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Introduction

The identification of those patients with a high priority
and also suitability for orthotopic liver transplantation
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Summary

Since the introduction of model for end-stage liver disease (MELD) in 2006,
post-orthotopic liver transplantation (OLT) survival in Germany has declined.
The aim of this study was to evaluate risk factors and prognostic scores for
outcome. All adult OLT recipients in seven German transplant centers after
MELD implementation (December 2006—December 2007) were included. Reci-
pient data were analyzed for their influence on 1-year outcome. A total of 462
patients (mean calculated MELD = 20.5, follow-up: 1 year) were transplanted
for alcoholic cirrhosis (33.1%), hepatocellular carcinoma (26.6%), Hepatitis-C
(17.1%), Hepatitis-B (9.5%), primary sclerosing cholangitis (5.6%) and late
graft-failure after first OLT before December 2006 (8.7%). 1-year patient sur-
vival was 75.8% (graft survival 71.2%) correlating with MELD parameters and
serum choline esterase. MELD score >30 [odds ratio (OR) = 4.17, confidence
interval: 2.57-6.78, 12-month survival = 52.6%, c-statistic = 0.669], hyponatre-
mia (OR = 2.07), and pre-OLT hemodialysis (OR = 2.35) were the main death
risk factors. In alcoholic cirrhosis (n = 153, mean MELD = 21.1) and hepato-
cellular carcinoma (n = 123, mean MELD = 13.5), serum bilirubin and the sur-
vival after liver transplantation score were independent outcome parameters,
respectively. MELD >30 currently represents a major risk factor for outcome.
Risk factors differ in individual patient subgroups. In the current German prac-
tice of organ allocation to sicker patients, outcome prediction should be con-
sidered to prevent results below acceptable standards.

(OLT) is a major challenge in transplantation medicine.
This challenge is aggravated by a critical shortage of liver
allografts, the determination of priority based upon an
assessment of mortality on the waiting list, and the
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prediction of factors suggesting a favorable outcome fol-
lowing OLT. Since 2002 and 2006, the model for end-stage
liver disease (MELD) has been implemented in the USA
and the Eurotransplant network, respectively, in an
attempt to replace more subjective assessment criteria for
OLT candidate stratification. The suitability of the MELD
score is based on a study by Wiesner et al. [1] that showed
the prediction of 3-month mortality of waiting list candi-
dates with a c-statistic of 0.83, which was recently con-
firmed by an analysis of a large patient cohort from the
United Network for Organ Sharing (UNOS) database [2].
However, the initial development of MELD never intended
its subsequent utilization as an allocation instrument for
liver transplantation. The assessment of MELD as predic-
tor of mortality following OLT has led to controversial
reports [3-6], and c-statistics to predict 3-month mortality
have been reported to reach only 0.54 [7] and 0.63 [2]. To
improve the accuracy of MELD for the assessment of time
to death, an incorporation of additional parameters such
as sodium and age has been discussed [8].

Model for end-stage liver disease-based allocation strat-
ifies patients with abnormal coagulation, creatinine and
serum bilirubin levels for OLT, who are thus character-
ized by a higher degree of morbidity, complexity of dis-
ease, and longer hospital treatment time [9]. However,
patients with renal failure, who would be prioritized for
transplantation, have been shown to suffer from a poorer
outcome [10]. In Germany, the introduction of MELD
has considerably changed the clinical practice of waiting
list management. Although sicker patients are more likely
to be eligible for OLT, a significant reduction in outcome
has been reported that was associated with longer surgery
time and poorer renal function [11].

Against this background, prognostic models are being
studied that can contribute to the identification of
those patients characterized by both a critical need for
OLT as well as the likelihood of a positive outcome. In
an analysis performed before the introduction of MELD
in Germany, our group developed a prognostic score
for survival after liver transplantation (SALT) with a
c-statistic of 0.785 [5]. This score does not incorporate
donor parameters, in contrast to a recent score devised
in the USA (survival outcomes following liver trans-
plantation) with a c-statistic of 0.70 [2]. The most
significant risk variables were re-transplantation and
pre-OLT life support, but variables that are not avail-
able at the time of placement on the waiting list
including cold ischemia time, donor age and allocation
origin were also incorporated. The prediction of out-
come is therefore likely not only to depend upon indi-
vidual risk variables but also on the selection of
patients, the overall severity of disease at OLT, and the
allocation system.

