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BACKGROUND AND AIMS: The surge in unhealthy al-
cohol use during the COVID-19 pandemic may have detri-
mental effects on the rising burden of alcohol-associated liver
disease (ALD) on liver transplantation (LT) in the USA. We
evaluated the effect of the pandemic on temporal trends for
LT including ALD.

APPROACH AND RESULTS: Using data from United
Network for Organ Sharing, we analyzed wait-list outcomes in
the USA through March 1, 2021. In a short-period analysis, pa-
tients listed or transplanted between June 1, 2019, and February
29, 2020, were defined as the “pre-COVID” era, and after April
1, 2020, were defined as the “COVID” era. Interrupted time-
series analyses using monthly count data from 2016-2020 were
constructed to evaluate the rate change for listing and LT be-
fore and during the COVID-19 pandemic. Rates for listings
(P = 019) and LT (P =
pandemic despite a significant reduction in the monthly listing
rates for HCV (-21.69%, P < 0.001) and NASH (-13.18%;
P < 0.001). There was a significant increase in ALD listing
(+7.26%; P < 0.001) and LT (10.67%; P < 0.001) during the
pandemic. In the COVID era, ALD (40.1%) accounted for
more listings than those due to HCV (12.4%) and NASH
(23.4%) combined. The greatest increase in ALD occurred in
young adults (+33%) and patients with severe alcohol-associated
hepatitis (+50%). Patients with ALD presented with a higher

0.14) were unchanged during the

acuity of illness, with 30.8% of listings and 44.8% of LT having
a Model for End-Stage Liver Disease-Sodium score >30.

CONCLUSIONS: Since the start of COVID-19 pandemic,
ALD has become the most common indication for listing
and the fastest increasing cause for LT. Collective efforts are
urgently needed to stem the rising tide of ALD on health
care resources. (HepaToLoGY 2021;74:3316-3329).

he exponential increase in the

ber of reported coronavirus disease 2019

(COVID-19) cases in the USA has man-
dated large-scale health care practice changes across
the country. Although organ transplantation is often
a medical emergency, the increasing demand and use
of hospital resources has adversely affected the abil-
ity of transplant centers to perform these life-saving
procedures. Previous analyses have demonstrated
that solid organ transplantation within the USA was
significantly curtailed by COVID-19.) However,
the reduction was driven primarily by a substantial
decline in kidney and living donor transplantation
volumes during the early phases of the pandemic in
March and April 2020.%% Although these analyses
appreciated a downtrend in transplant volumes among
all organ types, an ongoing follow-up was warranted

num-
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to understand how this trend has affected liver trans-
plantation (LT) on both a national and regional level.

In particular, patients with alcohol-associated liver
disease (ALD) are an important subpopulation to con-
sider. Data from early in the pandemic showed a rise
in liquor sales during the pandemic.”’ Other recently
published studies showed that increased alcohol con-
sumption, which was associated with length of time
spent under a shelter-in-place order, increased stress,
greater alcohol availability, and diagnoses of depres-
sion or depressive symptoms.®™ ALD is already the
leading indication for LT in the USA.®” The down-
stream impact of increased unhealthy alcohol use
during the pandemic can have substantial, detrimental
effects and may have already affected LT in the USA.

The landscape for LT in the USA has changed dra-
matically over the past 5 years due to advancements for
treating HCV, rising prevalence for NASH, and increased
leniency for programs to list those with ALD.%® This
has led to declining LT" rates for HCV and increasing
rates for ALD and NASH. The effect of the COVID-19
pandemic on LT for these etiologies needs to be explored
further. Therefore, we aim to evaluate the effect of the
COVID-19 pandemic on wait-list outcomes in relation
to short-term and long-term temporal trends for L'T.

