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Clinical Review
Early diagnosis of neonatal cholestatic jaundice
Test at 2 weeks
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Abstract
OBJECTIVE  To review best practices for early recognition and 
treatment of conditions resulting in neonatal cholestasis, in order 
to improve long-term outcomes for affected infants. 
QUALITY OF EVIDENCE  Studies, review articles, and meta-analyses 
pertaining to neonatal-onset cholestasis were sought via electronic 
databases. Reference lists of studies and review articles supplement-
ed the electronic search. Studies were included if they examined 
the importance of early diagnosis and intervention for cholestatic 
jaundice of any cause, and mainly comprised Level II and Level III 
evidence. 
MAIN MESSAGE  Review of the relevant literature supports the 
recommendation that infants with jaundice at 2 weeks of age 
should be tested for cholestasis by quantifying the direct reacting 
bilirubin levels in their blood. Subsequent rapid investigation using 
a diagnostic algorithm enables early diagnosis of the specific cause 
and facilitates timely intervention for conditions whose outcomes 
are improved by early treatment. 
CONCLUSION  Universal screening for neonatal cholestasis might 
help with early identification of cases and improve outcomes, 
although further study is required in the North American setting.

Résumé
OBJECTIF  Revoir les meilleures méthodes pour  détecter et traiter 
précocement les conditions résultant de la cholestase néonatale 
afin d’améliorer les issues à long terme chez les nourrissons affectés.
QUALITÉ DES PREUVES  On a utilisé des bases de données pour 
répertorier les études, articles de revue et méta-analyses traitant 
de la cholestase néonatale. On a complété cette recherche électro-
nique par des bibliographies d’études et d’articles de revue. On n’a 
retenu que les études traitant de l’importance de diagnostiquer et 
de traiter précocement toutes les formes d’ictère cholestatique et 
fondées sur des preuves de niveaux II et III.
PRINCIPAL MESSAGE  Cette revue de la littérature pertinente 
appuie la recommandation voulant qu’on recherche la cholestase 
chez les nourrissons qui présentent un ictère 2 semaines après la 
naissance par le dosage des niveaux de bilirubine conjuguée dans le 
sang. Une brève investigation subséquente à l’aide d’un algorithme 
de diagnostic permettra alors de préciser rapidement la cause et fa-
cilitera l’intervention appropriée dans les cas où une issue favorable 
dépend d’un traitement précoce.
CONCLUSION  Un dépistage systématique de la cholestase néona-
tale pourrait aider à détecter précocement les cas et en améliorer 
les issues; des études additionnelles seront toutefois nécessaires 
dans le contexte nord-américain.

Friends, family, and health care workers 
often reassure parents that their infants’ 
jaundice is normal, requires neither inves-

tigation nor treatment, and will resolve without 
adverse consequences. Unfortunately, misdi-
agnosis of cholestasis (Box 11) as physiologic 
jaundice delays the identification of important 
liver disease and substantially impairs long-
term health. We have conducted a review of the 
literature to summarize the evidence for early 
identification and intervention in biliary atre-
sia and other forms of cholestatic jaundice. In 
response to an observed pattern of late referral 
of infants with cholestasis, we aim to provide 
primary care physicians with evidence of the 
benefits of early identification, reinforcing the 
need to test for the condition at 2 to 3 weeks 
of age in jaundiced infants, and to provide an 
approach to investigation.

Up to 15% of breastfed infants experience 
jaundice lasting more than 3 weeks2; mean-
while, neonatal cholestasis occurs in 0.04% 
to 0.2% of live births.1,3 Cholestasis and direct 
reacting hyperbilirubinemia arise from abnor-
malities in the uptake, handling, transport, and 
excretion of bile salts and bilirubin by hepa-
tocytes or in the flow of bile through the bile 
canaliculi and ducts.4 A detailed description 
of the molecular mechanisms of cholestasis is 
beyond the scope of this review, but is available 
in a recent article by Trauner et al.4 Of the many 
conditions that can present with neonatal cho-
lestasis (Table 15), biliary atresia and idiopathic 
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Box 1. Indicators of cholestasis

• Direct reacting serum bilirubin levels > 17 μmol/L 
(1.0 mg/dL) 

• Direct reacting bilirubin > 20% of the total serum 
bilirubin concentration, if total bilirubin is  
> 85 μmol/L (5.0 mg/dL)

Data from the North American Society for Pediatric 
Gastroenterology, Hepatology and Nutrition.1
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neonatal hepatitis are the most common; in a study of 
affected infants presenting to King’s College Hospital 
in London, England, these conditions accounted for 
35% and 30% of cases, respectively.6 Other common 
causes included α1-antitrypsin deficiency (17%), Alagille 
syndrome (6%), and choledochal cysts (3%).6 New 
diagnostic techniques have decreased the number of 
infants diagnosed with idiopathic hepatitis in favour 
of previously under-reported conditions, such as pro-
gressive familial intrahepatic cholestasis, storage dis-
orders, mitochondrial disorders, and bile acid synthetic 
defects.7

A recent retrospective cohort study from the Canadian 
Pediatric Hepatology Research Group (CPHRG) estimated 
the incidence of biliary atresia in Canada to be 1 in 
19 065 (5.25 per 100 000 live births).8 Approximately 60% 
to 70% of patients with biliary atresia will develop cir-
rhosis and require liver transplantation in childhood,8,9 
half within the first 2 years of life.10 Biliary atresia is the 
most common single indication for liver transplantation 
in children.11,12

The CPHRG reported that 14% of Canadian infants 
with jaundice caused by biliary atresia presented to ter-
tiary referral centres after the age of 3 months. However, 
multiple cohort studies have reported that infants sur-
gically treated for biliary atresia before 3 months of 
age had improved overall survival at up to 15 years 
of age.8,13,14 In 2 studies that examined the reasons for 
late referral of infants with cholestatic jaundice,6,15 most 
involved either inadequate follow-up of neonatal jaun-
dice or reassurances by primary health care providers 
that the jaundice was physiologic; however, both are 
preventable causes of delay.

