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Biliary Dysgenesis and Congenital Cardiovas­
cular Malformation Association

A C zEIZE L

D e p a r tm e n t o f  H u m a n  G enetics a n d  T e ra to lo g y  — W H O  C o llab o ra tin g  
C en tre  fo r C o m m un ity  C ontro l o f  H e re d ita ry  D iseases, N a tio n a l In s t i tu te  o f  H y g ien e

B u d ap est, H u n g a ry

I n  a  p o p u la tion -based  u n se lec ted  reg is try  m a teria l in v o lv in g  1038 
u n id en tif ied  m u ltip le  congen ita l ab n o rm a litie s  th ere  w ere 20 cases  w ith  a 
co m b in a tio n  o f  b ilia ry  dysgenesis a n d  co n g en ita l c a rd io v ascu la r m a lfo rm a ­
tio n s. One subg roup  co n ta in ed  7 cases  w here th e  above c o m b in a tio n  was 
a ssoc ia ted  w ith  o th e r  m a jo r  c o n g e n ita l abnorm alities. A n o th e r  su b g ro u p  
co n ta in ed  13 cases w ith  th is  c o m b in a tio n  o f  congenita l anom alies . T h e  fam ily  
s tu d y  de tec ted  tw o  sib-occurrences. O ne o f  th e m  w as a  ty p ic a l m a n ife s ta tio n  
o f  A lagille syndrom e. T here  a re  p ro b a b ly  som e o th e r c h a ra c te r is tic  com ­
b in a tio n s  o f  these  tw o  ty p e s  o f  c o n g e n ita l anom aly , e.g. v e n tr ic u la r  sep ta l 
d efec t a n d  ex tra h e p a tic  b ilia ry  ta re s ia . T h is  g roup  o f  co n g en ita l an o m a ly  
co m b in a tio n s o f  he terogeneous o rig in  h a s  been nam ed b il ia ry  dysgenesis 
— congen ita l ca rd io v ascu la r m a lfo rm a tio n  association .

The occurrence of two or more dif­
ferent developmental morphogenetic 
abnormalities (MCAs) [17] are of im­
portance from public health aspects. 
The birth prevalence of registered 
MCAs was 4.0 per 1000 total births 
in Hungary in the period 1973 — 1982 
[20]. The proportion of MCAs was 
about 10% within all recorded cases 
affected by congenital abnormalities 
(CAs). Rates of stillbirth and infant 
death in MCAs were 8.7% and 23.8%, 
respectively, and these figures are 10 
and 9 times higher than the Hun­
garian population figures in the study 
period.

In Hungary 7049 index patients 
with MCA born between 1973 and 
1982 were notified to the Hungarian 
Congenital Malformation Registry. 
Only 29% notified MCA cases were

specified as CA syndromes or CA asso­
ciations. (Additionally, 60% of the 
identified cases had Down syndrome). 
Hundreds if not thousands of MCA- 
entities remained undelineated [65], 
thus it is not possible to estimate the 
prognosis and recurrence risks. There 
are two main possibilities to decrease 
the proportion of unidentified MCAs. 
On the one hand we have to do our 
best to increase the expertise of 
clinicians in the identification of rec­
ognizable MCA-entities. On the other 
hand it is necessary to create new 
opportunities for syndromologists to 
delineate further MCA-entities. In 
order to achieve the latter, we have 
introduced a registry approach for the 
evaluation of unidentified MCAs.This 
approach has several steps as fol­
lows:
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Case number 
(sex)° COM BD Other OAs

41 (F) V entricular sep tal defect 
(VSD)

E H B A (Haemangioma)

70 (F) P a ten t ductus arteriosus 
( +  foram en ovale aper- 
tum )

IH B A + E H B A , 
biliary cirrhosis

160 (M) V entricular sep tal defect 
(-(-patent) ductus arteriosus

E H B A (Undescended testes)

171 (M)* Truncus comm unis (-(-at­
ria l septal-(-ventricular sep­
ta l  defect)

H ypoplasia o f ga ll­
b ladder

Intestinal atresia  (pyloric) 
+caecum  m ob ile+ stric- 
ture of ureterovesical orifice 
+ h y d ro u re te r+ hyd rone­

phrosis, b ila te ra l
251 (F) Stenosis o f pu lm onary  ar 

te ry
IH B A (Shortened d is ta l p h a la n ­

ges: brachym esophalangia) 
Growth and m en ta l r e ta r ­

dation
268 (F) V entricular sep tal defect E H B A —

303 (F) CCM (“complex” ) E H B A (Malrotation o f kidney)

357 (M) A tria l sep ta l defect, type 
I  and  ven tricu lar septal 
defect

E H B A Atresia o f bowel

376 (F) A trial septal defect, +  d y ­
stopia of pulm onary  veins

Aplasia o f gall­
b ladder

Cleft p a la te+ sy n d ac ty ly , 
right toes I I I —IV + h y p o - 
plasia of kidneys caecum  
m obile+fusion of le ft 

