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a b s t r a c t

Background: The coronavirus disease 2019 (COVID-19) pandemic has seen transplant volume decrease
nationwide, resulting in a 2.2-fold increase in waitlist mortality. In particular, solid organ transplant
patients are subjected to increased morbidity and mortality from infection. In the face of these chal-
lenges, transplant centers need to develop innovative protocols to ensure high-quality care.
Methods: A multidisciplinary protocol was developed that included the following: virtual selection
meetings, coronavirus disease 2019 negative donors, pretransplant symptom screening, rapid testing
on presentation, telehealth follow-up, and weekly community outreach town halls. All orthotopic liver
transplants completed between January 2018 and August 2020 were included in the study (n ¼ 344).
The cohort was stratified from January 2018 to February 2020 as “pre-COVID-19,” and from March
2020 to August 2020 as “COVID-19.” Patient demographics and postoperative outcomes were
compared.
Results: From March 2020 to August 2020, there was a significant decrease in average monthly referrals
for orthotopic liver transplantation (29.8 vs 37.1, P ¼ .01). However, listings (11.0 vs 14.3, P ¼ .09) and
transplant volume remained unchanged (12.2 vs 10.6, P ¼ .26). Rapid testing was utilized on arrival for
transplant, zero patients tested positively preoperatively, and median time from test result until
abdominal incision was 4.5 h [interquartile range, 1.2, 9.2]. Simultaneously, telehealth visits increased
rapidly, peaking at 85% of all visits. It is important to note that there was no difference in outcomes
between cohorts.
Conclusion: Orthotopic liver transplant can be accomplished safely and effectively in the COVID-19 era
without compromising outcomes through increasing utilization of telehealth, rapid COVID-19 testing,
and multidisciplinary protocols for managing immunosuppressed patients.

© 2021 Elsevier Inc. All rights reserved.
Introduction

The coronavirus disease 2019 (COVID-19) pandemic has had
dramatic effects across our health care system, altering the way we
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practice medicine in every field. Transplant patients have been
significantly affected, with increased morbidity and mortality from
infection attributable to immunosuppression and comorbidities,
making this patient population high risk.1e5 Given the inherent
risks of COVID-19 to both patients and providers alike, our health
care system has struggled to maintain pre-COVID-19 surgical vol-
umes during this difficult time.6e9

Solid organ transplant volume is down nationwidedacross
heart, kidney, and orthotopic liver transplants (OLTs)dleaving
potential recipients exposed to potentially increased rates of
waitlist mortality.8,10e12 Furthermore, patients in the 5 states
hardest hit by the COVID-19 pandemic experienced a 2.2-fold
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increase in waitlist mortality compared with expected.8 Not only
have transplant volumes been affected by regional infection
rates, but center variability has also been a driver for differences
in transplant volume when compared with neighboring trans-
plant programs.13 One hypothesized cause for this was the lack
of federal regulations, leading to center-level variability within
the same region.13 Moreover, ethical concerns regarding
continuing our mission to care for these patients during the
COVID-19 pandemic, while also being good stewards of available
resources, have been raised in the transplant community.14,15

Further complicating the landscape, many experts have pre-
dicted a new surge in COVID-19 cases in the coming months.5

Despite the expedient vaccine development efforts of Opera-
tion Warp Speed, currently finishing accrual with multiple
candidates in phase III trials, mass vaccination in the United
States is predicted to take until at least mid- to late 2021.
Therefore, we will need to define a new normal for continuing
to care for our patients in the years ahead.

Ohio Governor Mike DeWine declared a state of emergency
attributable to the coronavirus on March 9, 2020, cancelled all
elective medical care procedures on March 15, 2020, and declared
a stay-at-home order on March 22, 2020. This unprecedented
shutdown of standard surgical procedures left the OLT commu-
nity with new challenges in the decision-making and manage-
ment of patients with end stage liver disease (ESLD). At the end
of the study period, Hamilton County, OH, had experienced
47,940 cases per 1 million people, which is above the US average
of 49,110 cases per 1 million.16 The aim of this study is to report
our center’s (University of Cincinnati Medical Cente, Cincinnati,
OH) protocolized response to the COVID-19 pandemic. Our
mission was and remains to continue to offer safe OLT for pa-
tients with ESLD throughout the pandemic. Through leveraging
multidisciplinary expertise, we report our COVID-19 testing pro-
tocols and results, telehealth utilization, and perioperative
outcomes.
Methods

