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Background: The frequency with which patients with high Model for End-Stage
Liver Disease (MELD) scores undergo liver transplantation has been increasing.
Canadian literature regarding the outcomes of liver transplantation in recipients
with high MELD scores is limited. The primary objective of this study was to
assess patient and graft survival among recipients with high (> 35) and low (< 35)
MELD scores. Secondary objectives were to potentially identify independent pre-
dictors of graft failure and patient mortality.

Methods: We conducted a retrospective chart review of patients undergoing liver
transplantation at a single Canadian centre from 2012 to 2017.

Results: A total of 332 patients were included in the study: 280 patients had a
MELD score of 35 or lower, and 52 had a MELD score above 35. Patients with
high MELD scores had higher rates of pretransplant acute kidney injury and
dialysis (p < 0.001), admission to the intensive care unit (ICU) or intubation (p <
0.001), intraoperative blood product transfusions (p < 0.001) and post-
transplantation acute kidney injury and dialysis (p < 0.001), as well as longer ICU
(p < 0.001) and hospital stays (p = 0.002). One- and 3-year patient survival in
recipients with MELD scores of 35 or lower was 93.1% and 84.9% versus 85.0%
and 80.0% in recipients with MELD scores above 35 (p = 0.37). One- and 3-year
graft survival in recipients with MELD scores of 35 or lower was 91.7% and
90.9% versus 77.2% and 72.8% in recipients with MELD scores above 35 (p <
0.001). Prior liver transplant was an independent predictor of patient mortality,
and no independent predictors of graft failure were identified. When MELD was
replaced with D-MELD (donor age x recipient MELD), it predicted graft failure
but not patient survival.

Conclusion: No difference in patient mortality was found between MELD groups.
Graft survival was significantly lower in recipients with MELD scores above 35.
D-MELD may potentially be used as an adjunct in determining risk of graft failure in
recipients with high MELD scores.

Contexte : Les greffes de foie chez les patients ayant un score MELD (Model
for End-Stage Liver Disease) élevé sont de plus en plus fréquentes, mais le cor-
pus de publications canadiennes concernant les résultats de ces greffes est limité.
Cette étude visait principalement 3 mesurer le taux de survie des receveurs ayant
un score MELD élevé (> 35) et faible (< 35) ainsi que le taux de survie du greffon
pour chaque catégorie. Les objectifs secondaires consistaient a possiblement
déterminer des prédicteurs indépendants de défaillance du greffon et de mortalité
du patient.

Méthodes : Nous avons mené un examen rétrospectif des dossiers de patients ayant
subi une greffe de foie dans le méme établissement canadien entre 2012 et 2017.

Résultats : L’étude portait sur 332 patients : 280 avaient un score MELD de 35
ou moins, et 52 avaient un score MELD supérieur a 35. Ces derniers présentaient
des taux plus élevés d’insuffisance rénale aigué avec dialyse avant la transplanta-
tion (p < 0,001), d’admission en soins intensifs ou d’intubation (p < 0,001), de
transfusions peropératoires de produits sanguins (p < 0,001) et d’insuffisance
rénale aigué avec dialyse apres la transplantation (p < 0,001); ils séjournaient aussi
plus longtemps aux soins intensifs (p < 0,001) et a ’hopital (p = 0,002). Le taux de
survie 2 1 et a 3 ans des receveurs ayant un score MELD inférieur ou égal a 35
était respectivement de 93,1 % et de 84,9 %, contre 85,0 % et 80,0 % chez ceux
dont le score MELD était supérieur a 35 (p = 0,37). Le taux de survie du greffon a
1 et a 3 ans chez les receveurs ayant un score MELD inférieur ou égal a 35 érait
respectivement de 91,7 % et de 90,9 %, contre 77,2 % et 72,8 % chez ceux ayant
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un score MELD supérieur a 35 (p < 0,001). Les antécédents de greffe de foie
étaient un prédicteur indépendant de mortalité, tandis qu’aucun prédicteur
indépendant de défaillance du greffon n’a été trouvé. L’utilisation du score
D-MELD (ige du donneur X score MELD du receveur) au lieu du score MELD
permettait de prédire la défaillance du greffon, mais non la survie du patient.

Conclusion : Concernant la mortalité, aucune différence n’a été constatée entre
les catégories de scores MELD. Le taux de survie du greffon s’est avéré consi-
dérablement plus faible chez les receveurs ayant un score MELD supérieur a 35.
Le score D-MELD pourrait possiblement servir d’indice complémentaire pour
déterminer le risque de défaillance du greffon chez les receveurs ayant un score

MELD élevé.

End-Stage Liver Disease (MELD) score as an organ

allocation tool to help prioritize liver transplant
(L'T) candidates on LT wait lists."? In 2004, provinces
in Canada began to adopt the MELD score for organ
allocation.’ Before the adoption of MELD, they pri-
marily used the CanWAI'T ranking system, which ranks
patients by location (at home, in hospital, in the inten-
sive care unit [ICU] or intubated in the ICU).} An
advantage of the MELD score over alternative scoring
systems is that the points derived from the MELD
score are strictly objective (international normalized
ratio [INR], bilirubin and creatinine) whereas the
Child-Pugh-Turcotte (CPT) score incorporates sub-
jective assessments of hepatic encephalopathy and the
amount of ascites (i.e., it essentially provides a nonob-
jective opinion of what is classified as mild, moderate
and severe).