I I I —IV  ribs
424 (M) Stenosis of pulm onary  ar­

tery
IH B A —

434 (F) V entricular sep tal defect E H B A —

464 (M)* Common atrioventricular 
canal-)-ventricular septal 
defect-{-valvular anomalies

H ypoplasia o f ga ll­
b ladder

Split hand, le ft+ M eckelis  
d iverticu lum + hypoplasia  
o f penis+undeseended  
right testis supernum erary  
vertebra (thor. V —VI)

493 (F) Tetralogy of Fallo t A plasia o f gall­
b ladder

D iaphagmatic defect, le ft 
(+ hypoplasia o f lung)

695 (F) V entricular sep tal defect E H B A —

876 (M) D extroposition of ao rta Aplasia o f gall­
b ladder

Hypoplasia o f lu n g +  
Auricular deform ation

888 (F) P a ten t ductus arteriosus IH B A -fE H B A , 
biliary  cirrhosis

(Congenital inguinal h e r­
nias)

919 (M) V entricular sep tal defect IH B A —

967 (F) V entricular sep ta l defect IH B A + E H B A —

1008 (M) Stenosis o f pulm onary  a r­
te ry

IH B A , b ilia ry  
cirrhosis

(Splenomegaly)

1180 (M)* V entricular septal defect+  
dextraposition o f ao rta

Cholangio-vascular 
dysplasia o f liver 

Pseudocirrhosis

Congenital hydrocephalus 
w ith agenesis o f corpus 

callosum

M =  male
F  =  female
X =  unidentified MCAs

E H B A  =  extrahepatic b iliary  a tresia  
IH B A  =  intrahepatic b iliary atresia
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Birth 
weight 

(g)

Gesta­
tional
week

Outcome
(day)

Number
of Comment 

sibs
Diagnosis

2960 39 ID
(68)

2 One brother had b ilateral congeni­
ta l inguinal hernias

V S D + E H B A s

2400 39 ID
(78)

4 One sister is affected b y  same 
syndrom e (Case num ber 261)

Alagille s

1540 36 ID
(4)

2 Clomide ingestion during pregnan­
cy

V SD -l-E H B A s

3100 38 ID
(2)

2 R andom  com bination or 
C C M +E H B A +V isceral 

atresia-stenosis s ?

3200 40 Living 
(9 year)

3 One sister is affected b y  same 
syndrome 

(Case num ber 70)

Alagille s

3060 36 ID
(118)

4 One brother is affected by  Alagille 
syndrome

V S D + E H B A s or 
Alagille s

2840 40 ID
(180)

1 — C C M +E H B A  s

2000 38 ID
(2)

2 C C M +E H B A +V isceral 
atresia-stenosis s Î

1600 ID
(12)

2 One stillborn sib had  congenital 
hydrocephalus another liveborn 
has dyscrania w ith m ental and 

somatic retardation

R andom  com bination

2200 33 ID
(69)

2 Alagille s

2950

3750

37 ID
(2)
ID
(17)

2 M yasthenia gravis in  m other 

One sib has a tria l sep tal defect

VSD-J-EHBA s 

R andom  combination

2700 36 ID
(O)

2 — R andom  combination

2000 40 ID
(34)

2 Contraceptive pill use in first and 
second months of pregnancy

V S D + E H B A s

1600 30 ID
(2)

2 — R andom  com bination or 
Acilia s (?)

3130 36 ID
(116)

2 Contraceptive pill use immediately 
before conception; congenital in­

guinal hernias in  fa ther

Alagille s ( ?)

2600 39 ID
(146)

2 Down syndrome in one female sib VSD +  E H B A s

3400 40 Living 
(4 years)

1 A trial septal defect type  11 in 
father

Alagille s (?)

3260 40 ID
(31)

2 Contraceptive pill in first m onth 
o f pregnancy. One sib died owing 

to  eneephalocele

Alagille s

3100 40 ID
(3)

2 Five miscarriages R andom  combination

ID  =  infant death

5
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Registry-diagnosis in some well-de­
fined CA-entities [16].

A nationwide follow-up study un­
identified multimalformed cases by 
the help of Multiple Congenital Ab­
normality Examination Centres [15, 
21].

These two efforts eventually result­
ed in a 50% proportion of identified 
MCA entities.

A family study was organised to 
attempt the identification of MCA 
entities in 1982 — 1983. It helped us to 
decrease the proportion of unidentified 
MCA entities to one-third. Science 
1980 this type of evaluation has been 
performed continuously through the 
computerised data-base of the Case- 
Control Surveillance System of Conge­
nital Anomalies [16].

We are at the beginning of utilizing 
the computer system of Winter and 
Baraister [91] in the diagnosis of 
unidentified MCA entities on the basis 
of their component CAs.