Protocolized response to COVID-19

A uniform, multidisciplinary protocol was efficiently established
at the onset of the global pandemic to safely serve patients from
waitlist through their transplant and into their postoperative
follow-up. Paramount to this effort was the principle of safely
maintaining a high volume of life-saving transplants during this
trying time, putting no providers or patients at undue risk. With
this in mind, we adopted a series of additional methods to care for
liver transplant patients, in addition to appropriate standard pre-
cautions. All multidisciplinary meetings were held virtually. This
included selection meetings, quality meetings, education confer-
ences, and multi-team rounds. Because of the unknown effects of
COVID-19 infection on potential organs, all organ procurements
were only conducted on COVID-19 negative donors. In addition,
transplant coordinators conducted weekly pretransplant symptom
screening on all listed patients. Any patient who complained of
fevers, chills, cough, or shortness of breath, was asked to take a
COVID-19 test. Similarly, testing of the transplant team was con-
ducted for symptomatic individuals or after experiencing a COVID-
19 positive exposure.

Rapid COVID-19 testing played a significant role in minimizing
organ cold ischemia time during OLTs. The rapid test utilized was
the Xpert Xpress severe acute respiratory syndrome coronavirus
2 test (Cepheid Innovation, Sunnyvale, CA, USA), which is an
amplified nucleic acid assay authorized by the US Food and Drug
Administration (FDA) under an Emergency Use Authorization.
The limit of detection of this test was set at 95% accuracy, and
the test was validated by the US FDA with a 97.8% positive
percent agreement and a 95.6% negative percent agreement.17 All
potential transplant recipients were required to take a rapid
COVID-19 test on presentation for transplant. They were then
placed in contact, droplet, and airborne precautions, and had a
non-contrast chest computed-tomography scan to rule out
infection (Supplemental Fig 1). If the rapid COVID-19 test had not
resulted before incision, N95 masks were worn throughout the
operation. Moreover, repeat COVID-19 testing was done before
any additional invasive procedures.

To minimize infection risk to patients and providers, all pre-
operative transplant clinic visits were conducted on a virtual tel-
ehealth platform. In addition, postoperative liver transplant
patients had a telehealth visit on postoperative day 14 and were
not seen in clinic physically until postoperative day 21 for staple
removal. The telehealth platform was expanded to include trans-
plant coordinators and pharmacists who met with patients
virtually for patient education visits. Weekly virtual town halls
were held with the entire pretransplant and post-transplant
population to inform patients on best practices to minimize
infection risk and whom to contact if they became symptomatic. If
patients became infected with COVID-19, an antiviral algorithm
was followed. Transplant immunology developed this algorithm
that detailed workup, diagnosis, and management of COVID-19
infection.

Given the unprecedented demand for intensive care unit (ICU)
beds and ventilators, patient selection for transplantation
included consideration for patients who were likely to have a
rapid recovery. Patient selection was not focused on selecting the
most ill patients, but also patients who were anticipated to have
shorter ICU stays and who avoid tying up resources during the
pandemic. Specifically, patients without significant cardiac and
respiratory comorbidities were preferentially selected. The need
to ensure continued care for patients with ESLD and organ uti-
lization, was coupled with the need to minimize hospital
resource utilization.
Data collection and statistical analysis

All OLTs completed between January 1, 2018, and August 30,
2020, were included in the study. Baseline demographic informa-
tion and patient characteristics were collected. The following data
were also collected: COVID-19 screening test results; referrals for
transplant; transplant listings; transplants completed; and short-
term outcomes including length of stay, early allograft dysfunc-
tion, primary non-function, reoperations, bile leak, hepatic artery
thrombosis, and readmission rates. Outpatient preoperative and
postoperative clinic visits were collected and stratified by type of
visitdin-person, telephone, or video. Subsequently, we divided our
patient population into two cohorts: pre-COVID-19 and COVID-19.
The pre-COVID-19 cohort was as all patients who underwent OLT
from January 1, 2018, to February 28, 2020. The COVID-19 cohort
was defined as all patients who underwent OLT fromMarch 1, 2020,
to August 30, 2020.

Statistical analysis was performed utilizing JMP, v Pro 15 (SAS
Institute Inc, Cary, NC, USA). Patient baseline demographics, clinical
characteristics, and postoperative outcomes were compared be-
tween those in the pre-COVID-19 and COVID-19 cohorts, using the
Pearson c2 for categorical variables and the Student t test for
continuous variables. This project was approved by the University
of Cincinnati Institutional Review Board.



