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Abstract

The clinical scenario of pediatric liver disease is becoming more intricate due to changes
in the disease spectrum, in which an increasing number of inherited /metabolic liver
diseases are reported, while infectious diseases show a decreasing trend. The similar
clinical manifestations caused by inherited/metabolic diseases might be under-
recognized or misdiagnosed due to nonspecific characteristics. A delayed visit to a
doctor due to a lack of symptoms or mild symptoms at an early stage will result in late
diagnosis and treatment. Moreover, limited diagnostic approaches, especially liver
biopsy, are not easily accepted by pediatric patients, leading to challenges in etiological
diagnosis. Liver dysfunction due to inherited /metabolic diseases is often caused by a
variety of metabolites, so precision treatment is difficult; symptomatic treatment is a

compelling option for inherited disorders.

Key Words: Hepatitis; Genetic; Liver disease; Cholestasis; Challenge; Pediatric

Zou YG, Wang H, Li WW, Dai DL. Challenges in pediatric inherited/metabolic liver
disease: Focus on the disease spectrum, diagnosis and management of relatively

common disorders. World | Gastroenterol 2023; In press

Core Tip: The spectrum of diseases causing pediatric liver dysfunction has been
changing, and an increasing number of inherited/metabolic disorders have been
increasingly recognized as major contributors to liver disease in children. Etiological
diagnosis remains challenging due to the frequent absence of symptoms or nonspecific
signs and limited diagnostic approaches, especially liver biopsy, which is not easily
accepted by pediatric patients. Consequently, the treatment of pediatric
inherited / metabolic liver disease is challenging. In this manuscript, we review here the
challenges in pediatric inherited/metabolic liver disease, including epidemiological

changes in the disease spectrum and challenges in etiological diagnosis and treatment.
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INTRODUCTION

Pediatric liver disease is a common entity in children resulting from different causes,
including hepatocyte injury and cholestasis. Recently, the spectrum of diseases causing
pediatric liver disease has been changing. Infectious diseases are decreasing due to
improvement in hygienic conditions, while the proportions of metabolic disorders,
inherited diseases and genetic defects are increasing. At an early stage, elevated liver
transaminase may be a unique nonspecific manifestationl!l. Early diagnosis mainly
depends on biochemistry, pathogen identification and imaging findings for patients
without distinctive clinical featuresl. While new diagnostic methods have improved
the diagnostic capability for liver disease in children, some novel challenges remain for
pediatricians. Diet and/or lifestyle modifications are usually the primary treatment for
some inherited /metabolic liver diseases. Where indicated, drug therapy, surgery and
gene modification are necessary to provide lifelong functional correction of liver-based
metabolic defects. We review here the changes in epidemiology and the challenges in
etiological diagnosis and treatment of inherited /metabolic liver disease in children. Due
to the broad spectrum of diseases, we focus on some of the most common conditions
resulting in metabolic/inherited liver disease and easily misdiagnosed diseases without

evident malformations.

EPIDEMIOLOGICAL CHANGES IN CAUSES OF PEDIATRIC LIVER DISEASE

The exact prevalence of pediatric liver disease is not clear. However, there have been
some changes in the disease spectrum causing pediatric liver disease in the past decade.
With the popularization of hepatitis B vaccines and the development of effective
antiviral treatments, the global incidence of hepatitis B has declined. By 2019, the
incidence of hepatitis B in children younger than 5 had fallen from 5% in the 1980s to
less than 1% in the 2000sP4l. With the promotion of blood screening, the incidence of
hepatitis C also declined slightly. By 2018, the global incidence of hepatitis C in children

