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Key Points

e IMDs are increasingly considered as indications
for LT.

* Short-term results are comparable to other elective
indications for LT.

e Neurodevelopmental delay usually stabilised, but
does not reverse.

e LT, in the majority of IMDs, improves the pheno-
type rather than correcting completely the disease.

Research Needed in the Field

* Better definition of genotype/phenotype correla-
tions in IMDs.

e Establish which conditions are good candidates
for LT.

e Evaluate the medium-to-long-term outcome for LT
in IMDs.

Inherited metabolic disorders (IMDs) are relatively rare
monogenic conditions, requiring specific lifelong manage-
ment. They are usually acquired in autosomal recessive
manner, exceptions being some forms of urea cycle disor-
ders or glycogen storage diseases, where X-linked inheri-
tance is observed. Paediatric hepatologists encounter
IMDs either in early infancy, when they typically present,
or later when these patients are considered for liver trans-
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Table 16.1 Clinical presentations of inherited metabolic disease

Acute liver failure syndrome (coagulopathy, conjugated jaundice,
hepatocellular cytolysis, hypoglycaemia, ascites, oedema)

Galactosaemia

GALD/neonatal haemochromatosis
Mitochondrial cytopathies (POLG, DGUOK, TRMU, MPV17)
Tyrosinaemia type |

Hereditary fructose intolerance

GRACILE syndrome

Citrin deficiency

Niemann-Pick type C disease

Cholestatic jaundice (with failure to thrive)
PiZ alpha-1-antitrypsin deficiency

PFIC syndrome

Niemann-Pick type C disease

Inborn errors of bile acid metabolism
Congenital glycosylation disorders
Peroxisomal disorders

Cholesterol biosynthesis defects
Hypoglycaemia (with hepatomegaly/seizures)
Glycogen storage disease (types I and III)
Severe hyperinsulinism

Gluconeogenesis defects

Hepatosplenomegaly

Lysosomal storage disorders
Cystic fibrosis

with Chronic liver disease/cirrhosis:
Cholesterol ester storage disease
Transaldolase deficiency

GSD Type IV

with Fatty liver disease:
Cholesterol ester storage disease
Mitochondrial cytopathies

with Hyperammonaemia:

Urea cycle defects

Fatty acid oxidation defects
Organic acidaemias

plantation (LT). Their initial manifestations may often be
similar to clinical features of chronic liver disease
(Table 16.1). Consanguinity, previous miscarriages or
unexplained early infantile deaths increase the suspicion
of an underlying metabolic problem. Of note, they are not
frequently associated with prematurity or dysmorphism
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[1]. Clinical symptoms are rather nonspecific and could
include lethargy, poor feeding, vomiting, hypoglycaemia
with convulsions or abnormal movements, which could
often be interpreted as sepsis-related. However, persis-
tently elevated serum lactate in the absence of obvious
infection or tissue hypoperfusion should always be taken
as a serious pointer to IMD.

History of problems originating during pregnancy could
occasionally be noted in some of the IMDs. Examples include
Niemann-Pick disease, or long-chain 3-hydroxyacyl-CoA
dehydrogenase (LCHAD), which could be associated with
foetal hydrops [1]. Babies with GRACILE syndrome (foetal
growth retardation, lactic acidosis, failure to thrive, hyperami-
noaciduria, very high serum ferritin, liver haemosiderosis and
early death) are born with severe intrauterine growth retarda-
tion [2]. Dysmorphic features such as microcephaly and facial
dysmorphism could be observed in peroxisomal disorders;
micrognathia and ambiguous genitalia in Smith-Lemli-Opitz
syndrome, or inverted nipples and abnormal fat distribution in
carbohydrate glycoprotein deficiency type la [1, 4]. Unusual
urine odour could suggest some of the organic acidaemias,
including maple syrup urine disease (MSUD), while trichor-
rhexis nodosa could be seen in argininosuccinate lyase defi-
ciency. Physical signs associated with infantile liver disease
have been recently reviewed [5].

