ARTICLE

Evaluation of Liver Disease in the Pediatric Patient
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viruses, it is not the same entity as
the viral hepatitis observed in older
children and adolescents. Under-
standing that specific diseases are
more common, if not exclusive, to
certain age groups is of great help in
focusing the evaluation and defining
the cause of underlying liver dis-
ease. It is important to remember
that despite the long list of disorders
associated with liver disease in the
neonate, most are encountered
rarely. Further, although lists of the
various etiologies leading to pediat-
ric liver disease are extremely
lengthy, about 10 diseases constitute
approximately 95% of all cases of
cholestasis seen, and of these, bili-
ary atresia and neonatal hepatitis are
responsible for more than 60%.

In general, the clinician initially
suspects liver disease in the neonate
who presents with classic signs,
such as persistent jaundice, hepato-
megaly, coagulopathy, or failure to
thrive. At other times, incidental
findings of abnormalities on serum
ghemistries may suggest the diagno-
sis. Jaundice, confusion, and coma
occur in older children and adoles-
cents who have acute hepatitis or

OBJECTIVES
After completing this article, readers should be able to:

1. List the age-specific causes of liver disease in neonates, infants, older
children, and adolescents.

Explain why fractionation of serum bilirubin is necessary in infants
who remain jaundiced after 2 weeks of age.

Characterize the syndrome of “neonatal hepatitis” and explain how it
differs from viral hepatitis.

Characterize biliary atresia and identify findings from the history,
physical examination, and laboratory evaluation that may suggest this
diagnosis.

Describe a quick, cost-effective diagnostic approach to a neonate who
presents with cholestasis.

2.

more successful in infants who
weigh more than 10 kg at the time
of surgery.

Unfortunately, the timely recogni-
tion of severe liver disease in the
pediatric patient remains a major
problem. One contributing factor is
that injury to the pediatric liver
manifests in a finite number of
ways; hence, different disorders
often have virtually identical initial

Introduction

Because clinicians often do not rec-
ognize the presence of underlying
liver disease, precise documentation
of the disorder can be delayed,
which can lead to a subsequent
delay in the initiation of effective
therapies. Liver transplantation is a
reality for pediatric patients who
have severe or end-stage liver dis-

ease, and other therapies also are .
now available for treating many presentations. qu example, neonate
liver diseases who have liver injury almost always

The estimated incidence of neo- Present with jaundice. Unfortunately,

natal liver disease is as high as 1 in
2,500 live births. Early recognition

is particularly important in neonates
and infants because a delay in diag-
nosis may have a negative effect on
the prognosis. For example, it is
well recognized that when biliary
atresia is diagnosed after 2 months
of age, the success rate of surgical

the difference between “physiologic
hyperbilirubinemia” and hyperbiliru-
binemia indicative of severe liver

from the United Kingdom have doc-
umented several factors contributing
to late referral of infants who have
liver disease (Table 1). This also is
a problem in the United States,

following toxin exposure. Pruritus,
seen in older children who have
disease often is unappreciated. DataCh0l€stasis, may manifest as irrita-
bility in infants. No matter what the
presentation, a stepwise analysis of
historical data, clinical findings, and
laboratory values allows initiation of

- ; _ where late referrals for biliary atre-
{gﬁ@; éﬁiﬁgleg i%i[%?; rtgﬁg;ﬂfgor&sia and other serious causes of liver| ABBREVIATIONS —
because liver dysfunction is progres-dysfunction still occur. AlH: - autoimmune hepatitis
sive, early recognition allows for ALT: alanine aminotransferase
better nutritional support of the AP:  alkaline phosphatase
patient and a potentially slower Etiology 'é?T :z&artiiz"’t‘g‘r;”om::”iferase
decline in liver function. The result The causes of liver disease in pedi- coT- gam?#a glutamj A
can be improved growth and fewer atric patients vary with age (Table " transpeptidase
complications. This is of consider- ) some are associated with certain HAv:  hepatitis A virus
able importance because orthotopic age groups, such as biliary atresia HBV: hepatitis B virus
liver transplantation generally is and idiopathic neonatal hepatitis, SO i e

which are observed only at birth or HDV: hepatitis D virus

*Pediatric Gastroenterology & Liver shortly thereaf-ter' Con\-/erse-ly’ -alco- HEV: hepalitis E virus
Diseases, Valley Children’s Hospital, hol or .acetamanphen intoxication LFT:  liver function test
Madera, CA. and Wilson disease are typical of MRI:  magnetic resonance imaging
*Chief, Division of Gastroenterology & older children, especially adoles- PT: prothrombin time
Nutrition, Children’s Hospital Medical cents. Furthermore, although “neo- | PTT:  partial thromboplastin time
Center, Cincinnati, OH. natal hepatitis” may be caused by
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ary atresia occurs more commonly
among females of normal weight,
and the rate of intrafamilial recur-
rence approaches zero. Also, an
associated polysplenia syndrome
favors a diagnosis of biliary atresia.
Patients who have biliary atresia
experience an earlier onset of jaun-

TABLE 1. Reasons for a
Delay in Referral of Infants
Who Have Liver Disease

 Lack of follow-up of neonatal
jaundice (including failure to
fractionate serum bilirubin)

* Inadequate investigation of
hemorrhagic disease/
coagulopathy

* Misdiagnosis of cholestasis
(conjugated hyperbilirubinemia)
as human milk jaundice
(unconjugated
hyperbilirubinemia)

with those who have neonatal
hepatitis.

Maternal fever or other signs of
infection suggest sepsis as the
underlying cause of jaundice in the
neonate. Gram-negative bacteria
(eg, Escherichia coli causing uri-
nary tract infections are especially
common.

In cholestatic disease, jaundice
almost invariably is present in the
first month of life. Unfortunately,

 False security due to a fall in
serum bilirubin concentrations
or presence of pigmented
stools
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tory of a flu-like illness and sud-
denly develops jaundice with ele-
vated aminotransferase values in the
absence of other known hepatotoxic
exposures. Hepatitis A is often anic-
teric in young children<€5 y) and
frequently is unrecognized.

Signs of liver disease in patients

dice and of acholic stools compared who have received tattoos, who use

intravenous drugs, or in whom an
underlying condition led to

increased exposure to parenterally
administered blood products (hemo-
dialysis, hemophilia, surgery) prior
to widespread screening (1992) can
suggest hepatitis C infection. Teen-
agers who become jaundiced always
should be questioned privately about
intravenous drug abuse and exposure
to crack cocaine, the intranasal use
of which recently has been shown to

jaundice is not recognized in infants be associated with hepatitis C (shar-

until the first health supervision
visit, which leaves little time for
diagnosis and surgical correction of
biliary atresia, which ideally should
occur within the first 2 months of

the most appropriate and cost-
effective strategy to diagnose and
treat the underlying condition.

life. The Figure details a rapid step-

History and Signs of Liver

| wise approach to rule out biliary
Disease

atresia in an infant presenting with

cholestasis before 2 months of age.

NEONATE

Although an infant may have been
jaundiced at birth (physiologic
hyperbilirubinemia) or may be
breastfeeding, it is importamot to
attribute jaundice in an infant older
than 14 days to one of these causesformed fecal material. Although

Acholic stools also are highly
characteristic of cholestasis in

intrahepatic obstruction, little or no
bilirubin is excreted into the intes-

tine, resulting in no color to the neo-

ing of glass paraphernalia) and pos-
sibly hepatitis B infection. If the
course of a documented hepatitis B
infection is particularly severe, coin-
fection or superinfection with hepa-
titis D (delta) should be suspected.
Male homosexuals are at an
increased risk to develop viral
hepatitis.

