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Abstract

COVID-19 pandemic has brought a paradigm shift in the treatment of various surgical gastrointestinal disorders. Given
the increasing number of patients requiring hospitalization and intensive care for SARS-CoV-2 infections, various surgical
departments worldwide were forced to stop or postpone elective surgeries to save the health resources for COVID-19 patients.
Since the declaration of the COVID-19 pandemic by the World Health Organization on 12th March 2020, the recommenda-
tions from the surgical societies kept evolving to help the surgeons in making informed decisions regarding patient care.
Moreover, various socio-economic and epidemiological factors have come into play while deciding the optimal approach
towards patients requiring gastrointestinal surgery. Surgeries for many abdominal diseases such as acute appendicitis and
acute calculous cholecystitis were postponed. Elective surgeries were triaged based on the urgency of performing the surgical
procedure, the hospital burden of COVID-19 patients, and the availability of healthcare resources. Various measures were
adopted such as preoperative screening for SARS-CoV-2 infection, use of personal protective equipment, and the COVID-
19-free surgical pathway to prevent perioperative SARS-CoV-2 transmission. In this article, we have reviewed the recent
studies reporting the outcomes of various gastrointestinal surgeries in the COVID-19 pandemic era and the recommendations
from various surgical societies on the safety precautions to be followed during gastrointestinal surgery.
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Introduction after elective surgeries with a lack of evidence on its impact
on surgical outcomes [4, 5]. Hence, many surgical societies

Since the first declaration of the COVID-19 outbreak in  recommended postponing elective surgeries until the avail-

Wuhan, China, in December 2019, the disease has spread
rapidly across the globe affecting more than 96 million indi-
viduals and led to more than 2 million deaths in 13 months
[1]. The exponential surge in the number of patients affected
by COVID-19 has led to an unprecedented crisis in health
care facilities. Limited health care resources such as per-
sonal protective equipment, intensive care facilities forced
the surgical departments throughout the globe to re-schedule
their surgeries by postponing elective cases and performing
only emergency life-saving procedures [1-3]. At the begin-
ning of 2020, there were reports of postoperative COVID-19
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ability of health care resources and reduction in the burden
of COVID-19 cases [6, 7].

To facilitate evidence-based decision-making in the
COVID-19 pandemic era, we have performed a detailed
literature review and summarized the findings of studies
reporting the impact of SARS-Cov-2 infection on the out-
comes of gastrointestinal surgeries. Besides, we have pro-
vided an overview of the recommended surgical guidelines
on the perioperative safety measures to prevent transmission
of SARS-CoV-2 infection among the patients and health care
workers and optimize the outcomes of abdominal surgeries.

Impact of COVID-19 pandemic
on gastrointestinal surgical services

All the surgical services have been severely affected dur-
ing this ongoing COVID-19 pandemic. In a study pub-
lished in May 2020, it was estimated that during the 12
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weeks of peak disruption due to the COVID-19 pandemic,
about 28.4 million surgeries would be canceled worldwide,
which would require 45 weeks to clear the backlog of sur-
geries if the surgical centers increase their routine surgical
volume by 20% after the recovery from the pandemic [8].
However, this estimate is far from reality as the pandemic
is still not over. Elective surgeries are still being postponed
at several centers worldwide to take care of the COVID
patients with limited health resources. In the United King-
dom, nearly all elective bariatric surgeries were postponed
in April 2020, the peak COVID-19 pandemic [9]. Various
other abdominal surgeries, including colorectal surger-
ies [10, 11], solid organ transplants [12], were severely
affected in 2020.

In a Spanish study comparing acute care surgeries per-
formed before and during the COVID pandemic, the authors
reported significantly fewer laparoscopic surgeries in the
pandemic era (43.3% vs. 63.6%, p=0.001) [13]. The reasons
were fear of spreading SARS-CoV-2 infection with lapa-
roscopic aerosols and fewer surgeries performed for acute
cholecystitis during the pandemic era. The authors reported
about a 59% decrease in the number of emergency surger-
ies during the pandemic. The time from onset of symptoms
to patient arrival to the emergency department was longer
(44.6 hvs. 71 h, p<0.001). The surgeries for bowel obstruc-
tion and ventral hernia increased, while that for acute chol-
ecystitis decreased during the pandemic period. An Indian
study by Kapoor et al. reported that only 314 gastrointestinal
surgeries were performed from March to July 2020 com-
pared to 914 surgeries during the same time in the previous
year [14].