We have established a diagnostic 
centre in a paediatric hospital for the 
detailed examination of unidenti­
fied multimalformed babies and their 
sib(s).

As mentioned above, in 1982—1983 
a family study was organised to 
evaluate 50% of unidentified multi­
malformed patients born between 
1973 and 1980 and recorded in the 
Hungarian Congenital Malformation 
Registry. A total of 1038 MC As were 
evaluated and among them 20 index 
patients had a combination o f óiliarv 
dysgenesis (BD) and congenital cardio­
vascular malformations (CCM), cor­
responding to the Alagille syndrome.

Our population-based material seemed 
to be adequate to evaluate the spec­
trum of the component CAs of this 
syndrome and perharps a wider group 
of BD-CCM association.

M a t e r i a l  a n d  M e t h o d s

A  spec ia lly  desig n ed  p o st-p a id  q u es tio n ­
naire  w ith  a n  e x p la n a to ry  le t te r  w as m ailed  
to  th e  m o th e rs  o f  1 384 in d ex  p a tie n ts  
hav ing  a t  le a s t 2 CAs a n d  reco rd ed  in  th e  
H u n g arian  C o n g en ita l M alfo rm ation  R e g ­
istry . W e a sk e d  th e se  m o th e rs  to  send  us 
all m edical d o c u m e n ts  connected  w ith  th e ir  
p regnancies a n d  th e i r  ch ild ren ’s CAs. 109 
le tte rs  (7 .9% ) w e re  re tu rn e d  b y  th e  p o s t 
office a s  u n d e liv e rab le . W hen  th e re  w as 
no response, w e ask ed  d is tr ic t n u rse s  to  
v isit an d  to  o b ta in  d a ta  on  these  fam ilies. 
H ow ever, 166 w o m en  (12.0% ) re fu sed  to  
respond. O n ly  th o se  q uestionna ires  w ere 
evalua ted  in  w h ic h  e v e ry  question  co n ce rn ­
ing CAs o f  s ib s  w as com pleted . S ibs in  
good h e a lth  w e re  n o t  exam ined  persona lly . 
L ethal CAs o f  in d e x  p a tie n ts  an d  sibs w ere 
checked on  th e  b a s is  o f  m edical do cu m en ­
ta tio n  in c lu d in g  a u to p sy  reco rd s. ( In  
H u n g ary  a u to p s y  is o b lig a to ry  fo r a ll d ead  
infants.) S ix ty - th re e  cases w ere excluded  
owing to  m isd iag n o sis  o r  to  noso log ical 
diagnosis a c h ie v e d  befo re  th e  s tu d y . T hus, 
ou r s tu d y  sam p le  fin a lly  invo lved  1038 
index  p a tie n ts  w ith  u n id en tif ied  MCA.

R e s u l t s

The combination of BD, i.e. CAs of 
gall-bladder, bile ducts and liver and 
CCMs was found in 20 index patients 
(Table I). This surprisingly high num­
ber of the cases represented 1.9% of 
the study sample and indicated a pre­
disposition of these two CA groups to

Acta Paediatrica Hungarica 28, 1987



Czeizel A  : Büiary dysgenesis and congenital cardiovascular malformation association 67

run together. The syntrophy index 
(66, 65) of the concurrence of BD and 
CCM was calculated on the basis of 
the recorded birth prevalence of BD 
(0.3 per 1000) and CCM (70 per 1000) 
in the study population of 527 640 
livebirths. The observed figure of 20 
exceeded significantly the expected 
one of 11.

The cases were separated into two 
subgroups.

The first subgroup included seven 
index patients (171, 357, 376, 454, 
493, 875 and 1180) with several other 
major CAs. The male : female ratio 
was 5: 2 .  All index patients died 
within the first three weeks of life and 
of these, 5 cases in the first three days 
of life. All of them had different pat­
terns of CAs besides BD and CCMs,
i.e. they may have been random com­
binations or some undelineated or un­
identified syndromes (Table I). Of six

cases, five had very severe complex 
CCMs. The exceptional case 875 had 
only dextroposition of the aorta but 
other CAs were not severe, and the 
classification of this index patient was 
not unequivocal between two sub­
groups. It was, however, remarkable 
that out of 7 cases, 6 had aplasia or 
hypoplasia of the gallbladder. Aplasia 
of the external biliary duct and gall­
bladder were recorded in one case; it 
was classified as extraAepatic ftiliary 
atresia (EHBA). In another case only 
cholangovascular dysplasia with pseu­
docirrhosis was recorded but it may 
have also been the consequence of 
biliary dysgenesis.

