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Liver transplantation (LT) during the ongoing severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) pandemic is challenging given the urgent need to reallocate
resources to other areas of patient care. Available guidelines recommend reorgan-
izing transplant care, but data on clinical experience in the context of SARS-CoV-2
pandemic are scarce. Thus, we report strategies and preliminary results in LT during
the peak of the SARS-CoV-2 pandemic from a single center in France. Our strategy
to reorganize the transplant program included 4 main steps: optimization of available
resources, especially intensive care unit capacity; multidisciplinary risk stratification
of LT candidates on the waiting list; implementation of a systematic SARS-CoV-2
screening strategy prior to transplantation; and definition of optimal recipient-do-
nor matching. After implementation of these 4 steps, we performed 10 successful
LTs during the peak of the pandemic with a short median intensive care unit stay
(2.5 days), benchmark posttransplant morbidity, and no occurrence of SARS-CoV-2
infection during follow-up. From this preliminary experience we conclude that ef-
forts in resource planning, optimal recipient selection, and organ allocation strategy
are key to maintain a safe LT activity. Transplant centers should be ready to readapt

their practices as the pandemic evolves.
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1 | INTRODUCTION

Data on outcomes after severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection in liver transplantation (LT) re-
cipients are scarce and the potential impact on LT activity remains
uncertain. While reports on SARS-CoV-2 in long-term solid organ
recipients including LT report a case-fatality rate as high as 27.8%,
others suggest that LT recipients may be protected by immuno-
suppression-related mitigation of cytokine release.’”? Besides
unanswered questions on SARS-CoV-2 infections in transplant re-
cipients, LT is particularly challenging during this pandemic, given
the urgent need to reallocate healthcare resources, such as venti-
lators, intensive care unit (ICU) beds, and staff to treat SARS-CoV-
2-infected patients.® However, decreased LT activity has to be
balanced against the potential negative impact for patients with
end-stage liver disease or hepatocellular carcinoma.*® To face
these challenges, guidelines suggest a phased reduction in LT ac-
tivity based on available resources, ranging from performing only
super-urgent transplantation to maintaining an active deceased
donation-based program.®”’

During the peak of the pandemic in France, a total of 7130 pa-
tients with SARS-CoV-2 infection required ICU treatment with a
baseline availability of 5432 beds.? In this context, we present the
experience and preliminary outcomes from a LT program in one of

the most exposed regions in France.®

2 | METHODS

This is a retrospective analysis of all consecutive adult patients un-
dergoing LT at Croix Rousse University Hospital in Lyon, France dur-
ing the first month after the beginning of the national SARS-CoV-2
Lock Down on March 16, 2019.

In accordance with the French National Organ Donor Agency’s
(Agence Nationale de Biomédecine) and the French Transplantation
Society’s recommendations to reduce LT activity, we reorganized
our LT program based on available resources.”? This strategy in-
cluded 4 major steps: (1) resource planning, (2) multidisciplinary
risk stratification of LT candidates on the waiting list, (3) imple-
mentation of a systematic pre-LT SARS-CoV-2 screening strategy,
and (4) definition of optimal recipient-donor matching to achieve

benchmark outcomes.

2.1 | Resource planning

Our university hospital is one of the tertiary reference centers for
SARS-CoV-2 infections, which forced us to substantially reorganize
our LT program. Three separate surgical units were set up: 1 for all
elective surgery in SARS-CoV-2-negative patients, 1 for SARS-CoV-
2-positive patients, and a third SARS-CoV-2-negative unit for LT re-
cipients. Of note, the transplant unit had only single rooms to avoid

patient contact and post-LT visits by relatives were temporarily

suspended. Specific intrahospital SARS-CoV-2-free pathways es-
pecially for ultrasound and computed tomography (CT) scans were
established.