It always is important to elicit a
history of exposure to potentially

infancy. In the presence of extra- or hepatotoxic medications, including

isoniazid, nitrofurantoin, sulfon-
amides, and nonsteroidal anti-
inflammatory agents, such as acet-
aminophen and ibuprofen. If an

Jaundice in any infant after 2 weeks some pigment may be present in theoverdose or an intoxication is the

of age should raise the suspicion of stools of neonates who have biliary

cause of liver dysfunction, children

liver disease and prompt appropriateobstruction because of desquamatioran present with altered mental sta-

evaluation. A careful history may
provide clues about the existence
and type of liver disease. For exam- lighter than those found in healthy
ple, the onset of liver disease associinfants. Furthermore, breaking the
ated with dietary changes may sug- stool into pieces will show that the
gest an inborn error of carbohydrate pigment is only superficial, with the
metabolism, such as an inability to internal part exhibiting a clay color-
metabolize galactose or fructose.  ing at best.
A positive family history for a sus-
pected genetic disorder (such as
Alagille syndrome) should focus the OLDER CHILD
initial evaluation in that direction. In older children, a history docu-
A recurrent clinical phenotype menting anorexia, fever, vomiting,
within a family suggests an inheritedabdominal pain, darkening of the
disorder such as tyrosinemia or urine, especially following ingestion
Byler syndrome (progressive famil- of crustaceans or shellfish of dubi-
ial intrahepatic cholestasis). ous provenance, should lead to the
Idiopathic neonatal hepatitis suspicion of hepatitis A virus
appears to be more common among(HAV) infection. HAV infection
males, especially preterm or low-  also is the likely etiology of liver
birthweight infants. In contrast, bili- disease in any child who has a his-

of cells containing pigment into the

Pediatrics in Review Vol. 20 No. 11 November 1999

tus and even coma. Confusion and

stool, these stools usually are much coma suggest liver failure or meta-

bolic disease leading to hyperam-
monemia, hypoglycemia, or a com-
bination of both. Female teenagers
who develop jaundice and have his-
tories of acne, intermittent arthritis,
and fatigue may have autoimmune
hepatitis, although this entity can
occur less commonly in boys and in
younger children.

Patients who have immunodefi-
ciencies and become jaundiced may
have an infection with cytomegalo-
virus, Epstein-Barr virus, or retrovi-
rus. A history of sore throat in an
individual who also has jaundice,
splenomegaly, and lymphadenopathy
suggests Epstein-Barr virus infec-
tion. A history of right upper quad-
rant colicky pain and nausea (espe-
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TABLE 2. Most Frequent Causes of Liver Disease in Pediatric Patients According to Age

Neonates and Infants Older Children and Adolescents
* Cholestatic disorders * Hepatitis
—Biliary atresia —Viral hepatitis (hepatitis B virus, hepatitis C virus)
—Choledochal cyst —Autoimmune hepatitis
—Paucity of intrahepatic bile ducts (eg, Alagille —Toxic
syndrome) —Pharmacologic (eg, acetaminophen)

—Progressive familial intrahepatic cholestasis
syndromes (Byler disease and syndrome)

—Benign recurrent intrahepatic cholestasis

—Caroli disease and syndrome * Parasitic infections

—lInspissated bile (S/P hemolytic disease) « Toxins and pharmacologic remedies
—Cholelithiasis

* Liver disease associated with chronic inflammatory
bowel disease, sclerosing cholangitis

* Malignancies

Idiopathic neonatal hepatitis and mimickers - -
—Cystic fibrosis * Wilson disease

—Alpha _1-z_inti_trypsin deficie_ngy * Occlusion of the hepatic veins
—Hypopituitarism/hypothyroidism - Fatty liver of pregnancy

—Neonatal iron storage disease : . . -
Viral hepatitis or other infectious diseases in the 0 Feisgy ey off @seeity ([EEEtinlE SisepnEpelils)

neonate * Hypotension/ischemia/cardiac failure

—Cytomegalovirus

—Herpes simplex virus/herpes zoster virus/human
herpesvirus 6

—Epstein-Barr virus

—Parvovirus B19

—Rubella

—Reovirus—type 3

—Adenovirus

—Enterovirus

—Bacterial sepsis/urinary tract infection

—Syphilis

—Tuberculosis

—Toxoplasmosis

Metabolic disease

—Disorders of peroxisomal function (Zellweger
syndrome)

—Disorders of bile acid metabolism

—Disorders of urea cycle (arginase deficiency)

—Disorders of amino acid metabolism (tyrosinemia)

—Disorders of lipid metabolism (Niemann-Pick type
C/Gaucher/Wolman)

—Disorders of carbohydrate metabolism
(galactosemia, fructosemia, type IV glycogen
storage disease)

» Toxic/pharmacologic injury (eg, acetaminophen, total
parenteral nutrition, hypervitaminosis A)

* Tumors (intra- and extrahepatic)

cially if following ingestion of fatty  liver involvement in systemic dis- complain of anorexia, fatigue, or
foods) points to gall bladder disease gase (the liver as an “innocent scleral icterus. Cholestasis may lead
which is more common in older bystander”). Elevation of amino- to complaints of pruritus and a par-
children. Signs and symptoms of  transferase concentrations (especiallticularly dark and foamy urine. The
obesity or cardiac, endocrine, and AST) also can be a manifestation of color is due to choluria (bile pig-
intestinal disease must be evaluatedmuscle disease. ments in the urine); the foaminess
because abnormalities of serum ami- Older children and adolescents  suggests the presence of choleuria
notransferase may reflect secondarywho have liver disease initially may (bile salts in the urine). Bile salts

378 Pediatrics in Review Vol. 20 No. 11 November 1999



Jaundiced infant normal size
Acholic stools early in the
course of liver
disease. If the
spleen is
enlarged, one
of the many
causes of portal
hypertension or
storage disease
should be sus-
Abdominal ultrasonography pected. Nor-

\L mally, the liver
% Choledochal cyst % Surgery edge is round

No cyst and soft and

the surface

smooth.

A hard, thin

edge and a

Q % nodular surface

may suggest

Fractionated serum bilirubin

Cholestasis (T conjugated bilirubin)

Liver biopsy

Biliary atresia Not biliary atresia the presence of
\L % fibrosis or cir-
rhosis. The
Surgery Medical management and latter condition

further evaluation for also often is

“idiopathicAnepnatal hepatitis” associated with
and mimickers a small liver.
FIGURE. Rapid diagnosis of biliary atresia. Palpation of

the liver in the
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diseases. In neonates who suffer
congenital infections, associated fea-
tures often include microcephaly,
chorioretinitis, purpura, low birth-
weight, and generalized organ fail-
ure. Dysmorphic features may be
characteristic of certain chromo-
somal disorders. Patients who have
Alagille syndrome usually have a
characteristic facies (beaked nose,
high forehead), butterfly vertebrae, a
murmur on cardiovascular ausculta-
tion due to peripheral pulmonic ste-
nosis, and a posterior embryotoxon
on ophthalmologic examination. The
presence of intermittent emesis in
the neonate, especially if unrelent-
ing, may indicate an inborn error of
fatty acid metabolism, which usually
also is associated with poor feeding
and irritability. The onset of symp-
toms (such as vomiting) following
the introduction of a new food con-
taining galactose or fructose could
suggest galactosemia or hereditary
fructose intolerance. Congenital
ascites may suggest liver failure,
cirrhosis, or a storage disorder.
Infants who have cholestasis often
suffer from intense pruritus, which

are detergent molecules that lower epigastrium signifies either the pres-is characteristic of obstructive liver

the superficial tension of solutions, ence of cirrhosis or Riedel lobe
thereby creating visible foaminess. (a normal anatomic elongation of
the right lobe that may be mistaken

for hepatomegaly). Pain to palpation

Physical Examination with hepatomegaly simply may
Common physical findings associ- reflect a mild viral insult with dis-

disease, that primarily is manifested
by irritability.

