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abstractOBJECTIVES: The European Liver Transplant Registry has been collecting data on virtually all
pediatric liver transplant (PLT) procedures in Europe since 1968. We analyzed patient
outcome over time and identified parameters associated with long-term patient outcome.

METHODS: Participating centers and European organ-sharing organizations provided
retrospective data to the European Liver Transplant Registry. To identify trends, data were
grouped into consecutive time spans: era A: before 2000, era B: 2000 to 2009, and the current
era, era C: since 2010.

RESULTS: From June 1968 until December 2017, 16641 PLT were performed on 14515 children by
133 centers. The children<7 years of age represented 58% in era A, and 66% in the current era
(P<.01). The main indications for PLT were congenital biliary diseases (44%) and metabolic
diseases (18%). Patient survival at 5 years is currently 86% overall and 97% in children who
survive the first year after PLT. The survival rate has improved from 74% in era A to 83% in era
B and 85% in era C (P<.0001). Low-volume centers (<5 PLT/year) represented 75% of centers
but performed only 19% of PLT and were associated with a decreased survival rate. In the
current era, however, survival rates has become irrespective of volume. Infection is the leading
cause of death (4.1%), followed by primary nonfunction of the graft (1.4%).

CONCLUSIONS: PLT has become a highly successful medical treatment that should be considered
for all children with end-stage liver disease. The main challenge for further improving the
prognosis remains the early postoperative period.

Full article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2022-057424
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WHAT’S KNOWN ON THIS SUBJECT: Liver transplantation
in children has developed into the standard effective therapy
for children with otherwise untreatable liver disease. The
main indications in children are biliary atresia and inherited
diseases. Half of these patients are<2 years of age.

WHAT THIS STUDY ADDS: The patient survival improved to
86% at 5 years after PLTand to 97% in children who survived
the first year after PLT. Over time, the outcome was better in
centers with a volume of>5 PLTs per year.
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Liver transplantation in childhood
has undergone a dramatic evolution
from its early pioneering days, from
the introduction of effective immune
suppression in the 1980s and
innovative surgery in the 1990s to
facing the shortage of size-matched
organs to the current challenges in
long-term morbidity and
mortality.1,2 Worldwide, >30 000
children and adolescents have
undergone liver transplantation over
the last 4 decades. Most of these
patients have been registered in
large continental or national
scientific databases, such as the
national Organ Procurement and
Transplantation Network in the
United States3 and the Registry of
the Japanese Liver Transplantation
Society.4

Indications for liver transplantation
(LT) in children differ profoundly from
those in adults. Viral hepatitis,
hepatocellular carcinoma (<1% of all
indications), and alcohol toxicity play a
minor or no role in pediatric liver
transplantation (PLT) and, instead,
early acquired cholestatic and genetic
(structural or metabolic) liver disease
prevail. Young children require less
immunosuppression compared with
older patients.5 In addition, the
recurrence of the primary disease is
far less common in PLT than in adult
LT. Detailed data on liver
transplantation in Europe have been
systematically recorded from the
beginning, coordinated since 1985 by
the European Liver Transplant
Registry (ELTR). The registry has
collected the clinical and laboratory
data of virtually all liver transplant
procedures in Europe. ELTR is based
on the voluntary collaboration of
European Liver Transplant Centers in
31 countries and is governed by the
European Liver and Intestine
Transplant Association. ELTR holds
data on >170000 LT procedures and
is, next to the North American Organ
Procurement and Transplantation
Network, the largest database on liver

transplantation. A recent analysis of
ELTR data on donor characteristics
and graft outcome in PLT has shown
that graft survival is excellent, with a
current half-life of >31 years.6

Excellent graft outcome has also been
reported by the Japanese Liver
Transplantation Society on 3347
children in whom overall graft survival
at 30 years was 75.4%.7 Single-center
reports like the one from France with
79% 20-year patient and 64% graft
survival in 128 children further
confirm the good outcome.8 One can
only speculate as to what extent this
long graft survival further improves
long-term patient outcome; we,
therefore, hypothesized that patient
outcome, as documented in ELTR, will
have significantly improved beyond
long-term graft survival. The objective
of this study is to describe the patient
characteristics and indications for
transplantation in the largest cohort of
(European) patients who have
undergone PLT. We also identified
parameters associated with improved
long-term patient outcome.