Weismdller et al.

It was the aim of this study to evaluate, in a multicen-
tric approach, risk factors and prognostic scores for
1-year patient and graft survival following OLT, especially
after the introduction of the MELD-based allocation sys-
tem in Germany.

Patients and methods

Patients
We performed a retrospective analysis of all adult
(>18 years) patients from seven German transplant cen-
ters (Berlin, Essen, Hannover, Heidelberg, Mainz, Miin-
ster, Regensburg), who received an OLT during the first
year after the introduction of MELD-based allocation
(December 17, 2006-December 16, 2007). Living donor
transplantations (including domino), multiple organ, and
high urgency transplantations because of fulminant hepa-
tic failure without chronic liver disease were excluded, as,
in these situations, organs are not allocated by the
MELD-System. Required minimum follow-up was 1 year.
Patient characteristics including age, gender, etiology of
liver disease and history of hemodialysis before OLT, graft
type (split versus full organ) and biochemical parameters
were retrospectively analyzed regarding their influence on
l-year graft and recipient survival. Pretransplant bio-
chemical parameters [international normalized ratio
(INR), serum bilirubin (BILI), serum creatinine (CREA),
choline esterase (CHE), serum sodium (Na)] were
recorded at the last re-evaluation before OLT and on the
day of OLT. The time point of last re-evaluation before
OLT depends on the actuarial MELD score and the
re-certification schedule required by Eurotransplant.
Accordingly, it ranges between 1 week and 3 months. We
chose these two time points because parameters obtained
at the last re-evaluation were used for organ allocation,
while values on the day of transplantation were consid-
ered to represent more adequately the recipient’s overall
condition immediately at the time of OLT. On the basis
of original laboratory data at each time point, we calcu-
lated the laboratory MELD (lab-MELD) score as described
by Wiesner et al. [1]. Patients who were dialyzed before
OLT received a set creatinine value of 4 mg/dl. In addi-
tion, the SALT score was calculated as ‘SALT = 0.04*age
(years) + 0.003*CREA (umol/l) — 0.349*CHE (kU/1)’ at
both time points [5]. Waiting list mortality data were not
incorporated into the analysis.

Statistical analyses

Data were collected using the ACCESS Database software
(MS Office 2003; Microsoft Corporation, Redmond, WA,
USA) and were further analyzed using the spss 15.0 soft-
ware package for Windows (SPSS Inc., Chicago, IL,
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Table 1. Analysis of age, biochemical parameters, MELD, and SALT scores of patients who survived 1 year after OLT, or died. Patients who died
within 12 months after OLT were compared with those, who survived (by Mann-Whitney U-test); NS, not significant. The data entry rate is indi-
cated in column 2 for each parameter.

Recipient outcome 1 year post-OLT

Data entry rate (%) Survived (mean + SD, median) Died (mean + SD, median) P-value

Age at OLT (years) 100 53.6 £ 9.3, 54.1 53.6 £ 9.5, 53.1 NS
Biochemistry at last re-evaluation

CREA (umol/l) 97.2 1252 £+ 84.7, 911 171 £121.3, 126.6 <0.001

BILI (umol/l) 97.8 139.2 + 275, 49.8 296.2 + 700.7, 107.5 <0.001

INR (ratio) 97.6 1.55+0.57, 1.4 1.9+ 1.18, 1.56 <0.001

CHE (ku/) 68.2 3.48 £2.12,2.93 291 +£1.94,2.37 0.020

Na (mmol/l) 80.1 136.2 £ 5.2, 137 1357 £ 7.4, 136 NS
Biochemistry on day of transplantation