At the beginning of the COVID-19 pandemic, laparos-
copy was believed to increase the risk of viral transmission
based on the previous reports of viral aerosolization (HPV,
HBYV, HIV) due to the chimney effect of the smoke that
escaped from the trocars [15]. Hence, many surgical soci-
eties recommended restricted use of laparoscopy and dia-
thermy during the pandemic [16]. However, with accumu-
lation of experience and clinical data analysis, it was found
that there was no significant perioperative SARS-CoV-2
infection transmission among the patients and healthcare
workers with laparoscopy [15, 17, 18]. Hence, the new rec-
ommendation was to perform laparoscopic surgeries using
appropriate precautions such as personal protective equip-
ments, smoke evacuation devices, if it was clearly beneficial
to the patients and reduced their hospital stay [19, 20]. The
CLOUD-19 collaborative group conducted an online survey
in Italy and found that the proportion of surgeons perform-
ing less than 20% laparoscopic elective surgeries during
the three phases (March—May, June—September, Octo-
ber—December 2020) of COVID-19 pandemic was 25.8%,
12.4% and 19.3%, respectively [21]. These findings indicated
that the practice of laparoscopy in COVID-19 pandemic

continues to remain restricted despite lack of evidence of
SARS-CoV-2 transmission by surgical smoke.

COVID-19 pandemic has caused significant delay in the
diagnosis and treatment of various gastrointestinal cancers
[22-27]. The decline in number of surgeries in 2020 has
been due to multiple factors including delayed diagnosis due
to national lockdowns, hesitance of patients to visit hospital,
cancelation of endoscopic activity and other cancer screen-
ing programs, and cancelations/postponement of elective
surgeries due to shortage of hospital resources [25, 27, 28].
A study from United Kingdom (UK) reported that all non-
emergent endoscopies were stopped for 6 weeks in March
and April 2020 due to COVID-19 pandemic leading to sig-
nificant reductions in diagnostic endoscopies and decreased
the number of new cancer cases from 677 per week in the
pre-COVID period to 283 per week in the COVID times
[28]. Another UK study had estimated that about 5% and
16% increase in deaths is likely to occur from esophageal
and colorectal cancer due to delay in diagnosis and thera-
peutic interventions [22]. According to a study by Sud et al.,
delay in cancer surgery by more than 3 months and 6 months
may lead to > 17% and >30% reduction in the survival of
patients with stage 2 or 3 gastrointestinal cancers [26]. An
international survey involving 76 centers across the world
found that 50% curative and/or palliative treatments for
liver cancer and 44% liver transplants were canceled during
COVID-19 pandemic from March to June 2020 [25].

Impact of preoperative COVID-19
on the postoperative outcomes

Various studies have been published in the literature to report
the outcomes of gastrointestinal surgery in the COVID-19
pandemic. In this review article, we have summarized the
findings of key original articles and meta-analysis which can
help the clinicians in day-to-day practice (Table 1).

