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Introduction

Summary

Given the organ shortage, there is a need to optimize outcome after liver trans-
plantation (LT). We defined posttransplant hospital length of stay >60 days
(LOS > 60) as a surrogate of suboptimal outcome. In the first phase of the study,
a ‘Study cohort’ (SC) of 643 patients was used to identify risk factors and con-
struct a mathematical model to identify recipients with anticipated inferior
results. In the second phase, a cohort of 417 patients was used for validation of
the model [‘Validation Cohort’ (VC)]. In the SC, 65 patients (10.1%) had
LOS > 60 days. One- and 3-year patient/graft survival rates were 81.9%/76.1%
and 73.4%/67.4%, respectively. Patient and graft survival rates of those with LOS
>60 days were inferior (P < 0.0001), while transplant cost was greater
[3.42 relative units (RU) vs. 1 RU, P < 0.0001]. In a multivariable analysis, pre-
transplant dialysis (P < 0.001), mechanical ventilation (P < 0.015), MELD
(P < 0.003), and age (P < 0.009) were predictors of LOS > 60 days [ROC curve
—0.75 (95% CI 0.70, 0.81)]. In the VC, 53 patients (12.7%) were expected to have
adverse outcome by the model. These patients had longer LOS (P < 0.0001),
higher cost (<0.0001), and inferior patient and graft survival (P < 0.007).

Registry of Transplant Recipients (SRTR), the annual death
rate per 1000 patient-years at risk on the liver waiting list

Since the early days of liver transplantation (LT), one of the
major challenges faced by the transplant community has
been the limited availability of organs. There have been dif-
ferent approaches aimed at increasing the limited organ
pool, including use of marginal donors, graft splitting, and
living donation. Unfortunately, all these means have major
drawbacks, and at the same time, the mortality rate on the
waiting list is still significant. According to the Scientific
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was 113.1 in 2009, and in the USA, every year, around 2000
patients die while waiting for a liver transplant [1]. There-
fore, the pool of transplantable organs must be used in a
way that will optimize its utilization, allowing for maximal
benefit of patients with end-stage liver disease.

With Merion’s et al. [2] publication in 2005 on the sur-
vival benefit of LT, the transplant community became con-
cerned that certain patients were undergoing transplantation
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prematurely during the course of their disease. Therefore,
the cut-off level of Model for End-Stage Liver Disease
(MELD) >15 was set as a prerequisite for transplantation
(excluding cases of upgrade, mainly for HCC), which was
accepted throughout the United Network for Organ Sharing
(UNOS) regions [3].

The current ‘sickest-first’ allocation policy, based on
MELD alone, is oriented at prolongation of a single
patient’s life. Such a policy is not necessarily the most
efficient, in terms of achieving the maximal gain of patient-
years for the entire waiting list. Also, this allows for trans-
plantation in extremely sick patients that theoretically may
gain low benefit from transplant.

According to SRTR reports [1], the overall 1- and 5-year
survival after deceased donor liver transplantation (DDLT)
are 85.3% and 68.4%, respectively. This number represents
all patients undergoing DDLT in the US in the years 2007—
2008 (1-year survival) and 20032008 (5-year survival).

Nonetheless, among DDLT recipients, there are patients
who achieve much inferior results. Their postoperative
course is complicated, and their survival is reduced. The
management of such cases is also extremely expensive.
Altogether, such transplants may ultimately lead to a loss of
an organ and add a significant economic burden without
achieving the expected survival benefit [4].

To improve the utilization of the available liver pool, we
sought to define factors that correlated with poor outcome
after DDLT.

We were not concerned with patient survival only,
but rather looked for a more general outcome measure
that would represent survival, morbidity, and transplan-
tation cost. To simplify the analysis, we needed a single
marker that would serve well as a surrogate for the
combination of the above-mentioned outcome measures
(morbidity, mortality, and cost). We hypothesized that
the postoperative length of hospital stay is a good surro-
gate marker of posttransplant course and correlates with
other indicators of poor outcome, as well as cost. After
preliminary data analysis, we set the cut-off at length of
stay over 60 days (LOS > 60), as that correlated best
with long-term graft and patient survival, organ function
(liver and kidney), and cost of transplantation (data not
shown).

