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Summary

Intrauterine ligation of the common bile duct was carried out in
ten fetal lambs at approximately 80 days gestational age. Six of
the fetal lambs survived until term and were sacrificed at varying
periods until the 36th day of life. The lesion which developed
resembled a “correctable” type of extrahepatic biliary atresia
[Kasai type 1 (b)]. The lining epithelium was either totally or
incompletely denuded in the blind end of the common duct proxi-
mal to the obstruction.

Speculation

The compliance of the wall of the common bile duct would
appear to vary with the age at which an obstruction is introduced.
The finding of an incomplete epithelial lining in the blind bulbous
end of the proximal common duct may be of practical importance
in influencing the siting of a biliary-intestinal anastomosis in the
operative correction of the clinical condition. The failure to achieve
mucosa-to-mucosa apposition may predispose towards anasto-
motic stenosis with all its sequelae. The findings in this small
preliminary study are of sufficient interest to warrant further
investigation.

INTRODUCTION

The etiology and pathogenesis of biliary atresia remains obscure
despite numerous etiologic hypotheses and a wide variety of
unsuccessful attempts to produce the condition in the experimental
animal. Basically, the theories which have been proposed can be
divided into three categories.

EMBRYOLOGICAL DEFECT (29, 38)

Embryological defect is the failure of recanalization of the solid
stage of development of the extrahepatic ducts. Evidence to refute
this theory includes the rarity with which the condition has been
found in the newborn infant (18) and at necropsy of stillborns (5),
the fact that the onset of jaundice is delayed for 2 to 3 wk in most
cases (16, 22, 36), and the finding of atresia in a system previously
shown to be patent (8, 12, 26).

GENETIC DEFECT

Although biliary atresia has been documented in two (17, 23,
37) and even three (14, 28, 35) siblings in the same family, Danks
and Bodian (9) categorically state that there is no evidence for a
familial tendency in this disease. The condition is said to be more
common in the Japanese (3), but this has been contested by Shim
et al. (31).

VIRAL ETIOLOGY (4. 7. 10. 11, 24, 27, 34)

The basic pathology is reputed to be a sclerosing type inflam-
matory reaction of viral origin which produces varying degrees of
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damage to the liver cell and biliary duct epithelium. The end
result of the inflammatory process may be either neonatal hepatitis
when hepatocyte damage is predominant or extrahepatic biliary
atresia when the epithelium has been most severely damaged.

Attempts to produce extrahepatic biliary atresia in the experi-
mental animal have for the most part been unsuccessful. Experi-
mental procedures which have been reported include hepatic
artery ligation in a variety of fetal animals, e.g., rabbit (21), lamb
(25), and pig (1); ligation of the common duct in the pig (30): and
a combination of ligation with or without sclerosant injection in
the puppy (13). Only Pickett and Briggs (25) were able to produce
anything resembling extrahepatic biliary atresia. This was
achieved by interruption of the blood supply to the common duct
in the fetal lamb.

Ligation of the common bile duct in the newborn lamb has
been shown to result in choledochal cyst formation (32). This
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Fig. 1. Serial serum bilirubin levels (umol/liter) in Lambs 7 and 8.

Table 1. Caliber of extrahepatic biliary system following
intrauterine ligation of common duct

Maximum external

Duration of Total diameter (mm)
extrauterine survival —_—
survival time Common Gall
Lamb (days) (days) duct bladder
2 0 75 5 7
4 0 80 7 4
7 36 99 10 12.5
8 24 89 13 8
9 11 71 8 17
10 ) 13 88 10 14

epithelial lining



LIGATION OF THE COMMON BILE DUCT IN THE FETAL LAMB

report examines the effect of biliary obstruction in the developing
fetal lamb in utero.

MATERIALS AND METHODS

The experimental material consisted of ten pregnant ewes op-
erated upon at approximately 80 days of gestation (average ges-
tation, 155 days). The ewes were allowed access to water only for
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24 hr preoperatively, and the operation was performed under
general endotracheal anesthesia. Anesthesia was induced by IV
pentothal sodium and was maintained by nitrous oxide, halothane,
and oxygen.