METHODS

European Liver Transplant Registry
Database

ELTR encompasses both
retrospective and prospective data
collection. Data requested include a
specified set of variables which is
reviewed and redefined at regular
intervals by the European Liver and
Intestine Transplant Association
board. Clinical, laboratory, and
outcome data are provided by
individual health care providers
performing LT in Europe and are
supplemented by data interface to
the European organ-sharing
organizations (OSOs) (ie, National
Health Service Blood and Transplant
for the United Kingdom, the Spanish
Organizacion Nacional de
Transplantes, Eurotransplant
Foundation, etc).9 Data are included
from Belarus, Georgia, and
Azerbaijan. Follow-up data are

provided by transplant centers at
regular intervals, including such
events as retransplantation and
death. Registered data are
retrospectively monitored by ELTR
staff at regular intervals.10

ELTR centers are required to
regularly update the follow-up of
their patients (date of latest news,
date of graft loss and its cause, date
of death and its cause) whether in
their national database, which
serves as the source of the ELTR
data or for centers that do not have
an OSO, by directly reporting the
follow-up in our secure platform. If
the patient is lost to follow-up, the
national mortality registers are
requested either by the centers or
by the study nurses relocated by
certain OSOs.

Within Europe, ELTR documentation
of LT patients is estimated to be as
high as 95%; data obtained from the
ELTR database can thus be
described as quality-controlled and
representative of past and current
practices in Europe.

Study Population

We have included data on all
patients registered with ELTR from
1968 to December 31, 2017 who
underwent PLT before their 18th
birthday. No exclusion criteria were
applied. For this retrospective
cohort study, data were extracted
from the ELTR database by using a
limited prespecified set of
pseudoanonymized patient
characteristics, including patient age,
sex, anthropometry, diagnosis of
liver disease, indication for PLT,
transplant center volume, patient
survival, and cause of mortality.

Study Design and Analysis Plan

From May 1, 1968 until December
31, 2017, 16 641 PLT procedures
were performed in 14 515 patients
<18 years of age. To identify
changes over time, we separated the
data into 3 consecutive timespans,
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each encompassing similarly sized
patient cohorts: era A: before
2000 (n 5 4482), era B: 2000–2009
(n 5 4972), and era C: since 2010
(n 5 5061). Each era has specific
characteristics and therefore provides
a homogenous overview. Era A, the
historical period, was the era in which
the procedure was novel and
experimental. Era B was primarily
characterized by surgical innovation
and the wider application of the
surgical split technique. In Era C, PLT
had become a standard treatment
modality, with the focus on reduction
of long-term morbidity and mortality
and improvement of the quality of
posttransplant life. For analysis
and discussion, the latter era (C)
is considered as describing current
clinical practice.

Data Management and Statistical
Analyses

The plausibility of the dataset
extracted for this study was checked
by ELTR staff and the authors of this

manuscript. Follow-up for each
individual patient included the time
from first LT to last recorded visit at
the transplant center or death. Patient
survival time was defined as the time
between first LT and death. Censoring
due to loss of follow-up in ELTR
documentation was assumed to occur
at random. Retrospective data
monitoring has shown that an average
of 5% of data are incomplete, with a
discrepancy rate of 2.5%.

For each variable, we only used data
that were complete, with no data
imputation for statistical analysis.
Statistical analysis was performed
by using StatView version 5.0 (SAS
Institute Inc, Cary). Categorical
variables were summarized as
frequencies and percentages, and
groups were compared by using x2

tests, as appropriate, and Fisher’s
exact tests. Continuous variables are
presented as median (interquartile
range [IQR]) and compared using
the Mann–Whitney U test. The

overall survival rate was assessed
according to the Kaplan-Meier
method with the log-rank test.
Significance was accepted with a
P value <.05 and 95% confidence.

RESULTS

Patients and Transplant Activity

The number of PLT increased rapidly
between 1985 and 1991 and slowed
thereafter until peaking at a maximum
of 762 transplants in 2011. Since
2012, transplantation numbers seem
to have reached a plateau (Fig 1).

The average percentage of
retransplants per era has dropped
considerably from 23% in era A to
14% in era B and 7% in era C (in
recent years only 4%).

