries successfully without contaminating the hospital buildings, protecting healthcare
teams and the patient. With these objectives, some modifications in the operating theater including surgical techniques for
minimal access, laparoscopy, and robotic surgery are proposed in this review article. This review article also discusses the safety
measures to be followed for the suspected or confirmed COVID-19 patient and the guidelines and recommendations for
healthcare teams while treating these patients. Although there is little evidence of viral transmission through laparoscopic or
open approaches, modifications to surgical practice such as the use of safe smoke evacuation and minimizing energy device used
to reduce the risk of exposure to aerosolized particles to healthcare team are proposed in this review article.
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Introduction

COVID-19 pandemic has brought the world to a standstill
with national lockdowns. The risks of contracting COVID-
19 are high among the populations and have adversely affect-
ed the clinical care for other serious health ailments. Cancer is
one of them accounting for approximately more than 9.6 mil-
lion deaths worldwide [1].

Cancer is a disease with high prevalence and mortality.
Currently, the reported incidence in India is > 100,000 new
cases per month.

There are high chances of morbidity (40%) and mortality
(20%) in patients after elective surgery in the face of COVID-
19 infection post-surgery. Cancer patients seem to be more
vulnerable to COVID-19 posing further risks to their lives. [2]

It is not advisable to delay treatment for cancer patients,
irrespective of their COVID-19 status as delay in surgical
treatment adversely affects clinical outcomes and increases
economic burden for the patient and the family.
Additionally, spread of infection to surgeons and other health
workers is high while operating on a patient of COVID-19
infection during this pandemic situation [3–5].

These challenging professional times must be tackled to
effectively provide the treatment that patients deserve to re-
ceive. This review article discusses various aspects of
conducting MIS with few modifications in the surgical prac-
tices and techniques during these challenging times to mini-
mize the risks of contamination of the healthcare facilities,
healthcare teams, and safety of the patients.

Literature Review, Guideline
Recommendations, and Scope of this Review
Article

COVID-19 pandemic has prompted medical fraternity and the
affiliated societies to quickly reconcile to the fact that COVID-19
is highly contagious and operating without proper safety majors
is a risky proposition for patients as well as to the healthcare
teams. Hence, all elective surgeries have been suspended. The
professional bodies of the surgical fraternity have been quick to
respond to this emerging situation with recommendations that
would benefit the members to review the current surgical prac-
tices, to modify the practices to prevent chance of contamination
to be able to deliver emergency medical care for patients.

Several societies have released recommendations such as
the Indian Association of Surgical Oncology (IASO),
Association of Minimal Access Surgeons of India (AMASI),
Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES), European Association of Endoscopic
Surgery (EAES), EAU Robotic Urology Section (ERUS),
Association of PeriOperative Registered Nurses (AORN),
and Inter Association Surgical Practice Recommendations

(AMASI, IAGES, and SELSI) and all insist on the safety of
the healthcare professionals, support teams, and the safety of
medical infrastructure from COVID-19 [5–10].

Although MIS includes minimum direct contact with the
body tissues, generation of smoke and aerosolized particles
contaminating the operating theaters (OTs) and risking
healthcare team exists. Therefore, identification of potential
risks and suggestive remedies to reduce this risk is the main
objective of this paper.

Generation of CO2 during the procedure is considered as
major risk of virus transmission. A surgical smoke evacuator
(open, laparoscopic, or robotic) as well as self-maintained
constant pneumoperitoneum system is recommended.
Smoke evacuation and filtration of the CO2 generation is rec-
ommended to minimize chance of contamination.

The chances of COVID-19 infection to the healthcare
teams during MIS (laparoscopic or robotic) are considered
low (Table 1). However, it is advised to strictly follow the
protective methods to reduce the risk of COVID-19 infection
to surgical staff in the OT room. Therefore, an assumption that
few patients with suspect/confirmed COVID-19 will require
surgical procedures during the ongoing pandemic is justified.
This review article focuses on various domains of MIS (lap
and robotic) that need attention and modification while oper-
ating during the Pandemic of COVID-19. (Table 2).