The MELD score was initially introduced to estimate
3-month survival for patients with end-stage liver disease
(ESLD) awaiting a transjugular intrahepatic portosys-
temic shunt (TIPS) procedure.* Subsequently, it has
been validated as an accurate 3-month predictor of wait-
list survival for potential L'T" recipients.” Patients with
MELD scores of 40 or above have an estimated 3-month
wait-list mortality risk greater than 70%,° and in practice
these patients ultimately do not survive if they do not
receive a transplant. Despite the MELD score’s impor-
tant prognostic utility in predicting wait-list mortality, it
is generally believed that it cannot predict post-
transplant survival.”® Over the last decade the frequency
with which patients with high MELD scores have under-
gone L'T has increased, and with limited organ supply it
will probably continue to increase.’

In 2015, Panchal and colleagues'® published the first
US national multicentre outcomes report on patients
with MELD scores of 40 and above undergoing L'T. The
authors found that these patients had inferior long-term
graft survival (p < 0.001) and patient survival (p < 0.001)
compared with patients with lower MELD scores; how-
ever, their outcomes were deemed to be acceptable.
There is sparse published Canadian evidence of the

I n 2002, the United States introduced the Model for
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post-transplant outcomes of LT recipients with high ver-
sus low MELD scores.!!

The Canadian health care system differs from that of
the United States, which may affect the availability of
resources. Generalizing the US experience to Canadian
centres may not be entirely appropriate, and studies of
outcomes at Canadian centres with respect to this
important issue are needed. A recent Canadian multi-
centre retrospective study reviewed the baseline charac-
teristics of critically ill patients with cirrhosis admitted
to the ICU who underwent LT, although rates of graft
failure were not available.!?

In 2016, the Canadian Liver Listing and Allocation
Forum recommended that the minimum acceptable esti-
mated 5-year recipient survival rate be 60% for all
deceased donor liver transplants.”® In the era of priori-
tizing the “sickest first” approach and the increased fre-
quency of recipients with high MELD scores, analysis of
the outcomes of Canadian recipients with higch MELD
scores is imperative to potentially improve post-
transplant morbidity and mortality.

METHODS
Patients

A retrospective cohort study was performed on all
patients older than 18 years of age who underwent L'T
via donation after neurologic determination of death
(NDD) or circulatory determination of death (DCD)
between January 2012 and October 2017 at a single
Canadian provincial L'T centre, Vancouver General
Hospital (VGH). Patients with acute fulminant liver
failure or ESLD and those with a prior L'T with graft
failure who were awaiting transplantation were
included. Patients with MELD exception points for pre-
specified indications were also included. Live liver
donor transplantation and combined multivisceral organ
and partial liver graft transplantation were excluded
from review. Ethics approval was obtained from the
Clinical Research Ethics Board of the University of
British Columbia.



Variables

Variables analyzed included baseline recipient char-
acteristics, renal function (creatinine and glomerular
filtration rate [GFR]) 3 months before, on the day of
and after transplantation, and the need for preopera-
tive or postoperative dialysis. Acute kidney injury
(AKI) was defined as per the Acute Kidney Injury
Network (AKIN) classification system.'* Chronic
kidney dysfunction (CKD) was categorized into
stages as per the Kidney Disease Improving Global
Outcomes (KDIGO) classification system.'” Post-
operative dialysis was defined as continued replace-
ment therapy (CRT) or intermittent hemodialysis
(IHD) within the first 7 postoperative days starting
from the date of transplantation to capture the inci-
dence of ongoing AKI from the pretransplantation
period and new AKI secondary to the effect of the
transplantation process itself, rather than AKI
secondary to an insult that was not a direct conse-
quence of the operation or its complications.

Data were collected on the American Society of
Anesthesiologists (ASA) score for each patient, Can-
WAIT status (status 1, chronic liver disease at home;
status 2, chronic liver disease in hospital; status 3,
chronic liver disease or acute liver failure in ICU not
requiring ventilation; status 4, chronic liver disease or
acute liver failure in ICU on a ventilator), MELD and
Child-Pugh scores at the time of transplantation,
portal hypertension, preoperative portal vein throm-
bosis, operative details (surgical technique, operative
duration, blood products used, estimated blood loss),
post-transplant complications (biliary, portal vein
thrombosis and hepatic artery thrombosis, infectious
complications) and ICU and hospital length of stay.
Prior laparotomy was defined as any laparotomy that
a patient had before their L'T. For patients who
underwent retransplantation, the initial L'T was
counted as having a previous laparotomy. Donor vari-
ables collected included age, sex and type of donation
(DCD or NDD).

MELD score groups

High MELD score was defined as a score greater than
35 and a low MELD score was defined as a score less
than or equal to 35, as supported by the findings from
the retrospective multicentre Canadian study of crit-
ically ill patients with cirrhosis admitted to the ICU by
Karvellas and colleagues.!? The authors reported that
patients who underwent L'T had a median MELD score
of 34 and that recipient age older than 60 years was an
independent predictor of 90-day mortality. LT recipi-
ents with MELD scores above 35 have also been found
to have increased postoperative morbidity.'

RESEARCH

Survival

Patient survival was calculated from the date of initial
transplantation to patient death (due to any cause). If
death did not occur, the patient was censored at their
last known alive date. Patients with graft failure who
survived were excluded from this analysis. Graft sur-
vival was calculated from the date of initial transplanta-
tion to the time of retransplantation (secondary to graft
failure) or patient death (due to graft failure). If the
patient did not have graft failure or died because of rea-
sons unrelated to graft failure, they were censored at
their date of death or last known alive date. The above
analyses may not take into account competing events
during a patient’s observation period. For instance,
patient overall survival excludes patients with graft loss,
and graft survival censors patients who did not survive,
possibly affecting the results.