Materials and methods

Data sources
Donor and recipient information was obtained from the
electronic medical records system and the prospectively
collected transplant database of the University of Pittsburgh
Medical Center.

This study was approved by the Institutional Review
Board.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115
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Study design

In the first stage of the study, we tested our hypothesis by
comparing graft and patient survival, organ function and
transplant cost of patients with LOS > 60 to those with
LOS < 60 in a cohort of DDLT recipients [‘Study cohort’
(SO

Next, we defined all factors significantly associated with
LOS > 60 in a multivariate analysis and constructed a
mathematical model to define their quantitative effect on
the risk for LOS > 60.

In the final stage of the study, we tested the performance
of the model on a different cohort of DDLT recipients
[‘Validation cohort’ (VC)]. We compared the outcome and
transplant cost of patients with the highest risk according
to our model to the rest of the VC.

Patient population and donated organ characteristics

Study cohort (SC)

Of the 735 adult-DDLT performed between September
2002 and March 2006, a total of 643 were primary trans-
plants and were included in this study. Four hundred and
nine (63.6%) were males and 234 (36.4%) were females.
Patient age ranged from 18 to 76 years with a mean of
54.0 &= 10.6 years. MELD scores ranged from 6 to 40 with
amean of 17.3 &+ 7.6.

Indications for transplantation were Hepatitis C
(n = 228; 35.5%), alcoholic liver disease (n = 217; 33.7%),
nonalcoholic steatohepatitis (n = 60; 9.3%), autoimmune
hepatitis (n = 40; 6.2%), primary sclerosing cholangitis
(n = 37; 5.7%), primary biliary cirrhosis (n = 34; 5.3%),
and others (including Hepatitis B, Alpha 1 anti-trypsin
deficiency, polycystic liver disease, and hemochromatosis).
Thirty-five patients (5.4%) had cryptogenic cirrhosis. In 23
patients (3.6%), the indication for LT was fulminant hepa-
tic failure.

Prior to transplantation, 52 patients (8.1%) were
mechanically ventilated and 87 (13.5%) had pretransplant
dialysis. Of these, 31 received ‘acute dialysis’ (few treat-
ments only) and 56 were chronic hemodialysis patients.

The mean donor age, cold ischemia time (CIT), and
warm ischemia time were 48.9 + 18.5 years, 10.1 = 3.0 h,
and 29.6 & 7.8 min, respectively.

The most common cause of donor death (74.7%) was
cerebrovascular accident; 73 (11.4%) donors were donated
after cardiac death (DCD).

Validation cohort (VC)

The second cohort, used for validation of the model devel-
oped on data from the SC (VC), consisted of 417 patients
transplanted from April 2006 to December 2009 and fol-
lowed through December of 2011. There were 263 males

1109



Predicting liver transplantation outcome

(63.1%). Patient age ranged from 18 to 79 years with a
mean of 55.3 years. In 139 (33%), the indication for LT
was HCV-induced cirrhosis. The mean of MELD was
28.5 £ 8.6 (range 6-47; we left the calculated MELD with-
out cutting at 40). In 86 (20.6%), there was a need for acute
or chronic dialysis, and 35 (8.4%) patients were mechani-
cally ventilated before LT. The model was used to define a
group of patients with very high risk for poor outcome.
This group consisted of 53 (12.7%) patients. Mean patient
follow-up was 54.8 £ 1.3 months.

Outcome measures and statistical analysis

Hospital length of stay (LOS) beyond 60 days was consid-
ered an outcome measure. Graft and patient survival rates
were estimated with the Kaplan—Meier test; comparison of
survival between various patient cohorts was performed
with the log-rank test. Categorical variables were analyzed
with likelihood ratio chi-square test or Fisher’s exact test
when appropriate.

Continuous variables were analyzed using independent
t-test with Levene’s test verifying equality of variance
assumption. A P-value < 0.05 was considered significant. All
significant variables in the univariate stage of analysis were
entered into stepwise binary logistic regression analysis.

Performance of the final logistic regression model was
measured by the area under receiver characteristic curve
(ROC), which is an equivalent of C statistic. Financial
information was reported in relative units (RU). The mean
of transplantation cost for patients with LOS < 60 days
was considered equal to 1 RU. Transplant costs were
obtained from the organizational financial database.

