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Introduction  and aim:  The  MELD  score  has  been  established  as an  efficient  and  rigorous  prioritization
system  for  liver  transplant  (LT).  Our study  aimed  to evaluate  the  effectiveness  of the  MELD  score  as a
system  for  prioritization  for LT,  in terms  of  decreasing  the  dropout  rate  in  the  waiting  list  and  maintaining
an  adequate  survival  post-LT  in Chile.
Materials  and  methods:  We  analyzed  the Chilean  Public  Health  Institute  liver  transplant  registry  of  can-
didates  listed  from  October  15th  2011  to December  31st  2014.  We  included  adult  candidates  (>15  years
old)  listed  for  elective  cadaveric  LT  with  a  MELD score  of 15  or higher.  Statistical  analysis  included  survival
curves  (Kaplan–Meier),  log-rank  statistics  and  multivariate  logistic  regression.
Results:  420  candidates  were  analyzed.  Mean  age  was  53.6 ± 11.8  years,  and  244  were  men  (58%).  Causes
of  LT included:  Liver  cirrhosis  without  exceptions  (HC)  177  (66.4%);  hepatocellular  carcinoma  (HCC)  111
(26.4%);  cirrhosis  with  non-HCC  exceptions  102 (24.3%)  and  non-cirrhotic  candidates  30  (7.2%).  LT rate
was  43.2%.  The  dropout  rate  was  37.6%  at  1-year.  Even though  the  LT  rate  was  higher,  the  annual  dropout
rate  was  significantly  higher  in cirrhotic  candidates  (without  exceptions)  compared  with  cirrhotics  with
HCC, and  non-HCC  exceptions  plus  non-cirrhotic  candidates  (47.9%;  37.2%  and  24.2%,  respectively,  with

p =  0.004).  Post-LT  survival  was  84%  per  year,  with  no  significant  differences  between  the  three  groups
(p  =  0.95).
Conclusion:  Prioritization  for LT  using  the MELD  score  system  has  not  decreased  the  dropout  rate  in  Chile
(persistent  low  donor’s  rate).  Exceptions  generate  inequities  in dropout  rate,  disadvantaging  patients

without  exceptions.

©  2019  Fundación  Clı́nica  M
article  under  the  CC

∗ Corresponding author at: Hepatology & Liver Diseases, National Liver Transplant Coo
E-mail address: rmpayuso@gmail.com (R.M. Pérez).

ttps://doi.org/10.1016/j.aohep.2018.11.001
665-2681/© 2019 Fundación Clı́nica Médica Sur, A.C. Published by Elsevier España
reativecommons.org/licenses/by-nc-nd/4.0/).
édica  Sur, A.C. Published  by  Elsevier  España,  S.L.U.  This  is  an  open  access
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

rdinator, Chile.

, S.L.U. This is an open access article under the CC BY-NC-ND license (http://

https://doi.org/10.1016/j.aohep.2018.11.001
http://www.sciencedirect.com/science/journal/16652681
http://www.elsevier.es/annalsofhepatology
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2018.11.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:rmpayuso@gmail.com
https://doi.org/10.1016/j.aohep.2018.11.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


3 Hepat

i
1
d
b
v
p

i
d
l
[
t
m
c

s
l
(
t
h
t
b
e
w
i
d
c
w
s

r
s
p
t
e
s
n
a

w
p
t
s
r
s
s
c
t
t
w
s
s
s
i
p

M
c
o
b
a
o
l

acute liver failure). These conditions can receive an initial opera-
tional MELD score of 15 and posteriorly increases 2 points every
26 L.A. Díaz et al. / Annals of 

Cirrhosis is a prevalent disease with high morbidity and mortal-
ty. It constitutes an important cause of death worldwide, reaching
.03 million deaths per year [1]. In Chile, cirrhosis is the 5th cause of
eath [2,3]. As the disease progresses, complications occur that can
e dependent or not from portal hypertension, including ascites,
ariceal bleeding, hepatic encephalopathy, spontaneous bacterial
eritonitis, among others.

Decompensated cirrhosis is associated with poor prognosis and
mpaired quality of life. Therapies are generally targeted to delay
isease progression and prevent complications. In this scenario,

iver transplantation (LT) is the only available curative therapy
4]. The long-term survival post-LT has increased substantially
hanks to the better intensive care and immunosuppressive treat-

ents. The 1-year survival post-LT reaches 90% in developed
ountries.

