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Abstract
Background Maintaining standards of living donor liver transplantation (LDLT) can be a challenge during the corona virus
disease 2019 (COVID-19) pandemic. Center-specific protocols have been developed and transplant societies propose limiting
elective LDLT. We have looked at outcomes of LDLT during the pandemic in an exclusively LDLT center.
Methods Patients were grouped into pre-COVID (January 2019-February 2020) (n = 162) and COVID (March 2020-January
2021) (n = 53) cohorts. We looked at patient characteristics, 30-day morbidity, and mortality. Outcomes were also assessed in
donors and recipients who underwent surgery after recovery from COVID-19.
Results The average number of transplants reduced from 11.5/month to 4.8/month. Fewer patients with MELD > 20 underwent
LDLT in the COVID cohort (41.3% versus 24.5%, P = 0.03). Out of nine patients with a positive pretransplant COVID-19 PCR,
there were 2 (22.3%) deaths on the waiting list. Seven patients underwent LT after recovery from COVID-19 with one 30-day
mortality due to biliary sepsis. Three donors with positive COVID-19 PCR underwent uneventful donation after testing negative
for COVID-19. No significant difference in 30-day survival was observed in the pre-COVID and COVID cohorts (93.2% versus
90.6%) (P = 0.3). Out of two recipients who developed COVID-19 pneumonia within 30 days after LT, there was one mortality.
The 1-year survival for the entire cohort with a MELD cutoff of 20 was 90% and 84% (P = 0.2).
Conclusion Despite comparable outcomes, fewer sick patients might undergo LDLT during the pandemic. Individuals recovered
from COVID-19 might be safely considered for donation or transplantation.
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Introduction

There has been a debilitating impact of the corona virus disease
2019 (COVID-19) pandemic on healthcare systems across the

world.
25

Solid organ transplantation appears to be one of the
hardest hit specialties with a marked reduction in transplant
volume. Patients undergoing liver transplantation (LT) remain
a vulnerable group with immune compromise, risk of postop-
erative infections, and surgical complications.

13,18,25 Living do-
nor liver transplantation (LDLT) entails additional concerns
related to donor safety and well-being in the times of pandemic.
Consequentially, many transplant societies have proposed that
LDLT should be limited to high-risk patients.

10,19 While LDLT
might be an elective procedure in the west, it is the only mode
of transplantation for very sick patients in many Asian coun-
tries, and relies heavily on hospital systems able to carry out
complex surgeries safely. It is hypothesized that outcomes of
LDLT will be compromised due to overburdened hospital sys-
tems during the COVID-19 pandemic.

14

Moreover, as potential
donors and transplant candidates recover from COVID-19 in-
fection, the safety and timing of LT in these individuals remain
unknown.
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In Pakistan, the first case of COVID-19 was detected
on 26th February 2020. At Shifa International Hospital
Islamabad, LDLT activity was put on hold on 15th
March 2020, until specific protocols were in place to en-
sure safe LT. Here we share our experience with LDLT
during the pandemic and its impact on transplant volumes
and outcomes.

Materials and Methods

We reviewed patients who underwent LDLT between 1st
January 2019 and 31st January 2021. A total of 215 trans-
plants were performed during this period. Details of donor
and recipient selection, their evaluation, and listing pro-
cess have been detailed elsewhere.

6,7

LDLT During the COVID-19 Pandemic

In Pakistan, the first case of COVID-19 was reported on
26th February 2019and Shifa International Hospital
remained open for COVID-19 patients. The transplant
program was put on hold on 15th March 2020. After a
dedicated COVID pathway was established (Fig. 1), LT

activity resumed in May 2020. All potential donors and
recipients underwent COVID-19 PCR testing before
workup was initiated. As per Human Organ and
Transplant Authority of Pakistan, it was mandatory for
both donors and recipients to be COVID-19 PCR negative
before transplant approval was granted. In addition,
COVID-19 PCR was repeated 2 days prior to LT and a
high-resolution chest CT was performed 1 day prior for
all donors and recipients. If negative for COVID-19 PCR,
both donors and patients were isolated in the hospital.
Patients and donors with a positive COVID-19 PCR or
typical/intermediate findings of COVID-19 on CT chest
were delayed until PCR was negative and CT chest was
negative. All asymptomatic patients and potential donors,
with a positive COVID-19 PCR, were encouraged to iso-
late themselves, and repeat testing was performed in 3
weeks. No major changes were made to our standard im-
munosuppression (calcineurin inhibitors and low-dose ste-
roids), antibiotics, and anti-coagulation protocols during
the COVID-19 pandemic. We did not perform routine
COVID-19 PCR in the posttransplant period unless it
was clinically indicated. The posttransplant outpatient
consultation was predominantly via our Telehealth system
unless it was clinically necessary to see the patients in