Table I
Recipient demographics and clinical characteristics stratified by cohort

Category Pre-COVID-19
(n ¼ 274)

COVID-19
(n ¼ 70)

P value

Age, y, n (SD) 53.2 (17.1) 56.2 (10.9) .17
Sex, female, n (%) 105 (38.3%) 20 (29.0%) .14
Race, n (%) .25
Non-Hispanic white 251 (91.6%) 63 (91.3%)
African American 13 (4.7%) 6 (8.7%)

MELD scoredmatch, mean (SD) 22.6 (7.6) 18.9 (7.51) <.01
Meld scoredlab, mean (SD) 19.8 (8.7) 17.4 (7.8) .04
Etiology of liver disease, n (%) <.01
NASH 98 (35.7%) 27 (38.0%)
Alcoholic liver disease 85 (30.9%) 22 (31.0%)
Viral liver disease 38 (13.8%) 3 (4.23%)
Biliary disease 21 (7.6%) 1 (1.4%)
Malignancy 3 (1.1%) 7 (9.9%)
Fulminant 3 (1.1%) 2 (2.8%)
Other 27 (9.8%) 9 (12.7%)

Admitted at time of OLT, yes, n (%) 54 (19.6%) 11 (15.5%) .43
ICU at time of OLT, yes, n (%) 20 (17.4%) 6 (8.5%) .09
Hospitalized in previous 90 days,

yes, n (%)
92 (33.5%) 17 (23.9%) .12

Intubated at time of OLT, yes, n (%) 6 (2.2%) 4 (5.6%) .12
Current smoker, yes, n (%) 3 (3.1%) 1 (1.5%) .49

COVID-19, coronavirus disease 2019; MELD, model of end-stage liver disease; NASH,
non-alcoholic steatohepatitis; ICU, intensive care unit; OLT, orthotopic liver trans-
plantation; SD, standard deviation.

Table II
Organ donor characteristics

Category Pre-COVID-19
(n ¼ 274)

COVID-19
(n ¼ 70)

P value

Organ location, n (%) <.01
Local 107 (38.9%) 12 (16.9%)
Regional 105 (38.2%) 22 (31.0%)
National 63 (22.9%) 37 (52.1%)

Donor age, y, mean (SD) 43.1 (15.0) 40.5 (15.0) .20
Donor BMI, mean (SD) 29.4 (8.5) 30.6 (9.5) .29
Donation after circulatory death,

yes, n (%)
23 (8.4%) 8 (11.3%) .45

PHS increased risk, yes, n (%) 116 (42.2%) 32 (45.1%) .66
Expedited placement, yes, n (%) 17 (16.8%) 21 (29.6%) .05
Cold ischemia time, h, mean (SD) 5.0 (2.8) 5.1 (3.5) .87

BMI, body mass index; COVID-19, coronavirus disease 2019; PHSs, public health
services; SD, standard deviation.

Fig 1. Liver transplant referrals, listings, and transplants performed per month strat-
ified by cohort. Referrals were significantly decreased during COVID-19 (P ¼ .01), and
listings (P ¼ .09) and transplants (P ¼ .26) were unchanged. COVID-19, coronavirus
disease 2019.
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Results

Patient population

From January 2018 to August 2020, our center performed 344
OLTs. In the pre-COVID-19 cohort 274 OLTs were completed,
anddbetween March 1, 2020, and August 30, 2020da total of 70
OLTs (COVID-19 cohort) were completed. Patient demographics and
baseline clinical characteristics are presented in Table I. The data
indicated no difference in age, sex, or race between the pre-COVID-
19 and COVID-19 cohorts. However, the average match Model for
End-Stage Liver Disease (MELD) score of transplanted patients
during COVID-19 was significantly decreased from the average
match MELD score pre-COVID-19 (18.9 ± 7.5 vs 22.6 ± 7.6, P < .01).
The data indicated no difference in the percentage of patients called
in from home versus those hospitalized at the time of transplant or
difference in patients admitted to the ICU at time of transplant
(Table I). Of note, there was a decrease in patients with malignancy
undergoing transplant during COVID-19 (1.1% vs 9.9%, P < .01).