Emergency surgery

An initial study from Wuhan, China comparing outcomes
of eight COVID-19 patients with 22 non-COVID patients
requiring emergency abdominal surgery found no signifi-
cant impact of COVID-19 on the postoperative outcomes,
namely, the blood parameters, respiratory support, and mor-
tality [29]. The authors concluded that patients with acute
abdomen should be offered surgical treatment if required,
irrespective of the COVID-19 status. In another study from
Wuhan, the authors compared outcomes of six patients with
preoperative COVID-19 pneumonia and 28 patients with-
out SARS-CoV-2 infection who underwent emergency sur-
gery [30]. They reported a higher duration of hospital stay
in COVID patients but no difference in the postoperative
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&N 25 complications or mortality between the two groups. The
%g g § authors found that emergency surgery helped treat the sur-
Z 3° s g gical pathology and benefitted in the early resolution of the
£ :\3 % 23 pulmonary inflammation [30]. So, it was recommended that
§ é ) % G emergency surgery should be conducted, if required, with all
= . .
< s 08)* the safety precautions to prevent SARS-CoV-2 transmission
© ¥ 3 a9 ER? among other patients and medical staff members.
5. [TzE=s3 3 23 A Spanish study compared outcomes of emergency
5 2 £S 529035 B8R . o .
&3 "< ES+ <2 = % abdominal surgeries in 285 patients from the pre-COVID
E ‘g SAESZLAE 8 era with 117 patients during the COVID pandemic [13]. Out
. A é 5 of the 117 patients in the COVID era, four patients were
© ® EE R & = 2 :§ suspected, and three patients had confirmed SARS-CoV-2
> ; e = - = . . .1 .
p= -goZ2T3xg8E _| 2T infection. The overall morbidity rate was higher (47.1%
52 48822282589 L2
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~ 5.9 s
o E g p=0.358) was similar in the two groups [13].
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S22 |5é g 2 IDSurg Collaborative involving 1128 surgical patients with
] 23 =5 erioperative SARS-CoV-2 infection [preoperative (within
g 53 o 8 periop preop
éﬂ iz) % & 8 g 7 days before surgery) in 294 patients and postoperative
® % %) (up to 30 days after surgery) in 834 patients], the pulmo-
2 g Sz nary complications and mortality were reported in 51.2%
o0 ) s = . .
5 2o S 2 and 23.7% cases, respectively [31]. The factors associated
2 5 g -2 . o
3 ER- S 2 with 30-day mortality included male sex, age > 70 years,
§ ZE3 £ g American Society of Anesthesiologists (ASA) grade > 3,
2 < %‘35’ malignant disease, emergency surgery, and major surgery.
e la < A £ E S Hence, the authors concluded that the threshold to perform
=1 5 . . . . . .
5 = 2 SsE = g E 2 surgery in patients with the risk factors mentioned above
= &b = N S = .
e 8%59@ £3 23 should be high [31].
E ZE|lggBsg 2k % g In an American study of 468 patients undergoing emer-
:: B . - éﬂ% gency surgery, 36 patients had confirmed COVID-19 [32].
] % g3 The perioperative serious complications rate [58.3% vs. 6%,
o & § EE = - § adjusted relative risk (aRR)=7.02], ICU admission rate
5z _(828<s¢ S g (36.1% vs. 16.4%, aRR =1.34) and mortality rates (16.7%
g % Z2lg &g gk 25 vs. 1.4%, aRR =9.29) were significantly higher in patients
GRail il 25 with COVID-19 [32].
=)
0 = Hence, SARS-CoV-2-infected patients requiring emer-
= s . :
2 z2 i = gency surgery should be offered surgical treatment and strict
B 5 s . ..
2 5d o Z 8 protocol should be followed to prevent viral transmission to
> [P SN o @ .
= B2 R R the health workers and other patients.
7 « 273
L @
é § Elective surgery
5 £ 25
g % g = A multicenter comparative study of patients with
§ I = < g (n=112) and without (n =448) history of SARS-CoV-2
e
©° “ i g infection undergoing elective cancer surgery was con-
== ducted [33]. The study found that previous SARS-CoV-2
= o gniz) infection was associated with an increased risk of post-
Q - . .
E Z &= 25 operative pulmonary complications (10.7% vs. 3.6%,
g £ % bt S ¢ p=0.004). The authors also reported that the risk of pul-
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subsequent large-scale study by the COVIDSurg col-
laborative involving 140,231 patients from 116 countries
found that surgeries performed more than 7 weeks after
the diagnosis of SARS-CoV-2 infection was associated
with similar mortality risk as that of those without history
of SARS-CoV-2 infection [34]. They reported that the
30-day mortality in patients without SARS-CoV-2 infec-
tion was 1.5% while in those with SARS-CoV-2 infection
was 4.1%, 3.9%, 3.6% and 1.5% in patients having surgery
within 0-2 weeks, 3—4 weeks, 5—6 weeks and > 7 weeks,
respectively [34].

In an Italian cohort study involving 41 COVID-19
patients matched with 82 non-COVID-19 patients who
underwent surgical treatment (general, neurosurgery,
orthopedic and vascular surgeries), the surgical compli-
cations were significantly higher in the COVID group
(Odds ratio 4.98; 95% CI 1.81-16.07) [35]. Moreover, the
30-day mortality rate in the COVID-19 group was also
significantly higher (Odds ratio 9.5; 95% CI 1.77-96.53).