The second subgroup involved 13 
cases affected only by BD and CCM 
sometimes associated with minor 
anomalies, which are shown in brack­
ets. The proportion of this subgroup 
was 1.3% of the study sample. Two

Case number 70: 
E M. L

Case number 251
______  ЕЧИ

(Atresia of ductulus Shortened distal 
biliferus, hepaticus phalanges 
choledochus Grown retardation
Biliary cirrhosis Mental retardatior
arteriosus (foramen 
ovale apertum )

FlO. 1. F am ilia l c lu s te r o f  A lag ille  syndrom e

5* Acta Paediatrics Bungarica 28, 1087
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Case number 268 
B. R.

Intrahepatic 
biliary atresia 
Biliary cirrhosis 
Coarctation of 
aorta-Patent 
ductus arteriosus 
Deformation of 
skull.

Ventricular 
septal defect 
Extrahepatic 
biliary a tresia

F ig . 2. S ib -occu rrence  o f  A lagille sy n d ro m e  an d  v e n tr ic u la r  sep ta l defect — e x tra h e p a tic
b ilia ry  a tre s ia

of the subjects were sibs, and another 
female index patient had a sib-oc­
currence, but this brother was not an 
index patient because he was bom in 
1968. The male : female ratio was 5 : 8. 
Out of 13, 11 died. Both intrahepatic 
hiliary atresia (IHBA) (three cases) 
and EHBA (seven cases) were found. 
Three cases had both IHBA and 
EHBA.

The point is that EHBA had a pre­
dominance in this subgroup. The 
majority of CCMs was ventricular 
septal defect, it occurred in seven 
cases, but in one case it was associated 
with patent ductus arteriosus. The 
latter condition was diagnosed in an 
infant who died on the 4th day of 
life and this type of CCM may be 
physiological at this time. All but one

ventricular septal defect was com­
bined with extrahepatic biliary atresia 
and in one case with IHBA and 
EHBA. Thus the conbination of ven­
tricular septal defect and EHBA. 
seemed to be characteristic of this 
subgroup. Pulmonary stenosis was 
diagnosed in three cases, all of them 
combined with IHBA. Out of the 
remaining three cases, two had patent 
ductus arteriosus, one of them was a 
concurrence with foramen ovale aper- 
tum. In the last case the “complex” 
CCM was not specified.

The family study detected two af­
fected sib-pairs. Case 70 had IH B A +  
-f-EHBA and patent ductus arteriosus 
and died at about 11 weeks of her 
life (Fig. 1). Her sister had a similar 
combination of BD and CCM, though

Acta Paediatrica Hungarica 28, 1987



Gzeizel A  : Biliary dysgenesis and congenital cardiovascular malformation association 69

CCM is a survivor at 9 years of age. 
The brachymesophalangia, i.e. short­
ened distal phalanges, furthermore 
growth and mental retardation cor­
responded to the well-known symp­
toms of Alagille’s syndrome. Their 
parents seemed to be healthy. An­
other index patient (Case 268) had 
also an affected sib (Fig. 2). The 
index patient had EHBA and ventric­
ular septal defect while her brother 
was affected by IHBA and complex 
CCM. Both sibs died between 2 and 
6 months of their life.

D is c u s s io n

BD involves a wide spectrum of 
clinical diseases that previously were 
classified as neonatal hepatitis, bilia­
ry hypoplasia, ductular hypoplasia, 
EHBA and IHBA. Recently all of 
these variants of BD have been con­
sidered due to a single acquired dis­
ease process.

EHBA is defined as partial or total 
absence of permeable bile ducts be­
tween the hepatic porta and the duo­
denum. The normal extrahepatic bi­
liary duct is partially or totally 
replaced by fibrous remnants which 
have neither lumen nor epithelium. 
This macroscopic and microscopic 
situation excludes extrahepatic bili­
ary hypoplasia where the extrahepatic 
biliary duct is present and permeable 
but due to intrahepatic cholestasis 
bile flow is interrupted [8] .The extent 
and rate of bile duct destruction vary 
greatly from case to case. The gall­
bladder may be absent or present. In

20 % of cases with EHBA gallbladder 
and cystic duct are present and per­
meable but lack connection with the 
intrahepatic biliary ducts. EHBA is 
often associated with IHBA and al­
ways with more or less precocious 
biliary cirrhosis. It is wort-hwhile 
separating the EHBA with discon­
tinuity of bile duct (“correctable”) 
and EHBA without discontinuity of 
bile duct (“noncorrectable”), though 
the Kasai hepatoportoenterostomy 
operation resulted in a considerable 
improvement in the life expectancy 
in the latter subgroup too.

Infants with BD are not jaundiced 
at birth because of maternal clear­
ance of bilirubin via the placenta. 
Jaundice usually occurs after the 2nd 
or 3rd day of life. The point is that 
jaundice in an infant of more than 2 
weeks of age associated with yellow 
urine or acholic stools indicates po­
tentially serious BD. The inflamma­
tory destruction of the extrahepatic 
bile ducts and the sclerosing process 
which extends to the intralobular 
ducts is rapidly followed by biliary 
type cirrhosis. The mean age of mor­
tality is 11 months in untreated cases. 
The survival rate is only 2% at the 
age of 4 years [52]. The incidence of 
EHBA is estimated as 0.5 —1.0 per 
10,000 livebirths [8, 52, 70, 71, 80]. 
EHBA is the most frequent cause of 
extrahepatic cholestatis in infants. 
There is a 4 to 5 fold increased inci­
dence in populations of the Pacific and 
Indian ocean areas [8].

