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Abstract

The post-transplant outcomes of patients with Model for End-stage Liver Disease (MELD) score
primarily driven by renal dysfunction are poorly understood. This was a retrospective cohort study
of liver transplant (LT) alone recipients between 2005-2017 using the United Network for Organ
Sharing (UNQOS) database. The proportion of MELD Sodium score attributable to creatinine
(“KidneyMELD”) was calculated: (9.57 x In (creatinine) x 100) / (MELD-Na — 6.43). The
association of KidneyMELD with (1) all-cause mortality and (2) estimated glomerular filtration
rate (eGFR) <30mL/min/1.732 at 1-year post-LT were evaluated. Recipients with KidneyMELD
=>50% had a 52% higher risk of post-LT mortality (adjusted hazard ratio 1.52 vs KidneyMELD
0%, 95% ClI: 1.36-1.69; p<0.001). This risk was significantly greater for older patients,
particularly when >50 years at LT (interaction p<0.001). KidneyMELD =50% was also associated
with an 11-fold increase in the odds of advanced renal dysfunction at 1-year post-LT (adjusted
odds ratio 11.53 vs KidneyMELD 0%; 95% CI 8.9-14.93; p<0.001). Recipients prioritized for LT
primarily on the basis of renal dysfunction have marked post-LT mortality and morbidity
independent of MELD Sodium score. The implications of these results in the context of the new
UNOS “safety net’ kidney transplant policy require further study.
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Introduction

Methods

In February 2002, the liver transplant community adopted the Model for End-stage Liver
Disease (MELD) score to prioritize candidates awaiting liver transplantation (LT). The
original MELD score was developed as a means to differentiate patients at risk for worse
outcomes after transjugular intrahepatic portosystemic shunt, and was derived using
covariate coefficients from a statistical model in which patients with intrinsic renal disease
were excluded(1). Subsequent studies demonstrated good predictive power with regards to
short-term waitlist mortality using the original coefficients irrespective of pre-LT renal
function (2, 3). However, from the standpoint of resource utilization and transplant equity,
the adoption of the MELD additionally led to a significant rise in the prevalence of
candidates with renal dysfunction at and after LT(4-6).

The issue of pre-LT renal function, MELD score and outcomes after LT is complex. The
MELD score cannot differentiate between acute and chronic kidney dysfunction, which have
differing impacts on waitlist and post-LT survival(7-10). Ideally, waitlist prioritization on the
basis of creatinine should favor candidates with hepatorenal syndrome (HRS), who are
known to have significant waitlist mortality and in whom LT can reverse renal dysfunction.
The inclusion of serum sodium into the MELD (MELD-Na) score in 2016 may have
improved this due to the relationship between HRS and hyponatremia, though this has not
been specifically studied(11, 12). Simultaneous liver-kidney (SLK) transplantation remains
an option for candidates with advanced renal dysfunction who are at low likelihood of renal
recovery after LT, though the survival benefit of SLK over LT alone in such patients has also
been questioned(13, 14).

The decision to pursue LT alone in candidates with advanced renal dysfunction is ultimately
at the discretion of the transplant center, with decisions frequently based on limited objective
data. The primary aims of this study were to evaluate the risk of post-LT mortality and
advanced post-LT renal insufficiency (defined as an estimated glomerular filtration rate
(eGFR) of <30mL/min/1.732 at 1 year post-LT) in LT alone recipients whose MELD-Na
score is primarily driven by elevated creatinine. Secondarily, this study evaluated the post-LT
outcomes of recipients ineligible for SLK transplant by current United Network for Organ
Sharing (UNQS) guidelines in whom MELD-Na is predominantly driven by renal
dysfunction.

Study population & definitions

This was a retrospective cohort study of adult (=18 years) initial deceased donor LT (DDLT)
alone recipients between 2005-2017 using the UNOS database. Subjects were excluded if: 1)
they underwent living donor liver transplantation; 2) they had received exception points at
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any time during waitlisting; 3) they were listed as Status 1 (i.e., emergent LT). In these
candidates, laboratory MELD-Na score does not determine organ allocation.