Hence, in patients with SARS-CoV-2 infection, non-
emergent surgeries should be postponed for 4-7 weeks
and non-surgical procedures should be considered in such
patients, if feasible.

Impact of COVID-19 pandemic
on the postoperative outcomes
of gastrointestinal surgery

Emergency surgery

A retrospective analysis of 100 patients who underwent
emergency abdominal surgery in the United Kingdom
from March to May 2020 found that the incidence of over-
all respiratory complications, postoperative COVID-19
infection rate, and the mortality rate was 5%, 3% and 1%,
respectively [36]. There was no additional morbidity or
mortality associated with COVID-19 infection.

In a Turkish study, 25 patients underwent emergency
abdominal surgery from March to April 2020 in the
COVID-19 era [37]. None of the patients had preopera-
tive COVID-19, and two had suspected COVID-19. The
authors concluded that emergency surgeries could be
safely performed in COVID pandemic hospitals if ade-
quate precautions are taken.

Hence, it is recommended that emergency surgeries
should be performed during the COVID-19 pandemic.
Preoperative SARS-CoV-2 testing should be done prior
to surgery. If the patient is not infected, then the COVID-
free surgical pathway should be adopted to prevent perio-
perative SARS-CoV-2 transmission to the patient [38].

Elective surgery for gastrointestinal cancer

In the largest multicenter cohort study conducted by COV-
IDSurg collaborative group, 2073 patients without preop-
erative COVID from 40 countries who underwent elective
colorectal surgery for cancer were included [39]. The post-
operative SARS-CoV-2 infection rate was 3.8% cases, the
anastomotic leak rate was 4.9%, and the 30-day mortality
rate was 1.8%. The independent risk factors for mortality
were an anastomotic leak, male sex, postoperative SARS-
CoV-2 infection, age > 70 years, and advanced stage of
the disease. Compared with the pre-COVID data of 5792
patients from 54 countries published in 2015 and 2017, the
anastomotic leak rate and hospital stay were lesser, but the
mortality rate was higher. Additionally, the stoma forma-
tion rate was higher in the study than in the pre-COVID era
(34.2% vs. 27.2%) [39].

A multicenter Spanish study included 259 patients who
underwent surgery for colorectal cancer during the COVID-
19 pandemic [40]. The major complications, reinterventions,
and postoperative COVID-19 related pneumonia were 7.7%,
5.7%, and 1.2% cases, respectively. The median length of
hospital stay was 6 days, and the mortality rate was 0.7%.

In an Indian study by Shrikhande et al. on the outcomes
of major cancer surgery during the COVID-19 pandemic,
494 patients were included, 84 (17%) patients underwent
surgery for gastrointestinal cancer [41]. The authors reported
a low incidence of major complications and zero mortality.
Also, only six out of 494 patients developed postoperative
SARS-CoV-2 infection.

Kapoor et al. reported the outcomes of 314 gastrointes-
tinal surgeries performed during the COVID-19 pandemic
(March to July 2020) [14]. Among these, 144 operations
were performed for various gastrointestinal cancers. The
authors compared the outcomes of these surgeries with that
of the previous year during the same time (March to July
2019). Significantly fewer surgeries were being performed
during the pandemic, with a higher proportion of cancer sur-
geries than the previous year (44.9% vs. 23.5%, p <0.001).
However, no significant difference in the incidence of major
complications and 30-day mortality were observed in the
two time periods [14].

Thus, elective gastrointestinal surgeries can be per-
formed in the COVID-19 pandemic provided the healthcare
resources are available and all the safety precautions are
maintained to prevent perioperative transmission of SARS-
CoV-2 infection among the patients and health care workers.

Bariatric and metabolic surgery (BMS)
An international multicenter cohort study (GENEVA) was

conducted to determine the outcomes of bariatric surgery in
the COVID-19 era [42]. In this study, the 30-day outcomes
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of 2001 adult patients (> 18 years) from 127 hospitals in 35
countries who underwent BMS between 1st May and 10th
July 2020 were analyzed. The most BMS procedures per-
formed were sleeve gastrectomy [1142 (57%)], Roux-en-Y
gastric bypass [557 (28%)], and mini-gastric bypass [215
(11%)]. The 30-day morbidity and mortality rates were 6.8%
(n=138) and 0.05% (n=1), respectively. The postoperative
symptomatic COVID infection rate was 0.5% (n=10). None
of the patients who developed COVID required ICU care
and none died [42].

