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What is Alagille Syndrome?

Definition: A disease characterized by bile duct 

paucity associated with lack of bile flow 

(cholestasis), characteristic facies, heart 

disease or murmur, pulmonary artery 

narrowing, bone, eye, kidney, and other 

features.

PA/PPS 67%

PVS 3%

TOF  16%

ASD 4%

PDA  5%

VSD +ASD 1%



What Causes Alagille Syndrome?

Mutations in a gene Jagged1 that codes for a 

protein in the Notch signaling pathway. 

Dominantly inherited, highly variable among 

different family members.  

About 1% of cases are due to a Mutation in 

NOTCH2 rather than Jagged1

PA/PPS 67%

PVS 3%

TOF  16%

ASD 4%

PDA  5%

VSD +ASD 1%



What is the Function of the Liver?

ÅTo make many important body proteins

ïClotting proteins

ïAlbumin

ÅTo purify or detoxify the blood 

ïBilirubin

ïDrugs, medications and toxins

ÅTo excrete (eliminate) toxic waste products

ÅTo control blood sugar levels and other body functions



What is the Structure of the Liver?

ÅLiver cells (hepatocytes)

ÅBile duct cells 
(cholangiocytes) and bile 
ducts

ÅSinusoids and blood 
vessels

ïPortal vein

ïHepatic artery

ÅImmune cells and 
scavengers (Kupffer 
cells)

ÅFibrosis producing cells 
(stellate cells) From Netter



Liver Cross Section

A. Hepatocytes

B. Hepatic artery

C. Portal vein

D. Bile duct

E. Ductule

F. Canaliculus

From Netter



What is Bile Duct Paucity?

Bile flows from the liver cells (hepatocytes) 

through the bile ducts into the intestine

Normally, there are 1-2 bile ducts in each portal 

tract

Paucity means a decrease in the number of bile 

ducts in the portal tracts, usually less than one 

duct per two portal tracts

This can only be seen on liver biopsy

Many different diseases can have bile duct paucity



Bile Duct Paucity

Portal triad:  1) artery, 2) vein, 3) bile duct



Syndromic vs. Nonsyndromic Paucity

Alagille D, et al. J Par Pediatr, 1969.

Watson G and Miller V. Arch Dis Child, 1973.

Alagille D, et al. J Pediatrics, 1975.

Syndromic Paucity

Arteriohepatic dysplasia

Watson-Alagille syndrome

Alagille Syndrome



How Common is Alagille Syndrome?

The incidence of AGS is about 1 in 35,000 births (!!)

Causes of Neonatal Hepatitis

Biliary atresia 40%

Alagille syndrome 8%

1-antitrypsin deficiency 8%

Choledochal cyst 3%

TORCH & infectious hepatitis 6%

Other rare metabolic disorders 20%

Idiopathic neonatal hepatitis 15%



What Problems Suggest Alagille Syndrome?

Typical scenario in infancy

Severe heart disease or a heart murmur 

Neonatal hepatitis or neonatal jaundice

Poor growth

Problems in other organ systems

Labs

Conjugated bilirubin

Elevated ALT

Elevated GGT



How is Alagille Syndrome  Diagnosed?

Diagnostic Studies: No single test is sufficient

Lots of lab work to look for other things

Ultrasound: to look for stones

and malformations, and to 

look at the kidneys

Scintigraphy (Disida) : to look 

for excretion into the bowel

Needle liver biopsy: typically 

with paucity. May be 

misleading early in life

Heart exam, eye exam

Testing for Jagged1 mutation



Alagille Syndrome: Criteria For Diagnosis

ÅBile duct paucity, and three of 5 clinical criteria

ïñCholestaticò characteristic facies

ïHeart murmur or disease

ïButterfly vertebrae

ïPosterior embryotoxon

ïCholestasis 

ÅFamily history and two or even one criteria

ÅFive or four clinical criteria without paucity

ÅMutation in Jagged1 with any number of criteria



What is Cholestasis?

ÅCholestasis - reduction of bile flow from the liver.