Age at Transplantation

ELTR data show that 66% of liver
transplant procedures in era C were
performed in children aged <6
years (Fig 2). Over time, liver

FIGURE 1
Evolution of pediatric liver transplantation in Europe. Displayed are the number of liver transplantations per year for children. Bars are grouped in era A:
before 2000, era B: 2000–2009, and era C: since 2010 (see left y axis), adults (yellow line; see right y axis), and pediatric repeat transplantations in % (repeat
LT; pink line). Pediatric liver transplant activity from 1968 to 2017 developed similarly to adult liver transplantation, with a peak in 2011.
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transplantation has been performed
in increasingly younger patients, as
shown by the decrease in the
median age in years (IQR): era A:

3.97 (9.54), era B: 2.63 (9.06), and
era C: 2.47 (8.20) (P <.0001). This
shift to transplantation at a younger
age is most apparent in the absolute

and relative numbers of infants
(ie, aged <1 year) undergoing PLT:
era A: 17% (n 5 784), era B: 29%
(n 5 1429), and era C: 30%
(n 5 1519; P <.0001). However,
the difference between eras B and C
is not statistically significant.
Supplemental Table 4 provides
supplemental information on patient
and transplant characteristics.

Indications for Transplantation

The main indications for PLT are
congenital biliary diseases (44%) led
by biliary atresia (BA) (39%),
metabolic diseases (18%), acute (ALF)
or subacute liver failures (12%),
cirrhosis (8%), cholestatic diseases
(7%), and malignancies (6%).

BA remains the predominant
indication in the 3 eras, even if the
proportion compared with other
indications is decreasing: n 5 1761%
to 41% in era A, n 5 1932% to 39%

FIGURE 2
Age at transplantation. Patient age at liver transplantation is divided into 4 age groups:<1 year, 2–6
years, 7–12 years, and 13–17 years as a percentage of the total. Over time, more children<1 year of
age underwent liver transplantation.

FIGURE 3
Indications for transplantation. Displayed are indications for PLT in % and in absolute numbers (n; in bars). Biliary atresia is the most common indication
for liver transplantation in all observation periods. The need for liver transplantation in ALF is consistent in all 3 eras. In Europe, between 60 and 70 children
require liver transplantation because of ALF each year.
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FIGURE 4
Patient risk factors for outcome. Long-term patient survival in primary LT is displayed as overall survival and (A) after exclusion of early mortality during
the first postoperative year, (B) transplantation era, (C) recipient age, (D) indication for transplantation, and (E) recipient weight.
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in era B, and n 5 1743% to 35% in
era C (Fig 3, Supplemental Table 3).
Other congenital biliary diseases
include Alagille syndrome
(n 5 334), congenital hepatic
fibrosis (n 5 134), and Caroli

disease (n 5 62). The
heterogeneous group of progressive
familial intrahepatic cholestasis (in
ELTR often labeled as Byler’s
disease) was the underlying
condition for PLT in 262 cases.

Metabolic liver diseases, accounting for
18% of cases overall, is led by Wilson
disease (n 5 382), a-1-antitrypsin
deficiency (n 5 320), primary
hyperoxaluria (n 5 188), cystic
fibrosis (n 5 154), and tyrosinemia
Type I (n 5 131).

The need for PLT in ALF, accounting
for 12% of cases overall, has been
stable over eras A and B (13%) and
decreased to 11% in era C. Only a
small proportion of patients was
transplanted for acute viral hepatitis
(n 5 128), the majority of those being

TABLE 1 Distribution of Patients and Centers According to The Number of PLT and The Age of
Patients.

Center Volume,
LTs/yr

Total No of PLT,
n (%)

Total No of Centers,
n (%)

Age of All Patients,
Median (IQR)

<5 2818 (19.4) 109 (75) 7.9 (12.8)
5–10 1756 (12.1) 13 (9) 3.4 (9.4)
10–20 2521 (17.4) 9 (6) 2.3 (7.9)
>20 7420 (51.1) 14 (10) 2.4 (6.8)

FIGURE 5
Patient survival depending on transplant center volume. Patient survival is displayed over the entire observation period from 1968 to 2017 and (A) compared
with patient outcome in era C. Overall patient outcome is better in centers with>5 PLT/year. This difference is no longer detectable in the most recent data. There
is also no difference after (B) excluding early perioperative mortality in the first year after transplantation.
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for hepatitis A (n 5 87, data not
shown). The underlying cause of ALF
in children requiring PLT was
unidentified in approximately half of
the cases.