A diagnostic approach is not simple and includes first-
line metabolic investigations such as serum lactate, ammo-
nia, acylcarnitine profile, plasma amino acids and urine
organic acids. Mass spectrometry detection of acylcarni-
tines, following their esterification from carnitine with
attached specific metabolites produced secondarily in
IMDs, represents a biochemical basis for this valuable
screening test [6]. Abnormalities in these tests could offer
further direction to more specific biochemical investiga-
tions. Some of the blood spot screening tests, such as the
ones for medium-chain acyl-coenzyme A deficiency
(MCAD), galactosaemia or cystic fibrosis—to name a
few—are often included in the national neonatal screening
programmes. Nowadays, there is an increasing use of set
panels for prolonged neonatal cholestasis (“jaundice
chips”) where some of the IMDs are increasingly included.
Early contact with metabolic specialists is strongly advised
as some of the clinical and biochemical features could
overlap or may just be secondary to primary liver injury or
immature enzymatic systems of a newborn child. Immediate
treatment can vary, but it is always prudent to initially
remove galactose from the diet, correct hypoglycaemia,
attempt improving coagulopathy with vitamin K and cover
infectious causes with antibiotics and antivirals until more
information is available. It is strongly recommended to
store the urine, blood and skin biopsy samples at
presentation with suspected metabolic conditions, particu-
larly in clinically unwell children.

Pathophysiological mechanisms leading to the liver
impairment in IMDs could be quite diverse. For example,
defective energy metabolism is the main problem in mito-
chondrial cytopathies, fatty acid oxidation (FAO) disorders
or congenital lactic acidaemia. Retention of pathological
substances in the organelles of the hepatocytes in lysosomal
storage conditions, glycogen storage diseases or PiZ alpha-
I-antitrypsin deficiency could activate cellular inflammatory
responses and lead to their progressive structural damage.
Finally, some of the aberrant metabolites could be directly
toxic to the liver cells, such as in tyrosinaemia type 1 or in
primary bile acid synthesis disorders. Of note, many IMDs
will not damage hepatic microarchitecture as enzymatic
defect remains at a functional level, and the liver biopsy
could appear completely normal, which can be seen in
organic acidaemias [7], maple syrup urine disease (MSUD),
urea cycle defects or FAO disorders between the symptom-
atic episodes.

Inherited Metabolic Disorders
Considered for Liver Transplantation

16.1

16.1.1 Urea Cycle Disorders

The complete urea cycle is expressed in the liver and is the
main pathway for ammonia detoxification. Defects in the
urea cycle are inherited in an autosomal recessive manner
with the exception of ornithine transcarbamylase (OTC)
deficiency, which is X-linked. Deficiencies in the more prox-
imal steps [i.e. N-acetyl glutamate synthase (NAGS), carba-
myl phosphate synthase 1 (CPS1), OTC and argininosuccinate
synthase (ASS)] tend to present in the first few days of life
with significant hyperammonaemia, poor feeding, encepha-
lopathy and often coma. The more distal enzymatic steps
[argininosuccinate lyase (ASL) and arginase] tend to present
later with mild hyperammonaemia and neurological symp-
toms but can also present with neonatal hyperammonaemia.
Urea cycle disorders are diagnosed on plasma amino acid
and urine organic acid findings with genetic confirmation
and/or enzymology studies. Long-term medical therapy
includes a protein-restricted diet, ammonia-lowering medi-
cations, essential amino acid supplementation and carbohy-
drate emergency regimens for “sick days” [8]. There is
ongoing risk of hyperammonaemic episodes and neurologi-
cal injury, particularly in more severe cases, e.g. neonatal
male-onset OTC deficiency or severe NAGS or CPS1 defi-
ciency, where LT is often indicated within the first year of
life [9, 10]. There are increasing reports of long-term neuro-
logical deficit and developmental delay despite medical
management. The indication for LT is less clear in ASS and
ASL deficiency and reserved for those with frequent meta-
bolic decompensations or development of decompensated
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chronic liver injury seen in ASL deficiency [11, 12]. Survival
rates following LT in urea cycle defects are excellent, and it
should be considered as a management option in selected
cases [13].

