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Abstract

Background. The use of the Roux-en-Y procedure is
limited in paediatric surgery practice, and is performed
mainly in congenital hepatobiliary disorders either as an
initial or permanent treatment. In this 18-year retrospective
study, we present our experience of the Roux-en-Y procedure
in childhood cases of biliary atresia (BA) and congenital
choledochal cyst (CCC).

Methods. Twenty-eight children (18 females and 10
males; age 25 days-12 years) with hepatobiliary disorders
were treated in our clinics between 1986-2004. Twenty
patients suffered from BA (11 females, 9 males) and eight
from CCC (seven females, one male). The surgical approach
in the patients with BA (mean age 2.1 months) was Roux-
en-Y hepatic portoenterostomy (Kasai procedure) and in
the patients with CCC (mean age 7.2 years) was cyst excision
with Roux-en-Y hepaticojejunostomy. The mean follow up
period was 9.3 years.

Results. The children with BA developed the follow
postoperative complications: 12 cholangitis, 6 portal
hypertension and 5 hepatic cirrhosis. Among the children
with CCC, two presented post-operative cholangitis, which
was treated conservatively, and one developed anastomotic
stricture and underwent reoperative reconstruction. At the
end of the follow-up period among the children with BA 6
had died, 3 had undergone liver transplantation, and 5 were
on a waiting list for transplantation. All children with CCC
were alive without sequelae.

Conclusions. Roux-en-Y in BA, with timely diagnosis,
is preferred as an initial procedure, followed by liver
transplantation in cases with no bile drainage and is the
only possible reconstruction in cases of CCC after excision
of the biliary cyst.
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Rezumat

Premize. Utilizarea procedeului ansei in Y a la Roux este
limitatd in chirurgia pediatrici, si se efectueazi in special in
bolile congenitale hepatobiliare, fie ca procedurd initiala, fie
ca tratament permanent. In acest studiu retrospectiv,
prezentim experienta noastra intr-o perioadd de 18 ani privind
anastomoza cu ansd in Y a la Roux efectuatd pentru atrezie
biliard (BA) sau chist coledocian congenital (CCC).

Metode. 28 copii (18 fetite si 10 baieti), in varsta de 25 zile
- 12 ani) cu afectiuni hepatobiliare au fost tratati in clinica
noastrd in perioada 1986-2004: 20 aveau BA (11 fetite, 9
biieti) si 8 aveau CCC (7 fetite, 1 biiat). Pacientilor cu BA
(varsta medie 2, 1 luni) li s-a efectuat portoenterostomie cu
ansiin Y ala Roux (procedura Kasai), iar pacientilor cu CCC
(varsta medie 7,2 ani) li s-a efectuat excizia chistului si
anastomoza cu ansd in Y a la Roux. Perioada de urmérire a
fost de 9,3 ani.

Rezultate. Copiii cu BA au dezvoltat urmétoarele
complicatii: 12 — colangitd, 6 — hipertensiune portald, 5 —
cirozd hepatica. Dintre copiii cu CCC, 2 au avut postoperator
colangitd, care a fost tratatd conservativ, §i unul a dezvoltat
o stricturd anastomotic# si s-a practicat operatie de
reconstructie. La sfarsitul perioadei de urmdrire, 6 din copiii
cu BA decedaserd si 11 erau pe lista de transplant. Toti
copiii cu CCC erau 1n viata fird sechele.

Concluzie. Anastomoza pe ansd in Y a la Roux este de
preferat ca interventie initiald, urmati de transplant hepatic
in cazul absentei drenajului biliar, i reprezintd singura re-
constructie posibili in cazul CCC dupi excizia chistului biliar.

Introduction

The use of the Roux-en-Y procedure is limited in pediatric
surgery practice, and is performed mainly in congenital
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hepatobiliary disorders: biliary atresia (BA) and congenital
choledochal cyst (CCC). In BA, either all or a part of the
extrahepatic bile ducts are completely atresic with completely
obstructed bile flow. In CCC there is a congenital lesion of
the biliary tree (either intra or extrahepatic) characterized by
dilatation which may be cystic or, less commonly, fusiform
in appearance.