Fig. 1 Preoperative assessment protocol for COVID-19 at Shifa International Hospital Islamabad

3093J Gastrointest Surg  (2021) 25:3092–3098



person. Since most of our patients reside in far off cities,
they were encouraged to arrange accommodation in the
hospital vicinity for at least 3 weeks after discharge.

Study Design

For this study, we divided our patients to pre-COVID
(January 2019-March 2020) and COVID (April 2020-
Janaury 2021) cohorts. We reviewed demographics, etiol-
ogy, MELD scores, presence of hepatocellular carcinoma
(HCC), various graft, and operative variables. The prima-
ry outcome of interest was 30-day mortality and major
morbidity in transplanted patients and donors. Morbidity
was graded based on Clavien-Dindo grading and all major
(grade 3 and above) complications were recorded.

4

Statistical Analysis

Categorical variables were represented as frequencies and
percentages. Interval data was represented as means with
standard deviation (SD) or medians with inter-quartile
range (IQR) depending on distribution of data. Chi-
square and Fischer test were used for categorical variables
while t test or Mann Whitney U test was used for interval
variables. Kaplan-Meier curves were used to determine
estimated 1-year overall survival (OS) for the entire co-
hort (January 2019-August 2020) and Log rank test was
used to determine significance. A P value < 0.05 was
considered statistically significant. All analyses were per-
formed on Statistical Package for Social Sciences (SPSS)

version 20. This study was approved by the hospital
ethics committee (IRB# 062-21).

Results

Table 1 shows the patient characteristics in the two cohorts.
Fewer MELD > 20 patients underwent LDLT in the COVID
group (41.3% versus 24.5%, P = 0.03). Between March and
December 2020, the three monthly percentage of patients un-
dergoing LDLTwith aMELD > 20 remained under 30% (Fig.
2). The estimated 1-year OS with a MELD score cutoff of 20
was 90% and 84% (P = 0.2) as shown in Fig. 3.

There was no significant difference in 30-day patient sur-
vival (93.2% versus 90.6%, P = 0.3) (Table 2). More patients
underwent multiple hepatic venous anastomoses (78.3% ver-
sus 96.3%, P = 0.002) in the COVID cohort. A significant
increase in warm ischemia time (46 min versus 56 min, P =
0.005) and duration of surgery (9 h versus 11 h, P < 0.001)
was seen in the COVID cohort. There were nine (4.1%) grade
3 complications in donors (re exploration for bleeding = 1,
ERCP for bile leak = 1, image-guided percutaneous drain
placement for abdominal collections = 7). There was no donor
mortality.

Figure 4 shows the transplant workload during the
COVID-19 pandemic. There were 66 donors and recipients
undergoing workup between March 2020 and January 2021.
There were 13/66 (19.6%) deaths during transplant workup on
waiting list (post TACE liver failure = 2, liver-related decom-
pensations = 9, COVID-19 pneumonia = 2). There were 9
patients and 3 donors who had a positive COVID-19 PCR

Table 1 Patient characteristics in
the pre-COVID and COVID
cohorts

Pre-COVID cohort (n = 162) COVID cohort (n = 53) P value

Recipient age, mean ± SD 45.5 ±14.1 47.6 ±11.6 0.3

Gender, males, n (%) 130 (80.2) 45 (84.9) 0.5

MELD score, median (IQR) 18 (12.7-24) 16 (10.5-19.5) 0.2

MELD groups, n (%) 0.1

≤10 19 (11.8) 11 (20.7)

11-19 76 (46.9) 29 (54.7)

20-29 53 (32.7) 10 (18.9)

≥30 14 (8.6) 3 (5.7)