Quality of evidence
All studies, review articles, and meta-analyses pertain-
ing to neonatal-onset cholestasis were identified by 
a search of electronic databases, including MEDLINE 
(from January 1950 to October 2008); EMBASE (January 
1980 to October 2008); OVID Evidence-Based Medicine 
Reviews databases (eg, the Cochrane Database of 
Systematic Reviews, the ACP Journal Club, the Database 
of Abstracts of Reviews of Effectiveness, the Cochrane 
Central Register of Controlled Trials, the Cochrane 
Methology Register, Health Technology Assessment, 
and the National Health Service Economic Evaluation 
Database, from January 1991 to July 2008); and the 

Cochrane Methodology Register (until July 2008). Search 
terms included cholestasis, jaundice and conjugated, 
mass screening, biliary atresia, galactosemia, tyrosinemia, 
congenital hypothyroidism, cystic fibrosis, Kasai, and hep-
atoportoenterostomy, with randomized controlled trial, 
controlled clinical trial, systematic review, cohort study, 
guideline, diagnosis, and early diagnosis. These terms 
were searched by subject heading and key word. Search 
terms were combined using Boolean logic, while stud-
ies, publications, and guidelines included in this review 
were limited to the neonatal population (< 60 days old) 
and were directed toward ascertaining the importance 
of early diagnosis and mass screening for neonatal cho-
lestatic conditions.

Reference lists of studies and review articles supple-
mented the electronic search. Studies were included if 
they examined the importance of early diagnosis and 
intervention for cholestatic jaundice, of any cause.

Evaluation of neonatal cholestasis
Total and direct reacting serum bilirubin levels must be 
measured in any infant who is still jaundiced at 2 to 
3 weeks of age, according to recommendations from 
the Canadian Paediatric Society,16 the North American 
Society for Pediatric Gastroenterology, Hepatology and 
Nutrition,1 and the American Academy of Pediatrics.17 
Early detection is essential to facilitate timely interven-
tion and minimize adverse outcomes in several con-
ditions, including biliary atresia, hypothyroidism, and 
galactosemia. It is important to note that infants with 
biliary atresia might not necessarily present with typical 
symptoms of failure to thrive or ascites,15 and the pri-
mary care physician must be suspicious of cholestasis in 
all cases of prolonged jaundice.

Any infant with cholestatic jaundice or liver disease 
should be immediately referred to a pediatric gastro-
enterologist. The differential diagnosis of cholestatic 
jaundice is extensive and its evaluation demands a sys-
tematic approach. A clinical practice guideline for the 
investigation of cholestatic jaundice has recently been 
composed by the North American Society for Pediatric 
Gastroenterology, Hepatology and Nutrition,1 with an 
algorithm to guide the investigation of infants with cho-
lestatic jaundice Figure 11,17). A detailed history and 
physical examination can provide clues to diagno-
sis. Pale, acholic stools suggest an obstructive process 
such as biliary atresia; deeply pigmented stools usu-
ally rule this out. Medical practitioners should directly 
observe the stool, as parental reports might overes-
timate the degree of pigmentation.18 Urine colour is 
less useful as a sign of neonatal cholestasis. The urine 
of a normal newborn is usually colourless; however, 
although yellow urine should raise suspicion in a jaun-
diced infant, the absence of dark urine does not rule out 
disease and further testing is warranted.1 Liver function 
should be established by determining albumin levels, 

Levels of evidence
Level I: At least one properly conducted randomized 
controlled trial, systematic review, or meta-analysis
Level II: Other comparison trials, non-randomized, 
cohort, case-control, or epidemiologic studies, and 
preferably more than one study
Level III: Expert opinion or consensus statements
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Table 1. Differential diagnoses and diagnostic approaches for infants with cholestasis
DISEASE DIAGNOSTIC APPROACH

Obstructive cholestasis

Structural

• Biliary atresia Ultrasound (presence, size, and appearance of gallbladder; evidence of cirrhosis and
portal hypertension, polysplenia, or asplenia)
Hepatobiliary s cintigraphy (delayed or absent excretion)
Liver biopsy
Intraoperative cholangiogram

• Choledochal cyst, or other congenital 
bile duct anomaly

Ultrasound 
Cholangiogram (percutaneous and scintigraphic, to show communication with
biliary tree and to rule out associated atresia)

• Caroli disease and congenital hepatic 
fibrosis

Ultrasound (liver and kidneys)
Liver biopsy (rarely required)

• Gallstones or biliary sludge Ultrasound

• Neonatal sclerosing cholangitis Cholangiogram (endoscopic retrograde, percutaneous or intraoperative)