The ICU capacity was a key consideration. Since this is the re-
ferral tertiary center for SARS-CoV-2 disease, the overall number
of ICU beds in the center was increased by 67% during the early
phase of the outbreak. The majority of the ICU beds were dedicated
to SARS-CoV-2-infected patients and 17% of the ICU beds were
dedicated to patients without SARS-CoV-2 infection including sur-
gical patients and LT recipients. The ICU capacity available for LT
including available beds, ventilators, and renal replacement therapy
(RRT) were continuously reassessed during weekly multidisciplinary
meetings.

Another important point was the implementation of strategies
to mitigate in-hospital transmission of SARS-CoV-2 from healthcare
personnel to LT recipients. Surgical face masks and scrubs were man-
datory for all staff members upon entering the hospital compound
and were worn during all clinical activity such as surgical rounds. All
staff members were systematically screened with reverse transcrip-
tase polymerase chain reaction (RT-PCR) if they presented symp-
toms compatible with SARS-CoV-2 and were put in quarantine until
the RT-PCR results were available. Staff members with positive RT-

PCR were quarantined for 2 weeks.

2.2 | Recipient risk stratification

Every week, a multidisciplinary team reviewed every LT candidate on
the waiting list. We selected LT candidates with a MELD score >25
including acute liver failure (ALF) and/or with end-stage liver disease
(ELD) with poor prognosis including refractory ascites, hepatopul-
monary syndrome, or hepatocellular carcinoma (HCC). Except for
ALF, we excluded LT candidates with expected high post-LT morbid-
ity, long ICU stay, and continuous RRT requirements (eg retransplan-
tations and multiorgan transplantations). Additionally, access to LT
for patients admitted to the ICU with acute-on-chronic liver failure
(ACLF) was discussed using risk stratification by the chronic liver
failure consortium (CLIF-C) ACLF classification.®

2.3 | Recipient and donor SARS-CoV-2 screening

A systematic SARS-CoV-2 screening strategy was implemented
for all recipients including (1) a questionnaire on prehospitalization
symptoms and a clinical examination at hospital admission, (2) a na-
sopharyngeal swab for SARS-CoV-2 by RT-PCR IP2/4, and (3) a chest
CT scan prior to LT. Chest CT images were interpreted according
to the guidelines from the European Society of Radiology and the
European Society of Thoracic Imaging. Of note, RT-PCR and chest
CT scan were granted specific priority: results for RT-PCR were
available within 4-6 hours after testing and LT recipients were prior-
itized for chest CT scan slots. LT was only performed if all 3 screening

tests were negative. Following national recommendations, all donors
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were screened by both nasopharyngeal swab and chest CT scan and
donation only proceeded if all screening tests were negative.7
Post-LT SARS-CoV-2 screening was based on symptoms and no

routine screening by chest CT scan or RT-PCR was implemented.

2.4 | Recipient-donor matching

The donation after brain death (DBD) program was maintained,
while the donation after circulatory death and living donor program
were stopped to preserve resources. To optimize available ICU re-
sources, the organ allocation policy was based on ideal donor-re-
cipient matching with low expected post-LT morbidity according to
published LT outcome benchmarks, donor risk index (DRI), D-MELD,
and balance of risk (BAR) score.!** The DRI is a quantitative score
including 7 donor characteristics predictive of post-LT graft failure.'?
Estimated post-LT 1-year graft survival decreases with an increasing
DRI score. The D-MELD is the product of donor age and preopera-
tive Model for End-Stage Liver Disease (MELD) score of the recipi-
ent.*® A score beyond the cutoff of 1600 score points is predictive
of a longer post-LT length of hospital stay and poorer recipient sur-
.18

vival.”> The BAR score combines 6 independent donor and recipient
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characteristics associated with post-LT survival.’* The score bal-
ances 1 risk factor by optimal matching of the others, for example,
high MELD with short cold ischemia and low donor age.

Standard post-LT immunosuppressive treatment included induc-
tion with basiliximab (20 mg after graft reperfusion and on post-LT
day 4), corticosteroids during 7 days (perioperative bolus and with-
drawal on post-LT day 7), mycophenolate mofetil and tacrolimus in-
troduction on post-LT day 3. Target tacrolimus serum levels were
8-10 ng/mL during the first month post-LT.