To properly account for these events in the survival
analyses, we performed 2 additional competing risk
assessments.!”'® Graft-censored overall patient survival
was calculated from the date of initial transplantation to
patient death. If death did not occur, patients were cen-
sored at their last known alive date. If patients had graft
failure during their observation period, we also censored
them at their retransplantation date as a competing event
to death (instead of excluding these patients). Death-
censored graft survival was calculated from the date of
initial transplantation to the retransplantation date or
patient death (due to graft failure). If graft failure did not
occur, patients were censored at their last known alive
date. If patients died because of reasons unrelated to
graft failure during the observation period, we also cen-
sored them at their death date as a competing event to
graft failure (instead of censoring as a nonevent).

Statistical analysis

Patient demographic and clinical characteristics were
described using simple descriptive statistics (e.g.,
medians and proportions). To statistically compare the
characteristics and the peri- and postoperative out-
comes between the high-MELD and low-MELD
groups, we used Kruskall-Wallis tests for continuous
variables and y? tests of independence or Fisher exact
tests (when expected counts were less than 5) for cat-
egorical variables. Kaplan—-Meier curves with log-rank
tests were computed to estimate the unadjusted patient
overall and graft-free survival times stratified by high-
and low-MELD groups. For graft- and death-censored
survival, cumulative incidence curves with the Gray
test were used.!” Numeric summaries for 1- and 3-year
cumulative survival and incidence estimates and their
associated 95% confidence intervals (Cls) were also
derived. As a post hoc exploratory analysis,
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Kaplan—Meier curves with log-rank tests were com-
puted to estimate graft and patient survival according to
CanWAIT listing status.

Univariable and multivariable Cox proportional haz-
ard models were employed to identify independent pre-
dictors for patient overall survival and graft survival.
Potential variables were selected on the basis of a priori
subject-area knowledge and pertinent literature. We
included donor age, recipient age, donor type (DCD or
NDD), previous LT, pretransplantation portal vein
thrombosis, CanWAIT status (as an indicator of intuba-
tion status), ASA status, pretransplantation dialysis, pre-
transplantation GFR and hepatitis C status. The level of
significance was set at p < 0.05 for all statistical analyses,
and all reported p values reflect 2-tailed tests. All analyses
were conducted using R 3.5.2 statistical programming
(R Core Team).

RESULTS
Patient characteristics

Of 332 patients who underwent LT, 52 (15.7%) had
MELD scores above 35 and 280 (84.3%) had MELD
scores of 35 or below. Recipients with high MELD scores
were younger (55.5 v. 57 yr, p = 0.044), more likely to be
on dialysis from AKI (55.8% v. 4.3%, p < 0.001), more
likely to be in the ICU and intubated (status 3 or 4) and
more likely to have had a previous laparotomy and LT
(Table 1).

Intraoperative and postoperative outcomes

The high-MELD group required more intraoperative
transfusions of packed red blood cells (7.50 v.
4.00 units, p < 0.001), fresh frozen plasma (10.00 v.
6.00 units, p < 0.001) and platelets (8.50 v. 3.00 units,
p < 0.001) (Table 2). Sixty-two percent of transplant
recipients with high MELD scores had a grade 3 post-
operative AKI compared with 13.9% of recipients with
low MELD scores, and they were more often initiated
on dialysis (postoperatively) or continued on dialysis
from before transplantation. LT recipients with high
MELD scores had a significantly higher incidence of
surgical site infections (17.3% v. 6.8%, p = 0.025) and
tungal infections (21.2% v. 7.9%, p = 0.007), longer
ICU length of stay (7.00 d v. 3.00 d, p < 0.001) and lon-
ger hospital length of stay (25.5 d v. 17.0 d, p = 0.002)
(Table 3).

Survival
There was no statistical difference in patient survival
between MELD groups (p = 0.37) (Figure 1). One-year

survival among patients with MELD scores of 35 or
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lower was 93.1% versus 84.9% among those with scores
above 35 (95% CI 74.6%-96.8%) and 3-year survival
was 85.0% among patients with MELD scores of 35 or
lower versus 80.0% among those with scores above 35
(95% CI 68.5%-93.4%). When failing grafts were
included as competing events to death, there was no sta-
tistically significant difference in patient overall survival
between the MELD groups for determining death (p =
0.77) (data not shown).

Overall, 27.5% of recipients with MELD scores
above 35 experienced graft failure compared with only
10% of those with scores of 35 or lower. The high-
MELD group had a significantly lower graft survival
probability than the low-MELD group (» < 0.001)
(Figure 2). One-year graft survival among patients with
MELD scores of 35 or lower was 91.7% versus 77.2%
among those with scores above 35 (95% CI 66.2%—
90.1%), while 3-year graft-free survival was 90.9% ver-
sus 72.8% (95% CI 61.2%-86.7%). When death was
included as a competing event to graft failure, MELD
score above 35 continued to be statistically significant for
predicting graft failure (p = 0.009) (data not shown).
Patients with high MELD scores who experienced graft
failure and did not die underwent retransplantation. Six
patients with high MELD scores lost their first graft and
underwent retransplantation for the following reasons:
hepatic artery thrombosis (z = 1), ischemic cholangio-
pathy (z = 3), chronic rejection (z = 1) and portal vein
thrombosis (7 = 1). Five of the patients with high MELD
scores who underwent retransplantation lost their second
allograft because of uncontrollable bile leak and recur-
rent sepsis (# = 1), hepatic artery thrombosis (z = 2) and
ischemia secondary to bleeding (z = 2).

In an exploratory post hoc analysis, patient and graft
survival was stratified by CanWAIT listing status; sig-
nificant differences in patient survival (p < 0.001) and
graft survival (p = 0.005) were identified (Figure 3). One-
and 3-year patient survival were as follows: 94.8% and
86.6%, respectively, for status 1; 97.5% and 90%,
respectively, for status 2; 60% for status 3; and 74.3%
and 65.5%, respectively, for status 4. One- and 3-year
graft survival were as follows: 90.4% and 89.9%, respec-
tively, for status 1; 92.1% and 88.6%, respectively, for
status 2; 58.6% for status 3; and 90.3% for status 4.