Laboratory Evaluation

ated with specific liver diseases are tention of the Glisson capsule due to! YPES OF LIVER INJURY

listed in Tables 3 through 6. Among edema that is responsible for the

this plethora of physical findings,  perceived pain localized to the liver.

the most common are hepatomegaly Auscultation of the liver may

The laboratory findings of liver
injury can be divided broadly into
two patterns: 1) cholestatic or

and jaundice. Hepatomegaly often isallow the clinician to detect vascular obstructive bile duct injury and

the only manifestation of liver dis-  bruits due to anatomic malforma-
ease, although palpation of the liver tions of the vessels or increased
edge can be misleading because of flow to the liver. Ascites, if present,
normal variations in contour, body suggests increased portal venous
habitus, or displacement of the liver pressure and worsening liver func-
by adjoining organs or extrinsic or tion. Massive hepatosplenomegaly

2) hepatocellular or liver cell injury.
However, there is often considerable
overlap between injury types in a
patient who has liver disease.
Cholestasis is characterized by an
accumulation of compounds that

intrinsic masses. Therefore, mea- may indicate a storage disorder or acannot be excreted because of occlu-

surement of liver span is a useful  malignancy, although a particularly

sion or obstruction of the biliary

adjunct to palpation at initial presen-impressive hepatomegaly in isolationtree. Hence, the serum concentration

tation and at follow-up. The liver often is associated with congenital

of substances (bile pigments,

span is the distance between the  hepatic fibrosis. This usually is asso-enzymes, bile salts) that normally

liver edge and the upper margin of ciated with minimal liver dysfunc-
dullness obtained by percussion at tion, despite the worrisome hepato-
the right midclavicular line. The megaly. In this condition, the

mean span changes from 4.5 to kidneys must be evaluated to rule

are present within or eliminated via
bile will increase in cholestatic con-
ditions. Alkaline phosphatase (AP),
gamma glutamyl transpeptidase

5 cm at 1 week of age to 6 to 7 cm out a coexisting autosomal recessive(GGT), and conjugated bilirubin, all

in early adolescence. or dominant polycystic kidney
Palpation of the abdomen also  disease.
may reveal the presence of an Certain physical findings are

enlarged spleen, which is usually of highly suggestive of specific liver

Pediatrics in Review Vol. 20 No. 11 November 1999

of which require a clear biliary tree
for elimination, will be elevated.

Because most infants who undergo
liver transplantation present initially
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TABLE 3. Diseases Causing Jaundice/Elevated Liver Enzymes

Infants
* Infections
—Bacterial: sepsisHscherichia col
—Viral: Cytomegalovirus, rubella, Coxsackievirus, echovirus,
herpesvirus, adenovirus

TABLE 4. Diseases Causing
Hepatomegaly

* Metabolic disorders

—Inherited: Alpha 1-antitrypsin deficiency, galactosemia, hereditary

fructose intolerance, cystic fibrosis, Niemann-Pick disease,
tyrosinemia

—Acquired: Cholestasis and liver disease associated with total
parenteral nutrition, hypothyroidism, panhypopituitarism

Infants and Children
» Storage disorders
—Acute: Reye syndrome (fat)
—Chronic: glycogenoses,
mucopolysaccharidoses,
Gaucher disease,
Niemann-Pick disease,
gangliosidosis, Wolman
disease

* Idiopathic disorders: Neonatal hepatitis, progressive familial
intrahepatic cholestasis (eg, Byler disease), lvemark syndrome,
cerebrohepatorenal (Zellweger) syndrome

* Nutritional problems: total
parenteral alimentation (caloric
overload), kwashiorkor,
diabetes

* Malformation of the bile ducts
—Atresia/paucity: Biliary atresia, intrahepatic bile duct paucity
nonsyndromic and syndromic (Alagille syndrome)

» Cystic malformations: Choledochal cysts, cystic dilation of the
intrahepatic bile ducts (Caroli disease), congenital hepatic fibrosis,
polycystic disease of the liver and kidneys

* Infiltrative disorders: leukemia,
lymphoma, Langerhans cell
histiocytosis, granulomas
(sarcoidosis, tuberculosis)

» Congenital hepatic fibrosis

Children and Adolescents
» Acute viral hepatitis (HAV)

* Inherited disorders: Wilson disease, cystic fibrosis, hepatic porphyrias,

Dubin-Johnson syndrome, Rotor syndrome

* Malignancies: leukemia, lymphoma, liver tumors

* Tumors
—Primary: hepatoblastoma,
hematoma, hemangio-
endothelioma
—NMetastatic: neuroblastoma,
Wilms tumor, gonadal
tumors

* Chemicals: hepatotoxic agents, toxins (insecticides, hydrocarbons,
alcohol, organophosphates, hypervitaminosis A, mushrooms,
acetaminophen)

 Parasitic infections: schistosomiasis, leptospirosis, visceral larva
migrans

presence of cholestasis in patients in

this age group, even in preterm

infants in whom the persistence of

jaundice beyond 14 days of life

* |Idiopathic or secondary lesions: chronic hepatitis, inflammatory bowel mandates an evaluation.

disease (ulcerative colitis), rheumatoid arthritis, obesity

Table 7 summarizes the goals of
a staged evaluation of infants who
have jaundice. Table 8 lists our rec-

with cholestatic disease, it is espe- degree of hepatocellular dysfunctionommended sequence of data collec-
cially important to be able to recog- because of the noxious accumulatioriion in the evaluation of an infant

nize, differentiate, and attempt to
make a specific diagnosis (eg, bili-
ary atresia) when cholestasis is
present.

Conversely, necrosis of hepato-
cytes following a viral or toxic
insult to the liver (eg, acetamino-
phen overdose or viral hepatitis) will
cause primarily an elevation of
enzymes found within the hepato-

the biliary tree. In hepatocellular
disease, the reduced bile flow

mild rise in serum markers of
obstruction (AP, GGT).

(ALT and AST). In hepatocellular
disease, the serum levels of GGT
and AP do not rise to the same
degree as the aminotransferases.
This distinction between the two
basic types of liver injury is not

of liver disease is diagnosed by

clinical and laboratory criteria,

in whom the greatest overlap

always clear-cut. For example, cho- between liver injury types occurs. It
lestasis inevitably leads to a certain is most important to recognize the

380 Pediatrics in Review

The two basic types of liver dis-
ease can be distinguished early in
the course of the disease process,
cyte, such as the aminotransferases but more often, the underlying type

interpretation of a constellation of

including liver biopsy. This is espe-
cially true for neonates and infants,

of bile within the hepatocytes and ~Who has suspected cholestasis. An

expedited evaluation is suggested for
infants who present at 2 months of

(sludging) that ensues from necrosisage with cholestasis to rule out bili-
of the hepatocytes also causes a

ary atresia quickly (Figure).

LIVER FUNCTION TESTS

Because the liver has a large func-
tional reserve, abnormal laboratory
values often are the only indication
of hepatic disease and may be seen
long before overt clinical findings.

In the usual scenario, a physician
who suspects liver disease will order
specific “liver function tests” (LFTs)
to assess hepatic “function.” Follow-
ing these values sequentially may
provide information about prognosis,
response to therapy, and extent of

Vol. 20 No. 11 November 1999



TABLE 5. Diseases Causing
Liver Failure

Neonates and Infants
* Infections: herpesviruses, echo/

TABLE 6. Miscellaneous
Physical Findings
Associated With Liver
Disease

adenoviruses, sepsis

Metabolic disorders: hereditary
fructose intolerance,
mitochondrial diseases,

Infants

* Microcephaly: congenital
cytomegalovirus, rubella,
toxoplasmosis

tyrosinemia, galactosemia,
neonatal iron storage disease

Ischemia/shock: congenital

* Characteristic facies:
arteriohepatic dysplasia
(Alagille syndrome)

cardiac disease, myocarditis,

Cataracts: galactosemia

severe hypotension

Drugs/toxins: valproate,
acetaminophen

Retinal pigmentation and
posterior embryotoxon:
Alagille syndrome

Children and Adolescents
* Infections: hepatitis,

* Abnormal auscultation of
lungs: cystic fibrosis

herpesviruses, echo/
adenoviruses, sepsis

» Drugs/toxins: valproate,
acetaminophen, mushrooms

* Neuromuscular abnormalities
(tremors, flaccidity): lipid
storage disease, Wilson
disease, disorders of oxidative

(Amanita) phosphorylation
* Malignancy Children
* Pruritus: chronic cholestasis

* Ischemia/shock: congenital

cardiac disease, myocarditis,
severe hypotension

* Hemangiomas:
hemangiomatosis of the liver

* Metabolic: Wilson disease,
fatty liver of pregnancy

» Kayser-Fleischer rings: Wilson
disease

* Glossitis: cirrhosis

dysfunction. However, the term
LFTs is not entirely accurate
because only two of the parameters

» Enlarged kidneys: congenital
hepatic fibrosis or polycystic
disease

commonly obtained are true mea-
sures of hepatic function—the pro-
thrombin time (PT) and serum albu-
min level—both of which assess