The COVID-19 pandemic, coupled with the recent change in
organ allocation policy, were correlated with a shift in donor organ
procurement location from predominantly local-regional to na-
tional (Table II). In addition, the percent of organ donation offers
that were accepted under expedited placement was increased
during COVID-19 (29.6% vs 16.8%, < 0.05). Expedited placement
organ offers are organs that are offered while procurement is
ongoing, and the primary center has declined the offer. This in-
crease may illustrate the strain on transplant centers during these
times and on the uncertainty regarding outcomes of higher risk
donor organs and recipients. Even with a higher percentage of or-
gans being accepted through the expedited process, we observed
no significant difference in cold ischemia time between cohorts (5.0
± 2.8 h vs 5.1 ± 3.5 h P ¼ .87).
Referrals, listings, transplants

The COVID-19 pandemic resulted in a significant decrease in
patients referred for OLT. The average referral rate per month was
37.1 in the pre-COVID-19 era and decreased to 29.8 during the
COVID-19 pandemic (P ¼ .01[Fig 1]). The average number of listings
for OLT per month in the pre-COVID-19 era was 14.3 and this
decreased to 11.0 per month (P ¼ .09) during the COVID-19
pandemic. However, even though there was a decrease in OLT re-
ferrals, the number of listings and OLTs performed did not change.
The average number of OLTs performed per month was 10.6 in the
pre-COVID-19 era and was 12.2 in the COVID-19 era (P ¼ .26).
COVID-19 rapid testing

All OLT candidates underwent rapid testing on presentation for
transplant beginning in mid-March 2020 (n ¼ 62). Of 62 tested
patients, 0 tested positive preoperatively. The median time from
COVID-19 test result until abdominal incision was 4.5 h [inter-
quartile range, 1.2, 9.2]. Of all the patients, 6 had their OLTs initiated
before the result of their COVID-19 tests were known.. All 6 donor
organs were non-local, and their cases commenced to minimize
cold ischemia time because the expedited offer process. The
average number of preoperative COVID-19 tests per patient was
1.96 ± 1.6, and the average number of postoperative COVID-19 tests
per patient was 2.3 ± 2.8. We observed that 2 patients tested
positive in the postoperative setting as outpatients. The first patient
was asymptomatic, and the second hadmild respiratory symptoms.
Both patients were managed as outpatients, had their immuno-
suppression (mycophenolate mofetil) dosage decreased, and
recovered without complications.



Fig 2. Weekly liver transplant clinic visits by type. The number of telehealth visits
increased during April 1, 2020, through July 1, 2020. After this period, clinic visits
began a return to primarily in-person visits. COVID-19, coronavirus disease 2019.

Table III
Short-term outcomes of patients after orthotopic liver transplantation

Category Pre-COVID-19
(n ¼ 274)

COVID-19
(n ¼ 70)

P value

30-day Patient survival, n (%) 97.1% 98.6% .48
90-day Patient survival, n (%) 96.0% 93.6% .46
30-day Graft survival, n (%) 97.1% 97.2% .97
90-day Graft survival, n (%) 96.0% 91.5% .21
Primary nonfunction, n (%) 2 (0.7%) 1 (1.4%) .57
Relisted, n (%) 7 (2.6%) 0 (0.0%) .17
Reoperation, yes, n (%) 75 (27.4%) 20 (28.6%) .84
Hepatic artery thrombosis, yes, n (%) 3 (1.1%) 1 (1.4%) .81
Early allograft dysfunction, yes, n (%) 18 (6.6%) 2 (2.9%) .23
Bile leak within 90 days, yes, n (%) 22 (8.0%) 8 (11.4%) .36
Length of stay, days, mean (SD) 13.1 (15.2) 8.5 (5.1) .02
Readmissions within 30 days, yes, n (%) 26 (41.9%) 20 (61.5%) .09
Indication for readmission, n (%) .42
Acute kidney injury 1 (3.8%) 1 (5.0%)
Abdominal pain 3 (11.5%) 3 (15.0%)
Wound infection 2 (7.7%) 2 (10.0%)
Ascites 1 (3.8%) 1 (5.0%)
Altered mental status 2 (7.7%) 3 (15.0%)
Bile leak or stricture 2 (7.7%) 5 (25.0%)
Metabolic abnormalities 3 (11.5%) 1 (5.0%)
Urinary tract infections 1 (3.8%) 1 (5.0%)
Fever 5 (19.2%) 1 (5.0%)
Acute rejection episode 1 (3.8%) 0 (0.0%)
Other 5 (19.2%) 2 (10.0%)