Domains of MIS

MIS procedures do not require direct access to the patients; how-
ever, there are several areas that could be potentially dangerous for
spread of infection. Therefore, in this review articles, the various
main domains of the MIS are classified (Fig. 1), and remedial
alternatives to prevent risk of contamination are proposed. All
these aspects are directed towards a single goal (patient safety,
HCP safety while addressing emergencies during COVID-19).

Patients

All the patients requiring surgery must be screened for the
presence/absence of COVID-19 prior to the surgery. The out-
come has no bearing of delaying the procedure. It is manda-
tory to collect details such as the travel history, contact history,
and respiratory symptoms/fever of the patient and that of the
caretaker. Patient consent and that of the legal representative
with complete knowledge and awareness about the risk of
COVID-19 exposure and potential consequences, as well as
the benefits and risks of surgery and the dangers of delaying
the surgery must be addressed. Currently, there are 4options
available for pre-op screening such as real time RT-PCR (real
time reverse transcription–polymerase chain reaction, Rapid
antibodies test, and HRCT and the recently available rapid
antigen test. RT-PCR is the most accurate of all [11, 12].
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General Measures to Reduce Transmission

Institutional infection prevention practices should be
established, practiced, revised, and validated for its effective-
ness. Standard preventive measures need to be carried out by
surgeons to protect oneself and patients as well as to minimize
the contamination. The chances of COVID-19 infection to
staff during surgery (open, laparoscopic, or robotic) are high.
It is advised to reduce the risk of COVID-19 infection to
surgical staff in the OT room by strictly following the using
the protective methods [13].

Surgeons must avoid contact with droplets and use full
body protection. Universal protection with PPEs (appropriate
gowns, N95/FFP2-3 masks and face shields/goggles) is
strongly recommended. [3, 10, 14] Donning of PPE should
be done in the OT room and doffing should be done in wash
area. OT footwear should be washed with soap and water
immediately after the surgery. [7] The inability to completely
and effectively control aerosolization of virus during endo-
scopic procedures exists, hence regular handwashing and
use of sanitizers and PPE are a must.

OR Practices

Air change cycles and use of high-efficiency particulate air
(HEPA) filters to reduce the load of the virus in OR is an
important aspect. For selection of HEPA filters and deciding

on the air change cycle, understanding of the virus and knowl-
edge of air filtration system available are necessary. (Fig. 2).

COVID-19 virus is approximately 0.125 μm (125 nm) in
diameter. A HEPA filtration system plays an important role in
protection against viral cross-contamination by capturing air-
borne coronaviruses.

It is advisable to dedicate an OT for conducting surgeries in
COVID-19 positive/suspected cases to reduce cross-
contamination between OTs. [14, 15] OT rooms should be
preferably situated on one side of the hospital complex. [13]
OT rooms for suspected or confirmed COVID-19 patients
should be adequately filtered and ventilated with an integrated
HEPA filter. Negative pressure rooms should be considered to
decrease the contamination of the neighboring OT. [13, 14]
Procedures in COVID-19 negative cases should also be
followed with these general recommendations to reduce
COVID-19 transmission [13, 14].

The hospital policy must focus on deploying optimum num-
ber of healthcare works without comprising on the quality of
healthcare support services. No unnecessary movement should
be allowed inside the OT room.[16] Intubation and extubation
should take place in a negative pressure room. [17, 18] A high
frequency of air changes (> 20 cycles per hour) speedily re-
duces the viral load in the OT room. Positive pressure ventila-
tion should be avoided if possible. Extubation should follow the
same precautions as intubation [17, 18].