under 18 years old was 0.13%I5l. While the understanding of cholestatic liver diseases
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(CLD) has deepened in the field of inherited/metabolic liver diseases, an increasing
number of noninfectious factors have been recognized as major contributors to liver
dysfunction or cholestasis in children®1l. A single-center study in China showed that
nonviral liver diseases accounted for 23.3% of pediatric liver diseases in 2011-2017,
increasing from 17.53% in 2001-2010". Nonalcoholic fatty liver disease (NAFLD) has
rapidly become one of the most common liver diseases in the pediatric population.
Approximately 2.6% to 9.6% of the population was affected by NAFLD in the Americas
and Asia in 2006. The global prevalence of NAFLD in the pediatric population is
approximately 10% currentlyll2l. Recent genetic diagnosis techniques and their easy
accessibility raise the possibility of detecting some metabolic diseases involving
Wilson’s disease (WD), glycogen storage disease (GSD)I# apd al-antitrypsin
deficiencyl5l. The incidence of WD is usually quoted as 1:30000, but recent genetic
studies have shown a higher prevalence ranging from 1:2400 to 1:65000'¢l. CLD affects
approximately 1/2500 infants, and biliary atresia accounts for 1/3[17]; genetic or
metabolic factors account for approximately one-third of cholestasis cases causing
subsequent liver dysfunction, including citrin deficiency (CD)[!8l, progressive familial
intrahepatic cholestasis (PFIC)['?l and Alagille syndrome (AGS)i20. In the early 2000s,
the incidence of CD was 1 in between 17000 and 34000 births!8], while its incidence
increased to 1 in 7000 births in 2020[2!l. The incidence of GSD is approximately 1:10,000
Live births(22l. AGS had an incidence of approximately 1 in 70000 Live births in 2020[23],
an increase from approximately 1 in 100000 in the 1990sP4l. The estimated overall
incidence of PFIC increased from 1/300000-1/500000 Live births in the 1990s[24l to
1/50000-1/100000 Live births in the 2010s>!.

CHALLENGES IN ETIOLOGICAL DIAGNOSIS

It is difficult to determine an etiological diagnosis for liver diseases that are
undetectable by newborn screening, especially at an early stage. A diversity of
inherited / metabolic causes can result in pediatric liver diseasel2®l. Fatty liver disease

(nonalcoholic and alcoholic), autoimmune hepatitis, WD, disorder of bile acid synthesis,
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AGS, hereditary hemochromatosis, and a-1 antitrypsin deficiencies are among the
causes of pediatric liver diseasel?’l. Hepatocytes have similar responses to different
impairments, while clinical and laboratory signs are frequently monomorphic. In
addition, the absence of symptoms and nonspecific signs at an early stage contributes to
the difficulty of diagnosis.

Liver disease is usually divided into two types - hepatocellular and cholestatic
disease -- which sometimes overlap. Alanine transferase (ALT), alkaline phosphatase
(ALP), aspartate transferase (AST), y-glutamyl transferase (GGT), prothrombin time,
bilirubin and albumin are the most common biochemical markers for liver function, but
they are susceptible to extrahepatic factors. A disproportionate increase in the level of
ALT and AST compared with ALP suggests hepatocyte damage or muscle disorders;
conversely, a disproportionate increase in ALP level compared to ALT and AST
indicates cholestatic injury. Moreover, an elevated serum conjugated bilirubin level
suggests hepatocellular or cholestatic disease. These markers can assist in roughly
sorting the types of pediatric liver disease, but they are not helpful for accurate
etiological diagnosis.

With advances in diagnostic tools for pediatric liver disease over the last few decades,
some novel diagnostic modalities, such as ultrasound, magnetic resonance, and genetic
testing, have been used to evaluate liver disease; however, percutaneous liver biopsy
for histopathological evaluation remains crucial for assessment of the severity of
hepatopathies/?l. We focus on the challenges in etiological diagnosis in the following

section (Figure 1).