Results

Clinical outcomes and cost of transplantation—Study
cohort (SC)

The mean duration of follow-up was 40.5 £ 0.8 months.
During follow-up, 142 patients died and 181 grafts were
lost. One- and 3-year patient/graft survival rates were
81.9%/76.1% and 73.4%/67.4%, respectively. LOS ranged
from 1 to 209 days with a mean and median of 27.7 and
16 days, respectively. Sixty-five patients (10.1%) had
LOS > 60 days.

When patient survival was stratified by MELD score, the
analysis did not show significant differences in posttrans-
plant survival (P > 0.1). The 3-year survival of patients
with a MELD score over 30 exceeded 72%, this being only
10% lower than the survival of patients with a MELD score
<10 (Fig. 1).

As the MELD score was not a sufficient discriminator of
patient and graft survival, we looked for other parameters
that would serve as better outcome predictors. We were
specifically interested in a single parameter that would serve
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Figure 1 Patient survival stratified by Model for End-Stage Liver Dis-
ease Score.

as a ‘general’ indicator of inferior outcome. We hypothe-
sized that LOS would be a good surrogate marker for com-
plicated posttransplant course and that prolonged LOS
would correlate with reduced patient and graft survival,
inferior graft and renal function, as well as increased trans-
plantation cost.

The 1-, 2-, and 3-year graft survival rates for patients
with LOS < 60 days versus those with LOS > 60 days,
were 82.0% vs. 41.9%, 75.7% vs. 37.4% and 73.2% vs.
33.2%, respectively (each P < 0.01) (Fig. 2). Patients with
LOS > 60 days had significantly higher MELD score
(22.2 £ 6.9 vs. 16.3 £ 8.5, P < 0.0001). Their posttrans-
plant course was also characterized by prolonged elevation
of serum total bilirubin (4.0 vs. 2.0, P < 0.04) and creati-
nine levels (2.0 vs. 1.4, P < 0.013) at 3 months posttrans-
plant.

With the total estimated cost of transplantation for
patients with LOS < 60 days set to equal 1 RU, the total
cost for patients with LOS > 60 days was 3.42 RU
(P < 0.0001). In other words, the cost of transplantation
was 3.42 times higher for patients with LOS > 60 days
compared with those with a LOS < 60.

We next looked for factors associated with LOS > 60.
Multivariable analysis revealed that four pretransplant reci-
pient factors were independent predictors of LOS > 60 days:
(i) the need for pretransplant hemodialysis, (ii) pretrans-
plant mechanical ventilation, (iii) MELD score, and (iv) age
(Table 1).

We specifically looked at infection rates in the LOS > 60,
based on fever, leukocytosis (>10 000/mm?), and antibiotic/
antifungal therapy rates, as compared with the LOS < 60.
In the LOS > 60, the fever and leukocytosis rates were
higher, but these did not reach statistical significance (fever
3.3% vs. 0.8%, P > 0.08; leukocytosis 59.3% vs. 47.4%,
P > 0.13). Antibiotics/antifungals were used more com-
monly in the LOS > 60 group 54.4% vs. 33.8%, P < 0.05).

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115
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Figure 2 Patient survival stratified by hospital length of stay.

A comparison of donor characteristics between the two
groups failed to reveal any significant differences in age,
degree of macrosteatosis in the donor biopsy, body
mass index, cold and warm ischemia times, length of donor
hospital stay, or proportion of DCD donors (data not
shown).

A model predicting suboptimal outcome

The analysis of estimated probabilities of suboptimal out-
come (manifested by LOS > 60 days) yielded the following
formula:

Estimated Probability of Suboptimal Outcome (EPSO)

1
=03+
1+e*

where:

= —4.68 + 3.64-(Pre-transplant Hemodialysis) + 2.96-
(Pre-transplant Mechanical Ventilation) + 1.06 (MELD) +
A (Patient Age Group).

Predicting liver transplantation outcome

Hemodialysis and mechanical ventilation are categorical
variables (1 or 0).

A =0 when patient age >18 and <40, A = 3.98 when
patient age >40 and <60, and A = 8.3 when patient age is
more than 60 years.

The area under ROC curve of this model was
0.75 £ 0.03, (CI 95%; 0.69—0.81).