Video laryngoscope (VL) is advised for intubation. The use
of viral filter in the breathing circuit (intersurgical or

Table 1 Benefits and risks of surgical approach (robot assisted, conventional laparoscopic, and open surgery) under COVID-19 times

Area of risk Robot-assisted surgery Conventional laparoscopy Open surgery

Aerosol escape Intra-abdominal dispersion,
limited by filters or locks
(no data on actual COVID-19 risk)

Intra-abdominal dispersion,
limited by filters or locks
(no data on actual COVID-19
risk)

Less aerosol formation, unconfined
dispersion, unfiltered.
Only present, but that unfiltered
and with maximal
exposure, when using electrical
and
especially ultrasonic devices
(no data on actual COVID-19
in risk)

Smoke Confined, filtered, and less than
at open surgery

Confined, filtered, and less than
at open surgery

Maximum exposure to smoke

Blood, body fluids Hardly if any blood loss and
exposure at limited intervals

Hardly if any blood loss and
exposure at limited intervals

More blood loss and constant
exposure

Abdominal pressure Minimal pressure (less than at
conventional laparoscopy).
Less than 10 mmHg

10–15 mmHg No abdominal pressure (0 mmHg)

Perioperative cleaning of
instruments

Large surface of robot to disinfect,
but limited number of instruments
to clean of limited blood
contamination

Limited number of instruments
to clean of limited blood
contamination

Only instrument to clean but these
in large number and severely
contaminated with blood

Healthcare staff Usually one staff at the bedside,
one staff away from the patient
(remote)

Usually three staff at the bedside Usually three staff at the bedside

Hospital stay Short Short Long
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thermovent HEPA) or heat and moisture exchanger (HME)
filter is advised. These filters should be attached to endotra-
cheal tube (ETT) before intubation and it should be intact.
Filter to the expiratory end of circuit should also be installed.

It is reported that COVID-19 is present in the stools of
COVID-19 patients, but its transmission during laparoscopic
procedures is not known. Fecal-oral transmission for COVID-
19 has not been reported though it may be possible.[15, 19]

Therefore, it is better to minimize bowel handling and open-
ing during surgical procedures to reduce the risk virus dis-
semination with CO2.[14] Although no evidence of
COVID -19 t r a n sm i s s i o n t h r ough t h e u r i n e i s
demonstrated,[19, 20] however, urethral or ureteral cathe-
terization during the laparoscopic and robotic procedures
should be performed with caution, particularly if pneumo-
peritoneum is already induced.[14]

Table 2 MIS (laparoscopy and robotic surgeries): surgical technique modifications during COVID-19 pandemic overall summary

Ports and tissue extraction Incisions for ports should be as small as possible to allow for the passage of ports
but not allow for leakage around ports.

Ports should be placed with the intent of reducing leakage around the ports and port
valves should be functional or replaced.

Tissue extraction should be performed after elimination of the CO2 pressure and
controlled evacuation of the CO2 plume.

Instrument exchange should be minimized.

Pneumoperitoneum management Decreasing the insufflation pressure to the lowest level possible and still
permit good visualization.

This will decrease the amount of CO2 under pressure and reduce inadvertent release.

All pneumoperitoneum should be safely evacuated via a filtration system
before closure, trocar removal, specimen extraction, or conversion to open.

Finally, if a laparoscopic suction device is being used, this would ideally be connected
to a filtered device with an ultra-low particulate air (ULPA) or high-efficiency
particulate air (HEPA) filter and not to an in-room canister connected to wall suction.

Energy devices Reducing the electrocautery settings, decreasing application time, and improving
tissue moisture to reduce tissue charring and smoke formation.

Recommendations state to use the lowest setting possible and to avoid techniques
that create unnecessary plume in the abdomen.

Ultrasonic devices such as harmonic scalpel create significant aerosol without
desiccation of tissue, and potentially viral release, and should be used judiciously.

Use of monopolar electrosurgery, ultrasonic dissectors, and advanced bipolar
devices should be minimized, as these can lead to particle aerosolization.

Aerosol management:
practical steps for filtration

All pneumoperitoneum should be safely evacuated from the port attached to the
filtration device before closure, trocar removal, specimen extraction, or conversion to open.