The allocation for LT in our country has been an important topic
ince the liver donor’s rate is extremely low (10 donors per mil-
ion population) compared to other countries with high LT rate
35 donors per million population in Spain) [5]. Our previous sys-
em of prioritization for LT considered a MELD score of 15 or
igher to be enlisted, and posterior allocation was performed by
ime in the waiting list. Some candidates with exceptions could
e enlisted for LT, receiving an organ by waiting as well. How-
ver, this system had flaws that included early LT in candidates
ith low mortality risk, and a high dropout rate within the wait-

ng list of candidates with advanced liver disease secondary to
eath or disease progression. To avoid these problems, a new allo-
ation system that accurately predicted long-term survival on the
aiting list while maintaining a high post-LT survival was neces-

ary.
There are several models to predict survival in advanced cir-

hosis. One of the most important is the Child–Turcotte–Pugh
core, originally devised in the assessment of severity in cirrhotic
atients undergoing surgery for portal hypertension [6]. Although
his model could be helpful for prioritizing liver transplant recipi-
nts and was used for prioritization in several countries, it considers
ubjective aspects like ascites and encephalopathy [7]. Also, it does
ot include renal function, a well-established prognostic factor in
dvanced cirrhosis [8].

The Model for End-Stage Liver Disease (MELD) score system
as published originally to predict 30-day mortality in cirrhotic
atients going to TIPS treatment (Transjugular Intrahepatic Por-
osystemic Shunt) [9]. Later, it was adapted to predict short-term
urvival in cirrhotic candidates and proposed for prioritization of
ecipients for LT in the United States in 2002. Nowadays, the MELD
core has been established as an efficient and rigorous allocation
ystem for LT worldwide. However, MELD score does not consider
omplications such as digestive hemorrhage due to portal hyper-
ension, hepatic encephalopathy, ascites or bacterial peritonitis. On
he other hand, creatinine can fluctuate overestimating patients
ith parenchymal kidney disease. In addition, results have not been

atisfactory in terms of justice and dropout from the waiting list for
ome countries [10]. In Chile, MELD was adopted as an allocation
ystem in October 2011. However, no data regarding its efficiency
n terms of survival and dropout from the waiting list during this
eriod have been published.

The aim of our study was to evaluate the effectiveness of the
ELD score as a system for prioritization for LT. Additionally, we

ompared dropout in waiting list between cirrhotic candidates pri-
ritized per real MELD score and candidates enrolled for transplants
y exceptions who are assigned an arbitrary operational score
greed in a consensus group. Finally, we evaluated the properties

f the MELD score in predicting the dropout rate within the waiting
ist and mortality post-LT.
ology 18 (2019) 325–330

1. Methods

1.1. Candidates and inclusion criteria

We  examined the Chilean Public Health Institute (PHI) registry
of candidates listed for a liver transplant from October of 2011 until
December of 2014. We  included adult candidates (>15 years old)
listed for elective cadaveric liver transplant with a MELD score of
15 or higher. Exclusion criteria included: pediatric candidates (≤15
years old), candidates delisted for active substance abuse, surgical
contraindication before the start date of the study, and candidates
who lost their outpatient controls. This study did not include can-
didates listed for acute liver failure.

Information used was authorized by the National Transplant
Coordinator, the governmental institution responsible for trans-
plant allocation in Chile. All data were de-identified, and additional
information was requested in exceptional cases, to the seven cen-
ters of liver transplantation in Chile using an anonymous code
allocated by the PHI.

1.2. National Liver Transplantation System: MELD scoring and
exceptions

The MELD score was calculated based on the previously pub-
lished model [11]. We  used the MELD score for the analysis since
the MELD-Na (MELD-Sodium score) was incorporated as a criterion
for enlistment in October 2016 (posterior to the follow-up period).
We considered an operational MELD score for the analysis: (1) The
real MELD score in candidates with liver cirrhosis without excep-
tions. (2) The adjusted MELD score in candidates with exceptional
situations where the real MELD score does not adequately reflect
mortality or the quality of life. The exceptions are defined by the
Liver Transplant Committee who assign, in a consensual way, an
adjusted score to the conditions (expressed in the National Liver
Transplant Standards):

- Malignant liver tumors: including candidates with hepatocellu-
lar carcinoma (HCC) per Milan Criteria for LT, without vascular or
extrahepatic dissemination [12]. We  did not include a downstag-
ing strategy because it was incorporated into our system after the
end of the follow-up of the study [13,14]. This condition receives
an initial operational MELD score of 20 and posteriorly increases
1 point every two months.