Duct paucity syndrome

• Alagille syndrome Physical examination for typical facial features, which might not be obvious during
newborn period (broad forehead, pointed chin, elongated nose with bulbous tip)
Chest x-ray scan (butterfly vertebrae)
Ophthalmologic examination (posterior embryotoxon)
Echocardiogram (peripheral pulmonic stenosis)
Liver biopsy (paucity of small ducts)
Genetic analysis (mutations in JAG1 gene)

Hepatocellular cholestasis

• Idiopathic neonatal hepatitis Diagnosed by exclusion of other causes of neonatal liver disease
Liver biopsy (often not required)

Genetic and metabolic disorders

• α1-Antitrypsin deficiency ∝1-Antitrypsin levels (reduced)
Protein or genetic analysis (homozygous Pi type ZZ, SZ, or other rare deficiency variant)

• Galactosemia Results of newborn screening
Non–glucose reducing substances (positive)
Galactose-1-phosphate uridyl transferase in red blood cells (low activity)
Blood cultures (association with Escherichia coli sepsis)

• Tyrosinemia Results of newborn screening
Serum tyrosine and methionine levels (high)
Serum α-fetoprotein levels (high)
Succinylacetone detection in urine

• Hereditary fructosemia Fructose-1-phosphate aldolase B activity low or absent in liver tissue
Liver biopsy with EM
Genetic analysis

• Neonatal hemochromatosis Ferritin (high, usually > 1000 μg/L)
Total iron binding capacity (low)
Liver biopsy with iron stain, or buccal mucosal biopsy
MRI (abdomen, for typical pattern of iron deposition)

• Cystic fibrosis Results of newborn screening
Sweat chloride test
Genetic analysis

• Inborn errors of bile acid synthesis Urinary bile acid analysis

Continued on page 1187
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the international normalized ratio (for anticoagulant 
monitoring), serum ammonia, and blood glucose levels. 
Concentrations of alanine aminotransferase and aspar-
tate aminotransferase further evaluate the extent of 
hepatocellular injury, and elevated γ-glutamyltransferase 
and alkaline phosphatase levels indicate possible 
obstructive causes of cholestasis. Liver enzyme concen-
trations are poor predictors of etiology (sensitivity 68%, 
specificity 43% for the diagnosis of biliary atresia),19 but 

might provide useful information in combination with 
clinical evaluation to guide further investigation.

Imaging via abdominal ultrasound can help diag-
nose biliary sludging, inspissated bile, or gallstones and 
discern structural abnormalities, such as choledochal 
cysts. A small or absent gallbladder on hepatic ultra-
sound suggests biliary atresia, but a sensitivity as low 
as 23% in a recent prospective study indicates that 
ultrasound cannot be used to rule out this diagnosis.20 

• Progressive familial intrahepatic 
cholestasis

GGT (low to normal in types 1 and 2, high in type 3)
Liver biopsy
Genetic analysis

Endocrine disorders
• Hypothyroidism Results of newborn screening 

TSH (high), free T4 (usually low)

• Panhypopituitarism Glucose (hypoglycemia common)
Cortisol (low)
TSH (low), T4 (low)

Toxic or secondary disorders
• Parenteral nutrition–associated 

cholestasis
Correlation with clinical history
Exclusion of other causes of cholestasis

• Drugs (acetaminophen, 
anticonvulsants, etc)

Correlation with clinical history
Urine and serum toxicology screen

Infectious disorders
• Toxoplasmosis IgM-specific antibodies (detectable 2 weeks after infection, peak approximately

4 weeks after infection)
Isolation of organism from blood, CSF, or liver
Ophthalmologic examination (chorioretinitis)
CT (head, intracranial calcifications)

• Rubella IgM-specific antibodies (detectable 2 weeks after infection)
Viral isolation (CSF, liver, urine, pharyngeal secretions)
Ophthalmologic examination (cataracts)

• Cytomegalovirus IgM-specific antibodies
Viral isolation from blood, urine, CSF
Ophthalmologic examination (for chorioretinitis)
CT (head, intracranial calcifications)

• Herpes simplex virus EM or viral culture of vesicle scrapings
PCR of blood and CSF

• Human immunodeficiency virus HIV DNA PCR
Immunoglobulin levels
CD4 count

• Syphilis VDRL test
Syphilis indirect hemagglutination test (TPHA)
Fluorescent treponemal antibody levels
Long-bone x-ray scans (osteochondritis, periostitis)

• Urinary tract infection Urine culture, full septic workup where indicated

• Sepsis Blood culture, full septic workup where indicated

Adapted from Walsh et al.5

CSF—cerebrospinal fluid, CT—computed tomography, DNA—deoxyribonucleic acid, EM—electron microscopy, GGT—γ-glutamyltransferase, 
HIV—human immunodeficiency virus, IgM—immunoglobulin M, MRI—magnetic resonance imaging, PCR—polymerase chain reaction, T4—thyroxine, 
TPHA—treponema pallidum hemagglutination, TSH—thyroid stimulating hormone, VDRL—venereal disease research laboratory.

continued from page 1186
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Figure 1. Algorithm for investigation of the neonate with cholestatic jaundice

Condition

Question

Action

Jaundiced infant
2 to 8 weeks old

Is the patient
acutely ill? 

Require urgent
 care?

Is there direct
hyperbilirubinemia?