Univariable and multivariable analyses

Univariable analysis was performed to identify signifi-
cant predictors for both patient death (Table 4) and
graft failure (Table 5). Significant predictors for patient
death were CanWAIT status 3 (hazard ratio [HR] 3.44,
95% CI 1.21-9.76, p = 0.021) and status 4 (HR 2.93,
95% CI 1.58-5.46, p = 0.001) relative to CanWAIT
status 1, dialysis before liver transplant (HR 3.08, 95%
CI 1.66-5.70, p < 0.001), history of prior liver transplant



Table 1. Characteristics of patients who underwent liver transplantation
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No. (%) of patients; MELD score*

Total MELD <35 MELD > 35
Characteristic n=332% n=280 n=52 p value
MELD score <0.001
<35 280 (84.3) 280 (100) 0(0.0)
>35 52 (15.7) 0(0.0) 52 (100)
Recipient age, yr, median (IQR) 57.0 (49.0-62.0) 57.0 (560.0-62.0) 55.5 (44.0-59.2) 0.044
Recipient sex, n = 331 0.72
Female 125 (37.8) 107 (38.4) 18 (34.6)
Male 206 (62.2) 172 (61.6) 34 (65.4)
Donor age, yr, median (IQR) 45.5 (30.0-56.0) 45.0 (30.0-56.0) 47.0 (27.0-57.2) 0.78
Recipient D-MELD score, median (IQR) 846 (495-1211) 728 (446-1067) 1788 (1063-2259) <0.001
Donor type, n =329 1.00
DCD 53 (16.1) 45 (16.2) 8(15.7)
NDD 276 (83.9) 233 (83.8) 43 (84.3)
Wait-list status, n = 330 <0.001
1 190 (57.6) 189 (68.0) 1(1.9)
2 89 (27.0) 64 (23.0) 25 (48.1)
3 13(3.9) 5(1.8) 8(15.4)
4 38(11.5) 20(7.2) 18 (34.6)
Child-Pugh score, median (IQR), n = 324 10.0 (8.00-12.0) 10.0 (8.00-11.0) 12.0(11.0-12.2) <0.001
Recipient hepatitis C status, n = 330 0.16
Negative 233 (70.6) 193 (68.9) 40 (80.0)
Positive 97 (29.4) 87 (31.1) 10 (20.0)
ASA class, n =327 0.005
2 1(0.3) 1(0.4) 0(0.0)
3 51 (15.6) 49 (17.8) 2(3.9)
4 269 (82.3) 223 (80.8) 46 (90.2)
5 6(1.8) 3(1.1) 3 (5.9
Dialysis before OLTx, n = 330 <0.001
No 282 (85.5) 261 (93.9) 21 (40.4)
Yes, newly started because of AKI 41 (12.4) 12 (4.3) 29 (55.8)
Yes, on previously because of CKD 7(2.1) 5(1.8) 2(3.8)
Prior 3-mo GFR, mL/min per 1.73 m?, 86.0 (62.5-104) 85.5 (60.2-104) 90.0 (72.0-105) 0.51
median (IQR), n =279
Prior portal vein thrombosis 0.027
No 266 (80.1) 218 (77.9) 48(92.3)
Yes 66 (19.9) 62 (22.1) 4(7.7)
Prior portal hypertension 1.00
No 84 (25.3) 71(25.4) 13(25.0)
Yes 248 (74.7) 209 (74.6) 39 (75.0)
Prior laparotomy 0.016
No 229 (69.0) 201 (71.8) 28 (63.8)
Yes 103 (31.0) 79 (28.2) 24 (46.2)
Prior OLTx 0.002
No 294 (88.6) 255 (91.1) 39 (75.0)
Yes 38(11.4) 25 (8.9) 13(25.0)

AKI = acute kidney injury; ASA = American Society of Anesthesiologists; CKD = chronic kidney dysfunction; DCD = circulatory determination of death;
D-MELD = recipient MELD score x donor age; GFR = glomerular filtration rate; IQR = interquartile range; MELD = Model for End-Stage Liver Disease;

NDD = neurologic determination of death; OLTx = orthotopic liver transplantation.

*Unless indicated otherwise.

(HR 2.69,

95% CI 1.46-4.96, p = 0.02) and recipient age
(HR 1.03, 95% CI 1.00-1.06, p = 0.022). Significant
predictors for graft failure included CanWAIT status 3
(HR 5.04, 95% CI 1.88-13.52, p = 0.001) relative to
CanWAIT status 1, dialysis for AKI and hepatorenal

syndrome before LT (HR 3.68, 95% CI 1.87-7.25, p <
0.001) and MELD score above 35 (HR 3.22, 95% CI
1.69-6.15, p < 0.001).