Patients and Methods

STUDY DATABASE AND
PARTICIPANTS

This study was exempted from IRB approval. We

conducted an analysis of prospectively collected data
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from the United Network for Organ Sharing (UNOS)
among all adult (age >18 years) LT wait-list regis-
trants and recipients. We defined the 9-month period
from June 1, 2019, through February 29, 2020, as the
“pre-COVID era.” Similarly, we defined the 9-month
period from April 1, 2020, through December 31,
2020, as the “COVID era.” To limit confounding from
regional variation in the adoption of shelter-in place
statutes during March 2020 and its effect on LT, we
excluded data from March 1, 2020, through March
31, 2020, from our comparative analyses. Wait-list
additions or listings were defined as patients initially
listed only during the defined era period. Follow-up
data were available until March 1, 2021.

Etiology of liver disease including ALD and severe
alcohol-associated hepatitis (SAH) was determined by
distinct primary and secondary diagnostic codes pro-
vided by the UNOS registry. Patients listed or trans-
planted HCV or NASH were also evaluated. Other
patient characteristics included sociodemographic
characteristics including age, gender, ethnicity/race,
and including laboratory
Model for End-Stage Liver Disease—Sodium score
(MELD-Na), presence of ascites, HE, history of
spontaneous bacterial peritonitis, HCC, hemodialysis,
mechanical ventilation, and US geographic region.

clinical characteristics

TEMPORAL TREND ANALYSES

To compare how pandemic-associated changes
took place within the context of ongoing trends over
the last several years, we constructed single-group
interrupted time-series regression models using
monthly cumulative count data from the last 5 years
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(January 1, 2016, to March 1, 2021) to account for
long-term time trends in the data.®? April 1, 2020,
represented the start of the COVID-19 pandemic.
Predicted rate during the pandemic was determined
using cumulative monthly counts in the pre-COVID
era from January 1, 2016, through February 28, 2020,
and compared with actual rates during the pandemic.
Using these models, we analyzed changes in rates for
overall and etiology-based (ALD, NASH, and HCV)
cumulative listing and transplant trends. In consider-
ation of the idea that consecutive observations in a
trend tend to be more similar than observations fur-
ther apart, our time-series models were corrected for
autocorrelation appropriately to favor the assumption
that observations are independent.

We also evaluated trends in wait-list and LT rates
before and during the COVID-19 pandemic in a
short-term analyses. We split the pre-COVID and
COVID eras into 3-month periods, resulting in six
quarters. The quarterly average number of new wait-
list additions, wait-list deaths, and LT surgeries per-
formed in the pre-COVID era (April 1, 2019, to
December 31, 2019) were compared to counts during
each of the three time periods during the pandemic
(April 1, 2020, to June 30, 2020; July 1, 2020, to
September 30, 2020; October 1, 2020, to December
31, 2020). We also examined temporal trends in wait-
list and LT in subgroups with ALD, SAH, and by
geographic region in the USA.

SENSITIVITY ANALYSES

First, we sought to evaluate how state-to-state varia-
tion in the duration of shelter-in-place order statutes for
COVID-19 affected listing and transplants performed
for patients with high MELD (MELD-Na > 30)
between eras. Although covariates directly relating
to pandemic restrictions or shelter-in-place were not
available in the UNOS database, to address this point
we ascertained the timing of shelter-in-place orders for
all states, and categorized states based on the imple-
mentation and duration of shelter in place during
the study time frame using the COVID-19 US state
policies database."? We categorized patients into the
tollowing groups based on the duration of shelter-in-
place for the corresponding state of each transplant
center at time of listing/transplant: (1) no shelter-in-
place order (IA, NE, AR, UT, SD, ND, WY, and KY),
(2) shelter-in-place orders <45 days (AL, AK, FL,
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GA, ID, KS, MS, MO, MT, NV, OK, RI, SC, TN,
TX, and WV), (3) shelter-in-place order 45-80 days
(AZ, CO, DE, DC, HI, IL, IN, LA, ME, MD, MA,
MI, MN, NC, OH, PA, VT, VA, WA, and WI), and
(4) shelter-in-place order >80 days (NY, NM, NH, NJ,
OR, and CA). We then analyzed the proportions of
patients with high MELD at the time of listing and/
or transplantation in patients with and without based
on whether they were listed/transplanted in states with
or without shelter-in-place orders.