3 | RESULTS
Our transplant center was situated in a high SARS-CoV-2 incidence
zone, with 10-20 SARS-CoV-2-infected patients hospitalized per
100 000 inhabitants (Figure 1). Compared to the monthly average
over the past 5 years, LT activity during the 30-day study period
decreased by 29% in France (77 LT vs 108 LT), while LT activity in-
creased by 42% at our center (10 LT vs 7 LT).8

In total, 39% (13 out of 33) of LT candidates on the waiting list
were temporarily put on hold. These patients were either planned

for a multiorgan transplant, had HCC controlled by bridging therapy,

>
>
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FIGURE 1 Geographical distribution of severe acute respiratory syndrome coronavirus 2 incidence based on number of hospitalizations
per 100 000 inhabitants in France during the study period.8 The 10 donor centers included in the study as well as our transplant center are
indicated on the map. (Figure adapted from reference 8) [Color figure can be viewed at wileyonlinelibrary.com]
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or had severe cardiovascular or respiratory comorbidities. The me-
dian MELD on the waiting list was 14 (interquartile range [IQR] 10-
20) and the median CLIF-C acute-on-chronic liver failure (ACLF)
score was 7 (IQR 6-8).

A total of 10 successful DBD LT in adult recipients were per-
formed during the study period. Recipients had a median age of
51 years (IQR 38-60 years) with a median MELD score of 19 (IQR 12-
28). The majority had compensated ELD (70%) and were admitted
from home. Three recipients were inpatients with a MELD score >25
points: 1 had ACLF grade 1 and 2 had ACLF grade 2. Overall, HCC
was present in 40% of the recipients. All recipients were screened
by RT-PCR prior to LT and 7 underwent additional chest CT scan. No
selected recipient was diagnosed with SARS-CoV-2 infection during
the pre-LT screening and all recipients underwent LT.

Overall, 7/10 (70%) liver donors were from centers in a region
with a high or a very high SARS-CoV-2 incidence (>10 SARS-CoV-2-
infected patients hospitalized per 100 000 inhabitants) (Figure 1).
Liver donors had a median age of 33 years (IQR 25-59 years) with
short cold ischemia times (median 7 hours, IQR 6-9 hours) result-
ing in a low median DRI of 1.37 (IQR 1.1-1.8). After recipient-donor
matching, the median BAR score was 8 (IQR 2-11) (Table 1).

Median post-LT follow-up was 39 (IQR 35-45) days. Perioperative
transfusion rates and posttransplant morbidity were within pub-
lished benchmarks (Table 2) with a short median ICU stay of 2.5 (IQR
2-6) days. The median total hospital stay was 14 (IQR 13-21) days.
The standard immunosuppressive protocol was followed for all pa-
tients. One liver graft recipient underwent liver biopsy for abnormal
liver tests on post-LT day 30 and was diagnosed with an acute rejec-
tion classified BANFF 6, which was successfully treated by cortico-
steroids bolus.

During the 39 days of median post-LT follow-up, no case of
SARS-CoV-2 was diagnosed in the 10 LT recipients.

4 | DISCUSSION

We report a single-center experience with LT during the peak of the
SARS-CoV-2 outbreak in France. A careful assessment of available
resources allowed the center to maintain an active LT program and
to perform 10 successful DBD LT. The cornerstones of the imple-
mented strategy were (1) flexible planning of ICU capacity including
beds, equipment, and staff; (2) weekly multidisciplinary risk strati-
fication of LT candidates; (3) systematic screening; and (4) optimal
donor-recipient matching to reduce post-LT morbidity and ICU re-
quirement. Results of this strategy show a low post-LT morbidity
with short ICU stays. No SARS-CoV-2 infection during the post-LT
follow-up was observed (Table 3).