We performed multivariable analyses including all of
the predictors selected a priori for patient death (Table 6)

Can J Surg/J can chir 2022;65(4)  E429



RECHERCHE

Table 2. Intraoperative variables stratified by MELD score

No. (%) of patients*

MELD <35 MELD > 35
Intraoperative variable n=279 n=>52 p value
BD anastomosis, 0.28
n=_326
Duct-to-duct 245 (88.4) 40 (81.6)
Hepaticojejunostomy 32(11.6) 9(18.4)

Transplantation 0.09
technique, n = 331

Caval interposition 83 (29.7) 10(19.2)
Piggyback 83 (29.7) 23 (44.2)
Side-to-side 113 (40.5) 19 (36.5)
cavocavostomy
Warm ischemic time, 60.0 (49.8-75.0) 60.0 (48.0-77.0) 0.82
min, median (IQR),
n=257
Cold ischemic time, 424 (339-611) 505 (362-718) 0.26
min, median (IQR),
n=231
RBC, units, median 4.00 (2.00-8.00) 7.50 (5.00-10.00) <0.001
(IQR), n =330
FFP, units, median 6.00 (2.00-10.0)  10.00 (5.00-15.00) < 0.001
(IQR), n =329
Platelets, units, median ~ 3.00 (0.00-8.00) 8.50 (4.00-15.0) <0.001
(IQR), n=2327
OR duration, min, 360 (296-425) 335 (298-377) 0.25

median (IQR), n = 325

BD = bile duct; FFP = fresh frozen plasma; IQR = interquartile range; MELD = Model for
End-Stage Liver Disease; OR = operating room; RBC = red blood cells.
*Unless indicated otherwise.

and graft failure (Table 7). For patient death, the only
significant predictor was previous L'T (HR 2.99, 95% CI
1.09-8.19, p = 0.033); CanWAIT status 3 (HR 3.42,
95% CI 0.98-11.9, p = 0.05) and CanWAIT status 4
(3.51, 95% CI 1.00-12.3, p = 0.05) approached signifi-
cance. No variables predicted graft failure, although
MELD score above 35 approached significance (HR 3.38,
95% CI0.91-12.60, p = 0.07).

There was no significant difference in the incidence of
bile leak, biliary strictures or hepatic artery thrombosis
between recipients with high and low MELD scores who
received DCD grafts. There was no significant difference
in recipient or graft survival when DCD and NDD
donors were compared (data not shown).

Discussion

To our knowledge, this is the first Canadian study to
report granular outcomes comparing transplant recipi-
ents with high versus low MELD scores. Recipients
with high MELD scores had a higher incidence of pre-
transplant AKI requiring dialysis, had a higher likeli-
hood of requiring ICU admission and mechanical ven-
tilation, and required higher usage of intraoperative
blood products. The increased morbidity of recipients
with high MELD scores resulted in an increased
requirement for post-transplant dialysis, longer stays in
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the ICU, a higher incidence of fungal infections and
surgical site infections, prolonged hospital admission
and a higher rate of graft failure. It has been previously
demonstrated that recipients with high MELD scores
are more likely to require mechanical ventilation,
increased intraoperative blood product utilization and
vasopressor support.?’ The increased morbidity and
hospital resource allocation of recipients with high
MELD scores has also been shown to lead to increased
costs per patient.?!

In the current study, the survival of patients with
MELD scores above 35 was similar to that of patients
with MELD scores of 35 or below, and these results
correlate with what has been reported in the litera-
ture.’? Graft failure occurred more frequently in
patients with higher MELD scores mainly becauase of
arterial and biliary complications. It is difficult to know
why these complications in particular had such a signifi-
cant impact on patients with high MELD scores, but it
is safe to assume that “sicker” patients physiologically
do not tolerate such complications well. Alternatively,
these complications are more likely to occur in the
pathophysiologic milieu of a very ill patient. Regardless,
our findings provide an opportunity to attempt to
improve future graft survival by reducing postoperative
arterial and biliary complications.?*

It is also possible that some patients with higher
MELD scores may have received less than optimal grafts
that would have otherwise not been used or would have
been allocated to candidates with lower MELD scores
judged to be better able to tolerate a suboptimal graft.
This situation may have occurred if the transplant sur-
geon and hepatologist believed that the patient with a
high MELD score was likely to die before another graft
became available. This risk versus benefit decision-
making perhaps warrants further qualitative study. Fur-
thermore, geographic distance remains a potential chal-
lenge within the Canadian transplant system for patients
with high MELD scores. Unlike in the United States,
there is no set MELD score that triggers eligibility for
organs from outside the patient’s listed region. Owing to
the geography and the relatively small population of
some regions, such patients may wait an unacceptably
long time if they are eligible only for organs from their
own organ procurement organization. Therefore, trans-
plant centres may be forced to use marginal grafts for
patients with high MELD scores at times, resulting in
poor outcomes. This is a topic that will need further dis-
cussion at the national level to ensure that patients with
high MELD scores who have the highest wait-list mor-
tality can undergo transplantation with an organ of
appropriate quality in a timely fashion.

The lack of significance in graft failure rates between
MELD groups who received DCD grafts and the lack of
significance in graft failure rates between DCD and
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Table 3. Postoperative outcomes stratified by MELD score

