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Abstract

Background and Aims: The COVID-19 pandemic has
impacted the care of patients with liver disease. We ex-
amined impact of COVID-19 on liver transplant (LT) activ-
ity in the USA. Methods: LT listings in the United Net-
work for Organ Sharing (UNOS) database (April 2018-May
2021) were analyzed to examine the impact of COVID-19
pandemic on the LT activity based on etiology: hepatitis
C virus (HCV), alcohol-associated liver disease (ALD), al-
coholic hepatitis (AH), and nonalcoholic steatohepatitis
(NASH) complications: hepatocellular carcinoma (HCC)
and acute-on-chronic liver failure (ACLF) grade 2 or 3) and
Model for End-Stage Liver Disease (MELD) score. Joinpoint
regression models assessed time trend changes on a log
scale. Results: Of 23,871 recipients (8,995 in the COV-
ID era, April 2018-February 2020), mean age 52 years,
62% men, 61% Caucasian, 32% ALD, 15% HCC, 30%
ACLF grades 2-3, and mean MELD score 20.5), monthly LT
changes were a decrease of 3.4% for overall LTs and 22%
for HCC after September 2020, and increase of 4.5% for
ALD since 11/2020 and 17% since 03/2021 for ACLF grade
2-3. Monthly MELD scores increased by 0.7 and 0.36 after
June 2020 for HCV and HCC respectively. Conclusions:
The COVID-19 pandemic has impacted LT activity, with a
decrease of LTs especially for HCC, and an increase of LTs
for ALD and severe ACLF. Strategies are needed to reor-
ganize cirrhosis patients to overcome the aftereffects of
COVID-19 pandemic.
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Introduction

Coronavirus disease 2019 (COVID-19) infection caused by
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has affected normal life worldwide since the first
case was reported in December 2019.1-4 Because it is highly
transmissible from person to person, COVID-19 has spread
all over the world rapidly and was declared a pandemic in
March 2020. Currently, this disease has led to over 809,300
deaths in the United States and 5.40 million deaths world-
wide from the beginning of the pandemic to December 24,
2021 (www.cdc.gov).

Hospital resources needed to be prioritized worldwide in
order to take care of the increasing patient load and hos-
pitalizations of patients infected with SARS-CoV-2 and also
to reduce transmission of the virus. Diversion of manpower
and resources to take care of patients with severe COVID-19
infection, shortage of hospital and intensive care unit beds,
limited availability of donor organs, and concern for risk of
perioperative transmission, impacted routine care of patients
with cirrhosis. Liver transplant (LT) activity has been impact-
ed, limiting LT for urgent cases with acute-on-chronic liver
failure (ACLF) and multiorgan failure, and delaying LTs for
stable patients with lower model for end-stage liver disease
(MELD) scores or with hepatocellular carcinoma (HCC).5-8
The American Association for Study of Liver Disease recom-
mended center specific policies on LT evaluations and activity
during the COVID-19 pandemic as basis for mitigating the
impact of COVID-19 on patients and healthcare providers.®
In addition, shelter in place orders and depression/anxiety
during the pandemic resulted in increased sales of alcohol
beverages and increased alcohol consumption.1%11 Clearly,
this impacted patients with alcohol-associated liver disease
(ALD), the leading indication for LT in the USA. With continu-
ing increase in the COVID-19 case load in spite of availabil-
ity of effective vaccines since December 2020, the impact
of COVID-19 on LT activity in the USA needs to be explored
further. The specific aims of this study were to examine the
impact of COVID-19 on the LT frequency and variation in liver
disease etiology, MELD score, and complications of cirrhosis,
especially HCC or ACLF.

Methods

The United Network for Organ Sharing (UNOS) database
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Fig. 1. Joinpoints in trends of monthly liver transplants from April 2018 to May 2021. (A-D) Total number of transplants (A), percent liver transplants for
alcohol-associated liver disease (B), percent liver transplants for concomitant hepatocellular carcinoma (C), and percent liver transplants for patients complicated by
acute on chronic liver grade 2 or 3 (D). The slope with 95% confidence interval indicates the monthly percentage change on a log scale before and after joinpoint.