NAFLD

Pediatric NAFLD is frequently free of symptoms, and diagnosis is based on hepatic
steatosis on ultrasound or evidence of abnormal liver enzymes and the exclusion of
some known causes of hepatosteatosis other than NAFLD. As a standard diagnostic
method in NAFLD, liver biopsy has some inherent limitations: the method is invasive;

the accuracy depends on the experience of the pathologist; it is difficult to use for
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NAFLD staging due to the nonuniformity of the small liver specimen; and it may
present special challenges in extremely obese children due to difficulty in evaluating the
liver location and the depth of subcutaneous fat tissue. Finally, the optimal timing of
liver biopsy for diagnosis and follow-up has not been determined!?l.

Several noninvasive diagnostic tools have been proposed instead of hepatic histology,
including the hepatic steatosis index, NAFLD fatty liver index, liver fat score, and
pediatric prediction score, which are widely accepted clinically. However, surrogate
markers and scores remain to be validated or are not sufficient to predict the presence
of hepatic steatosis30-32. Ultrasound technology has been shown to be inaccurate for the
diagnosis of hepatosteatosis due to its low specificity and sensitivity3l. Due to
radiation risk, computed tomography is not commonly recommended as a diagnostic
tool despite being reasonably specific and sensitive for hepatic steatosis. Despite its
accuracy for hepatiﬁteatosis, magnetic resonance spectroscopy and imaging are not
widely used due to cost, lack of availability and lack of validated cutoffs to determine
NAFLDI3I. As a novel noninvasive tool, transient elastography (TE) has shown promise
in the evaluation of steatosis in pediatric patients. TE was reported to perform better
than ultrasound for the assessment of hepatic steatosis in childrenPsl. It is a good
diagnosticéool for measuring liver stiffness and can differentiate advanced fibrosis.
However, there are some limitations to this diagnostic modality, particularly abdominal
adiposity, which increases the distance between the probe and liver; body mass index
greater than 30 kg/m?; and operator experiencel3l. Further validation of TE is necessary
due to the limited data available for pediatric NAFLD patients. Controlled attenuation
parameters are a promising imaging method to detect steatosis based on vibrationally
controlled TE. The same probe is used to quantify steatosis by assessing the attenuation
of ultrasound in liver fat. Some magnetic resonance-based methods, e.g., magnetic
resonance spectroscopy/magnetic resonance proton density fat fraction, have been
developed to quantify hepatic steatosis and fibrosisl¥l. Its accuracy, cost effectiveness
and ability to monitor changes in the level of steatosis in patients with NAFLD remain

unknownl®l, Most challenging is that no reliable biomarkers have been identified to
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detect or predict inflammation in NAFLD. Recently, Chae et all®! successfully
developed machine learning-based NAFLD_diagnostic models based on metabolome
profiles and metatﬁlic pathway changes. It can be utilized as a less-invasive approach

for diagnosing the disease.

WD

WD is an autosomal recessive copper metabolic disorder caused by mutations in the
ATP7B genel?l. The clinical manifestations regarding liver involvement range from
incidental findings of liver function abnormalities to acute hepatic failure. Symptoms at
any age are frequently nonspecifictll. Early clinical symptoms in WD patients are
diverse and atypical, and biochemical tests have false positives and false negatives,
making early diagnosis more difficult. In most cases, its diagnosis is based on a
combination of laboratory findings and clinical presentations#l. The diagnosis might be
difficult in children with WD, particularly at early stages of liver disease, given the
absence of a single distinctive characteristic or available biochemical test to confirm or
exclude the diagnosis. Indeed, many affected children do not have elevated liver copper
leyels, high urinary copper excretion or a Kayser-Fleischer ringl42l.