Once placed, ports should not be vented if possible

During desufflation, all escaping CO2 gas and smoke should be captured with an
ultra-filtration system and desufflation mode should be used on your insufflator if available.

The patient should be flat, and the least dependent port should be utilized for desufflation.

Specimens should be removed once all the CO2 gas and smoke are evacuated.

Filtration devices: Airseal and similar devices with smoke filtration mode.
Local modifications suggested with examples.

Summary points:
1. Consent discussion with patients to cover the risk of COVID-19 exposure and the potential consequences is a must.
2. The best outcomes for all can be achieved when individual patient and local circumstances must be considered,

along with surgical experience and judgment,
3. Reduce the Trendelenburg position time as much as possible. This minimizes the effect of pneumoperitoneum on

lung function and circulation, to reduce pathogen susceptibility.
4. The principles of evidence-based medicine require “the conscious, explicit, and judicious use of the best available

evidence to help decide for patient care.”

CO2 carbon dioxide, HEPA high-efficiency particulate air; HME heat and moisture exchanger, MDT multidisciplinary team, MIS minimum invasive
surgery, OT operation theater. The recommendations are correctly based on caution given the lack of understanding of how COVID-19 compares to
other viruses regarding transmission and presence in CO2 duringMIS. There is no current evidence to demonstrate COVID-19 in the CO2 plume created
during MIS. Because of the uncertainty surrounding COVID-19 in the CO2 plume, measures to decrease viral exposure to the surgical team should be
performed
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Endoscopic procedures requiring additional insufflation of
carbon dioxide (CO2) or room air should be avoided. Removal
of caps on endoscopes should be avoided due to chances of
release fluid or air.[13] Electronic gadgets such as pagers,
laptop, or mobile and hospital case sheets should be left out-
side the OT rooms. Disposable pens should be used.[21]

Operation theaters should be prepared in advance for the
procedure with adequate supplies and consumables including
drugs, sutures, and emergency equipment prior to start of
surgery.[7] The patients should be brought inside the OT room
once all preparations are done. All MIS should be performed
by experienced surgeons.[15] Only the anesthesia team should
remain in the OT during intubation and extubation.

A proper OT exit pattern should be followed: surgical
team, followed by patient after Extubation, followed by anes-
thesia team, followed by cleaning and sterilization team.

MIS Techniques

A concern with the use of minimally invasive techniques has
been raised due to a proposed risk of viral transmission of the
coronavirus disease of 2019 (COVID-19) with the creation of
pneumoperitoneum. Although risk of viral transmission could
be considered theoretical in MIS (laparoscopy and robotic), it
has some basis due to detection of COVID-19 virus RNA in
the stool of infected patients suggesting that the virus can be
found in the gastrointestinal mucosa. Therefore, a threat that
the virus can be transmitted from the abdomen exists. It can be
assumed that the environment created by pneumoperitoneum
for laparoscopy creates a relatively stagnant heated volume of
gas in the abdominal cavity which may subsequently allow for
a concentrated aerosolization of the virus. Hence, the use of
trocars must be carefully executed.

Laparoscopic Trocar-Cannula Modifications

Trocars are designed to cause minimal invasion to a patient
requiring abdominal surgery. Due to high transmission of
COVID-19, additional precautions need to be exercised using
trocars in MIS (lap and robotic procedures) as these proce-
dures use the same insufflators and smoke evacuation sys-
tems. Thus, sudden bursts of this pneumoperitoneum from
trocar valves during exchange of instruments or during the

Pa�ent Safety, 
HCP Safety while  

addressing 
emergencies 

during COVID-19 
pandemic

Pa�ents
1.General 
measures 
to reduce 

transmission

Smkoe 
genera�on 

containment 
strategy 

1.OR 
Prac�ces 

1.Special 
popula�ons 

Infec�on 
control & 

use of 
disinfectants 

1.Anesthesia
prac�ces 

1.MIS  
techniques 

Fig. 1 Safety domains of MIS
during COVID-19 pandemic

Recommended NABH requirements for OR
1. Air Changes Per Hour - > 20

a. Air Velocity – 25-35 FPM (feet
per minute)