16.1.2 Classical Maple Syrup Urine
Disease (MSUD)

Classical MSUD is an organic acidaemia caused by severe
deficiency of branched-chain alpha-ketoacid dehydrogenase
complex (BCKDH) resulting in the inability to breakdown
leucine, isoleucine and leucine. Leucine is extremely neuro-
toxic and leads to clinical presentation in the first few days of
life with poor feeding, lethargy, encephalopathy, cerebral
oedema and seizures. Long-term medical management
includes a protein-restricted diet, branched-chain amino acid
formula, regular blood spot monitoring and supervised emer-
gency plans. Some newborn screening programmes include
MSUD, and early intervention has shown good neurological
outcomes with medical management [14]. LT has been
shown to be a successful treatment option for classical
MSUD and reduces the burden of specialised diet, removes
the risk of significant metabolic decompensation and
improves quality of life [15]. LT is essentially curative and
has been shown to replace sufficient enzyme activity, but
there is also a significant extrahepatic expression of BCKDH
in the muscle, kidneys and central nervous system. MSUD
livers have been successfully used in domino transplantation
with normal branched-chain amino acid metabolism subse-
quently demonstrated in the recipients [16].

16.1.3 Propionic Acidaemia (PA)
and Methylmalonic Acidaemia (MMA)

PA and MMA are organic acidaemias caused by enzyme
defects in the catabolic pathway of branched-chain amino
acids (isoleucine, valine, methionine and threonine), odd
chain fatty acids and cholesterol. Propionyl-CoA carboxyl-
ase is deficient in PA and encoded by the PCCA and PCCB
genes. Classical MMA is due to methylmalonyl-CoA mutase
deficiency, and severe cases tend to have little or no activity
(mut0). The clinical presentation of severe forms is in the
first few days of life with poor feeding, encephalopathy,
ketoacidosis, hyperammonaemia and coma. Long-term treat-
ment includes a protein-restricted diet with or without spe-
cialised supplements, ammonia-lowering agents, if required,
and emergency management plans [17]. There is significant
extrahepatic enzyme expression for PA and MMA and con-
siderable multisystem involvement (cardiac, renal, central
nervous system, pancreatitis, optic atrophy). Despite maxi-
mal medical therapy, neurocognitive outcomes for PA and

MMA remain suboptimal [18]. LT has been shown to be suc-
cessful in some cases, but remains uncertain, particularly in
MMA [19, 20]. LT is usually considered in cases with fre-
quent decompensations and severe disease and/or to improve
quality of life. Management perioperatively and postopera-
tively requires a multispecialty team and the availability of
metabolic expertise [21, 22]. LT provides only a partial cure
in PA and MMA and has been shown to achieve a milder
metabolic phenotype with reduction in metabolic decompen-
sations and potentially extrahepatic complications.

16.1.4 Glycogen Storage Disorders (GSD)

Disorders of glycogen metabolism considered for LT encom-
pass type I, IIT and IV. GSD type Ia is due to deficiency of
glucose-6-phosphatase, and GSD type Ib is due to defects in
the glucose-6-phosphatase translocase enzyme. GSD type |
presents in early infancy with hepatomegaly, hypoglycae-
mia, lactic acidosis, hyperlipidaemia, hyperuricaemia and
neutropenia (type 1b).

GSD type III is due to deficiency of glycogen-branching
enzyme and presents in infancy with hepatomegaly, hypo-
glycaemia, hyperlipidaemia and risk of myopathy and car-
diomyopathy in later life. GSD types I and III are also
associated with the development of hepatic adenoma in later
life. The medical treatment is avoidance of fasting and cor-
rection of hypoglycaemia and lactic acidosis with a closely
supervised metabolic diet [23, 24]. GSD type IV is rare with
variable phenotype and is due to glycogen-debranching
enzyme deficiency, which results in an abnormal glycogen
(amylopectin), leading to liver fibrosis, cirrhosis, cardiomy-
opathy and myopathy in some. The progressive hepatic form
tends to result in decompensated liver requiring LT before
5 years, and the nonprogressive form results in stable liver
disease, requiring surveillance [25]. Medical treatment for
GSD types I and III is successful; however LT has been
reported in the presence of a poor metabolic control to
improve quality of life and when hepatocellular neoplasms
could develop. Neutropenia and hyperuricaemia may persist
in GSD 1a following LT [26].