These diseases are uncommon. The incidence of BA is
about 1 in 10,000-12,000 live births and that of CCC is 1 in
100,000, although in the Japanese literature the incidence of
the latter is reportedly of 1 in 1000 live births (1-3). It is
generally accepted that the occurrence of the diseases is
not dependent on race or genetic factors, but there is a
moderate predominance in females (4).

Various theories have been offered to explain the oc-
currence of BA and CCC, but the true causes remain unclear
(5-9). The dominant theories to explain the mechanisms of
BA and CCC are reovirus DNA infection or Ductal plate
malformation (DPM theory) (10-12) and the anomalous
arrangement of the pancreatic and common bile duct (APBD,
also know as common channel) (13), respectively.

Roux-en-Y procedure is widely accepted as a valuable
option for these patients. Recently, in the era of liver
transplantation in cases of BA, the utility of the Roux-en-Y
procedure has arised doubt, since the rate of persistent reco-
very after Roux-en-Y remains unsatisfactory. Preoperative
criteria that could successfully predict the results of the
surgery are variable. So, the results of the Roux-en-Y as a
primary procedure dictate the usefulness of this operation
either as a primary or a permanent treatment.

We present our experience of the Roux-en-Y procedure
in pediatric cases of BA and CCC.

Methods

A retrospective analysis was undertaken in 28 children
(18 females, and 10 males; age 25 days-12 years) with
hepatobiliary disorders who were treated at either the
University Hospital of Alexandroupolis or the Childrens’
Hospital “Agia Sophia” in Athens between 1986 and 2004.
Patients’ data were obtained from hospital records, and
surgical summaries. Twenty patients had BA type III (11
females, 9 males; age 25 days-4 months) and 8 patients had
CCC type I (7 females, one male; age 28 months-13 years). A
patient with multiple intra- and extrahepatic CCC who was
treated initially with liver transplantation was excluded from
our study. The median follow-up period of our patients was
9.3 years (range 2-16 year).

Fifteen of the patients with BA had a normal birth weight,
normal clinical appearance and good weight gain. There was
mild hepatomegaly in 17 patients. All children presented
persistent conjugated hyperbilirubinemia. The stools were
initially pigmented in all neonates but became acholic be-
tween the 20" and 30™ day of life. After excluding medical con-
ditions causing conjugated hyperbilirubinemia in infancy,
all children underwent ultrasonography in order to exclude
the neonatal cystic dilatation of the common bile duct.

Hepatobiliary scintigraphy was performed using
technetium- labeled agents for the detection of bile secretion
from the liver to the duodenum (Fig.1), which would lead to
the diagnosis of BA. All the patients (mean age 2.1 months)
underwent laparotomy with intraoperative cholangiogram
followed by excision of the bile duct remnants and Roux-
en—Y retro-colic, end-to-end portoenterostomy with optimal
length of the Roux loop = 50-70 cm long (Kasai procedure).
Surgical interventions were performed in 12 patients who
were younger than 2 months. An intussuscepted valve was
created on the Roux loop in 5 patients in order to prevent
cholangitis.

In cases of CCC, the classic triad - jaundice, pain and
abdominal mass - was present only in one child. Two had a
palpable abdominal mass and five presented recurrent
abdominal pain with or without mild intermittent jaundice.
All patients were older than 2 years, and had type I
choledochal cyst according to Todani’s classification.