Serum ceruloplasmin is typically decreased in patients with WD, although normal
ceruloplasmin levels are also seen in some patients/4). Notably, the levels can also be
affected by other factgrs(43l. Therefore, WD cannot be diagnosed solely based on
ceruloplasmin levels. Exchangeable copper is an experimental technique that might be
able to determine bioavailable copper in plasma, but it does not reliably measure no
ceruloplasmin-bound copper levels#l. Twenty four-hour urinary copper excretion is a
useful method to diagnose and monitor treatment in WD; however, it can be lower than
100 pg in some patients with WD, especially in children and their asymptomatic
siblingsl45l. Moreover, it might be difficult to interpret because of overlapping findings
with other hepatopathies, especially acute hepatic damage or liver failure, and the
reference limits vary among laboratories!45l. Although copper quantification in liver

tissue has high specificity and diagnostic value, the test is invasive and involves risks;
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the concentration can be underestimated due to sampling errors or increased in
cholestatic disordersl#6l. These equivocal findings emphasize the importance of genetic
testing for mutation identification. ATP7B gene mutational analysis is an important tool
for diagnosing WD. However, it may take time to obtain the results of molecular genetic
diagnosis; analysis is difficult due to more than 700 possible mutations, and many
patients are compound heterozygotes!*’l. Another difficulty of genetic testing research is
that, except for a few hotspot mutations, most mutations are extremely low in frequency
in the population, making it difficult to collect sufficient cases for statistical analysis,
accurate analysis of ATP7B genotype-phenotype and clarification of the corresponding
pathogenicity to aid diagnosis. Recently, a scoring system based on all available tests
developed by the 8th International Meeting on WD and Menke Disease was found to

have good diagnostic accuracy in pediatrics/4sl.

GSD

GSD refers to a group of inherited disorders of glycogen synthesis, degradation, or
metabolism regulation. The hepatic forms usually have a wide spectrum (I, III, IV, VI,
IX, and 0) but similar cardinal manifestatioal‘*‘?l, although they may have variable
expressivity. GSD type I is the most common; type Ia is present in 80% of cases, whereas
type Ib accounts for the remaining 20%. The enzyme defect in GSD type Ia is primarily
expressed in the liver, kidney, and intestine, while Ib is expressed ubiquitously.
Consequently, both types Ia and Ib manifest as hepatomegaly, hypoglycemia, and lactic
acidosis, but neutropenia and myeloid dysfunctions are unique to GSD type Ibl*], GSD
classification is sometimes difficult due to the common characteristics among different
types. Newborn screening is currently not available for GSD. Encouragingly, some
specific screening systems using dried blood spots were reported to be applicable for
newborn screening for GSDIa in the real world[5!l. A detailed clinical history and careful
examination along with laboratory findings could suggest the diagnosis. Reduced
enzymatic activity in peripheral blood can confirm the diagnosis of GSD types III, IV

and IX; however, normal activity in leukocytes does not exclude the other formsb2,
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According to related studies, urinary glucose tetrasaccharide (Glc4) excretion, a
biomarker for GSD 1J, is also elevated in patients with hepatic GSD, so Glc4 might be a
good biomarker for GSD, but more studies are still needed to confirm this hypothesis.
In pediatric GSD III patients, decreasing Glc4 in urine reflects improved fasting
tolerancel®3. Traditional invasive liver biopsy for the assessment of enzymatic activity
in hepatic cells is no longer the gold standard and is neither cost effective nor
convenient. As a robust alternative diagnostic tool that has emerged over the course of
the past few years, gene examination has replaced liver biopsy. It is a noninvasive
method for confirming the diagnosis and classification of _GSDs, allowing for
appropriate specific therapy for different types of GSDsl®l. For many years, the
conventional Sanger sequencing method has beer the gold standard for the detection
and screening of mutations, but this laborious, costly and time-consuming method
leads to delayed diagnosis which decelerates care and treatment®®. Combined with
clinical signs and biochemical indices, next-generation sequencing (NGS), as the gold
standard, provides a high-throughput and accurate method for genetic diagnoses of
GSDs. It bridges the difficulties of GSD diagnosis due to broad genetic heterogeneity
and clinical manifestations. The much faster and more sensitive NGS makes clinical
application more practicable. However, the identification of variants of uncertain
significance poses a challenge in diagnosis owing to variable gene coverage, noncoding
and structural variants that are unable to b&captured and duplications/deletions that
are missedP¢l. Higher sequencing coverage increases the validation of findings as well
as costs. Therefore, methods with the best accuracy, coverage, and cost are expected to
be designed. Finally, traditional static biochemical markers might not adequately reflect
the dynamic changes in response to metabolic stressors or treatment. Continuous
glucose monitoring appears attractive as a highly informative noninvasive technique to
monitor the dynamics of hypoglycemia in patients with GSDs, but it might be limited

by regional availabilityl71.