CREA (umol/l) 99.8 117.3+£91.2,884 156.8 £ 150.9, 121.4 0.001

BILI (umol/l) 99.6 120.6 £ 182.3, 44,5 239.6 + 267.5, 107.7 <0.001

INR (ratio) 99.6 1.49 £ 0.52, 1.33 1.79 £ 0.91, 1.52 <0.001

CHE (ku/l) 61.0 3.64 +2.34, 3.2 3.1+2.05,24 0.054

Na (mmol/l) 96.1 136.6 £ 5.3, 138 1369 + 7.1, 137 NS
Pretransplant MELD

At last re-evaluation 97.4 18.96 + 9.59, 16.33 25.45 + 11.21, 26.61 <0.001

On day of transplantation 98.7 17.99 £ 9.22, 15.62 24.68 + 10.8, 24.28 <0.001
Pretransplant SALT

At last re-evaluation 68.2 1.26 + 0.93, 1.45 1.65 +0.89, 1.73 0.001

On day of transplantation 61.0 1.22+£1.0,1.35 1.55+ 0.91, 1.64 0.020

OLT, orthotopic liver transplantation; MELD, model for end stage liver disease; SALT, survival after liver transplantation; INR, international normal-

ized ratio; BILI, serum bilirubin; CREA, serum creatinine; CHE, choline esterase; Na, serum sodium.

USA). Patient and graft survival was determined by Kap-
lan—Meier survival analysis. For individual parameters,
groups were compared by log-rank test. Continuous vari-
ables are presented as means * standard deviations as well
as medians, and were compared by Mann—Whitney
U-test. Categorical variables were compared by chi-
squared test. The validity of prognostic scores such as
MELD and SALT was tested using the area under the
receiver operator characteristic (ROC) curve. Multivariate
analysis was performed by logistic regression. Data entry
was complete for patient characteristics and nearly com-
plete for the MELD parameters (INR, BILI, CREA). Serum
sodium and serum choline esterase values were not avail-
able for some patients (Table 1). Therefore, not the entire
cohort of patients had a complete set of parameters and
consequently, these patients were not available for multi-
variate analyses. All tests were two-tailed and a P-value of
0.05 or less was considered statistically significant.

The Ethics Committee of Hannover Medical School
approved the study and its execution.

Results

Demographics and outcome

A total of 468 patients met the inclusion criteria of this
study. Since six patients were lost to follow-up, the final
population consisted of 462 patients (68.4% men) with a

© 2010 The Authors

mean age of 53.6 + 9.4 years (range 18.3-73.5 years), a
mean calculated MELD of 20.5 + 10.4 at last re-evalua-
tion, and of 19.6 £ 10 on the day of OLT. The main rea-
sons for OLT were alcoholic liver disease (33.1%),
hepatocellular carcinoma (HCC) (26.6%), Hepatitis-C
(17.1%), Hepatitis-B (9.5%) and primary sclerosing cho-
langitis (PSC) (5.6%). In 8.7% of all patients, a re-trans-
plantation was performed because of chronic graft
dysfunction occurring after one or more previous OLTs.
These previous OLTs had all been performed before
December 16, 2006 (Table 2).

All patients were followed up for at least 1 year after
OLT. One-year patient survival was 75.8%, and 1-year
graft survival was 71.2% because 10.2% of all recipients
required an urgent re-transplantation because of initial
graft nonfunction. Patients who required urgent re-trans-
plantation had a significantly reduced 1-year survival of
only 53.2% (P < 0.001).

Outcome parameters

Biochemical parameters (CREA, BILI, INR, Na and CHE),
age at OLT, and two calculated scores (MELD and SALT)
were further analyzed by Mann—Whitney U-test for a pos-
sible association with 1-year patient survival (Table 1).
The MELD parameters INR, CREA and BILI correlated
significantly with 1-year survival both on the day of OLT
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Table 2. Analysis of risk factors for recipient mortality and graft loss at 12 months after OLT. The absolute number and the percentage of
patients with the respective risk factor are given for each parameter. Odds ratios (OR) are calculated for patients positive for each risk factor com-
pared with those without the risk factor, and both groups were compared regarding patient- and graft 1-year survival by chi-squared test.