was used for this study. As the COVID-19 infection was de-
clared a pandemic in March 2020, LT listings were stratified
to March 2020-May 2021 (COVID era) and April 2018-Feb-
ruary 2020 (pre-COVID era). Given that there were etiologi-
cal based changes in trends of LT even before the COVID
era because of a decrease in HCV and increase in NASH and
ALD transplants, we purposely examined trends over 22
months in the pre-COVID era so that we could have a sta-
ble trend during that period, which we then compared with
the change in trend during COVID era. The number of LTs
in each month from April 2018 to May 2021 were counted
and the percentage and standard error (SE) of LTs by month
were calculated for liver disease etiology, including hepati-
tis C virus infection (HCV), ALD, nonalcoholic steatohepa-
titis (NASH), and alcoholic hepatitis (AH), and for cirrhosis
complications of HCC and grades 2 and 3 ACLF. ACLF and
its grades were determined as published earlier based on
EASL-CLIF criteria (Supplementary Table 1).12 The average
and SE of the MELD scores for each of the above etiologies
by month were calculated. The monthly statistics were plot-
ted, and joinpoint regression models, with a maximum of
five possible joinpoints, were used to assess whether time
the trend had significant changes. A sequential applica-
tion of the permutation test using 4,500 possible randomly
permuted datasets and the Bayesian Information Criterion
were used to determine the optimal number of joinpoints.
The statistical analysis was conducted with SAS version 9.4
and joinpoint Regression Program, Version 4.9.0.0 (https://
surveillance.cancer.gov/joinpoint/).

Results
Frequency of all transplants

A total of 23,871 LTs (mean age 52 years, 62% men, 61%

Caucasian, 32% ALD, 15% HCC, 30% ACLF grade 2-3,
and mean MELD score of 20.5) were performed during the
study period. Of all the LTs, 15,312 were performed before
COVID-19 was declared a pandemic (April 2018-February
2020) and 8,995 were performed between March 2020 and
May 2021. Analysis of the monthly frequencies of LT during
the study period showed an effect of COVID-19 infection,
with a joinpoint in September 2020 (Fig. 1A). The analysis
showed a 3.4% (95% CI: 1.3-5.4%) monthly decrease in
the number of LTs performed on a log scale between Sep-
tember 2020 and May 2021. We also compared the 3-month
post-transplant patient survival in the pre- and post-COVID
eras. Overall survival was 96.2% at 3 months after liver
transplantation without any joinpoints throughout the study
period.

Frequency of transplants for HCV, ALD, and NASH

Of the 23,871 LT during the study period, 7,536 (31.6%),
4,387 (18.4%), and 2,094 (8.8%) were performed for
ALD, NASH, and HCV respectively. Analysis of the monthly
frequency of LTs showed an effect of COVID-19 infection
among the LTs for ALD, with a joinpoint in November 2020
(Fig. 1B). The analysis showed a 4.5% (95% CI: 2.4-6.6%)
monthly increase in the percentage of LTs performed for
ALD on a log scale between November 2020 and May 2021.
Of 7,536 LTs for ALD during the study period, 1,528 per-
formed after November 2020 were in younger, women who
were less likely to have comorbid diabetes compared with
6,008 LTs for ALD between April 2018 and October 2020
(Table 1). LT performed for ALD after November 2020 were
more likely to use a poorer quality organ, and more likely
to have AH (10% vs. 6%), ACLF grade 2-3 (64% vs. 51%)
and poor performance status (53% vs. 44%, Table 1). Al-
though, there was a 4.2% monthly increase in LTs for AH
by monthly throughout the study period, no joinpoint was
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Table 2. Joinpoints in trends of monthly average MELD score among liver transplants between April 2018 and May 2021

Indication

Time period

Slope (standard error)*

Hepatitis C virus infection

Alcohol-associated liver disease

Nonalcoholic steatohepatitis

Acute on chronic liver failure grade 2 or 3

Alcoholic hepatitis
Hepatocellular carcinoma

Apr 2018-June 2020
June 2020-May 2021
Apr 2018-Sep 2019
Sep 2019-May 2021
Apr 2018-Oct 2019
Oct 2019-May 2021
Apr 2018-May 2021
Apr 2018-May 2021
Apr 2018-June 2020
June 2020-May 2021

0.05 (0.031)

0.70 (0.170)*
-0.02 (0.038)
0.19 (0.025)*
—0.05 (0.040)
0.17 (0.041)*
0.03 (0.007)*
—0.03 (0.034)
0.03 (0.016)

0.36 (0.130)*

Slope is expressed as monthly average MELD score change. For example 0.7 means monthly MELD score increase by 0.7. Rates that change at a constant percentage
every month linearly on a log scale. *p<0.05. MELD, Model for end-stage liver disease.

observed. Similarly, there was no joinpoint for LTs for HCV,
in which there was a linear decrease in LT of 2.5% (95% CI:
2.1-3.0%) on a log scale every month between April 2018
and May 2021. There was a joinpoint for related to NASH,
it was prior to the COVID era in August 2019, with a 1.0%
(95% CI: 0.0-2.0%) monthly decrease in the number of LTs
for NASH between August 2019 and May 2021.