• Manage the acute illness

• Consider urinary tract or other
  infection, galactosemia, tyrosinemia, 
  hypopituitarism, fructosemia, 
  iron- storage disease, metabolic  
  disorders, acute common duct
  obstruction, hemolysis

Measure
serum direct
bilirubin

Indirect
hyperbilirubinemia

Cholestatic
Jaundice

History
 Physical exam

Urinalysis
Urine culture

Evaluate
further

(See AAP 
guidelines)17

Evaluate
further

Refer for further
management

Findings of
speci�c disease?

Is the newborn screen 
positive for galactosemia or 

hypothyroidism?

Does bilirubin 
normalize by 6 
weeks of age?

No
hyperbilirubinemia

• Consult Pediatric GI
• CBC, platelet count
• Total and direct bilirubin, ALT,
  AST, alkaline phosphotase, glucose,
• Prothrombin time, albumin
• ∝1 antitrypsin
• Urine reducing substances
• Abdominal ultrasound 

• Pi typing
• Further 
  management

Consider:
• Percutaneous liver biopsy
• Scintiscan
• Duodenal aspirate
• ERCP

• Consult Pediatric
   Surgery
• Operative
   cholangiogram

Low
( ∝1 antitrypsin? Choledochal 

cyst?

Is there
evidence of biliary

obstruction?

Medical evaluation:
  • Infection
  • Metabolic disorders
  • Genetic disorders
  • Other

YES

Abnormal

1

2

3

5

6

7

9

11
10

12
13

14

15
16

17 18 19

20

21
22

23

8

4

NO

Normal

NO

NO

NO

NO NO

NO

Yes

Yes

Yes

Yes

Yes

LEGEND

Yes

AAP—American Academy of Pediatrics, ALT—alanine aminotransferase, 
AST—aspartate aminotransferase, CBC—Complete blood count, 
ERCP—endoscopic retrograde cholangio pancreatography, GI—gastroenterologist.

Reprinted with permission from the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition.1
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Studies found that the “triangular cord” sign, identified 
at the porta hepatis during ultrasound and probably rep-
resenting fibrosis at the portal plate, was 73% to 100% 
sensitive and 98% to 100% specific for the diagnosis of 
biliary atresia. The range of sensitivities might have 
been due to study design or operator experience.19,21,22 
Additionally, polysplenia and situs inversus are associ-
ated with biliary atresia.1 Hepatic ultrasound is best per-
formed at a centre with pediatric radiologic expertise, as 
its accuracy is operator-dependent.

Hepatobiliary scintigraphy is helpful in distinguish-
ing obstructive from nonobstructive cases of cholestasis. 
Uptake of the tracker by hepatocytes should be followed 
by its excretion in bile into the intestine within 24 hours; 
absence of this excretion is an abnormal result that indi-
cates biliary obstruction or severe hepatocellular dysfunc-
tion.23 The sensitivity of scintigraphy for the diagnosis of 
biliary atresia was demonstrated to be high in 2 retro-
spective studies (83% to 100%, respectively), with virtually 
all affected patients showing no excretion, but specific-
ity was considerably lower, ranging from 33% to 80%.24,25 
Rarely, bile drainage is initially present in infants with 
cholestatis disease but is subsequently lost after 2 to 3 
weeks of age; therefore, early scintigraphy might be mis-
leading. Pretreatment with phenobarbital (5 mg/kg/d) for 
5 days before the study was shown to enhance test preci-
sion in one study,26 while another found improved speci-
ficity with ursodeoxycholic acid (5 mg/kg twice daily).27

Recent expansion of newborn screening programs in 
certain jurisdictions has improved the amount of infor-
mation available to primary care providers investigating 
neonatal jaundice. Results of newborn screening tests 
should be verified by further testing of all infants with 
cholestatic jaundice. Although review of the diagnostic 
accuracy of all investigations for neonatal cholestasis 
is beyond the scope of this article, an extensive list of 
investigations is provided in Table 1.5

Management and outcome of biliary atresia
Biliary atresia is uniformly fatal within 1 to 2 years 
if left untreated. Initial management is surgical (por-
toenterostomy, or Kasai operation), entailing exci-
sion of the atretic biliary tree and fibrous plate and 
Roux-en-Y anastomosis of jejunum to the remain-
ing ducts to allow for biliary drainage.28 European 
and North American studies have revealed medium-
term survival rates (2 to 10 years’ follow-up) without 
liver transplantation in 25% to 60% of patients who 
underwent portoenterostomy.13,23,29,30 The Canadian 
experience with biliary atresia shows a 10-year over-
all survival rate of 77% after portoenterostomy and 
native liver survival rates of 46% at 2 years, 36% at 
4 years, and 26% at 10 years.8 Any intervention that 
improves native liver and overall survival rates could 
affect the quality of life of these children as well as 
the availability of transplant organs.