ïBile acids

ïBilirubin

ïCholesterol

ïDrugs and toxins

ÅJaundice ïyellowing of the eyes and the skin due to an 

elevated unconjugated or conjugated bilirubin

ÅCholestasis is common in patients with bile duct paucity



Cholestasis

ALAGILLE SYNDROME



Cholestasis And Xanthomas



Cholestasis (95%)

Variable hyperbilirubinemia

Markedly elevated bile salts

Elevated alkaline phosphatase

Elevated glutamyl-transpeptidase

Markedly elevated cholesterol

Xanthomata

Pruritus

Fat malabsorption

Vitamin malabsorption:  A, D, E, K

Metal accumulation and deposition

DISIDA scan retention

ALAGILLE SYNDROME



Characteristic Facies (94%)

ALAGILLE SYNDROME

Triangular facies, prominent forehead, deep set eyes, hypertelorism

Kamath et al, Am Jour Med Genet, 2002



Features in Adults

Kamath et al, Am Jour Med Genet, 2002



Skeletal Anomalies In AGS 

Butterfly vertebrae (64%)

Decreased interpedicular distance

Lack of normal progressive increase in lumbar 
interpedicular distance

Shortened distal phalanges

Shortened ulna, radius

Shortened femur



Ocular Abnormalities in AGS

Posterior embryotoxon 79%

Axenfeld anomaly

Pigmentary retinopathy

Exotropia

Ectopic pupil

Band keratopathy

Anomalous optic discs

Keratoconus

Night blindness

Abnormal ERG

Optic disc drusen



Cardiac Abnormalities In AGS - 96%

ÅPVS 8%

ÅPPS (67-88%) 

ÅVSD 5%

ÅASD 5%

ÅTOF 12%

ÅPAS 35%

Watson and Miller.  Arteriohepatic dysplasia: 

Familial pulmonary arterial stenosis with 

neonatal liver disease,  Arch Dis Child, 1973.

Emerick, et al, Hepatology, 1999.

Data from 92 patients.

McElhinney et al, Am J Cardiol, 2002. 

200 cases of AGS, 154 with JAG1 mutation.  

ÅPA 1-2%



Frequency Of The Five Major Features Of AGS

# Pts       Liver  Heart Eye Vertebrae      Facies

Deprettere 27 25 / 27 26 / 27 9 / 16 6 / 18          19 / 27

Emerick 92 88 / 92 90 / 92 65 / 83 37 / 71          86 / 92

Quiros-Tejeira 43 43 / 43 42 / 43 16 / 22 12 / 32          42 / 43

Lykavieris 172    161 / 172 162 / 172 119 / 142   123 / 155      165 / 170

Total 334    317 / 334 320 / 334 209 / 263   178 / 276      312 / 332

% of pts 95% 96% 79% 64% 94%



Other Features of Alagille Syndrome

Kidney disease

Blood vessel disease

Stroke and intracranial bleeding

Bleeding, unusual or unexpected

Malnutrition and poor growth

Bone disease and fractures



Aortic coarctation
Raas-Rothschild et al, 2002

Quek et al, 2000

Shefler et al, 1997

LaBrecque et al, 1982

Hepatic artery anomaly
Nishikawa et al, 1987

Renovascular anomalies
Berard et al, 1998

LaBrecque et al, 1982

Moyamoya
Connor et al, 2002

Woolfenden et al, 1999

Rachmel et al, 1989

Internal carotid artery
aneurysm
Moreau et al, 1999

Moyamoya

Intracranial vessel 

aneurysms

Internal carotid artery

aneurysms

Aortic coarctation

Aortic aneurysms

Vascular Anomalies in AGS



Phenotypic Features And Outcome Of AGS Patients 

Emerick Quiros- Tejeira            Lykavieris

Total  no.  of pts 92 43 172

Inclusion period 1974-1997            1980-1997 1960-1998

Death 16 (17%) 12 (27%) 55 (31%)

Liver transplantation 19 (21%) 20 (47%) 41 (24%)