Fessy et al (1985) presented char­
acteristics in the diagnosis of 143 
infants with suspected biliary ob-
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struction. 69 patients had surgically 
confirmed extrahepatic diseases and 
74 had intrahepatic disorders. A dis­
proportionate number of infants with 
intrahepatic disease were boys (65% 
versus 52%; p =  0.013), low birth 
weight (35% versus 11%; p =  0.001) 
or had siblings with liver disease (13 % 
versus 2%; p =  0.017). Thus these 
two groups of biliary obstruction in 
infancy may be different in origin. 
According to the most accepted em- 
bryological view, the proximal liver 
anlage or entodermal outgrowth 
forms the extrahepatic bile duct sys­
tem and all the hepatic ducts in the 
liver whose course lies between the 
lobules (interlobular bile ducts of the 
portal septa). The smaller, intralob­
ular bile ducts which connect the bile 
canaculi to these interlobular ducts 
are formed with the liver cells from 
the mesodermal liver anlage. These 
structures, also called perilobular bile 
ducts of canals of Hering, differentiate 
from the liver-cell cords [60].

Landing [46] proposed the concept 
of “infantile obstructive cholangio- 
pathy”. This hypothesis suggests that 
neonatal hepatitis, biliary atresia and 
choledochal cyst are different patho­
logical responses to a variety of single 
insults to the fetal biliary tract. The 
insults would be modified by the 
genetic and metabolic background of 
the host. The process is dynamic, all­
owing for the progression of neonatal 
hepatitis to biliary atresia. Overlap­
ping histological findings in these con­
ditions tended to support this con­
cept. The presence of inflammatory 
cells, the occurrence of giant cells and

the lack of recovery of Listeria mono­
cytogenes or parasitas successive preg­
nancies an unconfirmed finding, [11] 
has led to the assumption that some 
viral agent was responsible for EHBA. 
Thus, though biliary atresia was 
originally thought to be a develop­
mental defect, microscopical exami­
nation of the bile ducts revealed post­
natal process of infections [93]. Still, 
virus isolation and serologic studies 
have usually been negative ex­
cept occasional cases associated with 
schemes based on developmental ap­
proaches (Clark, 1986) have led to the 
definition of five basic groups of CCMs.

I. Cell migration abnormalities, 
such as truncus communis, trans­
position of great arteries, tetral­
ogy of Fallot, ventricular septal de­
fect type I (i.e. supracristal).

II. Flow lesions as atrial septal 
defect type II, ventricular septal de­
fect type II, hypoplastic left heart, 
bicuspid aortic valve, valve stenosis, 
pulmonary valve stenosis, patent duc­
tus arteriosus, coarctation of aorta, 
pulmonary atresia.

III. Cell death such as Ebstein 
anomaly or ventricular septal defect 
type IV (i.e. muscular).

IV. Extracellular matrix abnormal­
ities such as endocardial cushion 
defect, ventricular septal defect type 
III.

V. Targeted growth defects as 
total anomalous pulmonary return.

The combination of CCM and BD, 
more precisely EHBA was published 
first by Sweet [85] who described three 
cases in one family; two of the three 
had right ventricular hypertrophy,

Acta Paediatrica Uungarica 28, 1987



Czeizel A : Biliary dysgenesis and congenital cardiovascular malformation association 71

Glycogen storage IV. ------------
G alactosaem ia 635/1975
Aminoaciduria A. A.
a-antitrypsin deficiency were excluded

2450 g 2830 g 2650 g 
Cirrhosis Cirrhosis Atresia of 
hepatis hepatis ductus

choledbchus
galbladder
Billardy
cirrhosis

F ig . 3. F am ilia l c lu s te r o f  b ilia ry  a tresia -liv er c irrhosis o f  au to so m a l recessive  origin. 
Cases fro m  H u n g a rian  C ongenital M alfo rm ation  R e g is try

one with ventricular septal defect and 
patent ductus arteriosus. Krauss [43] 
reported 5 sibships in which two or 
more sibs were affected by EHBA; 
renal and cardiac CAs were also found 
in these cases. Porter et al [69] and 
Millard [55] also found families in 
which cytomegalovirus [39, 47] (Fig.
3) and rubella [83]. Recently, Morecki 
and coworkers [56, 57, 58] have found 
some evidence of the causal role of 
reovirus type 3 infection in the pa­
thogenesis of biliary atresia. Serologic 
observations using an indirect im- 
munfluorescent-antibody technique 
namely showed that 17 out of 26 
patients (65%) under one year of age 
with biliary atresia had antibodies to 
Reo type 3 as compared with only 
7 of 48 age-matched controls (14.6%). 
Some authors [27] were hesitant to 
accept this finding because they could 
not detect any difference in biliary