Analysis of the average monthly change in MELD scores
during the study period showed an impact of COVID-19 era
for HCV-related LTs, with a joinpoint in June 2020 (Table
2). The average MELD score increased by 0.7 (SE: 0.17)
every month for HCV-related LTs between June 2020 and
May 2021. Although, there were joinpoints in LTs for ALD
and NASH, there was no impact in the COVID era, with join-
points after September 2019 (average MELD score increase
of 0.19, SE: 0.025)) and October 2019 (average MELD
score increase of 0.17, SE: 0.041).

Frequency of transplants for cirrhosis complications:
HCC or ACLF grades 2-3

Of 23,871 LT during the study period, 3,618 (15.2%) were
performed for HCC and 7,008 (29.4%) for ACLF grade 2-3
(Table 1). Analysis of monthly frequencies of LTs for HCC
showed an effect of COVID-19 infection, with a joinpoint
in September 2020 (Fig. 1C). The analysis found a 22%
(95% CI: 16.4-27.0%) monthly decrease on a log scale of
LTs performed for HCC between September 2020 and May
2021. LT recipients for HCC after September 2020 (n=297)
were more likely to be college graduates, with Medicaid in-
surance, with LTs for ALD-related ACLF, higher MELD scores
and the use of poorer quality organs compared with 3,321
LTs for HCC performed between April 2018 and August 2020
(Table 1). Analysis of monthly frequencies of LT for ACLF
grades 2-3 showed an effect of COVID-19 infection, with
a joinpoint in March 2021 (Fig. 1D). The analysis showed
a 17% (95% CI: 2.7-33.2%) monthly increase in LTs per-
formed for ACLF grade 2-3 between March and May 2021.
Another increase was observed, but it was before COVID-19
was declared a pandemic, with LTs for ACLF grade 2-3 in-
creasing by 2.4% (95% CI: 1.8-3.0%) every month be-
tween September 2019 and February 2021. LTs performed
for ACLF grade 2-3 after March 2021 (n=636) were young-
er, more likely to be graduates, with private insurance, and
LTs because of ALD and/or AH, with higher MELD scores,
and poorer quality organs compared with 3,388 LTs for ACLF
grade 2-3 between September 2019 and February 2020

and 2,984 between April 2018 and August 2019 (Table 1).
Analysis of the average monthly change in MELD score dur-
ing the study period showed an impact of COVID-19 era for
HCC-related LT, with a joinpoint in June 2020 (Table 2). The
average MELD score increased by 0.36 (SE: 0.13) every
month for HCC-related LTs between June 2020 and May
2021. Although, the average monthly MELD score increased
by 0.03 (SE: 0.007) in LT recipients who were in ACLF grade
2-3, there was no joinpoint or impact of the COVID era.

Frequency of transplants for acute liver failure

A total of 3.2% of the LTs were performed for acute liver
failure (UNOS codes 4100, 4101-4108, and 4110) without
any joinpoint during the study period. Similarly, there were
no joinpoints in any of the regions for LT performed for
acute liver failure.