Intracranial bleeding 13 (14%) 5 (12%) 4   (2%)

Structural intracardiac disease           22 (24%) 13 (30%) 34 (18%)

Renal abnormalities 28 / 69 (41%)        15 / 30 (50%)       102 / 164 (62%)



AGS Proband Patient SurvivalSurvival
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Emerick, et al, Hepatol, 1999: Patient survival:  10 yr - 77% 20 yr - 75%

Lykavieris et al, Gut, 2001:  Patient survival:  10 yr - 68% 20 yr - 62%

Liver survival: 10 yr - 51% 20 yr - 38%

Mortality

25-33% Hepatic

25% Intracranial bleeding

15% Cardiac 

Other



Patient Survival And Heart DiseaseSurvival
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ALAGILLE SYNDROME

Emerick, et al, Hepatology, 29:822-9, 1999



Age At Peak Biochemical Cholestasis In AGS
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How is Alagille Syndrome Treated?

Medical Therapy:

To support liver function

To replace vitamin deficiencies

To treat itching

Nutritional Therapy

To support normal growth and development

Endoscopic Therapy

For complications of portal hypertension and GI bleeding

Surgical Therapy

Biliary diversion for severe itching

Liver transplantation for liver failure or portal hypertension

Heart surgery or heart transplantation



What Signifies Failure of Therapy?

ÅFailure of the liver to do basic liver functions

ÅComplications of severe portal hypertension

ïEsophageal variceal bleeding that cannot be controlled

ÅSclerotherapy

ÅBanding (ligation)

ÅShunts (portosystemic, many types)

ÅInability to grow

ÅOther complication that cannot be controlled (itching, fractures)



What is (Synthetic) Liver Failure?

Inability to make essential proteins / perform basic ñliver functionsò

Inability to clot ïPT and PTT

Low albumin

Inability to conjugate and excrete bilirubin

Unstable blood sugar levels

High ammonia level

Bleeding, bruising

Edema, swelling and ascites

Jaundice

Mental clouding or coma



What is Portal Hypertension?

ÅIncrease in the pressure in the portal vein 

ÅDue to obstruction of blood flow into the liver, usually due to 

scarring in the liver

ÅSpleen enlargement

ÅEsophageal (and other) varices ïmay result in severe 

bleeding

ÅVariceal bleeding may require medication, sclerotherapy, 

banding or a surgical shunt

ÅUncontrolled portal hypertension may lead to liver 

transplantation



Pediatric Transplantation

Primary diagnosis N / 3634

Biliary atresia 1932 (53%)

Fulminant hepatic failure 479 (13%)

Sclerosing cholangitis 111 (3.1%)

1-antitrypsin 103 (3%)

Alagille syndrome 91 (2.5%)

TPN cholestasis 76 (2.1%)

Cystic fibrosis 65 (1.5%)

Byler / FIC 50 (1.4%)

Source: SPLIT Registry, 12/97 to 06/07



Living-related Transplantation In AGS

Å40% of families will have a parent with AGS
ÅMany parents are apparently unaffected
ÅClinically inapparent disease in an AGS parent might 

preclude or complicate living-related transplantation

Gurkan et al.  Unsuspected bile duct paucity in donors for living-related 
transplantation:  Two case reports.  Transplantation, 1999.

ÅRecommend full preoperative evaluation for AGS features
ÅDonor biliary tract evaluation
ÅGenetic testing in patient / parents at time of listing

ALAGILLE SYNDROME



Genetics and Alagille Syndrome ïFirst Clues from Deletions

del 20p

20q control

Jag1



Translocation 2:20

Spinner NB, et al. Am J Hum Genet, 1994



20p12

SP DSL EGF-Like Repeats CR TM

AGS critical 

region

JAG1 gene

JAG1 protein

ALAGILLE SYNDROME



Mutations In JAG1 Cause AGS

Li, Krantz, et al.  Nature Genetics 16:243-251, 1997.

Oda, Elkahoun, et al. Nature Genetics 16:235-242, 1997