atresia, neonatal hepatitis and control 
groups. Nevertheless, later Morec et 
al [58] confirmed their previous re­
sults in a much larger material and 
in cases with neonatal obstructive 
cholangiopathy [32] and by immune 
cy tochemical and ultrastructural meth­
ods [57] they were able to detect 
reovirus type 3 in the hepatic porta 
of an infant with EHBA. In addition, 
experimental infection with Reo-3 of 
weanling mice resulted in acute hepa­
tobiliary inflammation which evolved 
into a chronic icteric disease with ob­
literative inflammation of the extra- 
hepatic bile ducts resembling EHBA 
[9, 67]. A common observation in 
both murine and human disease was 
the failure to identify Reo-3 during 
the icteric phase either by viral isola­
tion or electron microscopy. It has 
been suggested that this stage of dis­
ease may due to defective viral parti-
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des which lack the genetic material 
necessary for replication but continue 
to produce some viral coded proteins 
[9]. Recently, Waever et al [89] have 
indicated an association of EHBA and 
neonatal Epstein—Barr virus infec­
tion acquired in utero. In view of the 
association of hepatitis with Epstein — 
Barr virus in later life [42], this infec­
tion seemed to be responsible for the 
development of bile duct obstruction. 
The intrauterine viral infection theory 
was confirmed by two epidemiological 
studies. Danks et al [23] noted time- 
space clusters of cases with EHBA  
in Australia while Strickland and 
Shannon [84] analysed 30 EHBA cases 
in northern Texas between 1972 and 
1980 and found a preponderance of 
affected infants from rural counties 
and during the fall. Thus, environ­
mental factors may be important in 
the aetiology of EHBA. Still, intra­
uterine viral infections in twin preg­
nancies rarely show discordance of the 
disease in the twins regardless of 
zygosity. In spite of this observation, 
except in one case no twins concordant 
for EHBA were reported [61, 85, 90], 
and the four twin-pairs were dizygotic. 
The exceptional report of biliary atre­
sia in both of twins of unknown zygos­
ity  appeared in the Russian literature 
[40]. Thus, it is difficult to exclude 
other aetiological hypotheses.

EHBA was found in experimental 
animals after surgical ligation during 
the few weeks around the middle of pre­
gnancy, of either the extrahepatic bile 
duct or the branch of the hepatic art­
ery supplying the biliary tree [36, 59, 
68, 82]. The work of Pickett and Briggs

[68] and of Spitz [82] suggested that 
the mechanism of EHBA was an oc­
clusion of the arterial supply of the bi­
liary tree. Thus, biliary atresia would 
have the same mechanism as that de­
monstrated for intestinal atresia [10]. 
This common cause may explain the 
combination of visceral, mainly intes­
tinal atresia and BD [30]. EHBA was 
found in fetal alcohol syndrome, too 
[26, 64]. The possibility of a genetic 
background in the origin of EHBA 
was also raised on the basis of family 
clusters which indicated an autosomal 
recessive inheritance [37, 78, 91] 
(Fig. 4).

CCM constitutes a major problem 
of CAs because of its common occur­
rence, the birth prevalence being 7 — 
10 per 1000, and high mortality. The 
aetiology of CCMs is heterogeneous, 
but only a small proportion is attrib­
utable to chromosomal, Mendelian or 
teratogenic factors. Although the fa­
milial cluster of CCMs has long been 
recognized, low heretibility was in­
dicated by both twin and family 
studies [19]. More recently, classifi­
cation multiple sibs and/or parents 
appeared to have BD-CCM combina­
tion.

Arteriohepatic dysplasia, i.e., the 
combination of pulmonary arterial 
stenosis, neonatal liver disease, skel­
etal anomalies, odd facial appearance 
and its familial occurrence caused by 
autosomal dominant inheritance was 
described by Watson and Miller [88] 
and the syndrome of intrahepatic bili­
ary dysgenesis (IHBD) and CCM by 
Greenwood et al [34]. Review of their 
autopsy material between 1923 and
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821/1975 
A. X

CFRsComplement fixion reaction

CD

Cirrhosis Cirrhosis 
hepatis hepatitis
CMV-CFR: CMV-CFR:
positive positive

F ig . 4. S ib-oocurrence o f  b ilia ry  a tre s ia -liv e r c irrhosis. T he cause w as cy tom egalov iru s  
in fec tion  b a sed  on  serologica l m eth o d s

1973, i.e., during 50 years revealed 
four patients with IHBD and CCM; 
patent ductus arteriosus and periph­
eral pulmonary stenosis were pres­
ent in two, patent ductus arteriosus 
in one and patent ductus arteriosus, 
peripheral pulmonary stenosis, pulmo­
nary atresia and ventricular septal 
defect in one case. None of the necrop- 
sied patients with extrahepatic bili­
ary dysgenesis had CCM. CCM was 
diagnosed in eight additional living 
patients with IHBD. Six exhibited 
clinical and laboratory findings of 
peripheral pulmonary stenosis (one 
documented at cardiac catheteriza­
tion and subsequently operated upon 
for associated ventricular and atrial 
septal defect) and in two the ausculta­
tory findings were compatible with 
the diagnosis of peripheral pulmonary 
hypertension but could not be verified.