- Chronic cholestatic diseases: including primary biliary cholan-
gitis (PBC), primary sclerosing cholangitis (PSC) and overlap
syndrome. We  used the Mayo score (≥9.6 in PBC & overlap syn-
drome and ≥3.6 in PSC) for enlistment, with an initial operational
MELD score of 15 [15,16]. We  used the Mayo because the MELD
score does not adequately predict mortality in this group [17].
Posteriorly, the operational MELD score increases according to a
correlation between the Mayo and MELD score previously defined
(for example a patient with PBC and a Mayo score of 10.3 obtain
an operational MELD score of 20 since mortality is too similar in
these cut-off points [28% at 12 months]).

- Complications from chronic cirrhosis: including refractory
ascites (considered in candidates with more than one paracen-
tesis per month for at least 6 months), recurrent spontaneous
bacterial peritonitis (SBP) (receiving 1 extra point for each episode
of SBP) and recurrent hepatic encephalopathy (requiring multiple
hospitalizations, chronic invalidating or persistent after a solved
three months. On the other side, candidates with intense itching
refractory to medical treatment and severe impairment of quality
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Table 1
Clinical, demographic, and other characteristics of the candidates.

Characteristic or variable Values

Age (yr) 53.6 ± 11.8b

Median 57
[IQR]a 49–62

Gender (%)
Male 58.1
Female 41.9

Blood type (%)
AB 2.86
A  32.86
B  8.0
0  56.19

Follow-up to LT, dropout or waiting alive (months)
Median 5.53
[IQR]a 1.17–12.6

Condition at the end of follow-up (%)
Transplanted 43.33
Death 24.76
HCC progression 6.67
Waiting alive 25.24

a Inter-quartile range percentile 25–75%.
b Standard deviation.

Table 2
Leading causes of enlistment for LT of cirrhotic candidates (n = 390).

Etiologies n (%)

1. Non-alcoholic steatohepatitis 116 (29.74)
2.  Alcohol-related liver disease 67 (17.18)

3.  Viral hepatitis
Hepatitis C virus (98.1%); Hepatitis B virus (1.9%) 53 (13.59)

4.  Autoimmune hepatitis 51 (13.08)

5.  Cholestasic disease
Primary Biliary Cholangitis (51.72%); Primary Sclerosing

Cholangitis (20.69%); Overlap Syndrome (27.59%)
29 (7.44)

6.  Others
Including Hemochromatosis, Biliary Atresia, Cryptogenic,

Secondary Biliary Cirrhosis, Wilson’s disease, among
74 (18.97)
L.A. Díaz et al. / Annals of 

of life can be enlisted (requires a photo-documentation showing
excoriations of skin); they receive an initial operational MELD
score of 15 and posteriorly increases 1 point every three months.

 Other conditions: hepatopulmonary syndrome, portopulmonary
hypertension, type 1 hepatorenal syndrome, polycystic disease
(associated with decreased renal clearance <30 ml/min, severity
impaired quality of life or malnutrition) and metabolic diseases.

The criteria for score assignment in exceptions are the same
n all centers for liver transplantation in Chile. Also, every patient
nlisted for a liver transplant is presented in a meeting including

 representative from every center for liver transplant, where they
iscuss if every enlistment is appropriate or not.

.3. Statistical analysis

Continuous data were described using mean and standard
eviation (SD), median or interquartile ranges [IQ] (between per-
entiles 25 and 75%) per data distribution. Nominal data were
escribed using percentages. We  compared three groups: 1. Cir-
hotic candidates without exceptions, 2. Candidates with HCC and
. Cirrhotic candidates with exceptions (non-HCC). The main out-
ome was dropout defined by death, poor physical condition for
he transplant or disease progression in HCC (outside Milan crite-
ia). Kaplan–Meier estimates were used to calculate survival curves.
ifferences in survival curves were compared using a log-rank test.
ifferences in proportions were tested using the chi-square test (or

he Fisher exact test). Additionally, we conducted a multivariate
ogistic regression to assess the association between MELD score
nd dropout from the waiting list and mortality post-LT. Odds ratio
OR) and 95% confidence interval (CI) were used to report these
esults. Statistical analysis was performed with IBM SPSS software
ersion 22.0 (Armonk, NY: IBM Corp.) and STATA software version
3.0 (College Station, TX: StataCorp LP). A p value of <0.05 was
onsidered statistically significant.

. Results

.1. General characteristics and etiologies

Five hundred seventy-three candidates were listed for LT
etween October 15th 2011 and December 31st 2014. We  included
20 elective candidates in the analysis (77.5%); 58.1% were males
n = 244). The mean age was 53.6 ± 11.8 years; with a range between
7 and 70 years old (Table 1). In this analysis, we excluded
53 candidates by several criteria previously expressed (pediatric
andidates, acute liver failure, active substance abuse, surgical con-
raindication, candidates who lost their outpatient controls, among
thers).