OPERATIVE PROCEDURE

Using a sterile technique, the peritoneal cavity of the ewe was
entered by means of a lower abdominal midline incision. The

GB

Fig. 2. Macroscopic appearance of the liver and extrahepatic biliary system in Lamb 2 sacrificed on the first day of life. Total survival was 75 days.
Inset, liver and biliary system diagrammatically. GB, gall bladder; CBD, common duct; D, duodenum. The wall of the common duct has maintained its

parallelism and cannot be classified as cystic dilatation.
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appropriate horn of the bicornuate uterus containing the fetal
lamb was delivered into the incision and covered in warm moist
swabs. An area in the proximal uterus between the placental
cotyledons was selected for the uterine incision which was made
with electrocautery to limit blood loss. The edges of the incision
were grasped with tissue forceps and held vertical throughout the
operative procedure to limit the loss of amniotic fluid. The fetal
lamb was delivered out of the uterine cavity and gently placed on
warm moist swabs, taking particular care not to interfere with
umbilical circulation.

Table 2. Histopathological findings in the liver in lambs which had
undergone intrauterine common duct ligation

Prolif-
erating
bile Portal
Bile ductules tracts
plugs in enlarged
and portal Bile and Periportal
Lamb thrombi tracts lakes  edematous fibrosis
2 ++ + - + +
4 ++ + - + +
7 ++ + - + +++
8 ++ - + - +
9 ++ - + + ++
10 ++ - + + ++

SPITZ

FETAL PROCEDURE

The abdomen was opened via a right transverse muscle-cutting
incision using diathermy. The relatively large liver of the fetus was
gently retracted cranially, and the intestines, including the stomach
and duodenum, were displaced caudally. (Meticulous care is
imperative during these manipulations because the tissues are
extremely friable). The common bile duct of the fetus was identi-
fied within the gastrohepatic omentum, and a single 5.0 atraumatic
silk ligature was secured around the lower portion of the duct.
The common duct itself was not dissected free from its surrounding
structures, nor was it traumatized in any way other than that
involved in placing the ligature in position. The abdominal wall
of the fetus was closed in one layer with a continuous silk suture
including all layers.

The fetal lamb was returned into the uterine cavity within the
amniotic membrane. The uterine incision was closed in three
separate layers. The maternal abdomen was closed in layers.

POSTOPERATIVE MANAGEMENT

Perioperatively, the ewes received an IM injection of 2 megaun-
its of benzathine penicillin and 1 g of streptomycin. These anti-
biotics were continued postoperatively for 5 days. No other drugs
were administered during the postoperative period. The gestation
was allowed to continue to term.

RESULTS

One ewe died during the operation, and three aborted between
the second and fourteenth postoperative days due to technical or
infective complications. The remaining six ewes carried the preg-
nancy through to term and were delivered of healthy lambs. Two
of these lambs were sacrificed on the day of birth, two died

Fig. 3. Microscopic features of the liver in Lamb 10 showing the presence of bile lakes within the lobular tissue. X 130.
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unexpectedly on the 12th and 36th days of life, and the remaining
two were sacrificed because they were ill and listless on the 11th
and 24th days, respectively. A necropsy was performed immedi-
ately after death or sacrifice. The liver, biliary system, and duo-
denum was removed en bloc and fixed in a 10% formaldehyde
solution. Measurements were made of the greatest external di-
ameter of the gall bladder and the common bile duct proximal to
the ligature. Tissue from the liver and serial sections of the
extrahepatic biliary system from the porta hepatis to the duo-
denum were removed, embedded in a standard paraffin wax
technique, cut at 0.6 um, and stained with haematoxylin and eosin
and Masson’s trichrome. Cholangiography was not performed
because the delay in fixation of tissue may have resulted in
epithelial necrosis and therefore negated the histologic findings.