MELD > 20 67 (41.3) 13 (24.5) 0.03

Etiology, n (%) 0.7

HCV infection 66 (40.7) 28 (52.8)

HBV infection 23 (14.2) 9 (17)

HBV and HDV infection 25 (15.4) 9 (17)

Cryptogenic 34 (21) 6 (11.3)

Others 14 (8.6) 1 (1.9)

Hepatocellular carcinoma, n (%) 57 (35.1) 20 (37.7) 0.7

Portal vein thrombosis, n (%) 26 (16) 8 (15.1) 0.8
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during pretransplant workup. There were 2/9 (22.2%) mortal-
ities due to COVID-19 pneumonia in patients on the waiting
list. The remaining seven patients underwent LDLT, with one
posttransplant mortality due to biliary sepsis. All three donors
were asymptomatic, proceeded to donation, and had no ad-
verse events in the postoperative period. Two patients out of
53 who underwent LDLT tested positive for COVID-19 PCR
in the second week posttransplant. Both patients were nega-
tive for COVID-19 in the pretransplant workup. COVID-19
PCR and CT chest were repeated in the postoperative period
due to respiratory symptoms. One out of these two patients
expired on postoperative day 27 while the other patient con-
tinues to be in critical care on high-flow oxygen.

Discussion

The current study reports outcomes of LDLT during the
COVID-19 pandemic from an exclusively LDLT center in
Pakistan. There was a marked reduction in overall transplant
volume, specifically for sick patients. Although overall short-

term outcomes were similar, COVID-19 infection in the early
posttransplant period appeared to be associated with negative
outcomes.

Various transplant societies have proposed that LDLT
shou ld be l im i t ed to s i ck pa t i en t s du r i ng the
pandemic.

3,8,10,16,17,19,22 We used a MELD cutoff of 20 to
define sicker patients in the current study. It is well recognized
that 3-month mortality increases from 6 to 20% with a MELD
cutoff of 20. We believe that MELD > 20 patients need prior-
itization for LT during the pandemic.

24

Despite our attempts to
transplant sicker patients first, there was a significant reduc-
tion in MELD > 20 patients who underwent LDLT. We be-
lieve that this finding might be unique to our center and re-
flects upon peculiar geographic and infrastructure-related fac-
tors in Pakistan. There are very few active LDLT programs in
Pakistan, and most patients travel to our center from other
major cities.

12

During the pandemic, it was increasingly diffi-
cult for sicker patients to fly across cities and secure admission
in critical care units for urgent care. Table 3 shows the factors
that might have led to a reduction in LDLT for sick patients in
the COVID cohort.

As the COVID-19 pandemic prolongs, there are con-
cerns regarding the risks of re infection in potential do-
nors and transplant candidates.

11

The safe window in
which such patients and potential donors are most suited
to undergo LT remains unknown. It has been recommend-
ed that living donors should self-quarantine for 2-3 weeks
before donation. Moreover, if they have a positive
COVID-19 PCR, they should wait for 4 weeks after
symptom resolution and proceeding to donation.

9

All
three donors and seven recipients in our study, who
underwent LDLT, had asymptomatic COVID-19 infection
and were positive on screening PCR which was part of the
transplant workup. As per our hospital protocol, we
waited 3 weeks before repeating COVID-19 PCR in
asymptomatic individuals with an initial positive PCR. If
the PCR was negative, CT chest was also performed be-
fore proceeding with LT. None of our patients and donors
had repeat COVID-19 infection in the follow-up period.

Fig. 2 Percentage of high MELD
(> 20) patients who underwent
LDLT at our center before and
during the COVID-19 pandemic

Fig. 3 Estimated 1-year overall survival for a MELD score cutoff of 20
(patients transplanted between January 2019 and August 2020)
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Except one recipient who had biliary sepsis and died, all
donors and recipients are doing well at the last follow-up.

Moreover, none of these donors or recipients had pulmo-
nary complications in the follow-up period.