OR (CI) for OR (Cl) for graft
12-month patient  death 12 months 12-month graft  loss 12 months
Risk factor n (%) survival (%) post-OLT P-value  survival (%) post-OLT P-value
All patients 462 (100) 75.8 71.2
Indication
Alcoholic cirrhosis 153 (33.1) 80.4 NS NS 75.8 NS NS
HCC 123 (26.6) 80.5 NS NS 73.2 NS NS
Hepatitis-C 79 (17.1)  79.7 NS NS 73.4 NS NS
Hepatitis-B 44 (9.5) 81.8 NS NS 72.7 NS NS
PSC 26 (5.6) 92.3 0.25 (0.06-1.06) 0.043 885 0.31 (0.9-1.04) 0.046
PBC 18 (3.9) 61.1 NS NS 61.1 NS NS
AH 20 (4.3) 65 NS NS 65 NS NS
Previous liver transplantation 40 (8.7) 60 2.26 (1.16-4.43) 0.015 60 NS NS
Demographics
Age > 65 44 (9.5) 75 NS NS 65.9 NS NS
Male 316 (68.4) 76.8 NS NS 72.2 NS NS
Dialysis pretransplant 47 (10.2) 59.6 2.35 (1.26-4.4) 0.006 55.3 2.19 (1.18-4.04) 0.011
Split graft 18 (3.9) 61.1 NS NS 50 2.58 (1-6.65) 0.043
Biochemical parameters at re-evaluation
BILI > 70 umol/l 197 (43.6) 65.5 2.83(1.81-4.43) <0.001 594 2.88 (1.89-4.38) <0.001
INR > 2 92 (20.4) 65.2 1.99 (1.21-3.27) 0.006 55.4 2.48 (1.54-3.99) <0.001
CHE < 2.6 kU/I 142 (45.1)  69.7 1.71 (1.02-2.87) 0.04 65.5 NS NS
Na < 130 mmol/I 44 (11.9) 614 2.07 (1.07-4.0) 0.028 52.3 2.47 (1.3-4.68) 0.005
CREA > 100 pmol/l 212 (45.9) 67.9 2.21 (1.43-3.41) <0.001 642 1.89 (1.26-2.84) 0.002
Predictive scores at re-evaluation
MELD > 20 198 (44) 66.2 2.63 (1.69-4.11) <0.001 60.6 2.56 (1.69-3.9) <0.001
MELD > 30 95 (21.1) 52.6 4.17 (2.57-6.78) <0.001 46.3 4.12 (2.56-6.62) <0.001
SALT > 1.7 121(38.4) 66.9 2.03 (1.21-3.41) 0.007 62 1.87 (1.14-3.05) 0.012

OLT, orthotopic liver transplantation; MELD, model for end stage liver disease; SALT, survival after liver transplantation; OR, odds ratio; Cl, confi-
dence interval; HCC, hepatocellular carcinoma; PSC, primary sclerosing cholangitis; PBC, primary biliary cirrhosis; INR, international normalized

ratio; BILI, serum bilirubin; CREA, serum creatinine; CHE, choline esterase; Na, serum sodium; AlH, autoimmune hepatitis.

Bold entries indicate statistical significance of P < 0.05.

and at the time of last re-evaluation. In addition, CHE
and the SALT score at the time of last re-evaluation corre-
lated significantly with 1-year patient survival.

For 1-year graft survival (data not shown) again INR,
CREA and BILI as well as MELD and SALT were signifi-
cantly correlated with outcome (P < 0.02), whereas CHE
failed to reach statistical significance (P = 0.086) in this
analysis.

However, the continuous variables, age and sodium,
were not observed to show a correlation with 1-year graft
or patient survival.

Risk factors

Using the ROC-analysis, cut-off values for biochemical
parameters, for age, as well as the MELD and SALT
scores were determined and used to define risk factors
for survival. These were further analyzed by chi-squared
test to determine their influence on 1-year patient and

graft survival together with other categorical variables
such as indication for OLT, gender, and graft type
(Table 2).

Although the outcome was different for the various
indications, only patients with PSC had a significantly
better 1-year survival of 92.3%. Conversely, patients with
a history of previous OLT before December 2006 who
required re-transplantation had an expected higher risk of
death 12 months after OLT [odds ratio (OR) = 2.26]. All
biochemical parameters that correlated with outcome as
continuous variables were found to be significant risk fac-
tors with their respective cut-off points leading to an OR
between 1.7 and 2.8. With this approach, hyponatremia
(Na < 130 mmol/l) at the time of re-evaluation was a sig-
nificant risk factor for 1-year graft (OR = 2.47) and reci-
pient (OR = 2.07) survival. In 10.2% of all patients,
hemodialysis was initiated before OLT. These recipients
had a considerably decreased 1-year survival of 59.6%
with an OR of 2.35.