CLD
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CLD covers a spectrum of disorders caused by inborn errors of metabolism, primarily
manifesting as a cholestatic syndrome. Intrahepatic cholestasis can be_divided into
hepatocellular and biliary forms/>8l. Hepatic cholestatic disease can cause related clinical
symptoms and secondary changes resulting from cholestasis. The diagnosis of CLD is
challenging due to the nonspecific symptoms and the broad differential diagnosis.
Biochemical indicators include increases in serum ALP and GGT in patients without
symptoms at an early stage and an increase in conjugated bilirubin at advanced stages.
Isolated elevation of serum GGT and/or ALP can result from certain rare disorders,
rapid bone growth or bone disease, and drug intake; consequently, it is limited in the
diagnosis of cholestasis due to low specificity. As a sensitive and specific, non-invasive,
and relatively inexpensive tool, ultrasonography has some disadvantages in that
abnormalities of bile ducts may be misdiagnosed. Moreover, the pancreas and the lower
common bile duct are frequently not well depicted. Abdominal computed tomography
holds the risk of radiation and might not be superior to ultrasound for biliary tree
delineation. Routine new-born screening (NBS) using electrospray ionization tandem
mass spectrometry technology has been widely used for inborn errors of metabolism/®?.
Nevertheless, this strategy depends on complete clinical information and therefore is
associated with false negatives. In addition, the selection of limited known metabolic
pathways likely hampers the discovery of novel metabolic defects(®l. In contrast, NGS
panels have recently emerged as an appealing tool to diagnose pediatric metabolic liver

diseasel60l,

CD

CD is the most common inherited autosomal recessive metabolic disorder and is caused
by mutations in the SLC25 gene family encoding proteinsltll. There are mainly 3 age-
dependent phenotypes(2.61], and neonatal intrahepatic cholestasis (NICCD) is the major
pediatric CD phenotype. Neonates or infants with CD manifest with intrahepatic
cholestasis, citrullinemia, dyslipidemia, hyperammonemia, galactosemia, and

hypoglycemial®. In early infancy, these symptoms overlap with those of other CLD,
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e.g., biliary atresia and neonatal hepatitis, contributing to the difficulty in prompt and
accurate diagnosis. Patients with adult-onset symptoms, hyperammonaemia and
neuropsychosis can be misdiagnosed with other neurological entities. NBS for CD
provides the opportunity to initiate early treatment in newborns with NICCD; however,
NBS for CD is not performed in certain countries, and the sensitivity and specificity of
NBS results are not satisfactory®3l. False negatives at the cutgff value in NBS have been
reported in some studies; less than 30% of NICCD patients were detected by NBS using
tandem mass spectrometry to measure amino acidsl®. Abnormal biochemical
parameters are important clues for CD diagnosis. The increases in serum transaminase,
total galactose, alkaline phosphatase, and direct hyperbilirubin levels, accompanied by
the prolongation in coagulation parameters, lead to confusion of the disease with
galactosemia and causes misdiagnosis. However, galactose-1-phosphate uridyl
transferase activity is normal in these patients!®l. AFP elevation might be an important
laboratory finding suggesting NICCDIe¢l. SLC25A13 genetic analysis is a reliable
method for confirmation of NICCD. However, a percentage of SLC25A13 mutations are
not detectable by conventional DNA analysis alonel®l. The verification of these
mutations is challenging for the definite diagnosis of NICCD. Moreover, SLC25A13
mutations worldwide demonstrate remarkable heterogeneity. In such cases, some
reliable evidence for molecular diagnostic strategies originated from sophisticated
functional, molecular and in silico analysis of the SLC25A13 gene and ﬂ'ts cDNA,
although it is usually labor-intensive and expensive. Sanger sequencing, denaturing
high-performance liquid chromatography and PCR restriction fragment length
polymorphism are alternative tools for the analysis of gene mutations. However, these

methods are too complex to be widely used in clinical practice.