No. (%) of patients*
MELD <35 MELD > 35
Postoperative outcome n=280 n=>52 p value
ICU length of stay, d, median (IQR), n = 327 3.00 (2.00-6.00) 7.00 (5.00-12.00) <0.001
Hospital length of stay, d, median (IQR), n = 329 17.0 (11.0-27.0) 25.5(17.6-34.8) 0.002
Bile leak, n = 332 0.84
No 243 (86.8) 44 (84.6)
Yes 37 (13.2) 8(15.4)
Bile stricture, n = 332 0.10
No 243 (86.8) 40 (76.9)
Yes 37 (13.2) 12(23.1)
HAT, n =332 0.52
No 265 (94.6) 48 (92.3)
Yes 15 (5.4) 4(7.69)
PVT, n =332 0.35
No 264 (94.3) 47 (90.4)
Yes 16 (5.7) 5 (9.6)
Postoperative dialysis, <0.001
n=2332
No 243 (86.8) 16 (30.8)
Yes, continued 17 (6.1) 30 (67.7)
Yes, initiated 20(7.1) 6(11.5)
Postoperative AKI grade, <0.001
n=2332
1 75 (26.8) 8(15.4)
33(11.8) 1(1.9)
39 (13.9) 32 (61.5)
No 133 (47.5) 11(21.2)
Acute rejection, n = 332 0.52
No 217 (77.5) 43(82.7)
Yes 63 (22.5) 9(17.3)
Surgical site infection, 0.025
n=2332
No 261 (93.2) 43 (82.7)
Yes 19 (6.8) 9(17.3)
Intra-abdominal infection, 0.06
n=2332
No 242 (86.4) 39 (75.0)
Yes 38(13.6) 13 (25.0)
Fungal infection, n =332 0.007
No 258 (92.1) 41 (78.8)
Yes 22(7.9) 11(21.2)
Bacteremia, n = 332 0.90
No 226 (80.7) 41 (78.8)
Yes 54 (19.3) 11(21.2)
Pneumonia, n = 332 0.26
No 250 (89.3) 43 (82.7)
Yes 30(10.7) 9(17.3)
Cytomegalovirus viremia, n = 332 1.12(0.4) 1.17(0.4) 0.37
Graft failure, n = 321 0.001
No 243 (90.0) 37(72.5)
Yes 27 (10.0) 14 (27.5)
Mortality, n = 332 1.00
No 228 (81.4) 42 (80.8)
Yes 52 (18.6) 10 (19.2)
AKI = acute kidney injury; HAT = hepatic artery thrombosis; ICU = intensive care unit; IQR = interquartile range; MELD = Model for
End-Stage Liver Disease; PVT = portal vein thrombosis.
*Unless indicated otherwise.
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NDD donors is probably a reflection of a small sample
size. Transplants from DCD donors have been associated
with increased biliary complications, graft loss and recipi-
ent mortality when compared with those from NDD
donors.”~” Additionally, early allograft dysfunction from
DCD donors has been shown to result in worse graft and
patient survival.?®

When survival was analyzed according to CanWAIT
listing status, there was a significantly higher risk of

E432 cCan J Surg/J can chir 2022;65(4)

1- and 3-year mortality for status 3 patients (60.0%) and
status 4 patients (74.0% and 65.0%). For graft survival,
only status 3 patients had significantly worse outcomes.
For both status 3 and status 4 groups, analysis was lim-
ited to small numbers: 13 status 3 patients and 38 status
4 patients. This probably reflects the lack of statistical
significance of status 3 or status 4 patients predicting
patient death or graft failure in the multivariable analy-
sis. Multivariable analysis identified only a history of
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Fig. 2. Graft survival. MELD = Model for End-Stage Liver Disease.

previous LT (HR 2.99) as a significant predictor of
patient death. CanWAIT status 3 (HR 3.42), status 4
(HR 3.51) and preoperative dialysis (HR 3.35) nearly
reached significance. No variables on multivariable
analysis were significant predictors of graft failure; how-
ever, MELD score above 35 approached significance.
The minimum acceptable 5-year estimated patient
survival for all indications according to the Canadian
Liver Listing and Allocation Forum is 60%." Although

we report only 1- and 3-year patient survival, our high-
risk recipient outcomes overall meet the 60% survival
threshold. Additionally, surviving the first year of trans-
plantation has been previously shown to be a surrogate
marker of good long-term survival 3

Panchal and colleagues!® and Nekrasov and colleagues’
reviewed the United Network for Organ Sharing
(UNOS) database for LT recipients with MELD scores
above 40; they each reported 1- and 3-year graft survival
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Table 4. Univariable analysis predicting patient death

No. (%) of patients*
Survived Deceased

Variable n=239 n=62 Hazard ratio (95% Cl) pvalue
MELD score

<35 209 (87.4) 52 (83.9)

>35 30 (12.6) 10 (16.1) 1.36 (0.69-2.68) 0.37
Recipient age, yr, mean + SD 53.5+12.0 57.2 +10.9 1.03 (1.00-1.06) 0.022
D-MELD score, mean + SD 873 + 505 996 + 672 1.00 (1.00-1.00) 0.1
Donor type

DCD 38(16.0) 9(14.5) Ref. Ref.

NDD 199 (84.0) 53 (85.5) 1.08 (0.563-2.19) 0.83
Wait-list status

1 144 (60.5) 30 (48.4) Ref. Ref.

2 68 (28.6) 13(21.0) 0.88 (0.46-1.68) 0.69

3 6 (2.52) 4 (6.45) 3.44 (1.21-9.76) 0.021

4 20 (8.40) 15 (24.2) 2.93 (1.58-5.46) 0.001
Dialysis before OLTx

No 214 (89.9) 47 (77.0) Ref. Ref.

Yes, because of AKI 19 (7.98) 13(21.3) 3.08 (1.66-5.70) <0.001

Yes, because of CKD 5(2.10) 1(1.64) 0.88 (0.12-6.36) 0.90
Prior 3-mo GFR, mL/min per 1.73 m?, mean + SD 82.1 +28.7 82.3+285 1.00 (0.99-1.01) 0.96
Recipient HCV status

Negative 164 (68.9) 43 (70.5) Ref. Ref.

Positive 74 (31.1) 18 (29.5) 0.90 (0.52-1.56) 0.71
History of PVT

No 192 (80.3) 49 (79.0) Ref. Ref.

Yes 47 (19.7) 13(21.0) 1.05 (0.57-1.93) 0.88
Prior OLTx

No 219 (91.6) 49 (79.0) Ref. Ref.