© 2010 The Authors
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A MELD Score of more than 30 points at re-evaluation
was the strongest risk factor for recipient death at
12 months after OLT (OR = 4.17). As shown in Fig. la,
these recipients (21.1% of the entire study population)
had an actuarial 12-month survival of only 52.6%, while
the survival for all other MELD groups was significantly
better (P < 0.001). The area under (AU) the ROC curve
(c-statistic) of MELD was calculated as 0.697 [confidence
interval (CI): 0.627-0.767] for 3-month patient survival
and 0.669 (CIL: 0.609-0.730) for 1-year patient survival.

By using the previously coined SALT score [5], we
identified additional risk groups (Table 2, Fig. 1b) regard-
ing 12-month patient survival. In patients with a SALT
score of more than 2.5 at the time of re-evaluation, 1-year
survival was reduced to 55%. The c-statistic for SALT was
lower than that for MELD with 0.645 (CIL: 0.563-0.728)

(@) -
0.8 '_‘"\.._.__.._.____h |'
p<0.001
§ 0s-
g d
S
n
§ 0s
3 o
0.2 ipi rvival ing to MELD-score ies (n = 450)
Days post OLT 90 365
~ITMELD <10 91.5% (65/71) 84.5% (60/71)
~"IMELD 10-20 90.6% (164/181) 83.4% (151/181)
-{MELD 20-30 86.4% (89/103) 78.6% (81/103)
0.0 SIMELD > 30 65.3% (62/95) 52.6% (50/95)
T T T T T T T T
] 50 100 150 200 250 300 350
Days post OLT
(b) 4
0.8
E 0.6
4
]
»
5
O 0.4
0.2 Recipient-sruvival according to SALT-score categories (n = 315)
Days post OLT 90 365
_MSALT<0.5 91.2% (52/57) 89.5% (51/57)
—FISALT 0.5-1.5 87.9% (87/99) 75.8% (75/99)
WfUSALT 1.5-2.5 80.6% (112/139) 71.9% (100/139)
0.0 _msALT>25 65% (13/20) 55% (11/20)
T T T T T T T T
0 50 100 150 200 250 300 350

Days post OLT

Figure 1 (a) Kaplan—Meier graph of recipient survival by MELD score.
Different categories of MELD were compared by log-rank test. (b)
Kaplan—-Meier graph of recipient survival by SALT score. Different cat-
egories of SALT were compared by log-rank test.
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for 3-month and 0.626 (CIL: 0.556-0.695) for 1-year
patient survival.

Multivariate analysis

Risk factors and continuous variables at the time of
re-evaluation that were significant in univariate analyses
were subjected to multivariate analyses (n = 314). Logistic
regression (Method: Enter) identified MELD at re-evalua-
tion as the only parameter that significantly correlated
with 1-year survival (P < 0.001). When only the individ-
ual laboratory data (BILI, INR, CREA, CHE) were entered
instead of the calculated MELD or SALT scores, the bio-
chemical CREA (P =0.023) and BILI
(P = 0.049) at re-evaluation were found to correlate inde-

parameters

pendently with 1-year recipient survival.

Subgroup analyses

The two major OLT indications, alcoholic cirrhosis and
HCC were separately evaluated for parameters that corre-
late with 1-year patient survival (Table 3). Parameters
that reached a P-value of <0.1 in a univariate test were
then subjected to multivariate analysis.

In the alcoholic cirrhosis group (n = 153, 77.8% men,
mean age 55.5 years, mean calculated MELD = 21.1),
higher BILI and higher MELD score at re-evaluation as
well as a hyponatremia (Na < 127 mmol/l) were signifi-
cantly correlated with 1-year recipient mortality. The age
at OLT reached near significance. Following logistic
regression, BILI at re-evaluation remained as the only
predictive parameter.