A nationwide French study of more than 4 million obese
individuals found that 8286 individuals required admission
for COVID-19 between January and May 2020. Among
these COVID-19 obese patients, 541 patients had a his-
tory of BMS. Interestingly, on logistic regression analysis,
the authors found that previous BMS was associated with
a significantly reduced risk of mechanical ventilation and
mortality [43].

Based on these reports, it can be concluded that BMS can
be offered to the obese patients if the healthcare resources
are present and appropriate measures are taken to prevent
perioperative transmission of SARS-CoV-2 infection. In
areas with high incidence of COVID-19, BMS should be
resumed once there is reduction in the number of COVID-
19-related hospital admissions.

Solid-organ transplantation (SOT)

All the patients undergoing SOT receive immunosuppres-
sion, making them prone to develop opportunistic infections.
As there was no evidence on the incidence, severity, and
impact of SARS-CoV-2 infection in immunocompromised
patients at the beginning of the COVID-19 pandemic, SOT
was performed only as a life-saving procedure in a limited
number of patients. Nevertheless, with the availability of
health care resources and a better understanding of COVID-
19, several transplant centers have resumed SOT. Most of
the transplant centers followed strict perioperative protocol
such as preoperative COVID-19 testing of the recipient and
donor, COVID free surgical pathway, maintaining isolation
in the postoperative period, and COVID-19 testing of the
caregivers (Table 2).

A prospective study from Northern Italy included 17
patients who received liver transplantation (LT) between
February and April 2020 [44]. Out of these 17 patients, two
patients developed COVID-19 infection after LT, and one
patient died due to COVID on postoperative day 30. The
authors concluded that LT is safe in the COVID-19 pan-
demic, and LT programs can be continued if the required
healthcare resources are available [44].

In a multicenter Indian study involving 31 living donor
LT patients (21 adults and 10 pediatric patients) from April
to July 2020, one patient developed SARS-CoV-2 infection
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46 days after surgery and was recovering at the time of
publication [45]. In this patient, mycophenolate mofetil
was stopped, and the doses of tacrolimus and steroids were
modified. No antivirals were administered due to the risk of
hepatitis. None of the donors or transplant team members
developed SARS-CoV-2 infection during the study period.
The authors emphasized the importance of maintaining strict
protocol in preventing the development of COVID-19 in the
recipients, donors, or transplant team members [45].

The waitlist mortality rate in the liver transplant candi-
dates is 5% at 6 months, 10.4% at 1 year and 19% at 3 years
[46]. However, the mortality in patients with high Model for
End-stage Liver Disease (MELD) score > 30 is more than
50% at 3 months [47]. While, the success rate of LT is 90%
at 1 year and 80% at 3 years [48]. As the benefit outweighs
the risk, considering the ongoing COVID-19 pandemic,
most of the transplant societies recommend that the deci-
sion to perform LT should be taken based on the local inci-
dence of SARS-CoV-2 infection, availability of resources,
severity of the liver disease in the waitlist candidates and the
regional/national health policies [49, 50]. In addition, each
candidate must be explained the additional risk of SARS-
CoV-2 infection and its complications after LT during the
counseling process.

Sars-Cov-2 infection in liver transplant
recipients

The nationwide study from the Italian registry reported
that the cumulative incidence of COVID infection in SOT
recipients was 1.02%, which was significantly higher than
the non-transplant patients (0.4%) (p <0.05) [51]. Among
450 SOT recipients with SAR-CoV-2 infection, 89 (19.8%)
were LT recipients). The cumulative incidence of SAR-
CoV-2 infection was lower in LT recipients compared to
kidney and heart recipients. More than 80% of SOT recipi-
ents had undergone transplants more than 1 year before the
SAR-CoV-2 infection. Out of 450 patients, 123 patients died
during the follow-up period. The 30-day and 60-day mortal-
ity rates were lower in LT recipients compared to heart and
kidney recipients (Table 3) [51].