Yes 20 (8.37) 13(21.0) 2.69 (1.46-4.96) 0.002
AKI = acute kidney injury; Cl = confidence interval; CKD = chronic kidney dysfunction; DCD = circulatory determination of death; D-MELD = recipient MELD score x donor
age; GFR = glomerular filtration rate; HCV = hepatitis C virus; MELD = Model for End-Stage Liver Disease; NDD = neurologic determination of death; OLTx = orthotopic liver
transplant; PVT = portal vein thrombosis; Ref. = reference category; SD = standard deviation.
*Unless indicated otherwise.

rates of 77% and 69% along with 1- and 3-year mortality
rates of 80% and 72%. On multivariate analysis,
Nekrasov and colleagues identified independent risk fac-
tors for graft failure: previous LT (HR 1.63), ventilator
dependence (HR 1.52), hepatitis C infection (HR 1.42),
pretransplant diabetes (HR 1.38), age older than 60 years
(HR 1.32), waiting more than 4 weeks (HR 1.22) and
prior abdominal surgery. Independent risk factors for
recipient mortality included previous LT (HR 1.61), ven-
tilator dependence (HR 1.49), diabetes (HR 1.47), hepati-
tis C infection (HR 1.46), age older than 60 years (HR
1.43), hospital admission time and prior abdominal sur-
gery. Both studies had much larger study populations of
2610 and 5002 patients, respectively, and both groups
defined high MELD score as 40 and above. The slightly
higher 1- and 3-year graft and patient survival in our
study is probably attributable to our definition of high
MELD as a score above 35 rather than 40 and above.
Asrani and colleagues®® in 2017 developed a point-
based risk score assessment tool based on the Scientific
Registry of Transplant Recipients (SRTR) database.
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Ventilator support was awarded 5 points, recipient age
older than 60 years and preoperative dialysis were
awarded 3 points, and preoperative diabetes and preop-
erative creatinine greater than or equal to 1.5 mg/dL
were awarded 2 points. Five-year patient survival and
graft survival were greatly reduced in patients with
more than 8 points compared with fewer than 4 points.
Rana and colleagues® and Dutkowski and colleagues®!
have also identified previous LT and life support
before L'T among other variables as independent pre-
dictors of post-transplant survival. Each group devel-
oped their own risk stratification tools (survival out-
comes following LT [SOFT] and balance of risk
[BAR]) in the hope of optimizing donor allocation and
patient outcomes. Both tools incorporate donor and
recipient variables.

To help predict patient survival after L'T, Halldorson
and colleagues®? developed the D-MELD score (recipi-
ent MELD score multiplied by donor age). The authors
reviewed 17942 patients from the UNOS database
between 2003 and 2006 with chronic liver disease who
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Table 5. Univariable analysis predicting graft failure

No. (%) of patients*
Graft survival Graft failure

Variable n=290 n=41 Hazard ratio (95% Cl) p value
MELD score

<35 253 (87.2) 27 (65.9) Ref. Ref.

>35 37 (12.8) 14 (34.1) 3.22 (1.69-6.15) <0.001
Recipient age, yr, mean + SD 543 +11.8 53.3 + 9.97 1.00 (0.97-1.02) 0.73
D-MELD score, mean + SD 884 + 526 1323 + 784 1.00 (1.00-1.00) <0.001
Donor type

DCD 46 (16.0) 7(17.5) Ref. Ref.

NDD 242 (84.0) 33 (82.5) 0.90 (0.40-2.04) 0.80
Wiait-list status

1 171 (59.2) 19 (47.5%) Ref. Ref.

2 78 (27.0) 11(27.5) 1.19(0.567-2.51) 0.64

3 8(2.7) 5(12.5) 5.04 (1.88-13.52) 0.001

4 32 (11.1) 5(12.5) 1.43 (0.563-3.83) 0.48
Dialysis before OLTx

No 254 (88.2) 28 (68.3) Ref. Ref.

Yes, because of AKI 28(9.72) 12 (29.3) 3.68 (1.87-7.25) <0.001

Yes, because of CKD 6 (2.08) 1(2.44) 1.49 (0.20-10.96) 0.70
Prior 3-mo GFR, mL/min per 1.73 m?, mean + SD 82.3 +£28.6 82.2 £29.4 1.00 (0.99-1.01) 0.96
Recipient HCV status

Negative 200 (69.2) 32 (80.0) Ref. Ref.

Positive 89 (30.8) 8(20.0) 0.57 (0.26-1.24) 0.16
History of PVT

No 232 (80.0) 33 (80.5) Ref. Ref.

Yes 58 (20.0) 8(19.5) 0.96 (0.44-2.08) 0.92
Prior OLTx

No 258 (89.0) 36 (87.8) Ref. Ref.

Yes 32(11.0) 5(12.2) 1.21 (0.48-3.10) 0.68
AKI = acute kidney injury; Cl = confidence interval; CKD = chronic kidney dysfunction; DCD = circulatory determination of death; D-MELD = recipient MELD score x donor age;
GFR = glomerular filtration rate; HCV = hepatitis C virus; MELD = Model for End-Stage Liver Disease; NDD = neurologic determination of death; OLTx = orthotopic liver transplantation;
PVT = portal vein thrombosis; REf. = reference category; SD = standard deviation.
*Unless indicated otherwise.

underwent L'T. In patients with a pretransplant MELD
score of 30 or above and a D-MELD score of 1600 or
above, 4-year survival was 63.8% versus 71.3% in
patients with a D-MELD score below 1600. De Boer
and colleagues® reviewed several predictive models for
graft and patient survival in 62294 patients from the
Scientific Registry of Transplant Recipients database
between 2005 and 2015. The D-MELD had a c-index
(predictive capacity) of 0.58 and 0.56 for 1- and 3-year
patient survival, respectively. The Donor Risk Index
(DRI) score, which excludes recipient variables, has not
been shown to be helpful in predicting mortality in
recipients with high MELD scores.?!