Table 3. Subgroup analysis for predictive parameters with impact on
1-year recipient survival. Univariate analysis was performed with
Mann-Whitney U-test for continuous or chi-squared test for categori-
cal variables. Logistic regression identified significant risk factors. In
this multivariate analysis, only cases with a complete data entry set
could be included (respective number of cases is given).

Indication Univariate analysis Multivariate analysis
Alcoholic cirrhosis P-value

BILI 0.013 BILI;

MELD 0.034 Number of cases = 109

Age 0.071 (P =0.002,

Na < 127 0.042 c-Statistic = 0.649)
HCC P-value

CHE 0.021 SALT;

Age 0.033 Number of cases = 96

SALT 0.007 (P =0.006,

Na < 127 0.025 c-Statistic = 0.695)

MELD, model for end stage liver disease; SALT, survival after liver
transplantation; BILI, serum bilirubin; HCC, hepatocellular carcinoma;
CHE, choline esterase; Na, serum sodium.
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In the HCC group (n = 123, 84.6% men, mean age
58.1 years, mean calculated MELD = 13.5), a lower CHE,
a higher SALT score, hyponatremia (Na <127 mmol/l) at
re-evaluation and higher age at OLT were significant pre-
dictive parameters for the recipient’s death at 1 year after
OLT. The SALT Score was the only significant parameter
that was confirmed in a multivariate analysis (logistic
regression, method: backward-stepwise). As shown in
Fig. 2b, recipients with a SALT score >2 at re-evaluation
had a highly significant reduction of 3- and 12-month
survival. The area under the ROC curve for the SALT
score in patients transplanted for HCC was calculated as
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Figure 2 (a) Kaplan-Meier survival analysis of patients transplanted
for HCC. Recipients with a MELD score of more or less than 20 at the
time of re-evaluation were compared by log-rank test. (b) Kaplan—
Meier survival analysis of patients transplanted for HCC. Recipients
with a SALT score at re-evaluation of more or less than 2 were com-
pared by log-rank test.
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0.726 (CI: 0.544-0.907) for 3-month and 0.695 (CI
0.560-0.829) for 1-year patient survival. In contrast
(Fig. 2a), MELD was not a good predictor of post-OLT
survival in patients transplanted for HCC and was signifi-
cant only for 3-month survival.

Analysis of primary transplants only

A separate analysis of primary transplants that excludes
re-OLT and split liver OLT resulted in similar findings as
the above data. In this analysis, 407 patients remained
(71% male, mean age 54.2 years, mean calculated MELD
at re-evaluation: 19.9). OLT indications were: alcoholic
liver disease (36.9%), HCC (29%), Hepatitis-C (17.7%),
Hepatitis-B (10.3%), and PSC (3.9%). One-year patient
survival was 77.9%, and 1l-year graft survival was 73.2%
because 8.4% of all recipients required an urgent re-trans-
plantation. Patients who required urgent re-transplanta-
tion had a significantly reduced 1-year survival of only
58.8% (P = 0.005). Significant risk factors in this group
were: hemodialysis before OLT (OR = 2.26, P = 0.025),
BILI > 70 (OR = 3.59, P < 0.001), INR > 2 (OR = 1.88,
P =0.023), Na< 130 (OR =248, P =0.007), CREA >
100 (OR =224, P=0.001), MELD >20 (OR = 2.8,
P <0.001), SALT > 1.7 (OR = 2.1, P =0.01), MELD >
30 (OR = 4.9, P < 0.001). AU-ROC (c-statistic) of MELD
was calculated as 0.711 for 3-month patient survival and
0.679 for 1-year patient survival. AU-ROC (c-statistic) of
SALT was calculated as 0.647 for 3-month patient survival
and 0.629 for 1-year patient survival. In primary trans-
plants, logistic regression (Method: Enter) identified
MELD at re-evaluation as the only parameter significantly
correlating with 1-year survival (P < 0.001). Eighteen
patients had received a split liver OLT. Of these, four had
a MELD >30 at re-evaluation. Two of these four patients
did not survive 1 year demonstrating that split liver OLT
was avoided in patients with MELD >30.