In February 2020, Organ Procurement and
Transplantation Network/UNOS implemented the
“acuity circle” policy, which prioritizes allocating liver
organs to the sickest candidates within a 150-250
nautical mile range from a donor service area. !V In
a secondary analysis, we compared median time from
listing to transplant for all, patients with ALD, and
patients without ALD in high MELD recipients
between eras.

STATISTICAL ANALYSES

We compared clinical and demographic character-
istics between wait-list additions and LT recipients in
the pre-COVID-19 era with those in the COVID-19
era. Clinical characteristics among wait-list additions
and LT recipients, including those with ALD, were
compared in each era using chi-square test for cate-
gorical variables and Student # test (parametric) and
Mann-Whitney U test for (nonparametric) continu-
ous variables.

Interrupted time-series analyses were performed
using linear regression with Newey-West standard
errors to handle autocorrelation in addition to pos-
sible heteroskedasticity. Fine and Gray proportional
hazard regression models were constructed to evalu-
ate differences in LT rates for ALD and non-ALD in
the pre-COVID and COVID eras, respectively. The
Gray test and Fine-Gray models allow for the analysis
of competing risk events, which, in our study include
wait-list removal due to death, clinical deterioration,
or clinical improvement. Follow-up time for the pre-
COVID era was censored on February 28, 2020, to
prevent overlap between the two eras. Patients listed
without at least 2 months of follow-up data in either
era were excluded in the regression models. All statis-
tical analyses and data visualizations were performed
using STATA Version 13.0 (College Station, TX).

Statistical significance was met with a P value < 0.05.
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This study was approved by the institutional review
board at Baylor College of Medicine.

Results
OVERALL TRENDS

Cumulative year-to-date totals for wait-list addi-
tions, wait-list dropout (defined as removal from the
wait-list due to death or clinical deterioration), and
liver transplants in the USA were similar in 2019
and 2020 (Supporting Fig. S1). Although the num-
ber of LT had initially declined during the start of
the pandemic, LT volume recovered from May 2020
onward. Aggregate quarterly totals for 2020 (Table 1)
demonstrate that the LI’ recovery was seen across
all U.S. regions including the Northeast and Mid-
Atlantic, regions that experienced the largest reduc-
tion in transplant volume. However, this recovery was
not uniform. Compared with the pre-COVID era,
the Mid-Atlantic and Southeast regions experienced
a reduction in number of transplants performed. In
contrast, the Southwest region experienced both an
increase in wait-list additions and transplants in the
COVID era. Compared with the pre-COVID era,
wait-list dropout was lower in the COVID era, which
was also observed in nearly all U.S. regions (Table 1).

CHARACTERISTICS OF WAIT-
LIST REGISTRANTS AND LT
RECIPIENTS

Overall

Clinical characteristics of wait-list additions and
LT recipients in the pre-COVID and COVID eras
are given in Table 2. Both wait-list additions and
LT recipients were younger during the COVID era.
In addition, there was a higher percentage of listings
with Medicaid and private insurance and a lower per-
centage of Medicare insurance. Gender, ethnicity/
race, and geographic region of listing/transplant were
not significantly different between eras. During the
COVID era, the percentage with ALD significantly
increased, accounting for 40% of listings and LTs. The
percentage of wait-list additions with ALD (40.1%)
surpassed that for HCV (12.4%) and NASH (23.4%)
combined. Median MELD-Na scores at listing (18 vs.
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19, P < 0.001) and at transplant (23 vs. 24, P < 0.001)
were also higher in the COVID era. The percentage
of patients with a high MELD-Na scores > 30 at list-
ing (pre-COVID era: 19.9%. vs. COVID era: 22.1%;
P < 0.001) and at transplant (pre-COVID era: 30.1%
vs. COVID era: 33.4%; P < 0.001) increased signifi-
cantly during the pandemic.