Owing to the simplicity of the D-MELD calculation
and its inclusion of donor age, we aimed to see if it
could predict patient survival in our cohort in a post-
hoc analysis. We replaced MELD with D-MELD on
multivariable analysis for predicting patient death and
graft failure. D- MELD did not have any significance in
predicting patient death, although it was statistically sig-
nificant in predicting graft failure for recipients with

MELD scores above 35 (HR 1.0, 95% CI 1-1, p =
0.014). Interestingly, De Boer and colleagues®® found
that D-MELD had a poor c-index for graft failure. Our
multivariable analysis of recipients with MELD scores
above 35 did not predict graft failure (p = 0.069) and on
univariable analysis donor age was not significantly dif-
ferent between MELD groups. Despite the lack of abil-
ity of either recipient MELD or donor age to independ-
ently predict graft failure, perhaps the D-MELD
calculation can be used as an adjunct in determining
which subset of patients with high MELD scores would
be at high risk for graft failure.

In addition to survival analysis, we performed a com-
peting risk analysis to account for patients who suffered
graft loss in mortality estimates or for patients who did
not survive in the graft failure analysis. We found that
there was no significant difference between Kaplan—
Meier and competing risk analysis for both patient sur-
vival and graft survival. In our study, 13 of 52 (25%) of
the patients with high MELD scores had a prior liver
transplant. Of the 24 patients with high MELD scores
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Table 6. Multivariable analysis estimating patient death

No. of Multivariable hazard

Variable patients ratio (95 % ClI) p value
MELD score

<35 280 - -

> 35 52 0.48(0.13-1.6) 0.27
Recipient age 332 1.02 (0.99-1.1) 0.13
Donor

DCD 53 - -

NDD 276 0.92 (0.37-2.3) 0.85
Wait-list status

1 —_ —_ —_

2 89 0.67 (0.29-1.6) 0.36

3 13 3.42(0.98-11.9) 0.05

4 38 3.561 (1.00-12.3) 0.05
Dialysis before OLTx

Yes, because of AKI 41 3.35(0.99-11.4) 0.05

Yes, because of CKD 7 2.13(0.23-19.5) 0.50
eGFR (3 mo before OTLx) 332 1.01 (0.99-1.02) 0.31
Recipient HCV status 97 0.89 (0.46-1.73) 0.74
PVT before OLTx 66 1.50 (0.72-3.13) 0.28
Prior liver transplant 38 2.99 (1.09-8.19) 0.033
AKI = acute kidney injury; Cl = confidence interval; CKD = chronic kidney dysfunction;
DCD = circulatory determination of death; eGFR = estimated glomerular filtration rate;
HCV = hepatitis C virus; MELD = Model for End-Stage Liver Disease; NDD = neurologic
determination of death; OLTx = orthotopic liver transplantation; PVT = portal vein
thrombosis.

Table 7. Multivariable analysis estimating graft failure

No. of Multivariable hazard
Variable patients ratio (95% Cl) p value
MELD score
<35 280 - -
>35 52 3.38(0.91-12.6) 0.07
Recipient age 332 1.0 (0.96-1.03) 0.83
Donor
DCD 53 - -
NDD 276 0.83(0.3-2.32) 0.73
Wait-list status
1 190 - -
2 89 0.47 (0.17-1.34) 0.16
3 13 1.83(0.43-7.79) 0.42
4 38 0.34 (0.04-3.23) 0.35
Dialysis before OLTx
2" to AKI 41 1.3(0.32-5.22) 0.71
2' CKD 7 2.49(0.25-24.7) 0.44
eGFR (3 mo before 332 1.00 (0.98-1.01) 0.93
OTLx)
Recipient HCV 97 0.57 (0.23-1.42) 0.23
status
PVT before OLTx 66 1.01(0.38-2.72) 0.98
Prior liver transplant 38 1.86 (0.56-6.19) 0.31
AKI = acute kidney injury; Cl = confidence interval; CKD = chronic kidney dysfunction;
DCD = circulatory determination of death; eGFR = estimated glomerular filtration rate;
HCV = hepatitis C virus; MELD = Model for End-Stage Liver Disease; NDD = neurologic
determination of death; OLTx = orthotopic liver transplantation; PVT = portal vein
thrombosis.
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who had a prior laparotomy, 13 had a prior liver trans-
plant. Thirteen of the 24 patients with high MELD
scores with a prior laparotomy may have derived a high
MELD score secondarily to complications associated
with a failed liver transplant rather than a pathophysio-
logic decompensation of the underlying chronic liver
disease or acute fulminant liver failure. The most com-
mon indication for laparotomy aside from previous
transplant was emergency ventral or umbilical hernia
repair in 4 patients. Other indications included explora-
tory laparotomy in 2 patients and subtotal colectomy
for toxic megacolon, open cholecystectomy, liver resec-
tion, open liver ablation and cesarean section in
1 patient each.

Limitations

The limitations of the study include its retrospective
design, a relatively small number of L'T recipients with
high MELD scores (> 35) and the inclusion of patients
who underwent retransplantation, which may limit the
generalizability of our results.

CONCLUSION

Higher MELD score was associated with lower graft
survival but not patient survival after L'T in this
single-centre study. The increased morbidity associ-
ated with high MELD scores among recipients led to
increased ICU and hospital length of stay. A history of
previous LT independently predicted patient mortal-
ity, while in the group of patients with MELD scores
above 35 the D-MELD score independently predicted
graft failure. Even though patients with high MELD
scores had increased morbidity than patients with
lower MELD scores, patient survival was similar in
the 2 groups. Collaboration with other Canadian cen-
tres may lead to improved identification of independ-
ent risk factors for graft failure and patient survival.
Additionally, this may lead to improved selection of
recipients with high MELD scores, optimization of
donor allocation and informed consent for this high-
risk patient population.
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