The proportion of MELD-Na attributable to creatinine, defined as the “KidneyMELD” and
expressed as a percentage, was obtained using the following equation: (9.57 x In(creatinine)
x 100) / (MELD-Na - 6.43). Sample KidneyMELD values are shown in Supplementary
Table 1. KidneyMELD was evaluated in categorical (0%, 1-24%, 25-49% and =50%) and
binary (<50% vs =50%) forms. The laboratory MELD-Na score was calculated using the
equation provided by UNOS(12). Creatinine values and MELD-Na scores were capped at
4mg/dL and 40, respectively, as per UNOS allocation policy. The minimum creatinine value
was set at Img/dL, as UNOS policy does not distinguish lower values. As per UNOS policy,
subjects on dialysis at the time of LT were coded as having a creatinine of 4mg/dL. All
laboratory values were obtained at the time of LT.

Among recipients waitlisted at least 90 days, pre-LT chronic kidney disease (CKD) was
defined as the presence of at least 2 recorded eGFR values <60mL/min/1.732 at least 90 days
apart prior to LT date with all eGFR values recorded in between also <60mL/min/1.732.
Recipients’ eGFR was calculated using the Modification of Diet in Renal Disease 4
(MDRD-4) formula(15).

Statistical analysis

Demographic and clinical characteristics of recipients with KidneyMELD <50% and =50%
were compared using Chi-squared tests for categorical variables and Wilcoxon rank-sum
tests for continuous variables. Temporal and geographic trends by UNOS region, as well as
center variability in the proportion of recipients transplanted with KidneyMELD >50% were
evaluated.

Post-LT cause of death according to KidneyMELD at LT was evaluated descriptively.
Survival analysis was used to study the association between KidneyMELD and all-cause
post-LT mortality. Recipients were censored at the last date of follow-up in the UNOS
database or at the end of the study period (i.e., December 31, 2017). The proportional
hazards (PH) assumption was assessed graphically using scaled Schoenfeld residual plots.
Unadjusted post-LT survival according to KidneyMELD as a categorical variable was
evaluated using Kaplan-Meier plots and compared using the log-rank test.

Multivariable Cox PH models were used to obtain adjusted hazard ratios (aHR) for mortality
according to KidneyMELD. Pre-specified interactions between KidneyMELD and the
following covariates were investigated: age, gender, race/ethnicity, non-alcoholic
steatohepatitis (NASH) vs non-NASH etiology of liver disease, MELD-Na score and
diabetes. Multivariable models were adjusted for the following covariates: age (continuous),
gender, race/ethnicity, primary etiology of liver disease, laboratory MELD-Na score
(continuous), serum albumin at LT (continuous), ascites (categorical: none, mild, moderate),
diabetes (binary), dialysis at LT (binary), location prior to LT (home, hospital ward, hospital
intensive care), donor age (continuous) and receipt of organ donated after circulatory
determination of death (DCDD).
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Advanced renal insufficiency after LT was defined as an eGFR of <30mL/min/1.732 by
MDRD-4 (binary yes/no). Logistic regression models evaluated the association of
KidneyMELD and eGFR of <30mL/min/1.732 at 1 year post-LT. Multivariable models were
adjusted for the same covariates as those specified above in the post-LT survival Cox PH
models. Adjusted odds ratios (aOR) were obtained from these analyses. As a secondary
analysis the pursuit of kidney transplantation after LT alone in those with KidneyMELD
=>50% was described.

Exploratory analysis

Results

In an exploratory analysis, the unadjusted post-LT survival of recipients with CKD and
KidneyMELD >50% who were ineligible for SLK was compared to that of SLK recipients
transplanted during the same period (2005-2017). Recipients were defined as e/igible for
SLK according to UNQS policy if they had CKD as defined above and had an eGFR
<30mL/min/1.732 or dialysis support at the time of LT(12). Therefore, recipients ineligible
for SLK were those waitlisted at least 90 days, with or without CKD, and with eGFR at LT
>30mL/min/1.732 without dialysis support. Kaplan-Meier curves and the log-rank test were
used.