The first question at the beginning of the SARS-CoV-2 pan-
demic was: Should LT activity be maintained? On the one hand,
LT during the pandemic may have surpassed available capacities
in ventilators, RRT, and ICU staff and thus jeopardized treatment
options for SARS-CoV-2-infected patients.”*> In addition, the risk
of SARS-CoV-2-related morbidity and mortality in the context of

immunosuppression is being actively debated within the transplant
community with only few data from single cases available.21¢1? On
the other hand, from a patient perspective, suspending LT may have
a negative impact on patients with ELD or HCC without any other
curative treatment option.A"5

After balancing these considerations, we opted to maintain a LT
activity by following center-specific decisional steps based on avail-
able guidelines (Table 3).

A first step was the reorganization of the LT program and a con-
tinuous evaluation of available resources. Despite the significant
increase in ICU beds required for SARS-CoV-2-infected patients,
we were able to maintain a SARS-CoV-2-free ICU dedicated to LT
and surgical oncology (17% of total ICU beds). In addition, to further
prioritize LT activity, major elective interventions (eg, major hepa-
tectomy, esophagectomy) in frail patients with potential long ICU
stays were reduced according to the national guidelines.?®?! The LT
ward was reorganized into single rooms and medical staff wore face
masks and scrubs and were tested and quarantined if they showed
SARS-CoV-2 symptoms. While logistically challenging, setting up
these SARS-CoV-2-free pathways to mitigate in-hospital transmis-
sion should be the first priority to allow safe LT activity for both
recipients and medical staff.?!

The second step was a case-by-case evaluation and risk stratifi-
cation of every LT candidate on the waiting list, resulting in a 39% re-
duction of actively listed candidates. As reported in other LT centers,
candidates listed for multiorgan transplants or retransplantations
were temporarily put on hold due to an expected higher morbid-
ity and to transitory shortage in blood products and RRT equip-
ment.'>?2 |n contrast, LT candidates with MELD > 25 or ELD with
poor prognosis but expected benchmark outcomes and short ICU
stay were kept active on the waiting list. Of note, the median overall
hospital stay was longer than the expected benchmark because of
the mitigation strategies in place in France and reduced rehabilita-
tion capacities.

The third step was the implementation of a screening strategy to
avoid peri-LT SARS-CoV-2 infection. In contrast to some centers that
only test symptomatic recipients, we opted for systematic testing in
all recipients prior to LT.”?% For the first 3 recipients, we used RT-
PCR and quickly added chest CT scan to the systematic screening
protocol, based on data showing good sensitivity of chest CT scan
for detecting symptomatic and asymptomatic SARS-CoV-2-infected
patients.24 Chest CT slots were available 24/24 hours and in collab-
oration with our virology laboratory we were able to have pre-LT
results from RT-PCR within less than 6 hours. Since recipients se-
lected for LT were admitted to the hospital at least 6 hours before
the transfer to the operating room, no significant delay due to pend-
ing test results occurred. Additionally, potential liver graft donors
were screened by RT-PCR and chest CT during their ICU stay, and
a negative SARS-CoV-2 status was mandatory to initiate the organ
donation process.” There were thus no delays due to SARS-CoV-2
diagnostics once the donation was initiated.

Finally, the organ allocation strategy played a major role. Our

results showed optimal donor-recipient matches (median BAR
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TABLE 2 Posttransplant outcomes

S IEL SR at hospital discharge compared to the

LTn=10 hospital discharge!* available benchmark
Peri-LT course
Operation duration (h) 7.6 (5.4-9.4)° <6h
Intraoperative blood transfusions (units) 1(0-4) <3 units
Renal replacement therapy, n (%) 2 (20)* <8%
ICU stay (d) 2.5(2-6) <4d
Hospital stay (d) 14 (13-21)? <18d
Morbidity and mortality at hospital discharge
Any complication, n (%) 7 (70) <80%
Clavien Dindo grade I, n (%) 6 (60) <69%
>Clavien Dindo grade llla, n (%) 3(30) <42%
Biliary complications, n (%) 0(0) <12%
CCl score 20.9 (0-34.3) <29.6
Graft loss, n (%) 0(0) <4%
Mortality, n (%) 0 (0) <2%

Note: Continuous variables are presented as median and interquartile range.
Abbreviations: CCl, complication comprehensive index; ICU, intensive care unit; LT, liver transplant.
#Values are out of the benchmark range.