16.1.5 Mitochondrial Disease

Mitochondria are ubiquitous in cells and hence their disor-
ders can present at any age with any symptom. Oxidative
phosphorylation and generation of adenosine triphosphate
via the respiratory chain complex, fatty acid oxidation, the
urea cycle and other pathways within the mitochondria can
be affected. Primary mitochondrial hepatopathies are inher-
ited disorders, usually nuclear DNA defects, which affect the
structure or function of mitochondria. The mitochondrial
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DNA (mtDNA) depletion syndrome, which often leads to
liver failure and neurologic abnormalities, is caused by a
nuclear gene defects that control mtDNA replication or sta-
bility. Hepatic presentations of mitochondrial disease with
acute liver failure, recurrent acute liver failure, fatty liver dis-
ease and chronic liver disease are increasingly recognised
with the emergence of rapid genetic testing. The hepatocer-
ebral form of mitochondrial DNA depletion syndrome is
usually due to mutations in POLG, DGUOK, MPVI7,
SUCLGI and Twinkle genes. Biochemical investigations
such as plasma lactate, plasma amino acids, urine organic
acids, acylcarnitines, CSF lactate and MRI brain scan can be
helpful but may not be diagnostic. Muscle biopsy is often
contraindicated in the acute situation due to coagulopathy.
LT in mitochondrial disease is a difficult decision, particu-
larly if the diagnosis cannot be confirmed promptly. LT
remains controversial, and it is imperative to attempt to make
a genetic diagnosis and exclude extrahepatic involvement
when considering this option [27, 28].

16.2 Management

Basic management principles for IMDs include (a) long-
term specific dietary restrictions to minimise the traffic
through defective pathway and the accumulation of toxic
metabolites, (b) the use of cofactors to enhance the residual
activity of residual enzyme, (c) supplementation of down-
stream products beyond the metabolic defect, (d) prevent-
ing catabolism with emergency regimens in specific
conditions and (e) disposal of toxic metabolites, where pos-
sible. Therapeutic improvements in different IMDs are
variable, but unfortunately frequently result only in a lim-
ited overall biochemical control and medical stabilisation
with sometimes suboptimal neurocognitive outcomes
despite medical therapy.

The development of hepatocellular carcinoma (HCC) is a
rare but well-recognised complication of some IMDs,
including tyrosinaemia type 1, bile salt export pump (BSEP)
deficiency, mitochondrial cytopathies and PiZ alpha-1-anti-
trypsin deficiency. Adenomas often develop in glycogen
storage disease types I and III, but usually not before the
second or third decade of life. They also may progress to
HCC. Mechanisms responsible for the neoplastic prolifera-
tion are not completely understood, but are likely to be mul-
tifactorial, albeit driven by the abnormal metabolites.
Therefore, HCC surveillance with regular liver ultrasonog-
raphy and serum alpha-fetoprotein measurement is manda-
tory in the majority of IMDs.

It is becoming increasingly clear that many children with
IMDs, despite medical treatment, will continue to require
hospital admission due to metabolic decompensations and
suboptimal chronic metabolic control, resulting in missed

milestones, developmental delay, social and learning diffi-
culties and poor education [6, 17]. This disappointing sce-
nario, now confirmed after decades of expert follow-up for
IMDs, has prompted increasing consideration for the liver
replacement, where effective provision of a normal enzy-
matic supply could potentially be achieved [10].