This study was reviewed by the Institutional Review Board at the University of Pennsylvania
and received exempt status.

Between 2005-2017, a total of 34,949 patients underwent initial DDLT alone without prior
exception points, of which 1,421 (4.1%) had a KidneyMELD at LT of 250%. Basic
demographic and clinical characteristics of DDLT recipients with and without KidneyMELD
at LT of =250% are shown in Table 1. Recipients with KidneyMELD at LT =50% were more
likely to have NASH (28.7% vs 21%) and less likely to have auto-immune liver disease
(6.9% vs 14.2%; p<0.001). These recipients were also more likely to have diabetes pre-LT
(39.4% vs 23%; p<0.001) and moderate ascites (51.7% vs 39.9%; p<0.001). Among those
waitlisted at least 90 days pre-LT (N=12,640), 68.9% of those with KidneyMELD >50% had
pre-LT CKD.

Though statistically significant, there were no clear geographic trends observed in the
proportion of DDLT recipients transplanted with KidneyMELD =50% during the study
period (range: 3.3% in region 3 to 5.3% in region 7; p<0.001). In the largest UNOS region
(region 3; N=7,152), the proportion of LT alone recipients with KidneyMELD =50% ranged
from 0.1% to 10% among the 16 centers transplanting =10 patients during the study period.
There was a small but significant decrease in the proportion of LT alone recipients with
KidneyMELD =50% over time, which accounted for 4.8% of the study cohort transplanted
between 2005-2008, 4.1% between 2009-2013 and 3.4% between 2014-2017 (p<0.001).
This trend was also observed in the subgroup with NASH (6.9% between 2005-2008, 5.4%
between 2009-2013 and 4.9% between 2014-2017; p=0.015).
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Post-LT outcomes according to KidneyMELD at LT

A total of 7,605 (21.8%) post-LT deaths were observed during follow-up. Among LT
recipients with a known cause of death (COD, 88.2%), cardiovascular disease was listed as
the primary COD in 20.8% and renal failure was the primary or secondary COD in 5.8%.
There was a significant increase in the proportion of post-LT deaths attributable to
cardiovascular disease and renal failure with increasing KidneyMELD (Table 2). In
recipients with KidneyMELD >50%, 25.1% of post-LT deaths were primarily due
cardiovascular disease and 11.1% were either primarily or secondarily attributable to renal
failure.

Accounting for recipient and donor factors, there was a stepwise increase in post-LT
mortality with increasing KidneyMELD, which reached an aHR of 1.52 (95% ClI: 1.36-1.69)
for those with KidneyMELD =50% (Table 3). The association of increasing KidneyMELD
with post-LT mortality was greater with increasing age (interaction p<0.001), particularly
for recipients over 50 years at LT (Figure 1). As an example, using KidneyMELD 0% as
reference, the aHR with KidneyMELD =50% was 1.85 (95% ClI: 1.52-2.26) for 70-year old
recipients, but not significantly different from KidneyMELD 0% for 40-year-old recipients
(@aHR 1.22, 95% CI: 0.95-1.59). The other interactions evaluated were not statistically
significant, including that of KidneyMELD and MELD-Na, indicating that the effect of
increasing KidneyMELD on post-LT mortality was the same across all MELD-Na scores.

There were 22,811 recipients in the cohort with renal function data at 1-year post-LT, of
which 5.5% were noted to have eGFR <30mL/min/1.732. Similar to the risk of post-LT
mortality, there was a stepwise increase in the risk of advanced post-LT renal insufficiency
with increasing KidneyMELD particularly when KidneyMELD reached =50% (aOR 11.56,
95% CI: 8.93-14.97; Table 3). As a secondary analysis, the pursuit of kidney transplantation
after LT alone in patients with KidneyMELD =50% was investigated. Of the 1,421 LT alone
recipients with KidneyMELD =50%, 185 (13%) were waitlisted for a subsequent kidney
transplant at a median of 563 days from LT (IQR: 282-1153). A total of 97 (6.8%) patients
with KidneyMELD =50% underwent kidney transplant after LT alone (median time 933
days, IQR: 410-1769), of which 25 (25.8%) were from living donors.