2. Posi�ve Pressure- 2.5 Pascal (0.01 Inches
of water)

3. Air Handling & Filtra�on- The AHU (air
handling unit)-HEPA filters

Fig. 2 Recommended NABH requirements for OR

Indian J Surg Oncol (April 2021) 12 (Suppl 1):S210–S220S214



venting of trocars can allow for transmission of the virus con-
taminating the OTs and risking the healthcare teams.
Modifications in the surgical techniques that can lower pneu-
moperitoneum pressure as well as modification of trocar and
canula techniques to minimize injuries and bursts can reduce
potential contamination.

Several groups have demonstrated that traditional laparo-
scopic procedures can be performed with lower insufflation
pressures than the standard 12–15 mmHg. Use of lower pneu-
moperitoneum pressures, when permissible, has low to no risk
and has protentional advantage of reducing the volume of
aerosolized particles.

The chance of laparoscopic instruments transmitting fo-
mites and cross infection to staff and other patients is high.
Incisions for ports should be appropriate to permit the passage
of ports while preventing leakage around ports. [7, 9, 13]
Once placed, ports should not be used for evacuation of smoke
or for desufflation without taking adequate precautions.[9]
Use of traditional trocars could be better due to the one-way
valves within the proximal portion of the port. In robotic sur-
gery, the leakage should be avoided from trocars when
inserting 8-mm or 5-mm instruments through the 12-mm tro-
cars. The use of 5-mm instruments through even the 8-mm
trocars should perhaps be minimized [21].

CO2 insufflation pressure should be maintained at a mini-
mum and an ultra-filtration system (smoke evacuation system
or filtration) should be used. All pneumoperitoneum should be
safely evacuated via a filtration system before closure, trocar
removal, specimen extraction, or conversion to open [13].

Smoke Generation Containment Strategy

The risk of viral exposure during endoscopy and airway pro-
cedures is high. [22, 23] No reliable information about
COVID-19 in MIS is currently available. However, I
COVID-19 can be transmitted by droplets, contact, aerosol,
and fecal-oral route and viral contamination can occur from
aerosol formation. Ultrasonic scalpels or diathermy equipment
used in MIS can produce huge amounts of surgical smoke,
and the low temperature aerosol from ultrasonic scalpels or
scissors cannot effectively deactivate the cellular components
of virus in patients. [24] Due to previous reports of aerosoli-
zation of other viruses, [25, 26] COVID-19 infection should
also be tackled duringMIS procedures by the use of devices to
filter released CO2 for aerosolized particles. [13] The smoke
generation containment strategy focuses on the use of smoke
evacuators, filters, and modifications in the use of diarthermy
and energy devices.

Smoke Evacuators

Laparoscopic surgery can be performed managing gases using
filtering aids such as a CO2 filter.[32] Standard electrostatic

filters are expected to efficiently protect from the COVID-19
virus. These filters should be connected via standard tubing to
the trocar evacuation port to evacuate the produced smoke and
filter the possible viral load. [22] If a reliable filtering and
evacuation system for gases is used, laparoscopy is preferable
to open surgery, where smoke contamination is intense.
Regular cleaning of instruments, evacuating pneumoperitone-
um prior to removing trocars, and conversion or specimen
extraction are particularly helpful. [23] The use of intelligent,
integrated flow systems is recommended for the maintenance
of low intra-abdominal pressure ensuring a self-maintained
constant pneumoperitoneum. [7, 14, 16] Two-way pneumo-
peritoneum insufflators should be avoided to prevent patho-
gen colonization of circulating aerosol in the pneumoperito-
neum circuit or the insufflator. The integrated flow systems
should be configured in a continuous smoke evacuation and
filtration mode, preferably through a ULPA filter. [14, 16]