FINDINGS

All the animals were biochemically jaundiced at or within a few
days of birth. After a slight initial rise in bilirubin level in Lamb
7, there followed a progressive and sustained fall in bilirubin levels
to within normal levels. Conversely, Lamb 8 showed an initial fall
followed by a progressive rise in bilirubin levels (Fig. 1). The
effects of intrauterine obstruction of the common duct on the
caliber of the gall bladder and common duct proximal to the
ligature are shown in Table 1. In three lambs (Lambs 2, 4, and 8),
the gall bladder was collapsed and well below the expected size
for the normal neonatal lamb (17 mm). In the remaining three
lambs (Lambs 7, 9, and 10), the gall bladder was distended with
bile, but its dimensions remained within the normal range. The
bile duct proximal to the silk ligature was distended in all the
lambs, the extent of dilatation ranging from 5 to 13 mm (mean,
8.8 mm). (The normal common duct at this age measures 2 mm in
diameter). Distal to the ligature, the common duct could be
identified as a fine, narrow, collapsed structure extending towards
the superior surface of the duodenum. The liver appeared mac-
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roscopically normal in size, appearance, and consistency in all six
animals. The macroscopic features in Lamb 2 are shown in Figure
2.

MICROSCOPIC FINDINGS

The Liver. Cholestasis, to a greater or lesser extent, was present
in all the lambs. The histological findings are summarized in
Table 2. Bile plugs in the Kupffer and liver cells and feathery
degeneration of the hepatocytes were evident in all the animals.
Proliferating bile ductules were evident in the portal tracts in three
lambs, whereas bile lakes (Fig. 3) were present in the remaining
three lambs. The greatest increase in periportal fibrous tissue
occurred in the lamb surviving for the longest period (Fig. 4).

The Bile Ducts. Sections of the bile duct in each specimen were
examined at the level of the porta hepatis, at the junction with the
cystic duct, immediately proximal to the ligature, and at the duct
distal to the ligature (Table 3). Postmortem autolysis of the surface
epithelium was almost certainly responsible for the extensive
degeneration in Lambs 7 and 10, and the findings in these two
animals are of no significance. Three of the remaining four lambs
had intact surface epithelium of the bile ducts in the portahepatis
(Fig. 5), although in only one of these was the lining epithelium
present in the dilated common duct immediately proximal to the
obstructing ligature. the remaining three showed complete absence
of surface epithelium in the blind end of the common duct (Fig.
6). The common duct distal to the ligature was collapsed and
narrow, and in five of the six lambs, it contained normal surface
epithelium and acini. Of particular interest were the microscopic
findings in the distal common duct in Lamb 4 (Fig. 7). The narrow
duct was composed mainly of fibrous tissue containing many acini
lined with an intact epithelium. The lumen, however, was almost
completely obliterated and was totally denuded of an epithelial
lining. The appearances closely resemble that of the fibrous rem-
nant in patients with an extrahepatic biliary atresia (20).

Fig. 4. Microscopic features of the liver in Lamb 7 showing proliferating bile ductules and increase in fibrous tissue in the portal tracts. X 130.



Table 3. Microscopic appearance of extrahepatic bile ducts in lambs surviving intrauterine ligation procedures

Level of duct

examined Parameter Lamb 2 Lamb 4 Lamb 8 Lamb 9
At porta hepatis Lining epithelium Intact cells severely Intact cells severely Intact cells elongated Denuded
elongated elongated

At junction of cystic duct

Proximal to ligature

Distal to ligature
(all small, narrow, collapsed
ducts

Submucous glands

Lining epithelium

Submucous glands

Lining epithelium

Submucous glands

Lining epithelium

Submucous glands

Present and normal

Mostly denuded.