Autoimmune liver disease accounts for
559 elective PLT (excluding ALF) in the
3 eras, equally split between primary

sclerosing cholangitis (n 5 269) and
cirrhosis in autoimmune hepatitis
(n 5 290). The incidence rate was
similar in eras A (4.2%) and B (4.1%)
but dropped in era C (3.7%).

Increasing numbers of PLT have been
recorded for hepatic malignancy. In
eras A and C, the relative figures

have doubled (from 4.2% to 8.2%;
P <.001). Overall, hepatoblastoma was
the main indication for oncological PLT
(n 5 399), followed by hepatocellular
carcinoma (HCC) (n 5 189).

Indications for transplantation that
have relatively decreased in the
3 eras are a-1-antitrypsin deficiency

FIGURE 6
Cause of death. Mortality after PLT decreased in all eras but was still high in the first 6 months after PLT. (A) Repeat PLT decreases long-term survival and is
poorer with each further transplant procedure. However, even after 4 transplants, (B) long-term survival of>20 years was observed.
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(n 5 129% to 3%, n 5 114% to
2.3%, and n 5 77% to 1.6%,
respectively; P <.001) and
progressive familial intrahepatic
cholestasis (n 5 101% to 2.4%,
n 5 93% to 1.9%, and n 5 68% to
1.4%, respectively; P 5 .002).

Outcome

Considering the entire study period,
crude survival at 10, 20, and 30
years was 78%, 71%, and 64%,
respectively. These survival rates
reached 91%, 84%, and 74% in
children who survived the first year
after PLT (Fig 4A). Current 5 year
patient survival (era C) for primary
PLT is 86% and 97% for those
children surviving the first year
after transplantation and is better
than after repeat LT (68% and 86%;
P <.0001; data not shown).

Patient survival after PLT is sensitive
to complex confounding factors, such
as the era of transplantation (Fig 4B).
Patient survival improved up to 2009
but has only marginally increased in
the last decade.

Overall, children <1 year of age had a
less favorable 5 year survival rate
(81%) compared with the older age
groups (Fig 4C). Patients aged 1 to 12
years had the best long-term outcome.

Overall, the group of congenital and
acquired cholestatic diseases, including
BA, had the best long-term results.
Despite important progress in survival
over time, long-term transplantation
outcome has remained the lowest in
ALF (5 year survival: 68%) and
hepatic malignancy patients (5 year
survival: 72%) (Fig 4D).

Regardless of age, long-term patient
outcome was also associated with
patient body mass index (BMI) at PLT.
Underweight patients (BMI #18.5)
represented 74%, and overweight
patients (BMI >25) represented only
4%, of which 1% were obese (BMI
>30). Obesity had a significant
negative impact on long-term survival
(P 5 .03) in contrast to being
underweight (Fig 4E).

We also analyzed the possible
relationship between transplant
activity and outcome by center. Over

the entire observation period, more
than half of all PLT (51.1%) were
performed in 14 (10%) centers, which
had the highest volume (>20 PLT/
year) (Table 1). Low-volume centers
(<5 PLT/year) represented 75% of all
centers but collectively had performed
only 19% of PLT with a decreased
survival when compared with
medium- and high-volume centers
(74% vs 83% at 5 years; P <.0001)
(Fig 5A). This difference also appears
when assessing the long-term outcome
of children who survived the first year
after transplantation (93% vs 96% at
5 years; P <.0001) (Fig 5B). In the
current era, however, survival rates
for all patients equalized in all centers
irrespective of volume (P 5 not
significantly different). Only 5 year-
outcomes of children aged <2 years
were worse in low-volume centers
performing <5 PLT per year
compared with larger-volume centers
(Supplemental Fig 7).

Incidence of Mortality and Cause of
Death

The numbers in Fig 6A represent the
mortality over time after PLT in the
percentage of patients transplanted
(time zero). Mortality was highest in
the early post-LT period (<6 months)
in all eras. However, compared with
era A, the incidence of mortality has
almost halved in the most recent eras,
over the whole timespan up to 5 years
after transplantation.