Inherited Metabolic Disorders
and Liver Transplantation

16.3

Liver transplantation (LT) is now the widely established
mode of clinical management for many cholestatic, ana-
tomical, neoplastic and toxic conditions. The standardisa-
tion of surgical methods, the introduction of tailor-made
immune suppression and effective anti-infectious regimes
have reduced mortality risks for elective indications to less
than 5% in most of the large specialist centres [29]. LT has
therefore emerged as one of the management options for
IMDs due to ongoing issues with their conventional treat-
ment, including very restricted metabolic diets, lifelong use
of potentially toxic medications, frequent requirements for
hospital admissions in metabolic crises and, most impor-
tantly, unsatisfactory neurological and intellectual outcome
medium term [6, 30]. Worldwide, IMDs currently represent
approximately 15-25% of the primary indications for LT
[9, 31, 32].

Selection for LT is always a complex undertaking, but in
this particular setting, it is even more challenging as risks of
this complex surgico-medical intervention need to be care-
fully counterbalanced by potential benefits of the effective
metabolic correction. This can only be achieved by a close
collaboration between metabolic physicians and LT team
during each phase of the process. Due to their relative rarity,
clinical experiences with particular IMDs will never be
extensive in any single centre. Table 16.2 is an attempt to
summarise present clinical indications for LT among IMDs,
but it is by no means definite (Table 16.2).

The benefits of LT depend on the provision of the defec-
tive enzyme provided by the liver graft cells and re-
establishment of the physiological metabolic pathway. This
reparatory process could be difficult to anticipate and is
variably effective, depending on the biology of the underly-
ing IMD. In addition, the clinical manifestations could be
diverse even within the same condition (e.g. infantile vs.
juvenile types) or even within the same family (e.g. Wilson
disease or PiZ alpha-1l-antitrypsin deficiency). Another
unsolved question is about the quantity of missing enzyme
required to achieve a clinical modification of the phenotype,
which is known for only a handful of IMDs. This could be a
relevant clinical point if the liver graft function becomes
suboptimal for whatever postoperative complication, but
also during donor selection process. Living-related donor
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Table 16.2 Metabolic conditions of childhood potentially treatable by
liver transplantation

Curable by liver transplantation

Wilson disease

Alpha-1-antitrypsin PiZ deficiency

Tyrosinaemia type 1

Bile salt export pump (BSEP) deficiency

Multiple drug resistance 3 (MDR3) deficiency

Double domain-containing protein 2 (DCDC?2) deficiency

Urea cycle disorders
Ornithine transcarbamylase (OTC) deficiency
Carbamoyl phosphate synthetase 1 (CPS1) deficiency

Citrullinaemia
Argininosuccinate lyase (ASL) deficiency
Argininaemia

Familial hypercholesterolaemia

Organic acidaemias

Maple syrup urine disease (MSUD)
Coagulation disorders

Haemophilia A and B

Factor VII deficiency

Protein C and S deficiencies
Acute intermittent porphyria
Complement factor H and I deficiency

Afibrinogenaemia
Hereditary haemochromatosis
Partially treated by liver transplantation
FIC-1 disease
TJP2 deficiency
Organic acidaemias
Propionic acidaemia
Methylmalonic acidaemia

Cystic fibrosis

Glycogen disease type III and IV
Familial amyloidosis
Experimental

Mitochondrial hepatopathies

Mitochondrial DNA depletion (POLG1, MPV17, DGUOK)
Erythropoietic protoporphyria
Cholesterol-esterase storage disease

Gaucher disease
Phenylketonuria
Citrin deficiency
Relative contraindications

Niemann-Pick type C disease

Peroxisomal disorders
Alpers syndrome

options, involving typically one of the parents, are increas-
ingly exploited in paediatric liver centres and contribute to
reducing waiting times and ameliorating chronic donor
shortages. In IMDs, living donation is less desirable as par-
ents are expected to be phenotypically unaffected carriers.
However, effects of the major surgery on their metabolic