Importance of early diagnosis
The outcome of patients with biliary atresia is directly 
affected by the speed with which health care provid-
ers arrive at the diagnosis. The CPHRG recently discov-
ered that 10-year native liver survival rates declined with 
increasing age at the time of portoenterostomy; 49% of 
infants who underwent surgery in Canada at 30 days of 
age were living with their own liver 10 years later, com-
pared with 25% of those whose operations occurred at 
31 to 90 days of age and 15% of those treated after 90 
days of age.8 This finding is consistent with other studies,9 
although an American retrospective cohort study was 
unable to demonstrate whether age at the time of por-
toenterostomy affected native liver survival, likely owing 
to small numbers of study subjects and a short (2 year) 
follow-up.10 A recent study from France demonstrated 
the benefit of earlier intervention—15-year survival with 
native liver.14 The consensus that younger age at the time 
of portoenterostomy leads to improved outcomes has led 
professional organizations to recommend measurement 
of direct reacting bilirubin levels in infants with persisting 
jaundice at 2 to 3 weeks of age.2,16

One barrier to early identification of cholestatic jaun-
dice might be the schedules for newborn infant assess-
ment commonly followed by health care providers. 
According to the Rourke Baby Record,31 endorsed by the 
Canadian Paediatric Society and the College of Family 
Physicians of Canada, visits at 2 weeks and 1 month of 
age are considered “optional”; measurement of direct 
reacting bilirubin serum levels is not mentioned. The 
American Academy of Pediatrics’ Recommendations for 
Preventive Pediatric Health Care32 contain no mention of 
assessment for cholestasis at the 1-month visit.

The natural history of many other conditions that 
present with neonatal cholestasis can also be altered 
by early medical intervention. In patients with con-
genital hypothyroidism, 2 retrospective cohort stud-
ies demonstrated the importance of early (< 2 weeks 
of age) intervention with high-dose (10 to 15 μg/kg/d) 
levothyroxine in improving neurodevelopmental out-
comes.33,34 In symptomatic patients with congenital 
cytomegalovirus infection and multiorgan involvement, 
timely introduction of ganciclovir reduces the preva-
lence of congenital hearing loss,35 although criteria for 
selection of candidates for treatment are controversial, 
and consultation with an infectious disease specialist is 
necessary. Dietary treatment of galactosemia improves 
outcomes of affected infants, although mental retar-
dation and other neurologic abnormalities are still 
occasionally seen in patients adherent to treatment.36 
Treatment of tyrosinemia with nitisinone and a diet low 
in tyrosine, phenylalanine, and methionine reduces 
the risk of developmental delay, cardiomyopathy, 
hepatic failure, and hepatocellular carcinoma; how-
ever, patients should still be screened regularly for the 
development of liver masses.37,38
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Screening for cholestatic jaundice
Screening tests represent a unique opportunity to 
detect neonatal cholestasis at an early age. Biliary 
atresia fulfils criteria of a condition considered appro-
priate for universal newborn screening; it is an impor-
tant health problem with a latent or early symptomatic 
period during which timely intervention will improve 
outcomes.39 Therefore, investigators have studied the 
feasibility and efficacy of various screening methods.

Persistently pale stools are found in up to 95% of 
infants with biliary atresia.40 Screening of newborns 
for biliary atresia using stool colour cards was initi-
ated in Japan in the early 1990s.18,41 Parents compared 
their infants’ stool colours with 7 shades printed on 
a “stool colour card” and notified their doctors of the 
results at the routine 1-month health visit. The sen-
sitivity and specificity of the screening program in 
Japan were 67% and 99.9%, respectively.42 The aver-
age age at the time of portoenterostomy was reduced 
to 53 days (range 40 to 109 days) in the screened 
group, compared with an average age of 84 days 
(range 25 to 138 days) for children not screened. 
Introduction of a similar nationwide screening pro-
gram in Taiwan43 coincided with an increased propor-
tion of infants undergoing portoenterostomy before 60 
days of age (74.3% in 2005, compared with historical 
rates of 23% from 1976 to 1989 and 36% from 1976 to 
2000).43-45 The sensitivity and specificity of stool colour 
card screening tests in Taiwan were 72% to 97% and 
99.9%, respectively.45

Several studies have been carried out to investigate 
the utility of serum and urine bile acid measurements 
as screening modalities for cholestasis and biliary atre-
sia; however, pathological elevations might not be pres-
ent until 2 to 4 weeks of age, and the pattern of bile 
acid elevations in biliary atresia is indistinguishable 
from other causes of cholestatic liver disease.46-49 New 

technologies (eg, genomics, proteomics) might have the 
potential to identify novel serum and urine biomark-
ers of biliary atresia, which would be useful in future 
screening initiatives.

Conclusion
Table 2 summarizes the strategies to improve outcomes 
of infants with cholestatic jaundice. Early identification 
of cholestatic jaundice to enable optimal timing of medi-
cal and surgical management can be achieved through 
universal assessment of infants at 2 weeks of age, mea-
surement of direct reacting bilirubin in any that appear 
jaundiced, and immediate referral to pediatric liver 
services if cholestasis is identified. Biliary atresia fulfils 
the criteria for a condition considered to be appropriate 
for a universal screening program, the implementation 
of which would have the potential to improve outcomes 
through enhanced early detection. The availability of a 
reliable and convenient screening test remains a chal-
lenge, although the use of stool colour cards seems 
promising and should be investigated further. In the 
meantime, health care workers, including family prac-
titioners and pediatricians, should adopt a “test at 2 
weeks” strategy to ensure that we are doing everything 
possible to positively affect the outcomes of infants with 
cholestatic jaundice. 
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Table 2. Summary of recommendations and evidence base for strategies to improve outcome of patients with 
neonatal cholestasis
recommendation strategy Evidence

Test at 2 weeks (fractionated bilirubin 
levels at 2-3 weeks of age)