* Arthritis and erythema
nodosum: liver disease with
chronic inflammatory bowel
disease

synthetic ability. All of the other
parameters are essentially indirect
measures of liver function, and some

* Arthritis, acne, fatigue:
autoimmune hepatitis

of these values are altered in set-
tings other than liver disease. For
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TABLE 7. Goals of a
Staged Evaluation of
Infants Who Have Jaundice

* Recognize cholestasis (versus
unconjugated, “physiologic”
hyperbilirubinemia)

* Assess severity of the liver
injury

* Separate specific entities
(eg, metabolic versus viral
versus anatomic)

« Differentiate biliary atresia
from idiopathic neonatal
hepatitis

* Differentiate idiopathic
neonatal hepatitis from
progressive familial
intrahepatic cholestasis and
bile duct paucity

serum and urinary bile acid levels
will aid in eliminating the possibility
of an inborn error of bile acid
metabolism. Urinary succinylacetone
levels may indicate the presence of
tyrosinemia. A urinalysis and urine
culture always should be obtained in
any infant who has jaundice because
urosepsis commonly is associated
with conjugated hyperbilirubinemia
(eq, E coli urinary tract infection).
Anemia and hemolysis may indicate
the presence of a hemolytic condi-
tion responsible for jaundice (usual-
ly unconjugated) and not associated
with liver disease.

TOTAL/CONJUGATED BILIRUBIN

Of all laboratory tests performed,
bilirubin fractionation is the most
important, especially in any infant
who has more than 2 weeks of jaun-

example, elevations in aspartate amisuggests a defect in beta-oxidation dice. If conjugated or direct bilirubin
notransferase (AST) accompany red of fatty acids and ketone production.is present, evaluation should be
blood cell hemolysis, muscle break- Marked ketosis, a rare finding in aggressive. (Many managed care
down, and pancreatic disease. For ainfants, may indicate an organic aci- organizations are not measuring con-
variety of reasons (cumbersome demia, glycogen storage disease, orjugated bilirubin levels, even after
equipment and methodologies, a deficit in gluconeogenesis. An 2 weeks of life in the presence of
expense, lack of established normal increase in anion gap metabolic aci-jaundice.) Unconjugated biliru-
values), true liver function tests, dosis also suggests an organic aci- binemia makes significant liver dis-
such as caffeine clearance or lido- demia. Hypo- and hyperthyroidism ease unlikely, but the infant may
caine metabolism, do not yet have may be associated with jaundice. need to be evaluated for possible
routine clinical application. A sweat chloride determination may hemolysis, congenital disorders of
Biochemical abnormalities associ-be necessary to rule out cystic fibro-bilirubin metabolism (eg, Crigler-
ated with liver disease are not lim- sis. Ferritin and iron studies are use-Najjar types | and Il), and thyroid
ited to those of the LFTs. For exam-ful to help diagnose neonatal iron  dysfunction.
ple, nonketotic hypoglycemia storage disease. Determination of Conjugated hyperbilirubinemia
Vol. 20 No. 11 November 1999
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) ) what confusingly, calculation of the
TABLE 8. Stepwise Evaluation of Infants Who Have exact value of conjugated bilirubin
Suspected Cholestatic Liver Disease in some institutions requires the

addition of the delta value to that of
the “conjugated” bilirubin. A low
delta bilirubin value or one that does
not increase in the presence of a
known cholestatic disorder (in which
there is a progressive increase in
conjugated bilirubin) may signify a
poor prognosis because it reflects
* Recognize specific entities low albumin availability for covalent

—Viral and bacterial cultures (blood, urine, cerebrospinal fluid) bonding. Low albumin values reflect

—Hepatitis B surface antigen and other viral and syphilis (VDRL) diminished hepatic synthetic ability.

titers in selected, high-risk patients
—NMetabolic screen (urine-reducing substances, urine and serum URINALYSIS
amino acids)

—Thyroxine and thyroid-stimulating hormone

—Alpha 1-antitrypsin phenotype

—Sweat chloride

—~Quialitative analysis of urinary bile acid profile

* Confirm cholestasis
—<Clinical evaluation (family history, feeding history, physical
examination)
—Fractionation of serum bilirubin and determination of serum bile
acid levels
—Assessment of stool color
—Index of hepatic synthetic function (prothrombin time and albumin)

The urine tends to be darker in the
setting of cholestatic liver disease.
Conjugated bilirubin is excreted in
the urine, and bilirubinuria may
appear before obvious clinical jaun-

—Ultrasonography dice. This can be shown quickly and
* Differentiate biliary atresia from neonatal hepatitis easily on a urine dipstick examina-
—Hepatobiliary scintigraphy or duodenal intubation for bilirubin tion, making a simple urinalysis an
_content important initial evaluation for an
—Liver biopsy infant who has jaundice. Urobilino-

gen, which is formed from the deg-
radation of conjugated bilirubin by
bacteria present in the intestinal
lumen, also is found in urine. Most
urobilinogen is excreted in the stool

generally is considered pathologic. removes unconjugated bilirubin from
When the serum conjugated biliru- the blood and mediates conjugation

bin value is greater than of unconjugated bilirubin with two o )

17 mcmol/L (1 mg/dL) or greater =~ molecules of glucuronic acid. Conju—Zﬁtgfgﬁgbgpggrgg'mzc}zt’.ggdgﬁoe;
than 15% of the total bilirubin gation of bilirubin turns an essen- small fracl?tioln escla L(jas ilnto. the )l/Jrine
value, it should be considered abnortially liposoluble substance (uncon- but it is increased i?] the presence of’
mal and evaluated immediately. jugated bilirubin) into a water- hepatocellular damage bgcause of
Unconjugated bilirubin reflects soluble one (conjugated bilirubin) degreased liver u taﬁe and recircula-
excessive bilirubin production that can be excreted in bile, an P

tion. Clearly, urinary urobilinogen is
nearly absent in the presence of an
obstructive process because less bili-
rubin enters the intestine and less is
converted to urobilinogen. Interest-
ingly, delta bilirubin, because of its
covalent bonding to albumin, is not
excreted in urine and, therefore,
tends to remain elevated in the

(eg, from hemolysis) or a delay in  aqueous medium. It is the liposolu-

hepatic bilirubin conjugating capac- ble nature of unconjugated bilirubin

ity. Although harmless in the older that allows it to cross the blood-

patient, unconjugated hyperbiliru-  brain barrier and potentially to cause

binemia of extreme degrees may be kernicterus.

associated with kernicterus in the Bilirubin fractions often are

neonate. However, the conjugated referred to as “direct” and “indi-

fraction is associated with serious rect.” The “direct” term derives

liver disease and indicates cholesta-from the fact that conjugated biliru- . S

sis. Conjugated hyperbilirubinemia bin was detected historically by (s:the(r)lf;t;cigcsi?] 25““*;2 i;jtseer i?sn (;?Slgal

should not be confused with physio- using the Van den Bergh reaction, in p-

logic jaundice of the newborn (in  which a water-soluble medium (Ehr- PEarance depends on the degradation
gic ( ( f the albumin-bilirubin complex

which the unconjugated bilirubin lich reagent) was added to the serun? plex.

level rises) that results from imma- sample under examination, prompt-

turity of the glucuronyl transferase ing a direct color change. Alcohol ~AMINOTRANSFERASE ACTIVITY

enzyme system, which is responsibléhen was added to solubilize the The levels of alanine aminotransfer-

for conjugation of bilirubin. It also  bilirubin and obtain a color change ase (ALT) (formerly known as

must not be confused with the jaun- (hence, an “indirect” reaction). serum glutamic pyruvate transferase

dice associated with breastfeeding Besides the three basic forms of [SGPT]) and AST (formerly known

that involves a slight temporal delay bilirubin (unconjugated, conjugated as serum glutamic oxaloacetic

in conjugating capacity, generally  monoglucuronide, and conjugated transaminase [SGOT]) are the most

believed to be due to components diglucuronide), there is a fourth sensitive tests of hepatocyte necro-
within human milk. form (delta bilirubin), which is sis. High elevations of these
The healthy, mature liver bound covalently to albumin. Some- enzymes, which are released from