ALD

Clinical characteristics of patients listed or trans-
planted with ALD are provided in Table 3. Between
eras, young adults (18-34 years and 35-50 years) expe-
rienced a modest 2.8% absolute increase, but accounted
for 35.4% of listings in the COVID era. There was
also a corresponding decrease in the number of ALD
listed or transplanted aged 65 and above. Similar to
the overall comparison, gender, race/ethnicity, and geo-
graphic region distributions were similar between the
pre-COVID and COVID eras. Median MELD-Na
at listing (22 vs. 23, P < 0.001) and transplant (27 vs.
28, P < 0.001) increased for ALD during the COVID
era. The percentage of patients with ALD listed with
MELD-Na > 30 increased from 26.6% in pre-COVID
to 30.8% in the COVID era, a 15.8% relative increase
from prior. In addition, the percentage of ALD trans-
planted with MELD-Na > 30 increased from 38.6% to
44.8%, a 16.1% relative increase. A higher proportion
of patients with ALD required hemodialysis at listing
and transplant in the COVID era. The percentage of
patients hospitalized on the general medical floor or
intensive care unit (ICU) at the time of transplant also
increased from 39.8% to 45.8% between eras (Table 3).

Listings and transplants for SAH increased from July
2020 onward, and were nearly twice the numbers of list-
ings and transplants in 2019 (Table 1). Overall, SAH list-
ings (pre-COVID era n = 131 vs. COVID era n = 207)
and transplants (pre-COVID era n = 110 vs. COVID
era n = 168) increased by 58.0% and 52.7%, respectively.
There were no differences in age or MELD-Na scores
at listing or transplant for SAH in either era.

Figure 1 depicts cumulative incidence rates for
undergoing I'T' among patients with ALD and with-
out ALD listed in the pre-COVID and COVID
eras, adjusted for wait-list removal due to dropout
(death or clinical deterioration) or clinical improve-
ment. Patients with ALD listed in the pre-COVID
era had a 15% overall higher LT rate (subdistribu-
tion HR [sHR]: 1.17, 95% CI: 1.09-1.23; P < 0.001)
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TABLE 4. Interrupted Time Series Evaluating Monthly Rate Change for Cumulative Monthly Wait-List Additions LTs
Performed During COVID-19 Pandemic

Wait-List Additions (Number per Month) LTs (Number per Month)
Monthly Rate of Increase (95% Cl) PValue Monthly Rate of Increase (95% Cl) PValue
Overall 0.194 0.146
Predicted rafe 1,064.4 (1,057.0,1,071.9) 701.8 (697.0,706.7)
Actual rate 1,046.2 (1,018.6,1,073.8) 712.9 (698.3,727.5)
Change in rate -18.3 (-46.8,10.3) +11.0 (-4.3,26.4)
% change -1.74% +1.57%
ALD <0.001 <0.001
Predicted rate 393.2 (391.3,395.2) 258.4 (253.9,262.9)
Actual rate 421.8 (409.0,434.6) 286.0 (275.7,296.2)
Change in rate +28.6 (15.6,41.5) +27.6 (16.4,38.7)
% change +7.26% +10.67%
NASH 0.001 <0.001
Predicted rate 257.1 (253.4,260.9) 166.6 (165.4,167.8)
Actual rate 244.0(238.2,249.7) 171.6 (169.5,173.7)
Change in rate -13.2 (-20.1,-6.3) +5.0(3.1,6.9)
% change -5.12% +3.01%
HCV <0.001 <0.001
Predicted rafe 164.0 (157.7,170.3) 129.9 (128.3,131.5)
Actual rate 128.5(126.1,130.9) 111.4 (108.9,114.0)
Change in rate -35.6 (-42.4,-28.7) -18.5(-21.4,-15.5)
% change -21.69% -14.22%