control and long-term complications and viability of the
heterozygous graft are generally incompletely understood
[33, 34]. In OTC deficiency, inherited in an X-linked man-
ner, it is preferable to investigate the father as a prospective
living donor, as the carrier mothers could have a different
enzymatic expression, and formal assessment to measure
the levels in the liver tissue may be necessary. Large experi-
ence from Japan, where the living liver donation is predomi-
nant, is overall encouraging [35], but many other centres
still prefer avoiding obligate carriers as donors for IMD
indications and obtain the organs from unrelated anony-
mous sources. However, routine LT criteria for conventional
indications in paediatric hepatology (coagulopathy, serum
bilirubin, albumin, platelet count, etc.) usually do not apply
to IMDs, and transplant centres tend to develop their own
internal policies for these conditions. These scoring tasks
are not simple as they must account for different biology of
distinct IMDs, but also their increasing referrals for LT con-
sideration, which should not jeopardise expected standard
waiting times for the routine life-threatening transplant indi-
cations in other children.

One potential attractive option in LT for IMDs is using
the auxiliary grafting, where only a part of the native liver
is replaced during the operation, providing the missing
enzymatic supply [36]. The remaining native liver could
still represent a reliable backup option should the graft
function becomes seriously deranged for whatever reason
during follow-up. Furthermore, auxiliary LT leaves a pos-
sibility of genetic manipulation or genetic material transfer
open for the future. Auxiliary LT, in children usually with
the left segmental graft, is more technically challenging but
should be considered in conditions where extrahepatic
expression of the missing enzyme is limited, requirements
for correction are known, and the clinical effects are easily
monitored (e.g. serum bilirubin in Crigler-Najjar syndrome
type 1, or ammonia, ketones and metabolic acidosis in
organic acidaemias). Preferential surgical redistribution of
the portal flow by partial banding between the auxiliary and
native liver may be required in order to increase the blood
supply and improve desired enzymatic activity [37].
Overall, elective auxiliary LT should be considered in the
presence of sufficient local surgical expertise for indica-
tions where gene transfer therapy will not be imminently
available.

On a positive side, patients with IMDs will only excep-
tionally have evidence of chronic liver disease, portal
hypertension or previous abdominal surgeries, which
could make LT technically more straightforward [29].
However, some of the previous long-term dietary restric-
tions, for example, in protein intake, may affect postopera-
tive healing process and recovery. It is also possible that
some of the IMDs may render children procoagulant [38]
or having mild immune deficiency (like in propionic acid-



276

N. Hadzic and R. Vara

aemia) [39]. If the explanted liver or its part is histopatho-
logically unaffected, it could be potentially considered for
domino grafting in patients affected by unrelated condi-
tions [40, 41]. This concept has been well-documented in
LT for MSUD, where the missing branched-chain amino
acid enzyme from the explanted liver graft was counterbal-
anced by the normal extrahepatic metabolic pathways of
the domino recipient [42].

16.4 Perioperative Management

Children with IMDs were noted to be prone to more signifi-
cant metabolic derangements during the surgery. One study
has described higher levels of oxidative stress, transforming
growth factor-pland complement activity during LT for
IMDs in comparison to children with biliary atresia [43]. In
preparation for LT, many centres try to minimise preopera-
tive fasting, ensure steady intravenous supply of a glucose
infusion rate of at least 6—8 mg/kg/min (to avoid hypoglycae-
mia and catabolic state) and strictly control fluid and electro-
lyte balance [42, 44]. Administering short-term parenteral
nutrition may occasionally be necessary. From experience
with levels of the branched-chain amino acids in MSUD, the
metabolic correction can be achieved within 6 h after LT [42,
44], but strict observation for several more postoperative
days—until normal enteral intake is established—appears
prudent.

If LT genuinely represents a good long-term manage-
ment option for some IMDs, then the timing of this inter-
vention becomes critically important. It is conceivable that
earlier LT could reduce the risk of neurological and devel-
opmental damage in children who remain at risk due to
brittle clinical course of their underlying IMDs. After the
first 3 months of life, surgical issues become less challeng-
ing, while immunological aspects could actually be favour-
able for an early LT. Of note, it has also been hypothesised
that rapid growth and development in the first year of life,
with increased utilisation of nitrogen, could reduce reten-
tion of potentially toxic compounds such as ammonia in
urea cycle disorders and presumably protect from detri-
mental neurodevelopmental effects until the growth rela-
tively slows down after 2 or 3 years of age [10]. This
“honeymoon” period should then offer an optimal oppor-
tunity window for the LT. In any case, there are increasing
trends of working up the infants with IMDs for the surgery
in the first year of life to minimise the impact of the subop-
timal metabolic control on the developing brain of young
children. However, given the overall rarity of IMDs, phe-
notypic differences, lack of reliable markers of metabolic
control and difficulties in consistent neurodevelopmental
assessment and follow-up, each decision about benefits/
risks of LT must be carefully balanced and strictly indi-