Few surviving islands

Present and normal

Completely absent

Present and normal

Normal and intact

Present and normal

Present and normal

Partially denuded

Present and normal

Completely absent

Present and normal

Small, slit-like lumen with-

out epithelial lining

Present and normal. Intense
inflammatory reaction in
wall

Distended but normal cell
lining

Intact cells elongated
Acini distended but cells
normal

Intact cells severely elon-
gated

Acini very dilated, lined
with elongated cells

Normal and intact

Present and normal

Present but distended

Completely absent

Acini scanty

Completely denuded

Acini scanty

Normal and intact

Present and normal

YyL

ZL1dS
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Fig. 5. Section of the wall of the common bile duct in the region of the porta hepatis (Lamb 8) showing dilated acini with lining cells elongated. The

surface epithelium is present but stretched out and thin. x 130.

DISCUSSION

Many experimental procedures have been devised in an attempt
to produce biliary atresia in the laboratory animal. Morgan et al.
(21) divided the hepatic artery in the fetal rabbit. Five of 14
surviving animals examined at varying periods after birth showed
histologic evidence of *“biliary atresia or hypoplasia™ of the intra-
hepatic ductules. Holder and Ashcroft (13) subjected fetal puppies
to either ligation of the common duct only, to injection of a
sclerosant into the biliary tree, or to ligation and injection of
sclerosant. Of thirty fetal pups which underwent these procedures,
eight were subsequently born alive, and none was considered to
have developed biliary atresia. Pickett and Briggs (25) ligated the
hepatic artery in 11 fetal lambs. Seven of these lambs survived
until term. Each was found to have an “interruption of the
common duct adjacent to the tie which was found in each case
medial to the common duct.” They concluded that it was possible
that biliary atresia may be the result of a vascular anomaly or

catastrophe. Hepatic artery interruption in fetal and neonatal
miniature pigs failed to produce an abnormality in the extrahe-
patic biliary tree in either group of animals. Schweizer (30)
reporting on experiments on newborn domestic pigs concluded
that simple ligation and division of the biliary tree was inadequate
as an experiment. The bile duct had to be either totally destroyed,
resulting in complete obliteration, or resected en bloc with the gall
bladder to produce changes in the liver similar to that of extra-
hepatic biliary atresia.

The effect of ligation of the common bile duct in the sheep
would appear to vary depending on the stage in the development
of the animal at which the obstruction is introduced. In the
newborn lamb, a choledochal cyst develops in all animals surviv-
ing in excess of four wk postoperatively (32). In the mature sheep,
hydrops of the gall bladder with only moderate dilatation of the
common duct is the most common effect of distal obstruction (33).
The lesion which evolves after intrauterine ligation of the common
duct has been shown to resemble that of an extrahepatic biliary
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Fig. 6. Section of the wall of the dilated common bile duct immediately proximal to the obstruction, showing complete absence of epithelial lining
but few surviving acini in duct wall (Lamb 9). x 130.
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Fig. 7. Section of the common duct distal to the obstruction in Lamb 4 showing small, slit-like lumen without epithelial lining but numerous acini

lined with intact epithelial cells. X 130.

atresia of the “correctable™ type, i.e.. subtype I (b) of Kasai (15).
No adequate explanation is forthcoming for the progressive and
sustained fall in bilirubin levels in Lamb 7. An accessory bile duct
could not be identified in this specimen, nor was there any
evidence that recanalization of the duct had taken place. The
failure of either the gall bladder or the extrahepatic bile ducts to
dilate beyond modest proportions also defies a satisfactory expla-
nation.

The finding of a deficient epithelial lining in the blind end of
the common duct may be of practical importance in selecting the
ideal site of the biliary intestinal anastomosis in the definitive
treatment of an infant with a correctable-type biliary atresia. The
failure to achieve a mucosa-to-mucosa apposition in a distally
located by-pass procedure may predispose to stomal stenosis which
may be responsible for the high incidence of postoperative com-
plications such as ascending cholangitis, progressive biliary cirrho-
sis, and the generally poor long-term results experienced in infants
with this anomaly (2, 6, 19).
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