With the EPSO cut-off point set at 0.5, the model
selected 69 patients as having higher than 50% chance of
LOS > 60 days. The selected patients had significantly
higher MELD score (29.1 £7.0 vs. 157 £ 6.2,
P < 0.0001), total cost (2.1 RU & 1.2 RU vs. 1.2 RU =+ 0.9
RU, P <0.0001), and LOS (52.6 £ 35.8 vs. 24.8 £ 27.3,
P <0.0001). Their graft (P <0.006) and patient
(P < 0.009) survival rates were significantly inferior com-
pared with the remainder of the patients (Fig. 3).

During the posttransplant course, patients with
LOS > 60 days had significantly higher serum creatinine
levels than their counterparts (3.0 + 2.5 vs. 1.3 + 0.7) at
3 months posttransplant (P < 0.0001).

With the EPSO cut-off point set at 0.8, the model
selected 28 patients with higher than 80% chance of having
LOS > 60 days. These 28 patients had significantly higher
MELD score at transplantation (33.4 £ 6.6 vs. 16.4 £ 6.7,
P < 0.0001), total transplantation cost (2.7 RU £ 1.2 RU
vs. 12 RU=%09 RU, P<0.0001), and LOS
(72.8 £+ 37.0 days vs. 25.7 &+ 27.6 days, P < 0.0001). Their
graft (P < 0.001) and patient (P < 0.001) survival rates
were significantly inferior compared with the remainder of
the patients (Fig. 4).

Thus, survival of the selected patients at 1 and 2 years
was 59.2% and 46.6%, while, for the remainder of the
group, it was 83.3% and 78.9%, respectively. During the
posttransplant course, the serum creatinine levels of
patients with LOS > 60 days were significantly higher than
their counterparts (2.5 + 2.0 vs. 1.5 + 1.2 at 3 months
posttransplant, P < 0.0001).

Table 1. Variables included in the model [the area under ROC curve of this model was 0.75 + 0.03, 95% CI(0.69, 0.81)].

Variable Regression coefficient  Significance level (P)  Risk ratio (RR)  95% Cl for RR lower bound  95% ClI for RR upper bound
Hemodialysis

Pre-Tx 1.29 <0.001 3.64 1.66 8.00
Mechanical

Ventilation 1.09 <0.015 2.96 1.24 7.08

MELD score 0.61 <0.003 1.06/point (1.02) 1.1
Patient age (years old) <0.009

18-40*

40-60 1.38 <0.026 3.98 1.18 13.42

>60 2.12 <0.003 8.30 2.09 33.00
Constantf —4.98 <0.0001 0.007 - -

MELD, Model for End-Stage Liver Disease; ROC, receiver characteristic curve.

*Reference category.
tSee formula.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115
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Figure 4 Patient survival stratified by model selection with cut-off at
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Validation cohort (VC)

To validate the results of the study and test the perfor-
mance of the model, we used a consecutive cohort of 417
recipients of cadaveric primary LT, transplanted from April
2006 to December 2009. The patients were followed
through December of 2011. Mean LOS for the entire VC
was 28.5 £ 27.3 days.

Validation was performed by calculating the probability
of adverse outcome (LOS > 60) by EPSO and comparing
the actual hospital stay, patient and graft survival, and
transplant cost of the patients with the highest score to the
rest of the cohort.

The high-risk group was defined by Z value >40, and
included 53 (12.7%) patients. This cut-off was arbitrarily
set, as it yielded a group of approximately 10% of
patients with the highest risk according to our identified

Nachmany et al.
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Figure 5 Patient survival in the validation cohort according to Esti-
mated Probability Of Suboptimal Outcome (cut-off at z > 40).

four risk factors (age, MELD, mechanical ventilation and
dialysis).

The high-risk group had significantly longer LOS
(48.5 £ 4.5 vs. 25.6 = 1.3 days; P < 0.0001), higher cost
(1.53 RU vs. 1; P < 0.0001) and inferior patient and graft
survival (1- and 3-year survival of 71.7% and 64.2% vs.
87.6% and 79.2%; P < 0.007) (Fig. 5).