The point is that peripheral pulmo­
nary stenosis with or without other 
CCMs was present in 9 patients and 
isolated patent ductus arteriosus in 
one. In their opinion mainly vascular 
and not intracardiac structures were 
predominantly involved. Two of the 
patients were sibs, one of whom died 
and also had cystic disease of the 
kidneys and hemivertebras. At the 
same time, Alagille [2, 3, 4, 5, 6] de­
lineated a syndrome of

(i) unusual facies (broad forehead, 
frontal bossing, deeply set eyes with 
mongoloid slant, ocular hypertelorism, 
flattened malar eminence, long straight 
nose with prominent nasal bridge and 
a pointed mandible); these facial fea­
tures may not be evident at birth. 
Recently, the importance of ocular 
anomalies have been pointed out, 
namely bilateral ocular posterior
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embryotoxon: prominence of Schwal­
be’s line [72, 80], pigmentary retino­
pathy, Axenfeld anomaly, strabismus, 
band keratopathy, anomalous optic 
disks, choroidal folds, unilateral ecto­
pic pupil [75, 71].

(ii) Heart lesions mostly peripheral 
pulmonary stenosis (isolated in 55% 
and with other CCMs in 45 % of cases) 
but tetralogy of Fallot, coarctation 
of the aorta, ventricular and atrial 
septal defect, patent ductus arteriosus 
have also been reported [24].

(iii) CAs of bones fusion of ribs, 
shortened distal phalanges, failure of 
anterior vertebral arch fusion, so- 
called butterfly vertebrae [76].

(iv) Life-long cholestasis presumably 
intrahepatic in origin, probably sec­
ondary to some unidentified defect of 
bile formation. The common bile duct 
is hypoplastic but patent and there 
are few bile ducts in the portal areas, 
but ductular proliferation has occa­
sionally preceded ductular paucity 
i.e. it is a ductular hypoplasia [32].

The failure of development of in­
terlobular ducts is the most attractive 
hypothesis, since a reduced number of 
bile ducts is consistently seen in very 
young infants [63].

Involvement of extrahepatic ducts 
was found in 10 of 54 cases [63]. Thus, 
liver disease is mostly benign, with­
out progression to cirrhosis which only 
occurred in 3 of these cases and was 
intrahepatic cholestasis [76], e.g. in­
trahepatic cholestasis (21330), fetal 
intrahepatic choleastasis — Byler 
disease (21160),cholestasis with lymph- 
oedema (21490) [53].

(v) Hyperlipidaemia after 6 months

of age with xanthomata which re­
sponded to cholestyramine treatment 
with 16-year survival [29].

(vi) Suboptimal physical, intellectual 
and sexual development (hypogonad­
ism). Some authors also demonstrat­
ed kidney diseases like renal dysplasia, 
renal artery stenosis, progressive renal 
failure caused by severe tubulointer­
stitial nephropathy or renal hyper­
tension in this syndrome [38, 45].

The aetiology of Alagille's syndrome 
was explained by autosomal domi­
nant origin with very variable ex­
pression on the basis of some families 
[1, 4, 35, 45, 48, 49, 76, 80].

Kocoshis et al [41], however, de­
scribed a patient with pulmonary 
valvular atresia, overriding aorta and 
ventricular septal defect (pseudotrun- 
cus arteriosus), “wizened” facies and 
butterfly vertebrae associated with 
EHBA. Zulun et al [93] published 
three cases with EHBA associated 
with cyanotic heart disease. Pre­
viously only four well-described pa­
tients were reported who had both 
cyanotic CCMs and EHBA [31, 44, 
50, 54]. Gorelick et al [33] observed 
three patients with CAs of the biliary 
tract which included an overall de­
crease in the number of intrahepatic 
ducts, attenuation of the intra- and 
extrahepatic biliary tract and focal 
regions of dilatation of the intra­
hepatic ducts. Thus, one could spec­
ulate that perhaps both the intra- and 
extrahepatic attenuation or atresia 
are secondary to a primary defect in 
bile formation which in the neonate 
leads to atrophy of the bile ducts [22]. 
Furthermore, these biliary tree ab-
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T a b l e  I I

C om ponent CAs o f  som e a ty p ica l com b ina tions o f  BD-CCM

Author Sex CCM KHBÀ Other CAs

K rovitz 1960 F T otal anomalous pulm onary venous drainage + Talipes equinovarus