Note: The predicted rate during the pandemic was determined using cumulative monthly counts in the pre-COVID era from January 1,

2016, through February 28, 2020.

did not change significantly in the USA without an
enforced shelter-in-place order. There was a significant
increase in overall high MELD listings and transplants
in states with longer shelter-in-place orders of 40-
80 days. With regard to ALD, both high MELD list-
ings and transplants significantly increased with longer
duration of shelter-in-place orders of 40-80 days (pre-
COVID era: 23.1% vs. COVID era: 28.1%; P < 0.001)
and >80 days (pre-COVID era: 19.8% vs. COVID
era: 22.2%; P < 0.001) but remained unchanged for
non-ALD. Median time from listing to transplant for
patients with high MELD (at time of listing) signifi-
cantly decreased among all patients, including patients
with and without ALD during the COVID era, which
also coincided with the start of the acuity circle alloca-

tion policy (Supporting Table S1).1"

Discussion

The COVID-19 pandemic has had a far-reaching
impact on many aspects of health and health care. We
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found evidence for a substantial and rising burden of
ALD since the onset of the pandemic. In our compre-
hensive analyses of national wait-list and transplanta-
tion data, we found that over 40% of listings were due
to ALD. For the first time, ALD accounted for more
listings than HCV and NASH combined. In parallel,
we found a shift in the severity of liver disease at the
time of listing and transplantation, MELD-Na score
at listing and transplant were significantly higher in
the COVID era, and much of this trend was due to
the higher severity of liver disease seen in patients with
ALD. The percentage of patients with ALD listed
or transplanted with a MELD-Na > 30 significantly
increased by over 15% during the pandemic. Our data
also show that patients with ALD had an advantage
over patients with other etiologies, but this disparity
grew substantially in the COVID era. Patients with
ALD had a 50% higher probability of LT rate than
patients with other liver disease. Collectively, these
data show that the COVID-19 pandemic has accel-
erated the rising burden of ALD with substantial
impact on the LT allocation system.
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FIG. 1. Cumulative incidence rates for LT among patients listed for ALD and non-ALD in the pre-COVID and COVID eras.

During the COVID era, overall MELD-Na scores
at listing and transplant increased. Over 20% of all
wait-list additions in the COVID era had a MELD-Na
score > 30. This increase in MELD-Na and severity of
hepatic decompensation at presentation and transplant
was largely due to the fact that over 30% of listings
and 40% of transplants for ALD had a MELD-Na
score > 30—an ominous rising trend that could sug-
gest a larger contribution form alcohol-associated hep-
atitis as well. There was also a noticeable shift in the
population demographic toward a younger age and
Medicaid insurance. In addition, we found that listings
and transplants with a diagnosis code for SAH nearly
doubled since July 2020—possibly another effect of the
pandemic on unhealthy alcohol use, particularly among
young adults. Several trials have demonstrated favor-
able outcomes of early LT for SAH."*' In light of
these data, transplant centers have increasingly adopted
ALD and SAH as an indication for early I'T' among
carefully selected patients who may not have achieved
6-month sobriety.!>1®
ysis shows that this change in clinical practice over the
past few years for ALD is unlikely to explain the cur-
rent trends seen during the pandemic. Instead, our data
suggest a sharp rise in underlying rate of ALD and
SAH during the pandemic and not just an increased
consideration for early LT in patients with SAH.