Discussion

Against the background of a continued organ shortage,
the assessment of a survival benefit for an OLT candidate
is a major challenge. In particular, in Germany, MELD-
based allocation has led to an increase in mean MELD
score values at the time of OLT [2,11]. Although waiting
list mortality has been shown to decrease [6,12-14],
decreased survival rates have also been observed [11],
which contrasts analyses from the UNOS database in the
USA [2,6,12] and indicates that in different transplanta-
tion settings, factors predicting outcome may vary. We
therefore report a multicenter study aimed at analyzing
risk factors for mortality or graft loss following OLT with
the participation of seven major German transplantation
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centers to analyze this development. All OLTs performed
between December 2006 and December 2007 immediately
after the implementation of MELD-based allocation were
studied representing half of all OLTs in Germany.

The results of this study illustrate the dilemma of an
association of 1l-year post-OLT mortality with BILIL,
CREA and INR, the parameters employed to calculate the
MELD score. Age as a risk factor for mortality after OLT
has been described in a number of studies [2,11], but
could not be confirmed in this study population. This
might be due to the special subset of multimorbid
patients, in whom age no longer plays such a prominent
role. When individual risk factors were determined, the
strongest mortality risk factor for 1-year survival was a
MELD score >30. Expectedly, also hyponatremia,
re-transplantation, and pre-OLT dialysis were associated
with increased mortality [2,10,15]. Presently, the timely
allocation of an organ to a patient without an accepted
exceptional MELD (match-MELD) condition in German
transplant centers is only likely with a MELD score
exceeding 30 with an increasing trend. According to the
original data of Wiesner et al. [1] patients with a MELD
between 30 and 39 have an expected 3-month survival of
47.4%. In our analysis (Fig. 1a), the group of patients
with a MELD >30 is characterized by a 3-month survival
following OLT of 65.3% and a 1-year survival of 52.6%.
This indicates that current practice selects those patients
with the poorest prognosis following OLT. This finding
remains even when re-OLT and split liver OLT are
excluded from the analysis. The c-statistic for this predic-
tion was 0.697 (CI: 0.627-0.767) and 0.669 (CI: 0.609—
0.730) for 3- and 12-month survival, respectively, which
is higher than the c-statistic for 3-month survival recently
reported by Rana et al. [2] who analyzed a UNOS cohort.
These data indicate that analyses from the UNOS data-
base in the USA (with a significant lower MELD-level at
OLT) may not be fully applicable to the situation and
current allocation practice of OLT in Germany and that
separate analyses such as the one presented here are use-
ful.

The stratification of patients by MELD has significantly
altered the variables that define mortality. This is illus-
trated by an analysis of the SALT score that was devel-
oped in a cohort of patients with a mean MELD of 14.5
prior to the initiation of MELD-based allocation [5]. In
this cohort, the SALT score predicted outcome with a
c-statistic of 0.785 (CI: 0.644 to 0.926), which, in the
present overall cohort (mean MELD = 20.5), was reduced
to only 0.626 (CI: 0.556-0.695), although higher SALT
scores >2 still indicated a significantly reduced survival of
55% after 12 months (Fig. 1b). In the present study
cohort with considerably higher MELD — and thus mor-
bidity — age was no longer discriminatory for outcome
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(Table 1) and therefore represents the likely explanation
for a reduced predictive value of SALT, which includes
age for its calculation. Therefore, the changed criteria for
organ allocation appear to impact the risk factors for out-
come.

However, individual groups of OLT candidates require
additional attention. When our analysis was expanded to
subgroups, MELD was not a superior post-OLT-mortality
predictor for all patient groups. Two of the major indica-
tions for OLT are alcoholic cirrhosis and HCC. In alco-
holic cirrhosis hyponatremia of <127 mmol/l, elevated
BILI and MELD were significantly associated with 1-year
mortality with BILI (and not MELD) as the only predic-
tive risk parameter in the multivariate analysis. This
group is characterized by a mean MELD score of 21.1,
which is very similar to that of the overall group (20.5),
yet the risk factors for outcome were observed to be dif-
ferent. The second large indication group is HCC charac-
terized by an expected lower mean lab-MELD of 13.5,
due to the fact that these patients are all prioritized
through an exceptional match-MELD. In this subgroup
age, CHE, hyponatremia <127 mmol/l and the SALT
score, but not MELD, were significantly associated with
1-year mortality. Multivariate analyses identified SALT as
the only predictive risk factor (c-statistic of 0.726). Also
in this subgroup, MELD was not identified as major out-
come predictor (Fig. 2a and b). These two sub-analyses
indicate that outcome prediction requires individual
approaches for different indications and selection criteria.