KidneyMELD =50% and post-LT survival in recipients ineligible for SLK

Of the 1,421 recipients with KidneyMELD >50%, 517 (36.4%) were waitlisted at least 90
days allowing for an assessment of CKD status, and therefore SLK eligibility. Among these,
297 (57.5%) were deemed SLK ineligible by current UNOS policy criteria. CKD was
present in 45.8% (136/297) of the patients in this group. Recipients with CKD who were
transplanted with KidneyMELD =50% had a median MELD-Na at LT of 17 (IQR: 14-20). A
majority had no or mild ascites at LT (11.2% and 50%, respectively), and no or grade 1-2
encephalopathy at LT (35.3% and 58.9%, respectively).

The unadjusted survival of the 136 LT alone recipients with CKD and KidneyMELD >50%
who were ineligible for SLK transplantation by current UNOS criteria was compared to that
of 2,865 adult SLK recipients transplanted between 2005-2017, and was found to be not
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significantly different (p=0.2; Supplemental Figure 1). For example, 3-year post-transplant
survival was 80% in the group ineligible for SLK and 80.2% in SLK recipients.

Discussion

Candidates waitlisted for LT undergo careful evaluation to ensure that the risks of
transplantation surgery and subsequent lifelong immunosuppression do not outweigh the
benefits. While the presence of pre-LT renal dysfunction raises the MELD score and
subsequently the likelihood of LT, it also significantly increases the risk of post-LT
morbidity and mortality(8-10, 16). Due to diagnostic challenges in the identification of
recoverable renal dysfunction and the availability of dialysis support after LT, kidney disease
often influences LT candidacy to a lesser extent than other chronic co-morbidities, such as
cardiovascular disease. This may become even more relevant in the future given the recently
implemented UNOS ‘safety net’ pathway for expedited kidney transplantation after LT(17).
This study demonstrates that recipients in whom the MELD-Na is primarily driven by
creatinine have a markedly increased risk of all-cause mortality and advanced renal
dysfunction after LT alone, and caution is particularly warranted for those who are over age
50. While the morbidity and mortality associated with persistent renal dysfunction post-LT
may be minimized by early kidney transplantation after LT, further research is needed to
better estimate the likelihood of post-LT kidney transplantation eligibility before offering LT
alone for such candidates.

KidneyMELD is essentially a weighted estimate of renal dysfunction at any given MELD-
Na score, and as such is a more valuable tool than creatinine. Candidates with KidneyMELD
>50% may actually have lower MELD-Na scores than those with KidneyMELD 0%. This is
in contrast to creatinine (or eGFR) which parallels the MELD-Na score: holding other
parameters constant, an increase in creatinine from 1mg/dL to 2mg/dL increases the MELD-
Na score by approximately 6 points across the MELD-Na spectrum. However, changes in
creatinine affect KidneyMELD at lower MELD-Na scores more so than at high MELD-Na
scores (i.e., when there is a greater degree of hepatic dysfunction). For example, increasing
creatinine from 1mg/dL to 2mg/dL would increase KidneyMELD from 0% to 46% at a
baseline MELD-Na score of 15, but to only 26% at a baseline MELD-Na score of 27. The
use of KidneyMELD as a parameter of interest therefore not only estimates the relative
impact of renal dysfunction on post-LT mortality, but also provides greater understanding of
this risk at low MELD-Na scores, an area that remains understudied.