382 Pediatrics in Review Vol. 20 No. 11 November 1999



GASTROENTEROLOGY
Liver Disease

damaged hepatocytes, indicate hepation). However, AP is found in other vated serum bile acid levels even in
tocellular injury. Slightly abnormal tissues, including bone, kidney, and healthy infants. However, specific
values also may be associated with the small intestine. High AP values defects of bile acid metabolism are
cholestatic processes because the normally are found in children dur- associated with cholestasis due to
back flow or stasis of bile is toxic to ing periods of accelerated growth, either underproduction of the normal
hepatocytes. These enzymes catabosuch as during pubertal growth trophic and choleretic bile acids or
lize the reversible transfer of the spurts. Particularly high values overproduction of hepatotoxic bile
alpha-amino group of the amino should lead to the suspicion of pos- acids. Precise identification of pre-
acids alanine and aspartic acid to theible bone pathology (eg, rickets), cursors and metabolites allows the
alpha-keto group of alpha- especially if the rise in AP is not determination of specific inborn
ketoglutaric acid, leading to the for- associated with a rise in GGT. If the errors of bile acid metabolism. With
mation of pyruvic acid (ALT) and  levels of the latter enzyme also are recent technological advances, such
oxaloacetic acid (AST). ALT is elevated, bone disease is unlikely. as fast atom bombardment-mass
more specific for the presence of  This simple observation alleviates spectrometry, it has been possible to
liver disease because it is found the need for fractionation of the AP analyze urine samples rapidly from
only in low concentrations in other value into the individual isoenzymes individuals in whom bile acid disor-
tissues (eg, muscle). Conversely, to determine the exact source of its ders are suspected and to delineate
AST is present in high concentra- rise. Because zinc is a coenzyme of specific inborn errors of bile acid
tions in many tissues, including car- AP-catalyzed reactions, chronically metabolism, such as 3 beta hydrox-
diac and skeletal muscle, kidney, low levels of AP may mean a low ysteroid dehydrogenase/isomerase
pancreas, and erythrocytes. The serum zinc level. deficiency and delth3-oxosteroid-5
coenzyme for both enzymes is vita-
min B, so consistent abnormally  Jaundice in any infant after 2 weeks of age should raise the
low values of AST and ALT suggest gyspjcion of liver disease and prompt appropriate evaluation.
underlying vitamin B6 deficiency.

In general, measurements of ami-serym AND URINE BILE ACIDS  beta reductase deficiency, which

notransferases do not yield informa- . ; ; ;
h ) e manifest as severe liver disease.
tion concerning specific diagnoses, A productlor_1 and transport process

that occurs in the liver (bile acid

but particularly high levels suggest : . )
synthesis, conjugation, and secre- GAMMA-GLUTAMYL

drug hepatotoxicity (eg, acetamino- > >
phen overdose), hypoxia/shock, and tion) maintains cholesterol balance, TRANSFERASE (GGT)

viral hepatitis. These levels do not facilitates bile flow, and provides GG is found in the small bile

have any prognostic value: patients Surface active detergent molecules qctyle epithelium of the liver as
who have very high abnormal valuesthat promote intestinal absorption of \ye|| a5 within hepatocytes. How-
can do well, especially in the case lipid. Proper functioning of this sys- eyer, it also is present in the pan-

of acetaminophen toxicity. However, tem promotes a balance between  creas, spleen, brain, breast, small
they are useful in monitoring the ~ absorption of bile acids from the  intestine, and especially the kidney.
patient’s clinical progress. For intestine and their uptake by hepato-Hence, elevation of serum GGT
example, progressively decreasing Cytes. In the absence of alterations does not specifically indicate liver
AST/ALT values in a young patient Of the ileum (eg, short gut, Crohn  disease. Because GGT levels do not
who has known HAV infection and disease), serum levels of bile acids rise in individuals who have bone or
otherwise is doing well is a reassur- are a reliable index of the integrity intestinal disease, such a finding is
ing sign that the liver disease is of the enterohepatic circulation. particularly helpful in elucidating
resolving. Conversely, falling values Although serum bile acids do not  the origin of an elevated AP level.

of AST/ALT in the presence of a provide specific information on the 5'-nucleotidase is another liver
shrinking liver, rising PT and partial type of liver disease present, they enzyme that does not rise in bone
thromboplastin time (PTT), and no are elevated in patients who have disease, and in some centers it is
clinical improvement is an ominous either acute or chronic liver disease,used in lieu of GGT as a marker of
sign. It suggests a decreased func- in whom bilirubin levels still may possible liver disease. Because GGT

tioning hepatocyte mass due to be normal. The alteration in serum values (similar to AP) change with
necrosis that has diminished the bile acid levels not only may be age, the laboratory must use age-
amount of enzymes available to be quantitative, but it may be qualita- appropriate reference values, espe-
released into the circulation. tive as well. In certain diseases, cially when laboratory tests are

“atypical” bile acids such as litho-  obtained at nonpediatric hospitals or
cholic acid accumulate instead of  clinics. For example, a seemingly

ALKALINE PHOSPHATASE (AP) the normal cholic and chenodeoxy- high GGT value in a neonate may
LEVELS cholic acids. not be abnormal; such values in this
AP is localized primarily to the can-  Interpretation of elevated levels age group routinely are up to eight

alicular membrane of the liver cell; of serum bile acids in neonates and times higher than those observed in
therefore, an elevated serum AP infants is complicated by the pres- adults. Finally, GGT values may be
level usually indicates obstructive  ence of a relative “physiologic cho- elevated in response to different
liver disease (eg, bile duct obstruc- lestasis,” which can result in ele-  pharmacologic therapies, such as

Pediatrics in Review Vol. 20 No. 11 November 1999 383



GASTROENTEROLOGY
Liver Disease

anticonvulsants, so the clinician

viduals are also at risk for vitamin

Aluminum also is eliminated via

needs to know the patient’s recent K deficiency, and many individuals biliary excretion and is hepatotoxic

history of drug exposure.

ALBUMIN

who have liver disease are not in an
optimal nutritional state.
PT also can be elevated in the

in large doses. Cholestasis can lead
to its accumulation in the liver.
Fat-soluble vitamins (A, D, E,

A decrease in serum levels of albu- Setting of pure hepatocellular diseasend K) all are absorbed because of

min, which is synthesized in the
rough endoplasmic reticulum of
healthy hepatocytes, may suggest

because vitamin K helps to catalyze
the gamma-carboxylation of the
aforementioned factors in the liver.

decreased hepatic production due toA nonfunctional or a poorly func-

decreased liver function following

hepatocellular disease. However, a
low serum albumin concentration is
a late finding in liver disease. When

tioning liver cannot carry out
gamma carboxylation appropriately,
despite the presence of vitamin K.
This is the basis for parenteral

it is present, it suggests chronic dis- administration (not oral) of vitamin talyz here
ease. Clearly, a sudden drop in the K to patients who have elevated PT fore, vitamin A and E absorption is

albumin value in a patient who has
longstanding disease is particularly

values. If this therapy corrects the
PT value, liver function probably

adequate hepatic secretion of bile
acids into the intestinal lumen.
When bile acids are not excreted
into the intestine, fat-soluble vita-
mins are malabsorbed. Furthermore,
vitamin A and E esters require
hydrolysis prior to absorption, and a
bile acid-dependent intestinal ester-
ase catalyzes this reaction. There-

decreased further in those who have
cholestasis. The liver also is respon-

worrisome, although such a decreasétill is within normal limits, and the ~ sible for one of the hydroxylation

in patients who have ascites simply

deficiency most likely is due to

steps required to metabolize vitamin

may reflect a change in the overall obstruction. Therefore, it is useful to D to its active form. Clearly,
remeasure the PT value after adminimpaired hepatic function will

volume of distribution.

decrease vitamin D levels, and rick-

No matter what the cause, an elevated PT value in patients®ets is common among children who
who have liver disease is serious.. Untreated
hypoprothrombinemia may lead to spontaneous bleeding

and intracranial hemorrhage.

AMMONIA

Ammonia production derives from
the action of colonic bacteria on
dietary proteins, and the liver plays
a major role in its elimination.
Clearly, a poorly functioning liver
does not catabolize ammonia.

istration of vitamin K.
No matter what the cause, an
elevated PT value in patients who

have cholestasis.