Discussion

Liver transplantation is the only effective treatment for
end-stage liver disease. Although LT is one of the most
complex and costly surgical procedures, the main obstacle
faced by the transplant community is the global and con-
tinuous imbalance between organ demand and supply.
This translates into prolonged waiting time on the list, and
significant morbidity and mortality while waiting. Also,
the organ shortage indirectly influences posttransplant
morbidity and mortality, as patients usually reach trans-
plant in more advanced stage of their disease. This short-
age has fueled efforts to maximize utilization of existing
donor pools (like split liver transplant, marginal donors,
etc.), and identify new donor sources (like donation after
cardiac death and living donors) [5]. These efforts are not
cost-free, as many of them are associated with increased
complication rates and inferior outcome.

The organ allocation policy in the US and many other
countries is urgency-oriented, and aimed at prioritizing
the sickest patients on the waiting list (‘sickest-first’). For
such system, the MELD score works well because it is
efficient in predicting pretransplant mortality. Indeed, the
adoption of MELD as the allocation tool decreased new
additions to the liver waiting list and improved waiting
list mortality [6-8].

Given the persistent and significant lack of organs, the
question remains: is an urgency-based approach the
most efficient one, as opposed to other allocation

1112 © 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115
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systems, like ‘utility-based’ (aimed at achieving fewer
posttransplant  deaths) and ‘survival benefit-based’
(aimed at reducing the total number of deaths — pre-
and posttransplant)? Urgency-based allocation is gener-
ally at the expense of utility and vice versa, stemming
from the fact that wait list and posttransplant mortality
are positively correlated [9]. In this regard, not only is
poor outcome disastrous to a recipient, it has severe
implications for other patients on the list and the health
system as a whole. Every liver utilized with poor out-
come is a liver that could potentially have been used for
other candidates, with different results.

The combination of ‘sickest-first’ system and organ
shortage causes some patients to reach transplantation
too late and too sick, and even though they survive the
operation, they fail to thrive. At any given time, each
center is responsible for deciding which of its ‘leading’
candidates is too sick to undergo LT. Unfortunately,
there are no quantitative tools in the hands of clinicians
to identify patients with predicted inferior post-LT
outcomes, even if they do not present an absolute contra-
indication.

The aim of this study was to improve our ability to pre-
dict poor outcome after LT, and develop a prognostication
tool that would enable clinicians to better identify suitable
candidates for LT. To that end, we used our prospectively
maintained database of over 1000 primary DDLT. All re-
transplant cases and all living-donor-LT were excluded. Of
the 643 patients in the SC, only 23 (3.6%) underwent LT
for fulminant hepatic failure.

We used the surrogate marker of LOS > 60 days as a
measure of poor transplantation outcome. We hypothe-
sized that it represents many aspects of outcome, includ-
ing morbidity and cost, and not patient and graft
survival only. As we did not exclude early mortality cases,
those who died before 60 days were considered within
the LOS < 60 group. This by itself supports the model,
as these patients actually ‘worsen’ the results of the
LOS <60 group in every parameter excluding cost.
Nonetheless, the LOS < 60 group had superior outcome
in all parameters (patient and graft survival, liver allo-
graft and kidney function, and cost).

We first validated our hypothesis by showing that that
LOS > 60 days correlates well with poor survival (Fig. 2),
liver allograft (total bilirubin 4.0 vs. 2.0, P < 0.04) and
kidney function (creatinine levels 2.0 vs. 1.4, P < 0.013)
as well as significantly higher cost (RU 3.42 vs. 1,
P < 0.0001).

We then demonstrated that LOS > 60 depended mainly
on four pretransplant characteristics: need for dialysis,
mechanical ventilation, MELD score, and age. Based on
these variables, patients with poor posttransplant outcome
could be identified.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115
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The MELD score was adopted in February 2002 and has
since been used as the basis for liver allocation. MELD
accurately predicts among
patients before LT, and is superior to the previously used
Child-Turcotte-Pugh score [10]. Regarding its ability to
predict posttransplant outcome, the data are conflicting.

3-month mortality rates

Some authors showed no correlation between MELD and
short-term posttransplantation survival [11-13]. However,
other reports suggest that pretransplant MELD predicts
posttransplantation survival reliably [14-17]. In our study,
the MELD score did not perform efficiently in predicting
posttransplantation outcome (Fig. 1). Specifically, the sur-
vival of patients with high (>30) or very low (<10) MELD
scores differed by only 10%. This supports the concern,
brought up by others, that MELD alone, although useful
in predicting pretransplant mortality, lacks sufficient prog-
nostic power to assess outcome after LT. However, the
addition of dialysis requirements, patient age, and pre-
transplant mechanical ventilation significantly improved
the prognostic power of MELD and allowed for identifica-
tion of patients expected to have poor outcome after LT.
Using these four parameters, we developed a mathematical
tool to predict inferior outcome after LT.