Ventilated > 24 h, yes, n (%) 51 (18.6%) 6 (8.6%) .04

COVID-19, coronavirus disease 2019; SD, standard deviation.
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Telehealth

On April 1, 2020, the solid organ transplant division instituted a
number of changes to combat the COVID-19 pandemic. Among
them, all in-person patient selection meetings, education confer-
ences, and clinics were moved to a virtual telehealth platform
(Fig 2). Of the previously scheduled visits, the 100% in-person clinic
pre-COVID-19 was converted to an average of 45% virtual visits per
week in the COVID-19 era. During the worst weeks of the
pandemic, up to 85% of clinic visits were converted from in-person
to virtual. Pretransplant liver evaluation clinic visits were con-
ducted virtually with both the transplant hepatologist and the
transplant surgeon. In addition, pre-COVID-19 postoperative clinic
visits were typically scheduled in-person at 7- and 14-days post-
discharge, and the COVID-19 cohort was not seen in person until
postoperative day 21. These visits accounted for the majority of in-
person clinic visits during the pandemic through the end of August
2020. The flexibility of the telehealth platform allowed us to
continue to serve the vulnerable pretransplant and post-transplant
population through the COVID-19 pandemic, minimizing their risk
of exposure in the clinic.

Clinical outcomes

Patients who underwent OLT during the COVID-19 pandemic
(n ¼ 70) did not experience a significant change in short-term
outcomes compared with the pre-COVID-19 era (Table III). No dif-
ference was observed in 30-day or 90-day patient survival. Simi-
larly, no significant difference was observed in 30-day or 90-day
graft survival. As Table III shows, the rates of primary nonfunction,
relisting, unplanned reoperations, hepatic artery thrombosis, early
allograft dysfunction, and bile leak were unchanged between co-
horts. In addition, data indicated a significant decrease in the
number of patients who remained ventilated at 24 h post-
operatively from OLT during COVID-19 (8.6% vs 18.6%, P ¼ .04) as
well as a decrease in the hospital length of stay for patients un-
dergoing OLT (8.5 days ± 5.1 vs 13.1 days ± 15.2, P ¼ .02). Although
COVID-19 posed unprecedented challenges to OLT, with multidis-
ciplinary protocols and added safety measures, we did not observe
a change in patient outcomes.

Discussion

This analysis of the policies, procedures, and short-term out-
comes of a busy OLT center provides preliminary evidence that it is
safe to continue to care for these high-risk patients in the COVID-19
era. This was accomplished by an extensive reliance on telehealth
for patient visits, a rapid testing policy for all new transplant pa-
tients on arrival, and weekly community outreach education ses-
sions for keeping our patient population informed during the
pandemic. High-volume centers have previously demonstrated the
safety of performing OLT during the pandemic, using different
strategies to maintain patient safety.1,18-21 However, this review is
the largest series of consecutive liver transplants in the COVID-19
era, highlighting the significant role that telehealth and rapid
testing can play to maintain high-quality care for solid organ
transplant patients.

One of the most concerning findings from the analysis was the
significantly decreased rate of referral for patients with ESLD.
Similar to recent publications describing decreased cancer
diagnosis,22,23 decreased acute myocardial infarction hospital
admissions,24 and decreased incidence of appendicitis during
COVID-19,25 our patient population with ESLD is not being referred
for evaluation at the same rate as they were before COVID-19. This
cohort may be a delayed victim of the COVID-19 pandemic, and
they may not survive to transplant referral and subsequent listing.
Moreover, once listed, they are subjected to increased waitlist
mortality.11 Referring physicians have suggested this delay in care is
likely multifactorial for the following reasons: increased patient
anxiety regarding visiting a hospital, decreasing physician and
interventionalist availability for workup, and decreased physician
referrals. Not only are patients with cirrhosis at risk for complica-
tions from their underlying disease, but they also are subject
to high rates of 30-day mortality when co-infected with
COVID-19.26,27 The implications of this finding could lead to
significantly increased morbidity and mortality for patients with
ESLD who do not make it to transplantation. In our single-center
experience, we were underpowered to detect a difference in
waitlist mortality between cohorts (5.4% vs 1.5%, P ¼ .17).