Overall, the main causes of death up to
5 years after transplantation were
infection (4.1%), primary nonfunction
of the graft (PNF) (1.4%), and
cardiovascular complications (0.8%).
This ranking of causes of death has
not changed over time (Table 2).
Infection has remained the
predominant cause of death after PLT
in all 3 eras since 1968. However, the
rate of infection (6.6%, 3.6%, and
2.2%) and PNF (2.1%, 1.3%, and
0.9%) have decreased, as have tumor-
related (1.8%, 1.4%, and 0.4%) and

TABLE 2 Proportion of Deaths and of Different Causes of Mortality in The 3 Time Periods.

All Population Before 1999 2000–2009 Since 2010
n (%) n (%) n (%) n (%)

Patients 14 515 4482 4972 5061
Deaths 2944 (20) 1498 (33) 870 (17) 576 (11)
Cause of death

Infection 589 (4.1) 298 (6.6) 180 (3.6) 111 (2.2)
PNF 205 (1.4) 93 (2.1) 66 (1.3) 46 (0.9)
Cardiovascular 115 (0.8) 38 (0.8) 37 (0.7) 40 (0.8)
Pulmonary 150 (1.0) 67 (1.5) 47 (0.9) 36 (0.7)
Vascular 138 (1.0) 57 (1.3) 47 (0.9) 34 (0.7)
GI 125 (0.9) 70 (1.6) 24 (0.5) 31 (0.6)
Rejection 147 (1.0) 100 (2.2) 25 (0.5) 22 (0.4)
Tumor 169 (1.2) 80 (1.8) 68 (1.4) 21 (0.4)
Cerebrovascular 122 (0.8) 66 (1.5) 35 (0.7) 21 (0.4)
Others hep 190 (1.3) 97 (2.2) 57 (1.1) 36 (0.7)
Intraoperative 73 (0.5) 35 (0.8) 29 (0.6) 9 (0.2)
Renal 33 (0.2) 14 (0.3) 14 (0.3) 5 (0.1)
Recurrence 49 (0.3) 27 (0.6) 19 (0.4) 3 (0.1)
Biliary 23 (0.2) 8 (0.2) 12 (0.2) 3 (0.1)
Social 19 (0.1) 12 (0.3) 6 (0.1) 1 (0.02)
Other 279 (1.9) 204 (4.6) 45 (0.9) 30 (0.6)
Missing 518 (3.6) 232 (5.2) 159 (3.2) 127 (2.5)

GI, gastrointestinal.
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intraoperative (0.8%, 0.6%, and 0.2%)
causes.

Finally, we studied the results of
retransplantation. The data indicate
that the number of retransplantations
per patient is associated with
decreasing patient survival (P <.0001)
(Fig 6B). The 5-year patient survival
rate is 83% after the first PLT, 75%
after the second PLT, 70% after the
third PLT, and 65% after the fourth
PLT. Mortality is high during the first
5 years after the fourth PLT but after
this period, long-term outcome of 20
years stabilized at 46% survival.
(Supplemental Tables 3 and 4)

DISCUSSION

In Europe, between 1968 and 2017,
14515 children underwent liver
transplantation as a long-term
treatment of end-stage liver disease,
acute liver failure, unresectable liver
tumors, or life-threatening metabolic
diseases. During this time, PLT
continuously developed further from
era A to C and into the future, and
permanent changes in the field
positively impact improved patient
outcome. Examples of this are
improved graft survival or the
systematic decrease in early
(perioperative) and late (medical)
mortality (Fig 6A). In the majority of
children, PLT was performed below
school age, and the most common
indication for liver transplantation in
childhood continues to be BA.
Currently, in the era since 2010,
5 year survival (including all reporting
European countries, recipient age
groups, and indications) is 86% and
97% when immediate transplant-
related complications are filtered out
and only children surviving the first
year are analyzed. Moreover, in the
entire group of children from 1968,
74% of children survived >30 years.
This figure closely matches data from
the United States (projected 30-year
patient survival: 80.1%)11 and
provides a reassuring prognosis to
children undergoing transplantation

today. This excellent outcome also
reveals that PLT should be considered
the standard therapy for all children
with end-stage liver disease or
otherwise untreatable liver conditions.