The absence of an interaction between MELD-Na and KidneyMELD, indicates that the risk
of increasing KidneyMELD on post-LT mortality is the same across all MELD-Na scores.
This is particularly relevant for candidates at low MELD-Na scores, who have lower
predicted waitlist mortality and in whom the survival benefit of LT alone may differ
appreciably. Conversely, the significant interaction of KidneyMELD with age is an
important finding given current trends in recipient age at LT (18, 19). While UNOS provides
SLK eligibility guidelines with respect to renal dysfunction, many transplant centers have
formal age limits for SLKs that are frequently lower than those for LT alone. This study adds
to the available literature guiding the decision of whether to pursue LT alone for older
individuals with a predominance of renal dysfunction pre-LT.
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The UNOS ‘“safety net’ kidney transplant after LT policy is a new mechanism by which the
morbidity and mortality associated with persistent renal dysfunction after LT alone can
potentially be circumvented. Though not specifically addressed by UNOS, the option of
planned living donor kidney transplantation after LT should also be strongly encouraged by
centers, as this would avoid disadvantaging candidates awaiting kidney transplant alone. An
important concern, however, is whether candidates with high KidneyMELD before LT and
persistent renal dysfunction after LT will be medically “fit” enough to undergo early kidney
transplantation, particularly if they are also of older age. In the coming years, it will be vital
to understand the predictors of successful early kidney transplantation after LT for patients
ineligible for SLK, such that the survival benefit of pursuing LT alone in those with high
KidneyMELD can be determined upfront. Our exploratory analyses suggested that post-LT
survival in patients with CKD and KidneyMELD =50% who were ineligible for SLK by
UNOS criteria was not significantly different from SLK recipients, suggesting that an
expansion of the current UNOS SLK criteria may not be warranted. Therefore, for patients
with KidneyMELD >50% and CKD ineligible for SLK, a careful estimation of the
likelihood of successful early kidney transplantation after LT is paramount to the LT
selection process.

This study also highlights the marked practice heterogeneity among centers with regards to
candidate selection: within the largest UNOS region, the proportion of patients who
underwent LT alone with KidneyMELD =50% by center was observed to vary by 100-fold.
Center differences in the rates of SLK have been previously described and were a key reason
for the development of the recently updated UNOS SLK guidelines(20). However, many
candidates with KidneyMELD =50% do not meet SLK criteria. Moreover, a majority of the
LT alone recipients with KidneyMELD =50% and CKD in this study had low MELD-Na
scores and either no or mild hepatic decompensations. Thus, the benefit of LT alone in such
recipients must be weighed against that of patients with similar waitlist priority, but in whom
MELD-Na is primarily driven by liver dysfunction.

This research had several limitations. The cohort of patients with KidneyMELD =50%
amounted to 1,421 individuals and therefore related subgroup analyses involved small
sample sizes, particularly in the assessment of SLK eligibility. The survival curve for
candidates with KidneyMELD =50% was noted to cross the others, indicating non-
proportionality of hazards. Thus, the effect of high KidneyMELD on post-LT survival in the
multivariable Cox model should be interpreted as the average aHR over follow-up. In this
study, candidates were defined as ineligible for SLK if they were waitlisted for at least 90
days with eGFR at LT >30mL/min/1.732 not on dialysis. This allowed for subjects with
CKD to be identified on the basis of two eGFR values <60mL/min/1.732 at least 90 days
apart leading up to LT. This method also captured candidates with CKD and low MELD-Na
scores, as they only require scheduled MELD score updates every 90 days. It is possible that
a small number of recipients with true CKD were misclassified as not having CKD by this
method, as laboratory data was not available outside of that available from MELD score
updates. Moreover, data from MELD score updates are subject to bias from informative
missingness: centers are unlikely to submit a non-scheduled score update if the candidate’s
MELD-Na score is lower than that registered during the previous scheduled score update.
This could have caused misclassification of patients without CKD as having true CKD, and
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thus the proportion of patients with KidneyMELD =50% and CKD who were ineligible for
SLK may be smaller than that reported here.