Discussion

The main findings of our study are that the COVID-19 pan-
demic was associated with a decrease in the number of
LTs, especially for HCC, and an increase in the proportion
of transplants for ALD and ACLF grades 2 and 3. In addi-
tion, the MELD scores of transplant candidates with HCV
cirrhosis or HCC who received LTs were higher during the
COVID-19 pandemic. In recent analyses using the UNOS
database (June 2019 to February 2021), the number of list-
ings and LTs remained unchanged in spite of an increase in
ALD listings and LTs during the COVID-19 pandemic.13-15
In another study using the UNOS database (January-June
2020) assessing 3,600 LT, a 38% decrease in the overall
number of LTs during weeks 10-15 of 2020 was observed.16
In an international study using the European and USA LT
registries, the frequency of all solid organ transplants in-
cluding LTs decreased during the first 3 months of the pan-
demic, stabilized after June 2020, and then decreased again
between October and December 2020. We also found a de-
crease in the number of LTs starting in September 2020.17
Shelter in place orders, impact on routine care of cirrhosis
patients following the reduction in outpatient clinic visits,
diverting resources and manpower to take care of increas-
ing COVID-19 load, and reduction in organ donor availabil-
ity during the COVID-19 pandemic explains the reduction in
LT activity observed in our and other studies.46-10
ALD-related LT activity increased during the COVID-19
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pandemic without any impact on HCV and NASH related
LT. In a recent analysis using the UNOS database, COV-
ID-19 era was associated with an increase in LTs for ALD by
10.7%, and the ALD etiology contributed to 40.1% of all LTs
performed in the COVID era.!3 In another study reporting
LT activity in a single tertiary care center between January
1 and August 25, 2020, a 62% increase in transfers for
decompensated ALD patients was observed even during the
declining COVID-19 period of April 23, 2020 to August 25,
2020. In this study, of the 30 patients with severe AH not
responding to medical therapy, nine (16%) received an ear-
ly LT, with about two LT per month for severe AH compared
with one LT every 2 months at that center prior to the pan-
demic.8 In another study using the UNOS database (March
2018 to February 2021), LTs for AH increased by 13.1 (SE:
4.3) every month starting June 2020.1> Psychosocial stress
resulting from direct and indirect effects of COVID-19, shel-
ter in place orders, and increased alcohol sales during the
pandemic leading to increasing alcohol consumption, and
resulted in decompensation of cirrhosis and need for LT.10,11
For example, of the nine patients at a single center who
received an early LT for severe AH during the pandemic,
pandemic-related stressors accounted for increasing alcohol
use in three, with the death of a loved one, loneliness, and
essential workers without enough protective equipment in
one patient each.1® We observed a continuous rise in LTs for
severe AH after 2018, but no association with the COVID-19
era. Our analysis also found an impact of the COVID era on
LTs performed in patients with grade 2 or 3 ACLF beginning
in March 2021. This was associated with an ALD etiology,
with 53% of transplants for grade 2 or 3 ACLF between
March and May 2021 because of ALD compared with 38%
before September 2019. Delay in cirrhosis care with re-
duced face-to-face clinic visits and increased prevalence of
alcohol abuse during the COVID pandemic may account for
a delay in presentation of patients with ACLF who needed LT
as a salvage therapy.19:20 In our analysis, the MELD score
had to be higher in our analysis in order to receive an LT
for HCC during the COVID-19 pandemic. A Markov model
based on a 50% reduction in organ donor availability during
the COVID-19 pandemic in Italian wait-listed patients for T2
HCC showed a net benefit of LT starting at a MELD score of
30 compared with 15 before the COVID-19 pandemic. The
authors suggested that LT for HCC should focus on T2 HCC
patients who have the highest net survival benefit.2!

The strengths of our study were extending the period
of analysis until May 2021 and comparing the COVID pe-
riod with a 2-year pre COVID period ending in March 2018.
Further, our statistical analysis used joinpoints to find the
best fitting log linear regression model from data compared
with previous analyses with a specified fixed joinpoint of Apr
2020. It would have been interesting to include donor and
recipient SARA-COV2 PCR data, but that was not available in
the UNOS dataset. We do acknowledge the limitations of our
retrospective cohort design. The monthly frequency analy-
sis did not provide a large enough sample size to test the
association of shelter in place orders with state-level and
center-level variation in LT activity. We also acknowledge
that the change in organ allocation in February 2020 with
capping of MELD exception points for HCC-related listings
may have contributed to some of the changes observed in
our analysis, especially in the decrease of HCC-related LTs.

In conclusion, the COVID-19 pandemic was associated
with a decrease in number of LTs especially for concomitant
HCC, and an increase in the proportion of transplants for
ALD and grade 2 and 3. ACLF. In addition, the MELD score
had to be higher during the COVID-19 pandemic in order
for patients with liver disease caused by HCV and those with
HCC to receive an LT. The delay in cirrhosis care, increased
alcohol use during the pandemic as a result of shelter in
place orders and the subsequent increase in increasing life

Kuo Y.F. et al: COVID-19 and liver transplantation

stressors continue to impact cirrhosis patients. Strategies
are needed to reorganize these patients in the community
as a basis for coming out of the aftereffects of pandemic of
COVID-19.
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