Imaging and Histopathology
of the Liver and Biliary Tract

ABDOMINAL
ULTRASONOGRAPHY

have liver disease is serious. One ofpApdominal ultrasonography is rela-

the first steps when evaluating a
newborn who has cholestasis is to
measure PT/PTT and administer

Hyperammonemia and encephalopaitamin K. Untreated hypoprothrom-

thy are classic findings of liver fail-
ure, and there is a labile correlation

binemia may lead to spontaneous
bleeding and intracranial

between the degree of encephalopa-nemorrhage.

thy and serum ammonia levels.
However, unless the specimen is
drawn in a fasting state and trans-
ported quickly to the laboratory on
ice, spuriously high ammonia levels
will be obtained.

PROTHROMBIN TIME (PT)

Production of coagulation factors I,
VIl, 1X, and X depend on an ade-
quate supply of vitamin K. Because
this is a fat-soluble vitamin, vitamin
K deficiency is common among
individuals who have obstructive
liver disease in whom bile acids do
not reach the intestine. Therefore,
the PT, which measures the time
required for prothrombin (factor II)
to be converted into thrombin, will
be elevated in the presence of bili-
ary obstruction. Malnourished indi-

384

TRACE ELEMENT AND VITAMIN
ABNORMALITIES

Copper accumulates in the liver dur-
ing cholestasis because it is excrete
primarily via bile. It is possible that
an interaction between copper, a
pro-oxidant that generates free radi-
cals, and a liver already injured by
cholestasis (in the setting of

tively inexpensive, easy to perform,
and usually can be undertaken with-
out sedating the patient. It allows
the measurement of liver size, verifi-
cation of changes in liver texture,
and documentation of the presence
of cystic and noncystic parenchymal
lesions. Choledochal cysts and
stones are detected with 95% accu-
racy. Ultrasonography also is useful
as a screening device for space-

ccupying lesions of the liver and

ilated bile ducts. Finally, it also
allows verification of the absence of
a gallbladder, which may suggest
the presence of biliary atresia.

depleted antioxidants, such as gluta-CHOLESCINTIGRAPHY

thione and vitamin E) contributes
further to the existing liver damage.
Manganese also is excreted pri-
marily via the biliary system and,
therefore, can accumulate in the
liver and cause hepatotoxicity. For
this reason, we reduce or even stop
manganese supplementation in total

Radionuclide imaging with chole-
philic radiotracers detects abnormali-
ties in liver uptake as well as paren-
chymal concentrating and excretory
abilities. Imaging with an N-
substituted iminodiacetate (IDA)
preparation labeled with technetium-
99, such as diisopropyl-IDA

parenteral solutions used for patientgDISIDA) or para-isopropyl-IDA

who have liver disease.

Pediatrics in Review

(PIPIDA), is employed in the inves-
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tigation of infants who have liver

disease in some institutions. These
radiotracers are concentrated within
the bile, thereby providing an image
of bile flow, even in the presence of

ever, MRI is more expensive and
cannot be used to detect calcium
deposits or in patients who have
implanted metal devices.

severe cholestasis. The appearance PERCUTANEOUS LIVER BIOPSY

of the tracer within the intestinal
region by 24 hours virtually
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example, homozygous alpha 1-anti-
trypsin deficiency, which now is
recognized easily as a specific cause
of liver disease in neonates, previ-
ously was included in the idiopathic
neonatal hepatitis category. Simi-

Percutaneous liver biopsy is the car-larly, as the metabolism of bile acids

dinal method by which to arrive

is defined more clearly and specific

excludes biliary atresia, but the con- quickly at a diagnosis of underlying defects are being identified, many

verse is not true. In fact, the lack of
tracer in the gut may not represent
an obstructive defect, but rather a
parenchymal disease process in

which uptake or concentration of the|ogic appearance of the liver paren-

tracer is poor. To facilitate bile
flow, patients often receive pheno-
barbital (5 mg/kg per day divided in
two daily doses) for 3 to 5 days

liver disease. It is fast, safe, and
effective and usually does not

infants previously deemed to have
“neonatal hepatitis” now are being

require operating room time or over-judged to have a defect in bile acid

night hospital admission. The histo-

chyma can be examined, and
glycogen, copper, iron, and other
components within the liver tissue
can be quantified exactly. Patholo-

prior to undergoing the scan. Pheno-ists can determine whether any

barbital facilitates bile flow by
inducing specific liver enzymes in
infants who have immature hepatic
enzyme systems but no other
abnormalities.

In general, radionuclide excretory
scans are not essential for evaluatin

neonatal cholestasis. This time-
consuming process potentially can
delay diagnosis. Furthermore, it has
high false-positive (ie, no excretion)
and false-negative (ie, an apparent

excretion of tracer into the intestine)
yields (at least 10%) and is not very

effective when serum bilirubin lev-
els are high. Percutaneous liver
biopsy never should be postponed t
perform a radionuclide scan.

COMPUTED TOMOGRAPHY (CT)
AND MAGNETIC RESONANCE
IMAGING (MRI)

These two modalities rarely are nec-

essary as first-line measures in the
diagnosis of liver disease in chil-
dren. However, they may be useful
in specific situations. CT scanning
of the liver can detect glycogen,
iron, and lipid deposits within the
liver parenchyma and can delineate
and characterize liver masses
clearly. However, CT is more
expensive and technically more dif-
ficult in infants than ultrasonogra-
phy, and it exposes the patient to
ionizing radiation. MRI has a com-
parable sensitivity to CT in recog-
nizing chemical differences in tis-
sues and identifying tumors and
infiltrates without the injection of a
contrast agent or exposure of the
patient to ionizing radiation. How-

Pediatrics in Review

metabolism.

The hepatobiliary systems of
infants and neonates are highly sus-
ceptible to injury due to age-related
immaturity of metabolic processes,
deficient transport proteins, or
altered organellar function. These

.. .impaired hepatic function will decrease vitamin D levels,
and rickets is common among children who have cholestasis.

storage disorder is present or docu-

ent the existence of Wilson dis-

features lead to an altered perme-
ability or inefficient transport within

ase (copper storage), glycogen storthe system, which facilitates the ini-
age disease, or neonatal iron storageiation or perpetuation of cholestasis.
disease as well as many other pathotThe primary focus in managing

logic conditions. The histologic
appearance of the tissue provides

infants who have neonatal hepatitis
is to conduct an exhaustive search

useful information about the degree for recognizable or treatable causes

of fibrosis or presence of cirrhosis
and permits the diagnosis of biliary

of the clinical condition. Jaundice
may be present from birth or appear

atresia, neonatal hepatitis, congenitaj the first 3 months of life. Unfor-

epatic fibrosis, and alpha 1-anti-
rypsin deficiency. It has been
reported that percutaneous liver

tunately, the classic findings of cho-
lestasis are not always present in the
first few weeks of life of patients

biopsy can provide an exact diagno-\yho have bile duct paucity, alpha

sis of biliary atresia in 94% to 97%
of all cases, thereby eliminating the
risk of subjecting an infant who has

cholestasis due to paucity of intrahe
patic bile ducts to needless surgery.