Patients in the SC segregated by the model into the
LOS > 60 days category had 1- and 2-year graft survivals
of 71.4% and 60.9%, respectively, while the remainder of
patients had 1- and 2-year graft survivals of 83.5% and
79.5%, respectively (P < 0.009). The performance of the
model was then evaluated on a different cohort of patients
(VC). When the outcome of those with the highest EPSO
value (highest chance for LOS > 60) was compared with
that of the rest, it was found to be significantly inferior in
every category (survival, organ function, and transplant
cost).

Of the four factors independently affecting posttrans-
plant LOS, pretransplant dialysis was the most powerful
predictor of poor outcome, followed by MELD (Table 1).
Each one of these four factors was found significant for LT
outcome in previous studies [18,19].

Although pretransplant hemodialysis affects MELD score
calculation, indicating that these variables are not indepen-
dent, the actual correlation between them was low (correla-
tion coefficient of 0.31). Thus, the inclusion of both MELD
score and dialysis as ‘independent’ predictors greatly
improved the performance of the model.

On the basis of a database linking billing claims from a
large private payer with the OPTN registry, Buchanan et al.
examined the relationship between the total cost incurred
by 990 LT recipients and their MELD score at the time of
transplant. The transplant admission itself represented
approximately 50% of the total cost of LT. MELD score of
28-40 was associated with additional charges of nearly
$350K in comparison with a score of 15-20. Pretransplant

1113



Predicting liver transplantation outcome

and transplant admission charges were higher by approxi-
mately $150K and $64K, respectively, in the higher MELD
group. Those in the highest MELD group also experienced
longer hospital stays both in the pretransplant period and
after LT [20]. Our data demonstrate identical findings, as
patients in the LOS > 60 group cost 3.42 times more than
those with shorter hospital stay (P < 0.0001).

It is important to stress that the EPSO represents the risk
level for poor outcome. It does not indicate whether or not
a given patient should be offered a transplant. That deci-
sion stays in the hand of the clinicians. It is also not possi-
ble to describe efficacy tools, like sensitivity, specificity and
predictive values for the model offered, as there is no con-
sensus over definitions of outcome for an individual
patient.

Conclusion

The implementation of the MELD-based allocation policy
was associated with an overall decline in waiting list mor-
tality of about 3.5%, reduction in time to transplantation,
and more than 10% reduction in new waiting list registra-
tions. Furthermore, patient and graft survival after DDLT
remained unchanged, despite the fact that sicker patients
were transplanted. It therefore had a beneficial effect on
organ utilization, compared with the previously used meth-
ods of organ distribution. Although it carries some inherent
limitations, MELD is an excellent tool to sort out the sick-
est patients on the waiting list. Unfortunately, using MELD
as a single tool may, under certain circumstances, lead to
transplantation of extremely sick patients with poor out-
comes. This may also lead to loss of organs, which could
have achieved superior survival in healthier recipients, and
to significantly increased cost.

Diverting a vital resource from one patient to another
is problematic and ethically challenging. It is relatively
easy for the clinician to identify an acute setting in which
LT is not acceptable (e.g. septic shock). Chronic progres-
sion of the liver disease, with secondary complications,
increases the beneficial effect of LT to a certain extent,
but there comes a point when the patient is too sick to
achieve that benefit. As we and others have shown, this
point is not well identified by MELD, as MELD is
efficient in predicting pre- and not posttransplant out-
come. We believe that because of the limited availability
of organs, a consideration should be given to outcome
prediction and better patient selection for LT. This may
optimize the usage of this scarce resource. Using models
such as the offered EPSO should minimize the risk of
sub-optimal outcomes. If MELD is used as an ‘inclusion
criteria’ (patient has to be sick enough), other tools
should be used as an ‘exclusion criteria’ (patient should
not be too sick).

1114

Nachmany et al.

Authorship

IN: wrote the manuscript. ID: designed and performed the
research, analyzed data. MD, PF, AD and AH: collected
data. JWM: designed and performed the research.