CHALLENGES IN TREATMENT
Challenges in treatment of NAFLD

A universal consensus on drug therapy for NAFLD has not been established. A

balanced diet and lifestyle interventions based on exercise are the mainstay of NAFLD
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managementl®l. The side effects of drugs, poor compliance of diet and exercise control,
and the risks of surgical therapy remain challenges for pediatricians in the treatment of
NAFLD. The provision of low-fat diets and hypocaloric, low-carbohydrate diets, e.g., a
diet low in free sugar content(®”l gr a Mediterranean diet rich in fiber, polyunsaturated
fats and antioxidants”?l, provide reductions in liver fat content as long as weight loss is
achieved. Although proven effective, this treatment modality has some inherent
barriers. The patient's compliance, the lack of clinical nutritionists, and the therapeutic
recipes juggling the nutrition requirements for development restrict the application.
Moreover, no specific diet or program is recommended for the treatment of NAFLD in
children from different regions and with different ethnicities. Increasing physical
activity is important; however, the appropriate type of physical activity is controversial.
There is no general consensus on the exercise category (aerobic, resistance exercise or
combined) or the volume and intensity of physical activity. Some studies have
demonstrated that combined exercise is more effective than aerobic exercise alone in
improving NAFLD progressionl7ll. Additionally, affected children frequently fail to
implement prescribed lifestyle changes due to a lack of motivation to alter contributory
habits. The antioxidants metformin and ursodeoxycholic acid, initially used in the
treatment of NAFLD in adults, have only limited effects in the treatment of pediatric
NAFLD!72, Similarly, omega-3 fatty acid supplementation was not effective in inducing
a significant reduction in ALT or improving liver steatosis on ultrasonography!73l. Some
randomized_ controlled trials indicated that probiotic supplementation might be
beneficial in children with NAFLD, but the current evidence does not specify the exact
beneficial strain of probiotics, requiring further studiesl”l. Interestingly, the strategy of
targeting the lysosome has seemed to encourage a new direction for future NAFLD
treatment, e.g., inhibition of mTOR localized on the lysosome surface and restoration of
normal lysosomal function and autophagy!”l. Nevertheless, all of the studies are limited
to animal models.

While bariatric surgery has been indicated as a treatment option in severely obese

children and those with comorbidities for the improvement of NAFLD-related liver
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damagel’®78], the unidentified evidence on nutritional deficiency and its impact on
growth and development make it controversial in pediatric patientsl?6l Intragastric
balloons, a promising alternative temporary physical device, could improve metabolic
parameters and liver alterations in pediatric patients with morbid obesity7?, but further

clinical observational evidence is needed for validation in pediatric patients.