As Agopian et al13 point out in their review of liver transplant
practices during COVID-19, there is significant variation between
centers and regions regarding OLTs. Our center, in Region 10, had
lower rates of COVID-19 as compared with other centers in our
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region.28 This created decreased competition for donor organs, and
may in part explain the rise in OLTs performed despite a decrease in
referrals. In addition, the decrease in local-regional donor pro-
curements, and subsequent increase in national donor pro-
curements, highlights the new organ allocation policy.29

Furthermore, the rise in expedited placement liver organsdfrom
longer distances awaydmight be attributable to the significant
stresses COVID-19 placed on transplant centers, leavingmany to turn
down otherwise healthy organs. The protocolized use of the rapid
COVID-19 tests immediately on patient arrival helped minimize or-
gan exposure to cold ischemia time. Furthermore, asymptomatic
testing of waitlisted patients and recent transplant recipients may be
beneficial to avoid missing asymptomatic carriers of COVID-19.

The ability to safely perform OLTs requires in-hospital multi-
disciplinary teams, surgical ICU beds, mechanical ventilators, and
blood products that were accessible throughout the pandemic.
However, because of a scarcity of designated COVID-19 positive ICU
beds in the medical ICU and cardiovascular ICU, the surgical ICU
was forced to accept COVID-19 positive and COVID-19 negative
patients in the same unit. Fortunately, this did not increase COVID-
19 infections in our cohort. Cross-infectionwas best preventedwith
personal protective equipment, standard infection control guide-
lines, and minimizing the number of providers physically seeing
patients. It is important to note that patients who were more likely
to have a rapid recovery and decreased ICU length of stay were
preferentially selected for transplant, and this is reflected in the
decreased number of patients ventilated > 24 h (8.6% vs 18.6%,
P¼ .04) and decreased hospital length of stay (8.5 days vs 13.1 days,
P ¼ .02 [Table II]). Furthermore, the decrease in average MELD
score of patients transplanted during COVID-19 may reflect a trend
toward organ allocation to lower MELD patients during the
pandemic, leaving patients with higher MELD scores at increased
waitlist morbidity and mortality.

The ability to continue care and minimize infection risk to pa-
tients and providers was made possible by increasing use of a
previously validated and implemented telehealth platform.30,31

Telehealth has been demonstrated to increase patient satisfaction,
increase immunosuppressive medication adherence, and increase
quality of life scores.30,32,33 At the beginning of the COVID-19
pandemic, the accessibility of the telehealth platform allowed pa-
tients recently discharged from the hospital to avoid routine clinic
visits, offering providers familiar interfaces for monitoring these
complex patients. Furthermore, telehealth was utilized in the
following new arenas: patient education with pharmacy and
weekly community outreach sessions to stay in close contact with
the entire post-transplant population and relay safe guidelines
during the pandemic. These novel approaches were associatedwith
a decreased hospital length of stay but may come at the cost of
increased 30-day readmissions. Providers exhibited increased
caution in this immunosuppressed population, and the inability to
physically evaluate a patient may contribute to increased read-
missions. Although no statistically significant difference was
demonstrated, there was an increase from 41.9% to 61.5% in 30-day
readmissions, that may be explained by this approach.

This single-center review of the policies, procedures, and out-
comes of liver transplantation during COVID-19 has limitations.
First and foremost, COVID-19 has affected different geographic re-
gions and centers with varying severity, and our center has main-
tained ICU, ventilator, and operating room availability throughout
the pandemic. Transplant centers without these resources may
have to adopt different policies and be less aggressive in offering
OLT. Furthermore, this protocolized response may need to adapt in
settings without access to rapid testing and telehealth. Although
our study was conducted at a single center with an established
telehealth program, it may be more challenging for other centers to
build a sustainable platform in a short amount of time. In addition,
this early retrospective analysis does not assess 1-y patient and
allograft survival. The long-term risks and benefits of solid organ
transplantation in the era of COVID-19 are still unknown and will
require additional monitoring and close analysis moving forward.

In conclusion, COVID-19 poses a unique set of challenges for the
liver transplant community, and this analysis is the largest single-
center experience in the literature documenting no change in
short-term outcomes for patients undergoing liver transplant
during the pandemic. The ability of liver transplant centers to
continue to provide care for patients with ESLD will increasingly
become reliant on center flexibility, rapid testing, telehealth, and
virtual platforms for the delivery of high-quality care to this high-
risk population. As the expected winter surge of COVID-19 cases
occurs,34 it becomes even more necessary to share multidisci-
plinary protocols and experiences between liver transplant centers
to ensure optimal preparedness and the best possible outcomes for
patients with ESLD.
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