Early identification of neonatal cholestasis Level III:
Guidelines from professional organizations
(NASPGHAN, CPS, AAP)

Application of diagnostic algorithm and 
early referral to pediatric 
gastroenterologist

Accurate diagnosis of cause of cholestasis 
enables early initiation of treatment

Level III:
Case series, guidelines from professional 
organizations (NASPGHAN, CPS, AAP)

Immediate intervention to address the 
underlying condition if cholestasis is 
identified

Early intervention improves outcomes of 
biliary atresia, congenital hypothyroidism, 
galactosemia, tyrosinemia, congenital CMV 
infection

Level II and III:
Retrospective cohort studies, guidelines 
from professional organizations 
(NASPGHAN)

Further investigation of efficacy and 
feasibility of screening for neonatal 
cholestasis

Early identification of neonatal cholestasis 
results in early intervention

Level II:
Prospective cohort studies

AAP—American Academy of Pediatrics, CMV—cytomegalovirus, CPS—Canadian Paediatric Society, NASPGHAN—North American Society for Pediatric 
Gastroenterology, Hepatology and Nutrition.



Vol 55: december • décembre 2009  Canadian Family Physician • Le Médecin de famille canadien  1191

Early diagnosis of neonatal cholestatic jaundice  Clinical Review

in partnership with the SickKids Foundation and the Child and Family 
Research Institute of British Columbia, and was also supported by fellow-
ships from the Children’s Digestive Health and Nutrition Foundation of 
the North American Society for Pediatric Gastroenterology, Hepatology 
and Nutrition and the Clinician Scientist Training Program at the Hospital 
for Sick Children in Toronto, Ont. Dr Walsh is supported by a fellowship 
from the Royal College of Physicians and Surgeons of Canada and a career 
enhancement award from the CCHCSP.

Contributors
Drs Benchimol, Walsh, and Ling contributed to the literature search and the 
preparation of the article for submission.

Competing interests
None declared

Correspondence
Dr Simon C. Ling, Hospital for Sick Children, 555 University Ave,
Toronto, ON M4S 1C5; telephone 416 813-8757; fax: 416 813-6531;  
e-mail simon.ling@sickkids.ca

References
1. Moyer V, Freese DK, Whitington PF, Olson AD, Brewer F, Colletti RB, et 

al. Guideline for the evaluation of cholestatic jaundice in infants: recom-
mendations of the North American Society for Pediatric Gastroenterology, 
Hepatology and Nutrition. J Pediatr Gastroenterol Nutr 2004;39(2):115-28. 
Erratum in: J Pediatr Gastroenterol Nutr 2004;39(3):306.

2. Winfield CR, MacFaul R. Clinical study of prolonged jaundice in breast- and 
bottle-fed babies. Arch Dis Child 1978;53(6):506-7.

3. Mushtaq I, Logan S, Morris M, Johnson AW, Wade AM, Kelly D, et al. 
Screening of newborn infants for cholestatic hepatobiliary disease with 
tandem mass spectrometry. BMJ 1999;319(7208):471-7. Erratum in: BMJ 
1999;319(7219):1253.

4. Trauner M, Meier PJ, Boyer JL. Molecular pathogenesis of cholestasis. N Engl 
J Med 1998;339(17):1217-27.

5. Walsh CM, Simpson EA, Zachos M. Gastroenterology and hepatology. In: 
Dipchand AI, Friedman JN, Bismilla Z, Gupta S, Lam C, editors. The Hospital 
for Sick Children handbook of pediatrics. 11th ed. Toronto, ON: Elsevier 
Canada; 2009. p. 338-9.

6. Mieli-Vergani G, Howard ER, Portman B, Mowat AP. Late referral for biliary 
atresia—missed opportunities for effective surgery. Lancet 1989;1(8635):421-3.

7. Suchy FJ. Approach to the infant with cholestasis. In: Suchy FJ, Sokol 
RJ, Balistreri WF, editors. Liver disease in children. 3rd ed. New York, NY: 
Cambridge University Press; 2007. p. 179-89.

8. Schreiber RA, Barker CC, Roberts EA, Martin SR, Alvarez F, Smith L, et al. 
Biliary atresia: the Canadian experience. J Pediatr 2007;151(6):659-65, 665.e1. 
Epub 2007 Oct 22.

9. Sokol RJ, Shepherd RW, Superina R, Bezerra JA, Robuck P, Hoofnagle JH. 
Screening and outcomes in biliary atresia: summary of a National Institutes 
of Health workshop. Hepatology 2007;46(2):566-81.

10. Shneider BL, Brown MB, Haber B, Whitington PF, Schwarz K, Squires R, et 
al. A multicenter study of the outcome of biliary atresia in the United States, 
1997 to 2000. J Pediatr 2006;148(4):467-74.

11. Martin SR, Atkison P, Anand R, Lindblad AS; SPLIT Research Group. Studies 
of Pediatric Liver Transplantation 2002: patient and graft survival and rejec-
tion in pediatric recipients of a first liver transplant in the United States and 
Canada. Pediatr Transplant 2004;8(3):273-83.

12. D’Alessandro AM, Knechtle SJ, Chin LT, Fernandez LA, Yagci G, Leverson G, 
et al. Liver transplantation in pediatric patients: twenty years of experience at 
the University of Wisconsin. Pediatr Transplant 2007;11(6):661-70.