Challenges in treatment of CD

Nutritional and medicinal therapy regimens are important for CD patients, and the
basic therapy is nutrition. The principle of therapy should be based on the specific food
intakel®!l. The common therapeutic diet for liver diseases is a high carbohydrate and
low protein diet, although it is controversial®); other options include a low
carbohydrate diet or additional high protein and a low carbohydrate-restricted formula
with medium-chain triglyceride supplementationl8!l. Dietetic treatment with medium-
chain triglyceride (MCT) supplementation and lactose-free or low-carbohydrate
formulas has been recommended. The clinical manifestations of NICCD often improve
spontaneously within the first year, even without treatment for some patients. Most
infants can be reintroduced to protein- and lipid-enriched food by 1 year of age. MCT
supplements are suggested eyen after improvement of clinical manifestations based on
the biochemical rationalel®4. In addition to dietary treatment, administration of sodium
pyruvate might be effective in correcting growth restriction. However, some subjects
develop severe hepatic dysfunction. Liver transplantation (LT) is the most effective
option to correct metabolic disturbances in patients with an inefficient therapeutic
dietl®2l. However, LT also has some disadvantages, e.g., the shortage of liver donors, the
cost and the possibility of failing to improve the lives of some CD patients due to
immunological complications or other causes. It was reported that supplementation
with nicotinamide might be worth trying as a supplemental therapy for CD. mRNA
therapy was reported to improve metabolic and behavioral abnormalities in an animal
model of CD. Further study is needed to develop safer and more effective treatments

for CD patients!?!l,
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Challenges in treatment of WD

The focus of drug therapy for children with WD is to remove excessive copper by
promoting copper excretion using chelating agents, blocking intestinal copper
absorption with zinc saltsl3l, or both. At the same time, WD patients should avoid
copper-rich foods until they have normal liver biochemistry. D-penicillamine is utilized
as a first-line therapeutic medication for acute and/or symptomatic patients with WD.
Although it is highly effective, it is linked to serious adverse side effects and requires
discontinuation of the drug in some patients/®3. As a second-line drug for patients
intolerant to penicillamine, trientine dihydrochloride has equal effectiveness and less
frequent adverse reactions, but its high costs limit its application. Trientine
tetrahydrochloride is a hybrid with similar benefits and risks to trientine
dihydrochloride. A good Eatient response with a lower dose makes it more cost
effective. It has been used for the treatment of WD in adolescents and children older
than 5 years old who are intolerant to penicillamine in the European Union, but it was
reported that trientine was associated with a higher frequency of initial neurological
worsening and increased transaminasesi*2. Furthermore, chelation therapies that
increase copper excretion can resulté‘n iatrogenic copper deficiencyl84. Zinc salts are
used for asymptomatic children or in combination with penicillamine for the initial
management of symptomatic patients, but some patients display progressive
aggravation on zinc therapyl®l. The increased circulating Cu as a result of chelating
therapy may lead to oxidative stress and disease deterioration. Melatonin, as an
antioxidant, has been shown to strongly ameliorate liver and brain damage from
oxidative stressl®l In fact, treatment failure poses another challenge in the treatment of
WD, which can cur with any WD medication early during treatment initiation or later
while on maintenance therapyl4!l. The main difficulty of WD treatment is to address
Wilson's disease crises, including hemolytic crisis and acute liver failure. LT corrects the
metabolic defect in the livers of patients with WD and restores normal copper

metabolism. The indications for LT are chronic liver disease not responsive to medical
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treatment, advanced liver failure and fulminant liver failurel!®#7l. The fact that acute
liver failure is unpredictable, coupled with the shortage in liver donors, remains a

challenge to liver transplantation for WD patients.

Challenges in treatiment of GSDs

The focus of treatment for GSDs is to maintain blood glucose levels and control lipid
and uric acid levels. Diet therapy has remained the primary treatment for GSDs.
Cornstarch therapy can better control blood sugar, but infants younger than 6 mo who
have not yet fully developed amylase are prone to indigestion and abdominal
distention. Starch with a slower rate of absorption may extend sleep periods for
children with GSDs. The new waxy maize starch (Glycosade) effectively increases safety
through avoidance of overnight feeding and improved sleep and quality of life;
however, there have been no dosing guidelines published. Tolerance to the volume
required to maintain euglycemia through the night and its strong taste, granular
texture, and cost are the main problems. Ketogenic diets were shown to have positive
outcomes in the management of patients with some GSD types!®®l, but the optimal p-
hydroxybutyrate concentration in ketogenic diets has not been defined. In addition,
high ketones may contribute to osteoporosis, delayed growth, and elevated
transaminasel3?l. Impaired cortisol levels secondary to deregulation were observed in a
cohort study, which could constitute a new potential therapeutic target in GSD 1
patients(®]. Dietary therapy not aimed at the cause of disease might not prevent long-
term complications and might even trigger secondary metabolic manifestations. Hepatic
GSDs are associated with microbial dysbiosis; therefore, supplementation with
probiotics is recommendedP’l. In recent years, adeno-associated virus (AAV)-mediated
gene therapy has moved to preclinical studies and clinical trials. However, current
limitations involve the immune response to the AAV productﬁjotential genotoxicity,
the need for high vector doses to target nonpermissive tissues, the reduced persistence
of vector genomes in diseases with underlying liver degeneration and the need to treat