Complete desufflation of the pneumoperitoneum at the end
of the surgical procedure should be ensured. Aerosol formed
during the surgery may get concentrated in the abdominal
cavity due to the enclosed gas in the pneumoperitoneum.
[23] Integrated, active smoke evacuation systems are advised
to prevent sudden bursts.[9] Conversely, traditional insuffla-
tion systems that are not equipped with active smoke evacua-
tion mode or other filters may expose healthcare personnel to
higher risk of COVID-19 aerosol transmission and should be
avoided [14].

At Manipal Hospital, we have used an indigenous circuit
devised from an HME filter (with or without HEPA filter) and
an under-water seal using sodium hypochlorite solution for
safe evacuation of pneumoperitoneum during COVID-19 re-
sponse time (Fig. 3). This system is simple, disposable, quick
to assemble, and efficient for smoke evacuation during lapa-
roscopic procedures.

Use of Filters

Standard electrostatic filters (HME filters) used in ventilation
machines can filter bacterial and viral loads with great effica-
cy. These filters may provide > 99% protection against hepa-
titis C virus (HCV) and hepatitis B virus (HBV) having a
diameter of > 30 nm. HEPA can remove up to 99.97% of
contaminants (≥ 0.3 μm in diameter) and ULPA (ultra-low
particulate air filters) up to 99.99% (≥ 0.12 μm).

Buffalo filter offers a wide line of filters and pre-filters to fit
the surgical procedure requirements. Buffalo filter has 4 stages
of filtration that ensure 99.999% efficiency for 0.1–0.2 μm
and HME filters provide bacterial and viral filtration above
99.9%. Buffalo filter smoke evacuator tubing is connected to
2 HME filters and placed under the drape to provide air filtra-
tion. The use of multifilter system ensures maximum efficien-
cy in filtering viral particles [27, 28].
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Modification in Diathermy Use to Reduce Aerosol and Smoke
Generation

Electrocautery should be used at the lowest effective power setting
and should be escorted by suction. [5] Charring of tissues should
be avoided to minimize the creation of smoke. [7] During both
open and laparoscopic surgeries, the particle concentration may
increase with use of energy sources. Use of monopolar electrosur-
gery, ultrasonic dissectors, and bipolar machines should be re-
duced due to possibility of particle aerosolization. [13] If unavoid-
able, monopolar diathermy pencils with attached smoke
evacuators should be used. Energy devices should be minimally
used. Cold hemostasis is the method of choice. [9] All the energy
harmonic scalpel produces maximum aerosol and the bipolar scal-
pel produces the least. Therefore, the choice of scalpels is an
important consideration of the smoke containment strategy.

Long dissecting times should be avoided on the same spot
using energy devices to reduce surgical smoke. Suture closure
devices for port closure that allow for leakage of insufflation
should be avoided. [12] Needle stick and stab injuries should
be avoided [5].

Modification in Energy Device Use in Lap/Minimal Access
Surgery

Energy device produces plumes of surgical smoke. With the
use of an energy device for 10 min, the concentration of the
smoke in laparoscopic surgery is higher than the open surgery.
It may be due to the small volume of gas in the pneumoperi-
toneum. Thus, it is recommended to use electrocautery at the
lowest power setting possible [14].

Anesthesia Practices

The goal is to minimize the aerosol-generating processes dur-
ing general anesthesia to reduce chance exposure to patient’s
respiratory secretions and the risk of perioperative viral trans-
mission to healthcare personnel and patients. [34] Intubation
during general anesthesia may result in general aerosolization
causing risk to anesthesia team as well as the OT personnel.
Hence, preference should be given to regional anesthesia
(open surgery) during surgical procedures [29, 30].