The identification of hyponatremia as a risk factor for
1-year recipient and graft survival (Table 2) is an interest-
ing observation regarding the ongoing discussion of an
incorporation of low sodium into the MELD score for a
more accurate reflection of mortality on the waiting list
[8,16—18]. While low serum sodium is a risk factor for
mortality associated with chronic liver disease and hepatic
decompensation, little and contradictory data are avail-
able regarding its predictive impact on outcome following
OLT [19-21]. In our analysis, hyponatremia is identified
as a risk factor for reduced 1-year survival following OLT,
which should be considered and further studied to pre-
vent the incorporation of an additional outcome risk fac-
tor for patient stratification before OLT.

In this study, we focused on recipient parameters
known at time of re-evaluation before OLT and did not
analyze donor data. This way, our analysis cannot rule
out the effects of increased use of extended criteria donor
organs on the reduced survival rate. However, in a previ-
ous single-center study [11] we reported that donor age
and cold ischemia time actually improved in the MELD
era. In the United States, organ quality [22] decreased
in the MELD era, but since these high-risk organs were
preferentially allocated to less urgent patients, this

Transplant International © 2010 European Society for Organ Transplantation 24 (2011) 91-99 97



MEMOSALT study

interestingly led to a reduced survival in patients with a
lower MELD (<20). In view of this, Bonney et al. [23]
reported that organ quality is a prognostic factor for graft
survival only in patients with a low and intermediate
MELD (<30), while in the high-MELD group (>30),
organ quality did not affect graft survival. We report
MELD >30 to represent the major risk factor for reduced
1-year survival rate, and it appears not very likely that
donor organ quality represented the major factor for this.

In the existing triage-situation of organ shortage, out-
come is an important limiting factor for overall benefit
when grafts are allocated to recipients with a likely fatal
outcome and are thus lost for patients who would do
better. The lack of data on waiting list mortality may
represent a limitation of this study. To optimize trans-
plantation benefit, waiting list mortality should be bal-
anced against post-OLT mortality. In a recent study [24],
a model to calculate an individual survival benefit score
for every patient on the waiting list was reported that
may save more than 2000 life-years per year. The results
of our study would strongly support this approach and
may be helpful to initiate further efforts, to develop such
a survival benefit orientated allocation system.

The retrospective character of the study is a minor lim-
itation because all patients that were transplanted in the
participating centers during the respective era were
included in the analysis.

In summary, we demonstrate a change of factors asso-
ciated with outcome following the implementation of
MELD-based allocation in Germany. In contrast to UNOS
data, MELD is identified — in the current situation in
Germany — as the strongest predictor of overall 1-year
post-OLT mortality. However, even in view of the pre-
sented data, we would not generally recommend to
restrict OLT to patients with MELD <30. MELD was not
designed for the prediction of post-OLT survival and it is
a suboptimal tool in this regard. It is obvious that indi-
vidual patients sharing a MELD >30 are not necessarily
clinically comparable, which results from the individual
parameter (BILI, CREA or INR) that primarily contrib-
utes to the overall MELD in an individual situation.
Instead, it will be necessary to consider incentives for
OLT, entry criteria for waiting list patients, possibly the
re-evaluation of standard exception practices, and, impor-
tantly, the development and use of specific parameters for
the prediction of outcome. These parameters differ in dif-
ferent transplant settings and are dependent on the man-
agement of allocation, in this case, the prioritization of
sicker candidates on the waiting list in Germany. How-
ever, prediction of post-OLT mortality also requires indi-
vidual analyses of different indication and patient groups
as demonstrated for a predictive role of different parame-
ters in HCC and in alcoholic cirrhosis. Therefore, the dif-
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ferentiated  establishment of  predictive  outcome
parameters appears to be necessary to prevent wasteful
transplantations in cases, in which survival is predicted to
be below acceptable treatment standards, and in view of
more aggressive transplantation practices fuelled by the
critical liver allograft shortage.
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