a second tissue other than the liver(®ll. LP is the most effective option for GSD treatment,
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while the shortage of liver donors and the control of postoperative bloodstream

infection are major challenges[2l.

Challenges in treatment of CLD
Therapy currently focuses on reducing damage to the liver and other organs caused by
cholestasis and prevention of the progression of liver fibrosis by reducing toxic
substances in hepatocytes. Although medications or dietary modifications are
potentially effective for many of these conditions if recognized early, there are some
challenges in therapy for CLD. Many metabolic and CLD are sufficiently rare such that
pediatricians might have never before seen them.
In some instances, the etiology is unknown, and specific therapy is available;
however, in rare cholestatic disorders in which the cause is known, no specific
treatments have been developed(®l Ursodeoxycholic acid (UDCA) is presently the
mainstay of therapy for most cholestatic hepatic diseases; howgyer, all patients with
primary sclerosing cholangitis and approximately one in three patients with primary
biliary cholangitis do not respond to or intolerant to UDCA treatment/®“?l. As a strong
farnesoid X nuclear receptor agonist that downregulates the intestinal bile acid
transporter, obeticholic acid is currently the only approved second-line therapy for
UDCA nonresponders or intolerance to UDCA; however, only half of these patients
respond to obeticholic acid. Patients who do noEespond to treatment with UDCA
and/or obeticholic acid have an increased risk of progression to biliary cirrhosis, end-
stage liver disease and death or liver transplantation®®]. Oral vancomycin has been
reported to improve liver biochemical tests (ALT and yGTP) and symptoms in children
with primary sclerosing cholangitis due to its minimal oral absorption, high
concentration in the gut and inhibition of cytokine release from T cellsl®l. Further
clinical studies of vancomycin treatment for CLD are expected. Although liver
transplantation (LT) remains the only curative therapy for patients who fail to respond
to conservative management, disease recurrence and extrahepatic manifestations

significantly affect quality of life, and long-term studies are needed to understand
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patient history after LTI®*1®l Hepatocyte transplantation, as an alternative to organ
transplantation, is a promising treatment for patients with CLD arising from inherited
metabolic disorders, e.g., PFICI101102. The problem of low engraftment rates and long-
term survival of transplanted hepatocytes is the most important obstacle regarding
current techniques. Moreover, a major limitation is the lack of good-quality donor
organs, and thus far, there have been no clinically applicable techniques to monitor the

function and survival of engrafted cells[1011.

CONCLUSION

Liver function injury in children is etiological heterogeneous. Early etiological diagnosis
is critically important because it could help to determine the history of the disease and
modify of the treatment regimen, but diagnosis is often delayed due to the presence of
nonspecific presentations or the frequent absence of symptoms. It is frequently at the
stage of progressive disease when typical symptoms appear. Therefore, recognition
leading to diagnosis and treatment remains a great challenge for pediatricians. In this
paper, we reviewed the changes in epidemiology and the challenges in the diagnosis
and treatment of pediatric inherited/metabolic liver disease. We hope to assist
pediatricians in understanding this condition better and identifying and treating this

condition as early as possible.
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