13. Chardot C, Carton M, Spire-Bendelac N, Le Pommelet C, Golmard JL, Auvert 
B. Epidemiology of biliary atresia in France: a national study 1986-96. J 
Hepatol 1999;31(6):1006-13.

14. Serinet MO, Wildhaber BE, Broué P, Lachaux A, Sarles J, Jacquemin 
E, et al. Impact of age at Kasai operation on its results in late childhood 
and adolescence: a rational basis for biliary atresia screening. Pediatrics 
2009;123(5):1280-6.

15. Lee WS. Pre-admission consultation and late referral in infants with neona-
tal cholestasis. J Paediatr Child Health 2008;44(1-2):57-61. Epub 2007 Jul 19.

16. Guidelines for detection, management and prevention of hyperbilirubinemia 
in term and late preterm newborn infants (35 or more weeks’ gestation)—
summary. Paediatr Child Health 2007;12(5):401-18.

17. American Academy of Pediatrics Subcommittee on Hyperbilirubinemia. 
Management of hyperbilirubinemia in the newborn infant 35 or more 
weeks of gestation. Pediatrics 2004;114(1):297-316. Erratum in: Pediatrics 
2004;114(4):1138.

18. Matsui A, Ishikawa T. Identification of infants with biliary atresia in Japan. 
Lancet 1994;343(8902):925.

19. Dehghani SM, Haghighat M, Imanieh MH, Geramizadeh B. Comparison of 
different diagnostic methods in infants with cholestasis. World J Gastroenterol 
2006;12(36):5893-6.

20. Humphrey TM, Stringer MD. Biliary atresia: US diagnosis. Radiology 
2007;244(3):845-51.

21. Lee HJ, Lee SM, Park WH, Choi SO. Objective criteria of triangular cord sign 
in biliary atresia on US scans. Radiology 2003;229(2):395-400.

22. Takamizawa S, Zaima A, Muraji T, Kanegawa K, Akasaka Y, Satoh S, et 
al. Can biliary atresia be diagnosed by ultrasonography alone? J Pediatr Surg 
2007;42(12):2093-6.

23. McKiernan PJ, Baker AJ, Kelly DA. The frequency and outcome of biliary 
atresia in the UK and Ireland. Lancet 2000;355(9197):25-9.

24. Esmaili J, Izadyar S, Karegar I, Gholamrezanezhad A. Biliary atresia in 
infants with prolonged cholestatic jaundice: diagnostic accuracy of hepatobi-
liary scintigraphy. Abdom Imaging 2007;32(2):243-7. Epub 2006 Sep 12.

25. Gilmour SM, Hershkop M, Reifen R, Gilday D, Roberts EA. Outcome 
of hepatobiliary scanning in neonatal hepatitis syndrome. J Nucl Med 
1997;38(8):1279-82.

Editor’s Key Points

•	 Many societies recommend measuring total and 
direct reacting serum bilirubin levels in any infant 
who is still jaundiced at 2 to 3 weeks of age; how-
ever, 14% of Canadian infants with biliary atresia 
were referred for portoenterostomy only after 3 
months of age.

•	 The main reason for late referral of infants with 
cholestatic jaundice is either inadequate follow-up 
of neonatal jaundice or reassurances by primary 
health care providers that the jaundice is physi-
ologic; further, the schedules for newborn infant 
assessment commonly followed by health care pro-
viders might be a contributing factor.

•	 Early identification of cholestatic jaundice to enable 
optimal timing of medical and surgical manage-
ment can be achieved through universal assess-
ment of infants at 2 weeks of age, measurement 
of direct reacting bilirubin levels in any who appear 
jaundiced, and immediate referral to pediatric liver 
services if cholestasia is identified.

Points de repère du rédacteur

•	 De nombreuses sociétés recommandent de mesurer 
les niveaux de bilirubine totale et conjuguée 
chez tout nourrisson qui est encore ictérique 2 à 
3 semaines après la naissance; pourtant, 14 % des 
nourrissons nés avec une atrésie biliaire étaient âgés 
d’au moins 3 mois lorsqu’ils ont été dirigés pour une 
portoentérostomie.

•	 La principale raison pour retarder le transfert des 
nourrissons qui ont un ictère cholestatique est le 
suivi inadéquat d’un ictère néonatal ou l’assurance 
donnée par les soignants de première ligne que l’ic-
tère est « physiologique »; ajoutons que le calendrier 
généralement utilisé par les soignants de première 
ligne pour l’évaluation des nouveau-nés pourrait 
aussi être en cause.

•	 On peut faire la détection précoce de l’ictère choles-
tatique et permettre une chronologie optimale pour 
le traitement médical et chirurgical en pratiquant 
une évaluation systématique des nourrissons à 2 
semaines, un dosage de la bilirubine conjuguée chez 
tous ceux qui semblent ictériques et un transfert 
immédiat vers un département d’hépatologie pédia-
trique dès qu’une cholestase est confirmée.



1192  Canadian Family Physician • Le Médecin de famille canadien  Vol 55: december • décembre 2009

Clinical Review  Early diagnosis of neonatal cholestatic jaundice

26. Charearnrad P, Chongsrisawat V, Tepmongkol S, Poovorawan Y. The effect 
of phenobarbital on the accuracy of technetium-99m diisopropyl iminodiace-
tic acid hepatobiliary scintigraphy in differentiating biliary atresia from neo-
natal hepatitis syndrome. J Med Assoc Thai 2003;86(Suppl 2):S189-94.