McLoughlin—Shauklin 
1967

M Transposition of great arteries and  to ta l anomalous 
pulm onary venous drainage

+ Accessory spleens and unilateral glomerular 
dysplasia

Freedeom—Gerald, 
1973

F Tricuspid atresia and to ta l anomalous pulm onary 
venous drainage

(accessory
hepatic

tissue)

Coloboma, anal atresia, cleft palate, poly­
splenia, annular pancreas

Lilly—Chandra, 1974 M Total anomalous pulm onary drainage, m itral atresia, 
hypoplastic aortic arch, ventricular septal defect, 
preductal coarctation of aorta  and hypoplastic 

left ventricle

+ G astrointestinal malformation, oesophageal 
atresia w ith tracheoesophageal fistula, ver­
tebral CAs, right renal agenesis, polysplenia 

and pulm onary levoisomerism

Zukin e t al, 1981 F Tetralogy of Fallot —

M Transposition of great arteries + —

F Tetralogy of Fallot, mirror-image dextrocardia + Situs inversus

Kocoshis et al, 1981 M Pulm onary valvular atresia overriding aorta, 
ventricular septal defect (pseudotruncus arteriosus)

- f “ W izened” facies, B utterfly  vertebrae

Mueller e t al, 1984 M Ventricular septal defect and pulm onary stenosis
(-; IHBA)

Hypoplastic right kidney

F Nodular dysplasia m itral and tricuspid valves + Narrow distal interpedicular distance

F Aortic stenosis, pulm onary stenosis, and obstructive 
cardiom yopathy

+
(+ IH B A )

Trilobed left lung, four-lobed right lung

C
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normalities may be just one more 
finding in a multiorgan disease, since 
there is a great variety of phenotypic 
manifestation of BD-CCM combina­
tions [63]. These cases provide evi­
dence that EHBA may also accompany 
the other findings of arteriohepatic 
dysplasia. Some atypical cases are 
summarized in Table II.

There are some well-described as­
sociations of polysplenia syndrome, 
situs inversus and EHBA [13, 25, 51, 
87]. These cases suggest that they may 
be the result of a common patholog­
ical process, and the morphologically 
defective ciha might be responsible 
for their relation at the cellular level. 
The point is that within the combina­
tions of BD and CCM several nosolog­
ical entities have to be differentiated 
(Fig. 5).

It is a reasonable supposition that 
IHBA prefers to associate with CAs of 
great vessels, i.e. pulmonary stenosis 
and patent ductus arteriosus, while 
EHBA is mainly associated with car­
diac CAs.

The most important conclusions are 
as follows:

The existence of Alagille syndrome 
involving IHBA and CCM, mainly 
pulmonary stenosis, was confirmed

both in the literature and in our 
material. There were at least four 
cases in our study sample. The sib- 
occurrences seemed, however, to in­
dicate an autosomal recessive origin, 
as has been assumed also by Mücke 
[62], instead of the autosomal domi­
nant inheritance and penetrance may 
also support this.

Probably there is another syndrome 
which involves EHBA and CCM 
mainly ventricular septal defect. The 
sib-occurence in our study sample 
indicated an autosomal recessive in­
heritance, confirming previous find­
ings [85, 43, 63].

Our study sample involved mainly 
lethal cases; this, however, might 
have been the consequence of a selec­
tion bias due to the obligatory autopsy 
and complete ascertainment in dead 
infants.

There are some other characteristic 
combinations of BD, CCM and other 
CAs, e.g. the combination of visceral 
(e.g. bowel) atresia and polysplenia. 
Thus I suggest the term biliary dys­
genesis-cardiovascular G A -association 
for the group of these MCA-entities 
of heterogenous origin. The associa­
tion of biliary atresia with CCMs 
strongly suggests a common aetiology

Alagille syndrome 
or

IHBA^CAs of great 
w essels syndrome

BD CCM association~~|-

EHBA ♦ VSD EHBA ♦ Cardiac 
syndrome CAs association

Heterotaxy 
association 
(polysplenia ♦ 
situs inversus 
♦ EHBA

BD*CCM* Visceral 
a tresia-stenosis 
association

Arterohepatic dysplasia

Other syndromes : 
Zellweger (cerebro- 
hepato-renal) s 
Biliary hyperplasia 
with renal insufficiency 
Laurence-Moon-Biedl s 
Meckel s

F i g . 5. T h e  suggested s t ru c tu re  o f  B D  (b ilia ry  dysgenesis) — CCM (con g en ita l ca rd io ­
v a s c u la r  m a lfo rm ation ) assoc ia tion
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of the biliary and cardio-vascular 
developmental disturbances. On the 
one hand the possible role of intra­
uterine infection should be considered. 
On the other hand, the genetic back­
ground has been proven in some 
syndromes within this CA-association.
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