Liver Disease of the
Neonate

NEONATAL HEPATITIS

This relatively specific syndrome is
characterized both clinically and
histologically, but the pathophysio-

logic basis is unknown. A small per-

1-antitrypsin deficiency, or even
biliary atresia. These infants fre-
quently feed poorly, vomit, and

“appear ill, but this is not always the

case.
Cholestasis is manifested by the
passage of acholic stools and dark
urine. The serum bilirubin level is
increased, and more than 50% of the
value is due to the conjugated frac-
tion. Aminotransferase levels almost
always are elevated, but to varying
degrees. In general, they rarely
exceed 1,000 IU/L. The AP and
GGT levels are elevated only mod-

centage of cases may be associatedestly, if at all. Serum albumin and

with viral hepatitis acquired in utero
or postnatally. In most cases, how-
ever, “idiopathic” neonatal hepatitis
represents a very general category
that includes all cases of neonatal

liver dysfunction for which an etiol-
ogy has not been identified. For
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PT may be abnormal, and the degree
of abnormality correlates with the
severity of disease at the initial pre-
sentation. Ultrasonography usually
reveals the presence of a gall blad-
der and the absence of a cystic mal-
formation of the biliary tree
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accounting for the cholestasis. Hepa-
tobiliary scintigraphy, if performed,
reveals delayed transport of radionu{present with signs of cholestasis.
clide and eventually shows a patent Once these signs are recognized,

As with idiopathic neonatal hepa- notransferase levels, and rickets. The
titis, infants who have biliary atresia presence of succinylacetone in the

urine and demonstration of deficient
activity of fumarylacetoacetate

extrahepatic biliary tree. A severely abdominal ultrasonography can rule hydrolase (which catalyzes the final

damaged liver may have difficulty  out the presence of a choledochal
in taking up the radionuclide, which cyst. Cholescintigraphy will show

diminishes the usefulness of this tesigood uptake of tracer and no excre-

in severely ill infants. Liver biopsy tion of it into the intestine, even
usually provides the definitive diag- 24 hours later. A liver biopsy con-
nosis by demonstrating giant cell
transformation with inflammatory liferation of the interlobular bile
infiltrates of the portal zones and an ducts, periportal fibrosis, and bile
absence of bile ductule proliferation. plugs in canaliculi and ductules.
Management of these infants
involves supportive measures and necessary if there is progressive
avoiding the consequences of malabhepatic decompensation, refractory
sorption by ensuring adequate nutri- growth failure, hepatic synthetic

firms the diagnosis by revealing pro-

step in the oxidative catabolism of
tyrosine) confirm the diagnosis.
Alpha 1-antitrypsin deficiency can
be screened for by protein inhibitor
ZZ (PiZZ) typing and will be con-
firmed by the finding of characteris-
tic periodic acid Schiff-positive
alpha 1-antitrypsin granules depos-
ited within the hepatic parenchyma

Liver transplantation may becomeon liver biopsy. Excessive storage of

iron is seen on biopsy in infants
who have neonatal iron storage dis-
ease. Congenital hypothyroidism,

tion and delivery of fat-soluble vita- dysfunction, and the development ofwhich may present with unexplained

mins and medium-chain triglyceridesa coagulopathy or intractable portal

hyperbilirubinemia, is ruled out by

until recovery (which occurs in the hypertension with recurrent gastroin-assessment of thyroid function.

majority). Liver transplantation is an testinal hemorrhage or hyper-
alternative for those who do not splenism.
respond to medical treatment.

Liver Disease of the Older
Child

The major causes of liver disease observed after infancy arerne major causes of liver disease

toxic, infectious, metabolic, autoimmune, vascular, and
infiltrative.

BILIARY ATRESIA OTHER CAUSES

Biliary atresia is the result of a Other disease entities leading to
destructive, idiopathic inflammatory liver dysfunction in the neonate and
process that affects intra- and extra-infant may be diagnosed by a com-
hepatic bile ducts. It leads to fibrosisbination of general tests, such as
and obliteration of the biliary tract, ultrasonography, and more specific
with the eventual development of
biliary cirrhosis. It occurs world-
wide, affecting an estimated 1 in
12,000 live births, and is the most
frequent indication for liver trans-
plantation among infants and chil-

biliary tree, such as congenital

teristic “ductal plate malformation”

dren. The need for liver transplanta- finding in infants who have congeni-

tion arises because affected patientstal hepatic fibrosis.
also are subject to progressive and Bacterial infections causing cho-

tests. Structural abnormalities of the

hepatic fibrosis or choledochal cysts
usually are detected by ultrasonogra
phy. Liver biopsy shows the charac-

observed after infancy are toxic,
infectious, metabolic, autoimmune,
vascular, and infiltrative. Although
the clinical features of causative
diseases in this age group are simi-
lar to those found in adults, there
are some differences. Furthermore,
the relative frequency of each disor-
der varies with the age of the
patient. Viral hepatitis occurs in
patients of all ages, as does the liver
disease due to cardiac or collagen

vascular diseases. Disorders of fat

metabolism present in late infancy
and early childhood; Wilson disease
usually is detected in late childhood
or adolescence. Neoplastic disease
of the liver in children and adoles-
cents differs from that observed in

variably rapid development of end- lestasis can be identified by positive adults.

stage liver disease due to a persis- blood or urine cultures. Any history
tent intrahepatic inflammatory
process.

Early differentiation of biliary

with, toxoplasmosis, syphilis, cyto-
megalovirus, herpes simplex, vari-

of maternal exposure to, or infection

ACUTE HEPATITIS
Although a myriad of viruses can

atresia from idiopathic neonatal hep-cella zoster, and other viruses should¢ause hepatic inflammation, five are

atitis allows for prompt surgical cor- prompt an investigation for such
rection (Kasai portoenterostomy),
which permits improved nutrition viral infection, both serum immuno-
and maximal growth. Because cir- globulin M (IgM) and 1gG antibod-

rhosis develops rapidly, surgical cor-ies should be obtained. Urine often
rection of biliary atresia is most will be positive for cytomegalovirus.
effective if performed before Hereditary tyrosinemia, a defect

primarily hepatotropic: hepatitis A,

infections. In the case of a suspected®, C, D, and E. The clinical presen-

tation of viral hepatitis varies with
the pathogen. HAV infection pre-
sents most often as a flu-like illness,
with malaise and signs of upper
respiratory tract infection. Patients

3 months of age, which underlines of tyrosine metabolism, is suggestedoften are febrile and can be very

the need for prompt and precise
diagnosis of the cause of observed hepatic synthetic function, mild
liver dysfunction in an infant. abnormalities in bilirubin and ami-
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by disproportionate abnormalities of jaundiced. The pathogen spreads

primarily via the oral-fecal route. In
children, the disease typically is
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self-limited and often is clinically atitis in children respond to specific
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around the interlobular bile ducts

inapparent. No chronic carrier state medical therapy. Chronic hepatitis in(“onion skin” appearance). Cholan-

is identified. Diagnosis of acute

anti-HAV IgM antibody in serum. sure to hepatotoxic drugs; or car-
Hepatitis B virus (HBV) infection diac, metabolic, or systemic

can cause both acute and chronic disorders.

hepatitis and possibly the develop-

children is the result of a viral infec-
infection is based on the presence ofion; an autoimmune process; expo-

giography or endoscopic retrograde
cholangiopancreatography is neces-
sary to establish the diagnosis.

Treatment involves administration of
fat-soluble vitamins and ursodeoxy-

ment of cirrhosis and hepatocellular  Copper accumulates in the liver during cholestasis. an

carcinoma. Diagnosis rests on the
demonstration of hepatitis B surface
antigen (HBsAQ) or anti-HBV core
(anti-HB,) IgM antibody. Chronic
HBV infection is associated with the
persistence of HBsAg and HBV
DNA.

Hepatitis C virus (HCV) causes

damage.

AUTOIMMUNE HEPATITIS (AIH)

AlH is a hepatic inflammation asso-
ciated with the presence of circulat-

interaction between copper. .and a liver already injured
by cholestasis . . contributes further to the existing liver

cholic acid, a naturally occurring
choleretic bile acid that appears to
improve pruritus in affected patients.

acute hepatitis, which progresses to ing autoantibodies in the absence of Unfortunately, the liver disease

chronic disease in more than 70% ofother recognized causes of liver dis-

affected individuals. Although end- ease. At least two types are

stage liver disease can occur in up described: Type | AIH is more com-

to 10% of patients, fulminant hepati- mon among females and is charac-
tis rarely has been described. Diag- terized by a positive antinuclear
nosis is based on the detection of antibody, and Type Il AIH involves
anti-HCV antibodies and confirmed anti-liver-kidney microsomal anti-
by polymerase chain reaction for
HCV RNA.