Of note, there is a shift to PLT at an
earlier age from era A to era B,
which was maintained in era C, and
which was illustrated in particular
by the increasing absolute numbers
of infants undergoing LT over the
eras. This may be explained by
earlier diagnosis and referral and
better surgical utilization of suitable
grafts, including those obtained from
living donors. Catch-up growth,
improvements in bone density, and
quality of life, with excellent long-
term survival favor early
transplantation.12 The advantages of
earlier PLT in chronic cholestasis
are further backed by reports on
increasing neurocognitive
dysfunction in children with
persistent hyperbilirubinemia
awaiting liver transplantation.13 A
recent analysis also favors PLT at a
younger age because graft survival
in these children was better
compared with children aged >12
years.6 Our own analysis of present
data in children <1 year of age
show slightly worse outcomes as
compared with children aged 1 to
12 years. A recent study from
Norway14 reveals young age at PLT
as a risk factor for poor
neurocognitive function in later life.
Altogether, the optimal timing of
transplantation in its complexity
remains controversial. Individual
patient needs and center experience
will likely determine practice in the
foreseeable future.

As expected, the single most
common indication for PLT was BA.
The relative decrease in the last
decade may be explained by
expanding the transplant indication
for some metabolic or malignant
liver diseases. Improving oncological
care led to a better selection of
patients with hepatoblastoma.15

Rescue transplantation for
hepatoblastoma is still generally
being avoided, but recent evidence
suggests further improvement from
advances in chemotherapy16 and
transplant surgery.17 Similarly, a
recent ELTR analysis of childhood
HCC has revealed the superior
outcome of PLT compared with LT
for HCC in adults.18

The overall survival in metabolic
liver disease is not as good as in BA
or other cholestatic liver diseases.
Metabolic conditions are a
heterogenous entity and outcome
will depend particularly on the
persistence of disease-specific
extrahepatic manifestations after
PLT (ie, in tyrosinemia type I,19

Niemann Pick disease type C,20

maple syrup urine disease,21 or
cystic fibrosis).22

OVERALL PATIENT SURVIVAL

Although patient survival after PLT
has improved significantly after
2000 compared with previous
decades, it appears that there has
been no further improvement since.
This observation is different from a
recent report from the United
Network for Organ Sharing
database.23 In our analysis there
was, however, an important change
in case mix during the last decade,
with a larger proportion of young
children. The well-known high
mortality rate in young children on
the waiting list with a Pediatric End-
Stage Liver Disease score of >2024

may be the reason for the stable
survival rate over the last decade. In
this case, the survival plateau over
the last 2 decades is a “mirage
effect” and may be explained by a
higher proportion of younger and/
or sicker patients receiving PLT,
although better surgical and medical
care is provided, leading to overall
similar survival figures as in the
recent eras, 2000 to 2009 and 2010
to 2017. Of note is the poorer long-
term outcome of high-BMI children
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in whom vascular and immune
mediated morbidity may be
increased (Fig 4E). However, we are
conscious that high BMI in these
children may not necessarily
correspond with obesity because
gross ascites or organomegaly can
contribute to body weight.

The present analysis indicates that,
overall, a relatively small PLT center
size (<5 PLT/year) is associated
with decreased survival after PLT
compared with higher-volume
centers (Fig 4B). In the most recent
era, this difference did not reach
statistical significance. These data
do not draw conclusions on the
optimum size of a transplant center.
Centralization and a minimum
center size have a number of
advantages in the provision of a
comprehensive medical service, with
specific expertise in the associated
specialties of interventional
radiology, histopathology, and
intensive care. A further detailed
analysis, including patient-related
factors, would be needed to test
whether a minimum-sized center
could be reasonably supported by
these data.

In conclusion, this analysis suggests
that PLT today is likely to lead to
long-term survival over decades.
The permanent improvement of
surgical and medical management in
reducing transplant-associated
comorbidity has led to the
transplantation of younger children
with evermore complex illnesses but
nevertheless in sustaining or even
further improving high survival
rates. This has several
consequences:

(1) Children (and their families) today
can expect to survive to
independent adult life, including
postgraduate education, work, and
family life and need to develop
sufficient self-management skills for
adulthood.

(2) Equally, medical professionals need
to identify emerging new risk
factors in such long-term survivors.
We are still learning about the
impact, for example, of
cardiovascular comorbidity in these
patients.25

(3) Medical professionals should
consider this treatment modality as
a standard treatment for all children
whose life-threatening liver disease
cannot be treated otherwise.
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