Fig. 3 Indigenous Manipal modification
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Laminar airflow or air conditioner should be started after
induction of anesthesia. Laminar airflow or air conditioner
should be stopped 20 min before the extubation. [9] After
the surgery, the anesthetic breathing circuit and the container
of soda lime should be discarded immediately. [21] Video
laryngoscope (VL) is advised for intubation. The use of viral
filter in the breathing circuit (intersurgical or thermovent
HEPA) or heat and moisture exchanger (HME) filter is ad-
vised. These filters should be attached to an endotracheal tube
(ETT) before intubation. Filter to the expiratory end of circuit
should also be installed. Positive pressure ventilation should
be avoided if possible. Extubation should follow the same
precautions as intubation.

Neuraxial anesthesia may cause the risk of seeding infec-
tion into the central nervous system (CNS) in infected pa-
tients. Therefore, its use should be balanced against the risk
of performing general anesthesia on patients with COVID-19.
A pencil-point spinal needle is helpful for spinal anesthesia as
it may reduce the risk of transmission viral material into the
CNS. There is less tissue coring in comparison to cutting tip
spinal needles [30].

Infection Control and Use of Disinfectants

Surgical equipment used for COVID-19 positive or suspected
COVID-19 patients should be cleaned separately from other
surgical equipment. All reusable contaminated material
should be sterilized immediately.[7, 9] Themonitor and cables
of the VL should be cleaned with an alcohol-based sanitizer
and kept in a UV chamber while the blade should undergo
ethylene oxide (ETO) or plasma sterilization [7, 10].

Disposable materials only (such as gloves or paper towel)
should be used for cleaning. Containers should be closed and
sealed before transferring to the collection unit. [23, 24] There
should be a gap of minimum of 1 h between two surgical
procedures [7, 9].

Post-surgery, the OT should be cleaned with peroxyacetic
acid/0.5–1% sodium hypochlori te/glutraldehyde/
benzalkonium chloride/ultraviolet C irradiation for effective
fumigation. [5, 7, 21] Stretcher should be sprayed with 1%
hypochlorite solution after shifting the patients. Sodium hy-
pochlorite solution 1% should be used for cleaning OT tables
and trolleys after shifting the patient. Post-surgery, all anes-
thesia equipment should be cleaned with 1% sodium hypo-
chlorite solution. [9] All the surfaces of medical devices
should be cleaned with quaternary ammonium chloride
disinfectant.

Suction should be performed with two-bottle devices
where one bottle should be filled with hypochlorite solu-
tion to allow the suctioned air/gas to pass through the
solution before its evacuation into the second bottle. At
the end of the procedure, complete desufflation should be
done [5].

Special Population

Children are not severely affected by COVID-19 as per the
available current information. [1, 32] The infection is milder
in pediatrics than in adults but pediatrics or children undergo-
ing cancer treatment have a weakened immune system which
will make it tougher for the body to fight off COVID-19
infection. These patients can serve as vectors in disease
transmission.

All the recommendations suggested for adults are therefore
applicable for pediatric patients. The goal should be to provide
timely surgical care to pediatrics with critical issues while
optimizing patient care resources (e.g., hospital and ICU beds,
PPE and ventilators) and preserving the health of healthcare
team.

Discussion

COVID-19 will not disappear anytime soon and will be part
and parcel of our lives in the foreseeable future. This has
consequences on general healthcare services. All elective sur-
gical and endoscopic cases are required to be postponed at the
current time. In COVID-19 positive patients, the procedure
should be postponed if not emergent. [6–10] The emergency
medical services cannot be delayed as it has negative impact
of the clinical outcome especially for the cancer patients.
Hence, they must be carried out irrespective of the patient’s
COVID-19 status.

The effectiveness of the healthcare system is based on the
health status of the healthcare professionals, support staff, and
safety of the premises. Contaminations of any of these keys
factors can jeopardize the entire healthcare system; in fact,
higher the contaminations in the healthcare sector with the
contagious virus can lead to collapse of the entire healthcare
infrastructure. Therefore, during this period of fear and appre-
hensions, a practical safe method that can continue to address
medical emergencies is the need of an hour including
safeguarding the safety of the healthcare teams with adequate
safety precautions. .