Candidates with liver cirrhosis without exceptions represented
he most frequent cause of LT (n = 177; 42.15%), followed by liver
irrhosis with HCC (n = 111; 26.4%), cirrhosis with non-HCC excep-
ions (n = 102; 24.3%) and non-cirrhotic causes (n = 30; 7.15%).
able 2 shows the etiology of cirrhosis among cirrhotic can-
idates (n = 390). The predominant etiology was  non-alcoholic
teatohepatitis (NASH), followed by alcohol-related liver disease,
iral hepatitis, autoimmune hepatitis, cholestatic diseases, and
thers. The non-cirrhotic group (n = 30) included hepatorenal
olycystic disease, graft failure, hepatic epithelioid hemangioen-
othelioma, liver adenomatosis, recurrent cholangitis, among
thers.
.2. MELD score and stay on the waiting list

In a 38 months’ period, the follow-up rate was 100%. The median
ollow-up to an event was 5.53 months ([IQ] 1.17–12.6) (Table 1).
others

Transplanted and dropped out candidates stayed on the waiting
list a median of 4.25 months ([IQ] 0.7–11.55) and 5.1 months ([IQ]
2.0–9.7), respectively. Candidates still waiting for LT at the end of
follow-up stayed a median of 10.4 months ([IQ] 4.2–22.15). Table 3
shows the mean MELD scores at enlistment for the whole popula-
tion and by groups.

2.3. Dropout rate within waiting list

Dropout occurred in 132 candidates (31.4%) (Table 1). Of these
candidates, 21.2% occurred because of HCC progression and 78.8%
death. Dropout risk at 12-months on the waiting list was 37.6%
(Fig. 1). Secondly, at the end of follow-up, only 106 candidates
remained on the waiting list (25.2%) (Fig. 1).

2.4. Transplanted group

Out of the 420 candidates who  electively enlisted for LT, 182

were transplanted (43.6%), 4 (0.95%) required re-transplantation
and 5 (1.19%) needed a double transplant (liver and kidney).
Survival at 12 months after LT was  83.2% (Fig. 2). Survival was
not significantly different between cirrhotic candidates without
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Table 3
Global mean MELD score and separated into 3 groups at enlistment.

Global Transplanted candidates Dropped out candidates Candidates which stayed alive

Mean score ± SDa 20.25 ± 5.64 21.49 ± 6.35 20.54 ± 5.58 17.76 ± 3.05
Median 20.0 20.0 20.0 17.0
[IQ]b 16.0–21.75 17.0–24.25 16.0–22.75 15.0–20.0

a Standard deviation.
b Inter-quartile range percentile 25–75%.

Fig. 1. Waiting list dropout of candidates for liver transplantation (Kaplan–Meier
curve). Dropout risk at 12 and 24-months was 37.6% and 54.9%, respectively.

Fig. 2. Graft survival curve of candidates’ post-Liver Transplantation (post-LT)
(

e
e
(
m

score at enlistment was  also not associated with mortality while on
the waiting list (OR 1.0, IC95% 0.96–1.04). Finally, neither age, sex,
the presence of cirrhosis, HCC nor other exceptions were related to
Kaplan–Meier curve).

xceptions, candidates with HCC and non-HCC plus non-cirrhotic
xceptions (p = 0.997). The MELD score at LT was 26.74 ± 6.29
median 26; [IQ] 23.0–30.0). Median follow-up post-LT was 15.75
onths ([IQ] 3.68–27.62).
Fig. 3. Liver transplantation waiting list survival, separated by subgroups: cirrhotic
candidates without exceptions (LT), candidates with HCC (HCC) and non-HCC plus
non-cirrhotic exceptions.

2.5. Equity within the waiting list

To identify differences between candidates, we compared the
dropout rate between the 3 groups. Dropout for cirrhotic candi-
dates without exceptions was 47.1%, significantly higher than in
candidates with HCC and non-HCC plus non-cirrhotic exceptions
(37.2% and 26.7%, respectively (p = 0.016). Fig. 3 shows the survival
rate within the waiting list in the 3 groups of candidates.

We additionally assessed the equity within the waiting list com-
paring the transplantation rate and dropout at 3 and 12 months.
At 3 months, the transplantation rate and dropout was higher in
cirrhotics without exceptions than in candidates with HCC and non-
HCC plus non-cirrhotic exceptions. Also, at 12 months the liver
transplantation rate was higher in cirrhotics without exceptions.
All differences were statistically significant (p < 0.01) (Table 4).