In conclusion, the proportion of MELD-Na score driven by renal dysfunction is an important
and independent predictor of post-LT survival and severe renal dysfunction. Candidates
transplanted primarily on the basis of kidney dysfunction (i.e., KidneyMELD =50%) had a
52% greater risk of post-LT mortality and an 11-fold increase in the risk of having an eGFR
<30mL/min/1.732 at 1 year post-LT, compared to those without renal dysfunction at LT.
Moreover, the aHR for mortality after LT observed with KidneyMELD =50% increased
significantly with advancing age, particularly for recipients over 50 years at LT. Such
patients should be considered for LT alone with caution, particularly in the context of other
co-morbidities that may additionally contribute to their predicted risk of adverse post-LT
outcomes and/or a reduced likelihood of kidney transplant candidacy should their renal
dysfunction persist. Further research is needed to assess whether improved post-LT
outcomes will occur over time for those undergoing LT alone with high KidneyMELD with
the implementation of new UNOS ‘safety net’ policy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Association of KidneyMELD on adjusted post-LT mortality according to recipient age
(N=34,149)

Abbreviations: HR — hazard ratio; KidneyMELD - proportion of MELD-Na score
attributable to creatinine; LT — liver transplantation
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Table 1:

Demographic and clinical characteristics of DDLT recipients with and without KidneyMELD at LT =50%
between 2005-2017 (N=34,920)

KidneyMELD at LT | KidneyMELD at LT | p-value
<50% (N=33,499) 2509% (N=1,421)
Male gender, % 65.9 66.0 0.9
Age at LT, median (IQR) 55 (48-61) 58 (53-63) <0.001
Liver disease, % <0.001
HCV 321 31.0
Alcohol 24.7 27.4
NASH 21.0 28.7
Al disease * 14.2 6.9
HBV 2.4 2.0
Other 5.8 4.0
MELD-Na at LT, median (IQR) 27 (21-34) 27 (20-31) <0.001
Albumin at LT, median (IQR) 2.9 (2.4-3.49) 3.1(2.7-3.6) <0.001
Diabetes, % 23.0 39.4 <0.001
Ascites, % <0.001
None 117 7.5
Mild 48.5 40.9
Moderate 39.9 517
Location prior to LT, % <0.001
Home 58.9 52.8
Inpatient ward 26.2 29.6
Inpatient intensive care 15.0 17.7
Dialysis at LT, % 11.4 415 <0.001
Waiting time, median (IQR) 40 (11-156) 43 (10-163) 0.2
Donor age, median (IQR) 43 (27-55) 45 (28-57) <0.001
DCDD organ, % 5.6% 6.1% 0.4

Abbreviations: Al —auto-immune; DCDD - donation after circulatory determination of death; DDLT — deceased donor liver transplantation; HBV
— hepatitis B virus; HCV — hepatitis C virus; IQR — interquartile range; KidneyMELD — proportion of MELD-Na score attributable to creatinine;
LT - liver transplantation; MELD-Na — Model for End-stage Liver Disease Sodium score; NASH — non-alcoholic steatohepatitis

*
Includes: auto-immune hepatitis, primary sclerosing cholangitis and primary biliary cholangitis
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Table 2:

Proportion of post-LT deaths attributable to cardiovascular disease or renal failure with increasing
KidneyMELD

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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KidneyMELD at LT
0% 1-24% 25-49% 250%
(N=1,754) | (N=1,837) | (N=2,267) | (N=387)
% deaths due to CVD as primary COD * 165 205 235 251
% deaths due to renal failure as primary or secondary COD * 34 5.6 7.0 11

*
p<0.001

Clin Transplant. Author manuscript; available in PMC 2021 March 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bittermann et al.

Table 3:

Association between increasing KidneyMELD post-LT outcomes

0%
1-24%
25-49%
250%

KidneyMELD category*

aHR for death post-LT
(95% CI) (N=34,149)

Reference
1.09 (1.02-1.16)
1.24 (1.15-1.33)
1.52 (1.36-1.69)

aOR for eGFR
<30mL/min/1.732 at 1-year
(95% CI) (N=22,433)

Reference
1.90 (1.51-2.40)
4.83 (3.87-6.04)

11.56 (8.93-14.97)

*
p<0.001 for both models
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Each model was adjusted for the following covariates at LT: age, gender, race/ethnicity, primary etiology of liver disease, laboratory MELD-Na

score, serum albumin at LT, ascites at LT, diabetes, dialysis at LT, location prior to LT, donor age and receipt of DCDD organ.
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