) However, our time-series anal-

In our sensitivity analyses, we found an association
between longer duration of shelter in place and higher
severity of disease at the time of listing for ALD. This
was not the case for non-ALD etiologies. These data
provide support to the causal effect of the pandemic
(and related restrictions) on the sharp rise in ALD
and related hepatic decompensation. This is a cause
for concern for the lack of appropriate linkage-of-care
for patients with ALD during the pandemic. Due
to “stay at home” regulations, patients with alcohol
use disorder (AUD) and ALD who are high-risk for
relapse may no longer have structured non-alcohol-
related activities and in-person behavioral counseling
programs that were previously readily available. This
coupled with the delay in routine health care could
have had deleterious effects on patients at risk for
unhealthy alcohol use. Although there has been a call
for LT to centers to adapt to the pandemic by consid-
ering leniencies for ALD LT candidates who may not
have appropriate access to care, this strategy will not
curtail the anticipated problem.?) Few patients with
ALD receive recommended care for AUD.® Access
to these services is ever more crucial during the pan-
demic. Our data call for a well-coordinated, multi-
disciplinary effort involving policy stakeholders and
health care providers to tackle these alarming trends.
It could include use of telehealth and patient outreach
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programs that address AUD, while simultaneously
managing liver disease. Without these efforts, AUD
and ALD may have a longstanding negative effect on
our health care system, including the liver allocation
system, well after the pandemic has subsided.?”

Our study is limited by its retrospective design,
inability to evaluate onset of disease presentation,
acute-on-chronic liver disease, and variation in pol-
icies at LT centers in the USA for ALD and SAH
as an indication for LT. In February 2020, UNOS
implemented a policy limiting a candidate’s maximum
exception score to each center’s median MELD-Na
at LT minus 3."%¥ This policy was implemented to
reduce the inequity in access for LT between patients
with and without HCC and would prioritize non-
HCC. This policy may have an increased rate for
LT among patients without HCC, including patients
with ALD. However, we show no statistical difference
in the percentage of patients transplanted with HCC
before or during the pandemic. The acuity circle allo-
cation policy was implemented at the start of the pan-
demic to help prioritize patients with high MELD for
LT. In those regards, we found a significant decrease
in median time from listing to transplant among
patients with high MELD, regardless of etiology. This
may suggest that this allocation policy may be con-
tributing to increased LT rates for ALD during the
pandemic, as ALD disproportionately had a higher
percentage of patients with high MELD compared to
other etiologies. Long-term data are needed to further
evaluate the effect of the acuity circle allocation policy
on LT outcomes.

Due to center variability in the listing diagnosis,
our analysis may actually underestimate the number
of patients listed and transplanted for SAH. We were
unable to evaluate specific patient and donor (offers
and acceptances) characteristics, including COVID-19
status, which are crucial to decision making for trans-
plant programs. In addition, we were unable to eval-
uate center-specific factors on decision making for
candidates, which was likely heterogenous during this
unprecedented pandemic. In our sensitivity analyses,
we categorized the duration of shelter-in-place orders
according to the state for each transplant center. We
acknowledge the caveat that some patients may reside
in a different state from their transplant center, which
may confound our findings regarding the association

between duration of shelter-in-place orders and high
MELD listings.
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In summary, there has been an unprecedented rise
in rates of listings and transplants for ALD since
the beginning of COVID-19 pandemic. ALD has
accounted for more listings than NASH and HCV
combined. The higher severity of liver disease at
listing and an increasing proportion of young adults
among wait-listed patients are ominous signs and
suggest a higher contribution from severe alcohol-
associated hepatitis than indicated by UNOS data.
Innovative health care modalities, such as telemedi-
cine and remote health monitoring, could potentially
be leveraged to address problems of excessive at-home
drinking that is likely taking place. From a broader
perspective, COVID-19-related stressors like unem-
ployment, which have been associated with increased
alcohol use, should also be carefully considered when
caring for patients. Clinicians should ensure that
patients with ALD are receiving appropriate and
timely linkage-to-care, including referral to transplan-
tation for those meeting clinical criteria for L'T. Our
analysis might only be showing the early effects of
increased alcohol consumption that began at the start
of the pandemic, and the impact of unhealthy alcohol
use may be felt for several years to come.
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