Table 2 Thirty-day recipient
outcomes in the pre-COVID and
COVID cohorts

Pre-COVID cohort
(n =162)

COVID cohort (n=53) P value

30-day patient survival, n (%) 151 (93.2) 48 (90.6) 0.3

30-day patient survival-MELD score, n (%) 0.5

MELD < 20 (n = 135) 91/95 (95.7) 38/40 (95)

MELD ≥ 20 (n = 80) 60/67 (89.6) 10/13 (76.9)

Cause of death, n 0.2

Graft dysfunction 2 2

Vascular event 3 -

Biliary complication 1 1

Myocardial infarction 1 -

Sepsis 2 -

Gastric bleed 1 -

Cerebrovascular event 1 1

COVID-19 pneumonia 0 1

Hepatic artery thrombosis, n (%) 5 0 0.3

Portal vein thrombosis, n (%) 2 0 1

Biliary complications, n (%) 10 (6.2) 3 (5.7) 1

Graft dysfunction, n (%) 22 (13.5) 2 (3.8) 0.07

Re exploration, n (%) 6 (3.7) 1 (1.9) 1

ICU stay, days, median (IQR) 5 (4-6) 5 (4-6) 0.2

Hospital stay, days, median (IQR) 16 (13.7-18) 15.5 (13.7-18) 0.6

> 1 biliary anastomoses, n (%) 39 (24) 19 (35.8) 0.1

> 1 hepatic vein anastomoses, n (%) 127 (78.3) 51 (96.3) 0.002

Actual GRWR < 0.8, n (%) 32 (19.7) 6 (11.3) 0.1

Cold ischemia time (min), median (IQR) 50 (30-73.5) 52 (42.5-67.5) 0.6

Warm ischemia time (min), median (IQR) 46 (35-56) 56 (46.5-69.5) 0.005

Blood loss (ml), median (IQR) 1400 (837-2025) 1500 (1000-2500) 0.6

Surgery duration, hours, median (IQR) 9 (7-12) 11 (10-13) <0.001

Fig. 4 Mortality in listed patients
during the COVID-19 pandemic
(March 2020-January 2021)
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The impact of COVID-19 infection in liver transplant re-
cipients remains less well understood and published reports
predominantly deal with patients who developed COVID-19
infection years after LT. Old age, comorbidities, and metabol-
ic abnormalities might increase the risk of adverse events with
COVID-19 infection.

2,15,23 Very few cases of early infection,
especially in the first month after liver transplant, have been
reported.

1,21 There were two patients with documented
COVID-19 infection within 2 weeks of LT in the current
study. Both these patients were negative for COVID-19 in
the pretransplant workup. One patient died due to COVID-
19 pneumonia and the other remains in the critical care unit
with high oxygen demand. In one patient, the source was
traced back to the patient’s close family while in the other,
no obvious source could be determined. Both patients had
MELD scores between 20 and 25 and no prior pulmonary
problems.

Currently we are in the process of contacting all our
transplanted patients, encouraging them to practice strict pre-
cautions, get vaccinated, and check COVID-19 antibody
levels. In Pakistan, at this time, access to vaccination remains
limited to individuals aged > 60 years and healthcare profes-
sionals. With recent evidence suggesting significant reduction
in mortality after elective surgery in vaccinated patients, we
now encourage all our donors to get vaccinated if there is a 3-
4-week anticipated delay in liver transplantation.

5

We think
that in time, we should see improvement in donation rates
based upon the encouraging results from the international
COVIDsurg collaboration report.

There are certain limitations of the current study. Since our
hospital was open to COVID-19-positive patients, our proto-
col and findings might not be applicable to LDLT centers that
remain COVID-free centers. Moreover, the primary objective
of the current study was to assess the impact of COVID-19 on
immediate posttransplant outcomes. The actual 1-year surviv-
al and long-term results in patients transplanted during the
pandemic merit further exploration but need more time. For

survival analysis, we included patients with at least 6-month
follow-up and showed an acceptable estimated 1-year surviv-
al. The number of donors and recipients who underwent
LDLT after recovery from COVID-19 infection is rather low
to draw meaningful conclusions, but the results appear
promising.

Conclusions

The current study demonstrates comparable short-term LDLT
outcomes in the pre-COVID and COVID cohorts. It under-
scores the challenges in transplanting sicker patients during
the pandemic due to limitations in infrastructure, increasingly
overwhelmed healthcare facilities, and impending threats of
COVID-19 infection in the early post LT period. With accu-
mulating data, it is important to promote data sharing between
centers to assess safety of LDLT during the pandemic and
assess its short-term and long-term impact on transplant
outcomes.
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