vidualised. In that context, comprehensive family educa-
tion and the early use of elective accelerated immunisation
schedules are very important. Novel methods such as
hepatocyte transplantation may offer some palliative mea-
sures of metabolic control (“bridging”) until the small neo-
nate or young infant becomes physically fit for LT as a
definite corrective intervention. At the present time,
medium-term viability of the cell transplantation has not
been yet established, but attempts of its expansion are
ongoing.

16.5 Management After Liver
Transplantation

There is emerging evidence that in patients with IMDs, a
good graft function after LT provides a stable clinical pheno-
type with no metabolic crises and a much improved quality
of life [19, 45]. Reported 5- and 10-year patient and graft
survival are around 90 and 80%, respectively, with ever-
improving trends [29, 32]. The effects of successful LT to
neurological, cognitive and intellectual aspects are much
more difficult to ascertain due to individual differences and
the lack of consistent psychometric and neurodevelopmental
quantitative monitoring [19, 45].

Strict dietary restrictions are usually completely removed
after LT in disorders where the defect is corrected, e.g. urea
cycle defects; however, some restriction may be required in
organic acidaemias where the correction is incomplete.
Some children, who had been showing aversion to certain
food, for example, protein, may start showing renewed inter-
est after the surgery, resulting in improved growth and devel-
opment. There is no evidence whether the dietary restrictions
should not be lifted in living-related LT or where graft func-
tion may have been suboptimal.

It is unclear yet whether the effective LT arrests develop-
ment of all extrahepatic complications, such as cardiac,
renal or ophthalmic. In propionic acidaemia, there is some
evidence that hypertrophic cardiomyopathy could be
reverted following effective LT [46]. Some children post LT
for tyrosinaemia type 1 continue excreting succinylacetone
in urine with low normal activity of the enzyme porphobi-
linogen (PBG) synthase, which could indicate the ongoing
activity of the aberrant tyrosinaemia pathway [47]. It is
therefore arguable whether there are potential benefits of
using metabolic modifier nitisinone after LT in order to
completely abolish the production of succinylacetone and
minimise long-term renal toxicity due to both the original
disease and anti-rejection therapy with calcineurin inhibi-
tors. There is no present consensus on that, but further
research into whether some forms of adjunct metabolic
management, particularly for IMDs with known extrahe-
patic features, are still required.
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In conclusion, LT offers a viable management option
for many IMDs. With careful selection, benefits often out-
weigh the long-term risks associated with LT. After the
surgery the clinical phenotype becomes stable with only
exceptional occurrence of metabolic derangements or life-
threatening metabolic crises. The standard measures of
quality of life for the child and family usually dramatically
improve. However, one has to offer realistic expectations
about the neurocognitive outcome, which usually does not
deteriorate, but also does not get better with the estab-
lished metabolic control. Pre-existing neurological
changes usually do not revert. Given the increasing confi-
dence and acceptable safety profile of elective LT, the
overall intuitive approach is to consider this procedure
much earlier in the infancy. The role of auxiliary and liv-
ing-related LT is not optimally defined and may well need
to be individualised for different conditions. Clinical indi-
cations for LT in IMDs will continue to change, dependent
on the further success of transplantation options, including
stem and mesenchymal cell transfer techniques, better
understanding of natural history and long-term complica-
tions of individual IMDs, the general impact of the meta-
bolic defect on neurodevelopment and the quality of life
for the child and the family and whether any new superior
therapeutic modalities will become available in the fore-
seeable future.
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