A study by Kates et al. involving data from more than 50
transplant centers in the United States reported outcomes
of 482 SOT recipients with laboratory-confirmed SAR-
CoV-2 infection [52]. Out of these, 73 (15.1%) patients
had undergone LT. The median age of the included patients
was 58 years. The median time post-transplant was 5 years.
376 (78%) patients required hospitalization, including 147
(39%) patients requiring ICU care and 77 (20.5%) patients
who died within 1 month after the diagnosis of COVID-
19 (Table 3) [52].
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The multicenter study from the European LT Registry
(ELTR) is the largest study reporting the outcomes of SAR-
CoV-2 infection in 243 adult symptomatic LT patients from
36 centers [53]. They found that 84% of patients required
hospitalization, including ICU admission in 19% of cases.
About 20% of LT patients died due to COVID-9, with respir-
atory failure being the primary cause of death. On multivari-
ate analysis, the authors found that age > 70 years, comor-
bidities such as diabetes mellitus, and chronic kidney disease
were independent risk factors for mortality (Table 3) [53].

In a comprehensive review and meta-analysis by Raja
et al. including 1500 kidney, 505 liver, and 282 other organ
transplant recipients, the pooled incidence of hospital admis-
sion, ICU admission, mechanical ventilation, and all-cause
mortality was 81%, 29.3%, 25.9%, and 18.6%, respectively
[54]. Among the LT recipients, the all-cause mortality rate
was 11.8%.

Use of immunosuppression and drugs for COVID
infection among LT recipients

In the ELTR study, the authors reported the use of hydroxy-
chloroquine, lopinavir-ritonavir, low molecular weight hepa-
rin, high doses of corticosteroids, and tocilizumab for the
SARS-CoV-2 infection in LT recipients [53]. Surprisingly,
the use of tacrolimus was associated with a significantly
reduced risk of mortality in LT recipients with COVID-
19 infection [53]. On subgroup analysis, the authors found
that patients receiving tacrolimus were younger, had fewer
comorbidities, and were less frequently treated with ACE or
ARB inhibitors. However, tacrolimus was protective even
after taking care of the cofounders. The possible reasons
behind the beneficial role of tacrolimus could be direct
inhibition of the viral replication and cytokine storm [33].
However, in the multicenter US study by Kates et al., the
authors found no association between immunosuppression
and 28-day mortality [52].

In the meta-analysis by Raja et al. involving 2772 SOT
recipients, the authors reported that immunosuppressive
medications, especially antimetabolites, were reduced in
76.2% of patients, and calcineurin inhibitors were reduced
in 38.7% of patients [54]. Steroids were seldom reduced.
The most commonly used drugs to treat COVID-19 were
hydroxychloroquine, azithromycin, IL-6 antagonists such
as tocilizumab, protease inhibitors, and high-dose steroids,
with the pooled incidence of their use ranging from 14.9 to
59.5% [54].

According to American Association for the Study of
Liver Diseases (AASLD) guidelines, the dose of immuno-
suppressants should not be reduced in LT recipients with-
out COVID-19 [55]. In LT recipients with COVID-19, a
reduction in the dose of azathioprine, mycophenolate, and
high-dose prednisolone should be considered. The dose of

calcineurin inhibitors can be reduced if required but should
not be stopped. The use of hydroxychloroquine, azithromy-
cin, and lopinavir—ritonavir to treat COVID-19 is not recom-
mended [55].

Triage of patients for elective surgery
during the COVID-19 pandemic

During the pandemic, triage of patients is required to sched-
ule the elective surgery based on the hospital burden of the
COVID-19 patients and the available healthcare resources
[56]. To facilitate rational, individualized decision-making,
a multidisciplinary team that includes oncologists, surgeons,
gastroenterologists, radiologists, and other health care pro-
viders can be formed to conduct weekly virtual meetings to
discuss the pending elective cases [57]. Priority for surgery
is given to cancer patients who have completed neoadjuvant
therapy, patients with aggressive cancers for which other
therapies are not very effective, patients awaiting the sec-
ond part of the staged procedures, diagnostic procedures,
and patients with acute symptoms such as bleeding, bowel
obstruction and bowel perforation [57].