Hepatitis D virus (HDV) infec-
tion occurs only in patients who
have HBV infection. HDV usually
aggravates liver disease in a patientferases (often very high) and a
who has hepatitis B and always variable degree of hyperbiliru-
should be considered in those who
have particularly aggressive HBV
disease. HDV is common in the
Mediterranean basin and less com-
mon in North America, where it is
associated primarily with intrave-  elevated. Liver biopsy reveals
nous drug abuse. inflammatory infiltrates of the limit-

Hepatitis E virus (HEV) occurs in ing plate and intralobular zones,
epidemics in parts of the world that with piecemeal necrosis, distortion
have poor sanitary conditions. Casef lobular architecture, and even
diagnosed in North America have  bridging fibrosis in severe cases.
involved patients who imported the
virus from abroad. It can be a par-
ticularly devastating disease in preg-OTHER LIVER DISEASES
nant women. Sclerosing cholangitis is character-
ized by a chronic inflammatory pro-
cess of the intra- or extrahepatic
biliary tree. It may be primary
(without evidence of another under-
lying disease and of unknown etiol-
ogy) and usually is associated with
inflammatory bowel disease. Sec-

may coexist, including thyroiditis,

conjugated. Serum gamma globulin

all patients. AP and GGT values
usually are normal or only mildly

CHRONIC HEPATITIS

This traditionally is defined as an
inflammatory condition of the liver
in which the biochemical and histo-
logic abnormalities persist for more
than 6 months. However, irrevers-
ible changes may occur in children
within those 6 months. Most acute or tumors. Children may present
hepatitis resolves within 3 months inwith jaundice, pruritus, and fatigue.

children, after which the etiology of Elevated AP levels are very charac-

the observed liver disease must be teristic, but there is no specific
pursued aggressively because manymarker of the disease. Biopsies
of the diseases causing chronic hep-show a typical concentric fibrosis
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progresses in most patients, and cir-
rhosis develops. Liver transplanta-
tion ultimately is necessary for long-
term survival.

Wilson disease is an autosomal
recessive disorder caused by a
defect in biliary copper excretion, in

bodies. Other autoimmune diseases which excessive copper accumula-

tion leads to cirrhosis. The excess

diabetes, hemolytic anemia, and ery-copper is deposited in the cornea,
thema nodosum. Laboratory evalua-
tion reveals elevation of aminotrans-

kidneys, and brain, resulting in
extrahepatic manifestations of the
disease. Although the clinicopatho-
logic presentation may be extremely

binemia, the greater part of which is variable, Wilson disease needs to be

included in the differential diagnosis

concentrations are elevated in nearlyof any child who presents with liver

disease, neurologic abnormalities,
behavioral changes, or Kayser-
Fleischer rings. Serum ceruloplas-
min, a carrier of copper, usually, but
not invariably, is decreased. Defini-
tive diagnosis requires evaluation of
24-hour urinary copper excretion
and copper quantification in liver
tissue obtained by biopsy. Wilson
disease may present as fulminant
hepatic failure, usually in association
with a hemolytic crisis due to the
toxic effect of copper on red blood
cells. Therapy is chelation of copper
with penicillamine, which allows for
its excretion into the urine. Because
the prognosis depends on early treat-
ment and individual responsiveness
to chelation therapy, it is important

ondary sclerosing cholangitis results to consider this diagnosis in every
from stones, postoperative strictureschild who has signs of chronic liver

disease.

Ischemic hepatitis results from
congestive heart failure, shock
(eg, dehydration), asphyxia, cardio-
respiratory arrest, or seizures. Typi-
cally, aminotransferases are elevated
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TABLE 9. Nontransplant Options for Children Who Have
Liver Disease

Replacement of the deficient abnormal end product, such as oral
administration of primary bile acids (in patients who have
abnormalities of bile acid biosynthesis)

Depletion of the stored substance (eg, antioxidant cocktails and
chelation in neonatal iron storage disease)

Use of metabolic inhibitors (eg, NTBC in tyrosinemia)

Induction of enzymes (eg, phenobarbital therapy in Crigler-Najjar
syndrome type Il)

Dietary restriction of the substrate (eg, galactose in galactosemia)

Molecular manipulations (eg, inhibition of polymerization of alpha 1-
antitrypsin)

Receptor-based, targeted enzyme replacement therapy
Gene therapy
Hepatocyte transplantation (eg, fulminant liver failure)

blastoma, hepatocarcinoma, and
in the absence of other markers of hemangioendothelioma account for
severe liver disease. The disorder isalmost two thirds of all childhood
due to hypotension/hypoperfusion tohepatic tumors. Hepatocellular carci-
the liver during one of the afore- noma tends to occur later in life
mentioned events that leads to the than hepatoblastoma and is more
liver being damaged as an “innocentcommon among children who have
bystander” of the original process. a history of chronic liver disease
Ischemic hepatitis may resemble  (eg, chronic hepatitis B). Serum
infectious hepatitis, but it is distin- alpha-fetoprotein levels usually are
guished easily by rapidly decreasingelevated. CT scan typically reveals
aminotransferase levels in the days low-density lesions and indicates
following the initial insult without whether the mass is solitary or mul-
increasing coagulopathy or tifocal. Surgical excision of a soli-
hyperbilirubinemia. tary tumor or radiation/chemother-

Infiltrative disorders of the liver apy is the treatment of choice.

are observed with leukemia, lym-
phoma, and neuroblastoma, but .
these entities usually are discovered Conclusion
quickly upon presentation. Likewise, Identifying the presence of serious
primary liver tumors are identified liver disease in a pediatric patient at
readily in the child who presents the initial presentation is of cardinal
with hepatomegaly or abdominal importance. Early recognition of
distention or mass. Less commonly, babies who have biliary atresia is
children present initially with jaun- critical for optimal medical or surgi-
dice and failure to thrive. Hepato-  cal intervention.
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An exciting recent development
is the availability of multiple non-
transplant options for the treatment
of liver disease (Table 9). These
novel management strategies are
more cost-effective, but also reduce
the use of valuable donor livers,
making these organs available for
patients who do not have other treat-
ment options. In the future, defini-
tive therapy, such as targeted
enzyme replacement or gene ther-
apy, may be available for certain
metabolic disorders. In view of these
exciting prospects, it becomes of
great importance to assess the pres-
ence of liver disease correctly and
quickly in children to allow them to
grow and be as healthy as possible
until they can reach an age at which
definitive therapy may be available.
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1.

PIR QUIZ

Quiz also available online at
www.pedsinreview.org.

A 15-year-old girl who is being eval-
uated for poor school performance
and acting-out behaviors is noted to
have a large, firm liver. Kayser-
Fleischer rings are apparent on
ophthalmologic examination. Determi-
nation of which of the following is
mostlikely to confirm the diagnosis
in this patient?

. Hepatic copper concentration.

. Hepatic iron concentration.
Hepatitis B antibody titers.

. Serum alpha 1-antitrypsin level.

. Serum chloride level.

moow®>

. A 3-year-old girl who has cholestasis

and is malnourished is suspected of
having a nutrient deficiency. Which
one of the following clinical findings
is mostlikely to be present in this
child?

. Megaloblastic anemia.

. Neuritis.

Pellagra.

Photophobia.

. Rachitic rosary.

3. A 3-week-old infant who has jaundice 5.

and pale stools has a total bilirubin of
166.6 mcmol/L (9.8 mg/dL) and a
conjugated fraction of 102 mcmol/L
(6.0 mg/dL). Which of the following
clinical features isnostsuggestive of
a diagnosis of biliary atresia?

>

moow

. Cholestasis associated with a

dietary change.
Failure to thrive.

. Familial occurrence.
. Male gender.

Polysplenia syndrome.

4. Which of the following nutrients
should be reduced in the total
parental nutrition given to patients
who have chronic cholestasis?

mooOw>

. Carbohydrates.

. Copper.

. Fat-soluble vitamins.

. Medium-chain triglycerides.
. Water-soluble vitamins.

A 4-week-old infant is jaundiced.
Findings include weight and length at
the 75th percentile for age; icterus; a
firm liver with a span of 5 cm and
palpable 3 cm below the right costal
margin; splenomegaly; total bilirubin,
107.1 mcmol/L (6.3 mg/dL); direct
bilirubin, 71.4 mcmol/L (4.2 mg/dL);
alanine aminotransferase activity,
130 U/L; aspartate aminotransferase
activity, 143 U/L; and gamma-
glutamyl transferase activity,

950 U/L. Of the following, thebest
study to evaluate the excretion of bile
from this infant’s liver is:

A. Computed tomography of the
liver.

. Cholescintigraphy.

. Hepatic ultrasonography.

. Measurement of fumarylaceto-
acetate hydrolase activity.

. Measurement of the serum alpha
1-antitrypsin level.

o0Ow
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