2.6. Association analysis between the MELD score, dropout rate
and mortality post-LT

We  observed a positive relationship between the MELD score
and the probability of transplantation (OR 21.7; p < 0.001). There
was no relationship between age, sex, the presence of cirrhosis,
HCC, other exceptions and probability of transplantation.

The MELD score at the time of LT was  not related to mortality
post-LT (OR 1.02, IC95% 0.96–1.08; p = 0.47); neither was  time on
the waiting list (OR 1.0, IC95% 0.99–1.0; p = 0.52) either. The MELD
mortality post-LT.
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Table  4
Transplantation and dropout rates at 3 and 12 months between the 3 groups.

Outcomes CH % (n = 177) HCC % (n = 111) Non-HCC plus non-cirrhotic exceptions % (n = 132)

3 months*

Transplant 29.9 8.1 15.2
Dropout 13 7.2 8.3

12  months*

Transplant 40.6 24.3 31.1
Dropout 47.1 37.2 26.6

* p = 0.001.
CH: cirrhotic candidates without exceptions.
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CC: candidates with Hepatocellular carcinoma.
on-HCC: non-cirrhotic candidates with exceptions different to Hepatocellular car

. Discussion

The equity organs allocation for LT has been an important issue
ithin the last decades, especially in countries with low donor’s

ate. The Meld score was adopted, like previously in other countries,
s an allocation system for LT in Chile since October 2011 to reduce
he high dropout rate observed with the previous allocation system
y antiquity in transplant list, while maintaining a high post-LT
urvival.

The survival post-LT in Chile with the new system is similar to
he survival worldwide published in previous reports (83.2% at fol-
owing 1-year) [18], even though the sicker the candidates are at the

oment of transplant. Nevertheless, the dropout rate at 12 months
n the waiting list of 37.6%, a higher value than the dropout inter-
ationally recommended (lower than 15%). Previously publications
o not exist to compare dropout accurately between both peri-
ds. However, an unpublished study from a single center showed

 dropout rate of 32% at 1-year of follow-up (from 2006 to 2009).
herefore, the dropout rate has not decreased after the incorpora-
ion of the MELD system in Chile. Also, the dropout rate observed
n our analysis was associated with a long stay enlisted, with an
verage time of 6.9 months to be transplanted.

The observed differences in transplantation and dropout rates
etween the 3 subgroups analyzed, could be a reflex of inequity

n the assignment in the score for exceptions (Table 4). In fact,
irrhotics without exceptions presented the higher dropout rate
espite the higher transplantation rate. This inequity is favored
y the MELD exceptions since the assigned score was established
rbitrarily by the National Transplant Commission. Thus, when the
xceptions are given in great number, disadvantage non-exception
andidates and lead to increase dropout and waiting list death. On
he other side, the very low donor’s rate reported in our country
ith a subsequent low transplantation rate, which has not been

ncreased in the last 10 years, may  explain the elevated dropout
ate.

The MELD score was  not a good predictor of mortality post-LT.
he results are different from previously published studies, which
eported a low association [19]. These differences can be explained
y the statistic used (ROC curves and c-statistics) and the hetero-
eneity of studies and centers.

Based on this data, it seems that the MELD scoring is an accept-
ble allocation system for our country, with respect to equity
or organ allocation for liver transplantation and post-LT survival,
espite a low donor’s rate. However, a strict review of the score allo-
ation to candidates with exceptions should be made to improve
he equity of the system nationally.

Future challenges include the re-evaluation of equity allocation

nd the assessment of other strategies to increase the available
rafts as LT from living donors or split-liver transplantation, that
an increase the LT rate and decrease dropout [20–23]. Finally,
espite the allocation system, it is critically important to establish
a.

efforts to educate the population and generate new public policies
to increase the donor’s rate.

In conclusion, prioritization for LT with the MELD score system
has not decreased the dropout rate in Chile, with a persistent low
donor’s rate. Exceptions given in the system generates inequities in
dropout rate, disadvantaging candidates without exceptions. The
post-LT survival was  similar to the pre-MELD period, despite a
higher MELD score at the transplant. Furthermore, there was no
association between the MELD score at the transplant and mortal-
ity post-LT and between the MELD score at enlistment and dropout
within waiting list.

Abbreviations
LT liver transplantation
MELD Model for End-Stage Liver Disease
TIPS Transjugular Intrahepatic Portosystemic Shunt
PHI Public Health Institute
HCC hepatocellular carcinoma
PBC primary biliary cholangitis
PSC primary sclerosing cholangitis
NASH non-alcoholic steatohepatitis
SBP spontaneous bacterial peritonitis
SD standard deviation
[IQ] interquartile ranges
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