Funding

No funding was given to this research.

Acknowledgement

Drs Marsh and Dvorchik had full access to all of the data in
the study, and take responsibility for the integrity of the
data and the accuracy of the data analysis.

References

1. US Department of Health and Human Services; OPTN/
SRTR Annual Report 2008, Available at: http://www.srtr.
org/annual_reports/2010/waitlist_outcomes.htm.

2. Merion RM, Schaubel DE, Dykstra DM, et al. The
survival benefit of liver transplantation. Am | Transplant
2005; 5: 307.

3. Organ Procurement and Transplant Network policy 3.6.
Allocation of livers. September 18, 2007. OPTN Web site.
http://www.optn.org/PoliciesandBylaws2/policies/pdfs/
policy_8.pdf.

4. Feng S, Goodrich NP, Bragg-Gresham JL, et al. Characteris-
tics associated with liver graft failure: the concept of a donor
risk index. Am ] Transplant 2006; 6: 783.

5. Merion MR, Goodrich NP, Feng S. How can we define
expanded criteria for liver donors. J Hepatol 2006; 45: 483.

6. Merion RM. When is a patient too well and when is a
patient too sick for a liver transplant? Liver Transpl 2004; 10
(10 Suppl 2): S69.

7. Freeman RB, Jamieson N, Schaubel DE, et al. Who should
get a liver graft? J Hepatol 2009; 50: 664.

8. Bahra M, Neuhaus P. Liver transplantation in the high
MELD era: a fair chance for everyone? Langenbecks Arch
Surg 2011; 396: 461.

9. Weismiiller TJ, Fikatas P, Schmidt J, et al. Multicentric
evaluation of model for end-stage liver disease-based
allocation and survival after liver transplantation in Ger-
many-limitations of the ‘sickest first’-concept. Transpl
Int 2011; 24: 91.

10. Wiesner R, Edwards E, Freeman R, et al. Model for end-
stage liver disease (MELD) and allocation of donor livers.
Gastroenterology 2003; 124: 91.

11. Brown RS Jr, Kumar KS, Russo MW, et al. Model for end-
stage liver disease and Child-Turcotte-Pugh score as predic-
tors of pre-transplantation disease severity, posttransplanta-
tion outcome, and resource utilization in United Network
for Organ Sharing status 2A patients. Liver Transpl 2002;

8: 278.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115



Nachmany et al.

12.

13.

14.

15.

16.

Hayashi PH, Forman L, Steinberg T, et al. Model for end-
stage liver disease score does not predict patient or graft sur-
vival in living donor liver transplant recipients. Liver Transpl
20035 9: 737.

Onaca NN, Levy MF, Netto GJ, et al. Pretransplant MELD
score as a predictor of outcome after liver transplantation
for chronic hepatitis C. Am ] Transplant 2003; 3: 626.

Onaca NN, Levy MF, Sanchez EQ, et al. A correlation
between the pretransplantation MELD score and mortality
in the first two years after liver transplantation. Liver Transpl
20035 9: 117.

Saab S, Wang V, Ibrahim AB, et al. MELD score predicts
1-year patient survival postorthotopic liver transplantation.
Liver Transpl 2003; 9: 473.

Brandao A, Fuchs SC, Gleisner AL, et al. MELD and other
predictors of survival after liver transplantation. Clin Trans-

17.

18.

20.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 1108-1115

Predicting liver transplantation outcome

plant 2009; 23: 220.

Gonwa TA, Mai ML, Melton LB. Renal replacement
therapy and orthotopic liver transplantation: the role of
continuous veno-venous hemodialysis. Transplantation
20015 71: 1424.

Freeman RB, Wiesner RH, Edwards E, Harper A, Merion R,
Wolfe R. Results of the first year of the new liver allocation
plan. UNOS/OPTN Liver and Intestine Transplantation
Committee. Liver Transpl 2004; 10: 7.

. Wiesner RH. Evidence-based evolution of the MELD/PELD

liver allocation policy. Liver Transpl 2005; 11: 261.
Buchanan P, Dzebisashvili N, Lentine KL, et al. Liver trans-
plantation cost in the model for end-stage liver disease era:
looking beyond the transplant admission. Liver Transpl
2009; 15: 1270.

1115