27. Poddar U, Bhattacharya A, Thapa BR, Mittal BR, Singh K. Ursodeoxycholic 
acid-augmented hepatobiliary scintigraphy in the evaluation of neonatal 
jaundice. J Nucl Med 2004;45(9):1488-92.

28. Ohi R. Surgery for biliary atresia. Liver 2001;21(3):175-82.
29. Nio M, Ohi R, Miyano T, Saeki M, Shiraki K, Tanaka K. Five- and 10-year 

survival rates after surgery for biliary atresia: a report from the Japanese 
Biliary Atresia Registry. J Pediatr Surg 2003;38(7):997-1000.

30. Yoon PW, Bresee JS, Olney RS, James LM, Khoury MJ. Epidemiology of bili-
ary atresia: a population-based study. Pediatrics 1997;99(3):376-82.

31. Rourke L, Leduc D, Rourke J, Constantin E. Health supervision from 0 to 5 
years using the Rourke Baby Record 2006. Can Fam Physician 2006;52:1273-4.

32. American Academy of Pediatrics. Recommendations for preventive pediat-
ric health care. Pediatrics 2007;120(6):1376. Available from: http://aappolicy.
aappublications.org/cgi/content/full/pediatrics;105/3/645. Accessed 
2009 Nov 2. 

33. Bongers-Schokking JJ, Koot HM, Wiersma D, Verkerk PH, de Muinck Keizer-
Schrama SM. Influence of timing and dose of thyroid hormone replace-
ment on development in infants with congenital hypothyroidism. J Pediatr 
2000;136(3):292-7.

34. Bongers-Schokking JJ, de Muinck Keizer-Schrama SM. Influence of tim-
ing and dose of thyroid hormone replacement on mental, psychomotor, and 
behavioral development in children with congenital hypothyroidism. J Pediatr 
2005;147(6):768-74.

35. Kimberlin DW, Lin CY, Sánchez PJ, Demmler GJ, Dankner W, Shelton M, et 
al. Effect of ganciclovir therapy on hearing in symptomatic congenital cyto-
megalovirus disease involving the central nervous system: a randomized, 
controlled trial. J Pediatr 2003;143(1):16-25.

36. Bosch AM. Classical galactosaemia revisited. J Inherit Metab Dis 
2006;29(4):516-25. Epub 2006 Jul 11.

37. McKiernan PJ. Nitisinone in the treatment of hereditary tyrosinaemia type 1. 
Drugs 2006;66(6):743-50.

38. Mitchell GA, Rezvani I. Tyrosine. In: Kliegman RM, Behrman RE, Jenson HB, 
Stanton BMD, editors. Nelson textbook of pediatrics. 18th ed. Philadelphia, PA: 
WB Saunders Co; 2007. p. 532-6. 

39. Newborn screening: toward a uniform screening panel and system. Genet 
Med 2006;8(Suppl 1):1S-252S.

40. Lai MW, Chang MH, Hsu SC, Hsu HC, Su CT, Kao CL, et al. Differential diag-
nosis of extrahepatic biliary atresia from neonatal hepatitis: a prospective 
study. J Pediatr Gastroenterol Nutr 1994;18(2):121-7.

41. Matsui A, Dodoriki M. Screening for biliary atresia. Lancet 
1995;345(8958):1181.

42. Maki T, Sumazaki R, Matsui A. Mass screening for biliary atresia. Jpn J 
Pediatr Surg 1999;31:242-6.

43. Chen SM, Chang MH, Du JC, Lin CC, Chen AC, Lee HC, et al. Screening 
for biliary atresia by infant stool color card in Taiwan. Pediatrics 
2006;117(4):1147-54.

44. Hung PY, Chen CC, Chen WJ, Lai HS, Hsu WM, Lee PH, et al. Long-term 
prognosis of patients with biliary atresia: a 25 year summary. J Pediatr 
Gastroenterol Nutr 2006;42(2):190-5.

45. Hsiao CH, Chang MH, Chen HL, Lee HC, Wu TC, Lin CC, et al. Universal 
screening for biliary atresia using an infant stool color card in Taiwan. 
Hepatology 2008;47(4):1233-40.

46. Balistreri WF, Suchy FJ, Farrell MK, Heubi JE. Pathologic versus physiologic 
cholestasis: elevated serum concentration of a secondary bile acid in the 
presence of hepatobiliary disease. J Pediatr 1981;98(3):399-402.

47. Javitt NB, Keating JP, Grand RJ, Harris RC. Serum bile acid patterns in neo-
natal hepatitis and extrahepatic biliary atresia. J Pediatr 1977;90(5):736-9.

48. Tazawa Y, Yamada M, Nakagawa M, Konno T, Tada K. Serum bile acid pat-
terns determined by an enzymatic method and high-performance liquid chro-
matography in young infants with cholestasis. J Pediatr Gastroenterol Nutr 
1984;3(3):394-401.

49. Yousef IM, Perwaiz S, Lamireau T, Tuchweber B. Urinary bile acid profile in 
children with inborn errors of bile acid metabolism and chronic cholestasis; 
screening technique using electrospray tandem mass-spectrometry (ES/MS/
MS). Med Sci Monit 2003;9(3):MT21-31.

✶ ✶ ✶