Different triage systems have been proposed to guide the
clinicians in decision-making [7, 16, 58—-60]. Some triage
systems are predominantly based on the proportion of the
COVID-19-related hospital admissions and availability of
hospital resources [58—60]. At the same time, other triage
systems are mainly based on the disease and patient fac-
tors to determine the urgency of performing the surgical
procedure [7, 60—62]. The multidisciplinary team can use
these triage systems to propose an individualized treatment
plan for the patients awaiting elective surgeries during the
COVID-19 pandemic.

Regarding LT, elective deceased donor LT should be per-
formed only if both donor and recipient are COVID negative
and the recipient is from the same city to avoid air travel
[63]. Living donor LT should be carried out only for urgent
cases as it exposes the donor to the risk of SARS-CoV-2
infection during hospital admission.

Strategies to reduce perioperative
transmission of SARS-CoV-2

In the early period of the COVID-19 pandemic, due to the
shortage of personal protective equipment (PPE) and fear
of perioperative SARS-CoV-2 transmission to the patients
and health care workers, only emergency surgeries were car-
ried in the COVID-19 affected countries. Subsequently, with
the availability of PPE, increased healthcare facilities, and
a better understanding of the COVID-19 disease, elective
surgeries were resumed. However, it is prudent to follow
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the strategies recommended by surgical societies based on
the available evidence to prevent perioperative COVID-19
transmission [6, 7, 64, 65]. The key recommendations have
been summarized in Table 2 [66, 67].

In addition to the general recommendations applicable
for all the surgeries, specific precautions need to be fol-
lowed depending on the type of surgery. For example, in
laparoscopy surgeries, extreme care should be taken to
prevent SARS-CoV-2 transmission by minimizing aero-
sol generation, avoiding gas leaks, and appropriate smoke
evacuation (Table 2). Surgical smoke is considered to be
one of the means of perioperative viral transmission based
on the previous reports [21]. The SARS-CoV-2 virus has
been found in the peritoneal fluid, bile, ascitic fluid and sur-
gically resected specimens suggesting that the viruses are
present in the operative field during the surgery [18, 68].
But, the evidence to support that SARS-CoV-2 infection is
transmitted by surgical smoke is lacking [15, 17, 18]. How-
ever, due to the theoretical concerns, it is recommended to
use personal protective equipments and smoke evacuation
devices, minimize aerosol generation, and avoid gas leaks to
prevent perioperative SARS-CoV-2 transmission (Table 2)
[16, 19, 20].

Regarding LT, the recipient should be tested for SARS-
CoV-2 infection by real-time PCR within 24 h of LT
[69]. All deceased donors should be preferably tested for
COVID-19 by bronchoalveolar lavage. Living donors should
be tested 24-72 h before LT. Moreover, self or hospital-
based quarantine for 14-21 days before LT should be rec-
ommended [70]. If the recipient had active SARS-CoV-2
infection, then LT should be deferred for at least 28 days
after symptom resolution and should have two negative RT-
PCR tests 24 h apart before LT [69]. The COVID-19-free
surgical pathway should be implemented for LT [70]. Post-
discharge follow-up hospital visits should be avoided, and
online consultation should be encouraged. However, in case
of any emergency, the transplant patients should attend the
hospital. Treating clinicians should suspect COVID-19 if
the recipients develop any COVID-related symptoms such
as fever, cough, and breathing difficulty.

Conclusions

Perioperative SARS-CoV-2 infection has an adverse impact
on postoperative outcomes. However, patients with COVID-
19 should not be denied emergency abdominal surgeries.
Elective surgeries should be triaged based on the urgency
of performing the surgical procedure, the hospital burden
of COVID-19 patients, and the availability of healthcare
resources. Routine preoperative screening for SARS-CoV-2
infection should be performed before elective surgeries.
Abdominal surgery in COVID patients should be postponed

@ Springer

for at least 4 weeks to optimize the postoperative outcomes.
All surgeries in COVID-19-negative patients should be
performed using the COVID-19-free surgical pathway to
prevent perioperative SARS-CoV-2 transmission. LT in
COVID-19 pandemic is safe provided it is performed strictly
as per the recommended guidelines.
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