TABLE 3 Center-specific decisional steps to maintain a liver transplant activity based on international guidelines

International guidelines®®141%:25 Practical implementation in our center
Resource planning Evaluation and adaptation to available Dedicated SARS-CoV-2-negative transplant unit and in-
resources hospital pathways

Weekly multidisciplinary meetings to adapt liver transplant
activity to available ICU and operating room capacity

Liver transplant waiting list Reduction of active patients on the waiting 39% of recipients are temporarily put on hold
list
Recipient risk stratification Prioritize urgent transplant indications Weekly multidisciplinary screening meetings

(MELD > 25), ALF ALF prioritized

High MELD: CLIF-C ACLF Score assessment
Low MELD: Recipients with HCC and expected benchmark

outcomes
Recipient and donor screening Implement pre-LT SARS-CoV-2 screening Recipient
before LT Questionnaire on prehospitalization symptoms and clinical
examination
Nasopharyngeal swap RT-PCR, results available within 4-6 h
Chest CT scan prior to LT
Donor
Systematic donor screening by RT-PCR and chest CT scan
Recipient-donor matching Reconsider organ allocation policies Only DBD program maintained, DCD program suspended

Optimization of donor-recipient matching to reduce post-LT
morbidity and ICU stay (BAR, DRI)

Abbreviations: ACLF, acute-on-chronic liver failure; ALF, acute liver failure; BAR, balance of risk; DBD, donation after brain death; CLIF-C, chronic
liver failure consortium; CT, computed tomography; DCD, donation after circulatory death; DRI, donor risk index; HCC, hepatocellular carcinoma;
ICU, intensive care unit; LT, liver transplant; MELD, Model for End-Stage Liver Disease; RT-PCR, reverse transcriptase polymerase chain reaction;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

score 8) with liver grafts procured from very young donors pre- 2 recipients with a MELD > 25 by the use of optimal grafts. One

senting a low DRI. This allowed balancing the high pre-LT risk in explanation of the availability of such grafts may be the selection
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policy of the donor centers, focusing efforts on these young do-
nors. Furthermore, similar to the transfer of SARS-CoV-2-infected
patients from hospitals with insufficient ICU capacity to less af-
fected hospitals across France during the study period, we also
observed reallocation of liver grafts from regions with a high num-
ber of hospitalized SARS-CoV-2 patients to our center (Figure 1).2°
For example, recipient No. 8 (Table 1) received a liver graft de-
clined by a center from a region with a high SARS-CoV-2 incidence
because the initial recipient was screened SARS-CoV-2 positive.
We conclude that all transplant centers should be ready to ac-
cept or decline liver grafts according to their local SARS-CoV-2
dynamics in order to guarantee optimal utilization of available
grafts. In this context, centers may anticipate a back-up recipient
in case of SARS-CoV-2-positive screening in the initial recipient.
Furthermore, as a consequence of reallocation of liver grafts, cold
ischemia time may be extended as in the case of recipient No. 8,
where total static cold storage duration was 10 hours. This may
increase the risk of allograft dysfunction or primary nonfunction,
and centers may consider using ex-vivo machine perfusion strate-
gies to recondition grafts with extensive ischemic damage.?®

This retrospective single-center report has inherent limitations.
Regarding the small patient sample and short follow-up, more data
are required to confirm our results. Additionally, the present report
reflects a specific experience from a single center and thus may not
be transferable to other centers, regions, or countries. However, given
the unprecedented situation, this preliminary clinical experience helps
in the process of moving forward: Continuous evaluation of both re-
sources and outcomes may allow further extension of LT activity over
the next weeks and to quickly respond in the event of a second SARS-
CoV-2 peak.

In conclusion, we report the successful preliminary experi-
ence of a French LT program during the peak of the SARS-CoV-2
pandemic. Efforts in resource planning, optimal recipient selec-
tion, and organ allocation are key to maintain a safe LT activity.
Transplant centers should be ready to readapt their practices as

the pandemic evolves.
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