This review article is an attempt to provide practice insights
into identifying all the aspects that are likely to be the areas of
contamination during MIS (lap and robotic) and the possible
remedial solutions to minimize them.

One of the first domains is the screening of the patient with
accurate diagnostic along with details of contact and travel.
Precise and ease of information to the patients with access for
COVID-19 testing with minimalist time lag will reduce unnec-
essary movement of the patient and the caretakers in the hospital.

All the healthcare professionals support staff of the OR
must be re-oriented to the revised practices for conducting
emergency procedures during the pandemic. It is essential that
all are aware about the ventilation system, HEPA filter
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capabilities, and air change cycles. A simple checklist should
be available for reference. Display boards must re-emphasize
the new norms of the OR practices.

This review article is in line with the numerous guidelines that
have already been published related to the safety from COVID-
19 pandemic. The potential benefits of MIS include minimum
direct contact with the body tissues and shorter duration of hos-
pitalization with reduced footfalls in the hospital. On the other
hand, the chances of aerosolized particles in open surgery are
high. Based on these facts, the potential benefits and risks of
the surgical approach should be carefully weighed when consid-
ering laparoscopic versus open approach [7, 27, 31–34].

A surgical smoke evacuator in each surgical approach (open,
laparoscopic, or robotic) should be used. Self-maintained con-
stant pneumoperitoneum system should be used. An adequate
insufflation management system may enable the surgeon to
operate at a low and stable pneumoperitoneum while minimiz-
ing the CO2 ventilation. Smoke evacuation through a
ULPA/HME filter can minimize the need to vent CO2 during
laparoscopic procedures. We have described an indigenous
method of safe smoke evacuation. Smoke evacuation dispos-
ables should be kept close to the source of smoke generation.
[9, 10] For continuous active smoke evacuation and filtration
for surgical procedures, dual-lumen smoke evacuation filtration
can also be used. Ancillary suction–assisted smoke evacuation
devices can be used to reduce the risk of aerosolized particles.
During desufflation, the escaping CO2 gas and smoke should
be passed through an ultra-filtration system and desufflation
mode should be used on insufflator. [7] The use of devices with
smoke evacuation filters may have a role in reducing the diffu-
sion of COVID-19 although there is no specific data demon-
strating presence of the COVID-19 virus in the aerosol released
during minimally invasive abdominal surgery. Based on these
recommendations, apart from indigenous systems, the current
options available for laparoscopy and robotic during MIS min-
imal access surgeries during COVID-19 pandemic include the
following: Buffalo filter, CONMED AIRseal System, Coviden
RapidVac™, and Smoke Evacuator System.

Currently, the best approach to tackle COVID-19 transmis-
sion during an open, laparoscopic endoscopic surgery is to use
a multi-pronged approach, which includes proper room filtra-
tion and ventilation and use of appropriate PPE and smoke
evacuation devices with a suction and filtration system. By
following the recommendations from different guidelines
and adapting to the local situations, one can tackle the
COVID-19 pandemic during surgical intervention of urgent
cases which cannot be delayed.

Conclusion

Our healthcare system needs to quickly acclimatize to this
rapidly changing environment of the COVID-19 pandemic.

The next fewmonths are crucial in alleviating the transmission
of COVID-19 infection. Surgical treatment should be per-
formed only for emergent, non-deferrable cases. In addition
to surgical patients, healthcare workers should also protect
themselves by following the guidelines while treating the sur-
gical patients. Although there is little evidence of viral trans-
mission through laparoscopic or open approaches, we still
recommend modifications to surgical practice such as the
use of smoke evacuation and minimizing energy device used
to reduce the risk of aerosolized particle exposure to
healthcare personnel. Therefore, it is necessary to follow best
surgical practices by adhering to careful management plan and
thoughtful methodology.
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