Ultrasound examinations revealed CCC in 7 patients
(Fig.2). In one, less obvious case the diagnosis was
confirmed by computed tomography (Fig.3). All patients
(mean age 7.2 years) underwent surgical treatment (Fig.4).
In 6 patients we performed total excision of the CCC,
cholecystectomy and Roux-en-Y hepaticojejunostomy. Two
children had pericystic inflammation and adherence to
adjacent hepatic vessels; in these cases the procedure
involved cyst excision using a plane of dissection between
the inner and outer layers of the cyst beginning at the
confluence of the cystic and common ducts, followed by
Roux-en-Y hepaticojejunostomy (Fig.5). In all patients the
CCC was excised totally and the distal segment of the
common duct was ligated at the level of the pancreatic duct
conjunction.

Results

Twelve patients with BA experienced recurrent
cholangitis, manifested by fever, leukocytosis and
hyperbilirubinemia, during the early post-operative period,
and three of them were those with an intussuscepted valve.
All these patients were treated conservatively with fluid
replacement therapy, intensive antibiotherapy and chole-
retics. Six developed portal hypertension and 5 developed
hepatic cirrhosis as late complications. At the end of the
follow-up period six children had died; three children had
undergone liver transplantation and five were on a waiting
list for liver transplantation. The results were poor in cases
of BA where surgery was performed after 60 days of life
(Table ).

In contrast, only two of the patients with CCC presented
post-operative cholangitis, which was treated
conservatively, and one developed obstructive jaundice due
to an anastomotic stricture. In this case, hepatobiliary
scintigraphy (or Tc*™iminodiacetic acid scan) was performed
and no secretion was detected from the liver to the
duodenum. The diagnosis was verified after laparotomy.
This patient underwent surgical reconstruction
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Fig. 1 Tc’™-IDA scan in an 8-week-old jaundiced infant. The
radioisotope has good uptake by the liver but not enteric excretion,
image compatible with biliary atresia.
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Fig. 2 Ultrasound examination demonstrating a choledochal cyst
in an 8-year-old girl with obstructive jaundice.

Fig. 3 CT in a 12 year-old girl with a palpable cystic mass in the
right upper abdomen. CT reveals and accurately delineates the
relationship of the choledochal cyst to the surrounding structures.

Fig. 4 Intraoperative photo in an 8 year-girl with CCC. Note the
dilatation of the hepatic and common bile duct.

Fig. 5 Intraoperative photo during a cyst excision. The distal part
of the cyst is opened in order to perform Lilly’s procedure (see
text).

in the same session. At the site of the new anastomosis a
stent was placed to prevent a new stricture forming; the
stent was removed on the 11" post-operative day. At the
end of the follow-up period all patients with CCC were alive
without sequelae.

Table I Incidence of complications and outcome in accordance to
the age at surgery in patients with biliary atresia

age < 2 months age > 2 months

(n=12) (n=28)
Cholangitis 7 5
Portal hypertension 2 4
Hepatic chirrosis 1 4
Deaths 1 5
Liver Tx 2 1
Waiting list Tx 2 3

16 22

Tx: Transplantation
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Discussion

Biliary atresia and CCC are the most common disorders
requiring Roux-en-Y procedure in childhood. Biliary atresia
is an obliterative inflammatory process affecting both the
intra- and extrahepatic parts of the biliary tree, and presents
as persistent cholestatic jaundice, which does not resolve
in two weeks from birth as usually happens in physiologic
jaundice (14). Biliary atresia is classified macroscopically
into three main types on the basis of the site of atresia: type
I, at the common bile duct; type I, at the common hepatic
duct; and type III, at the porta hepatis. Types I and II
represent 15% of cases and are characterized as correctable
types, whereas type III has been described as non-
correctable type (1). Several decades ago it was clarified
that tiny intrahepatic ducts remain open in the upper end of
the fibrous biliary remnants, and this represents the
theoretical basis of the Kasai procedure (15).

The differential diagnosis of conjugated hyper-
bilirubinemia in infancy is wide ranging, and medical
conditions such as alpha-1-antitrypsin deficiency, cystic
fibrosis and maternal intrauterine infection (e.g. hepatitis
and cytomegalovirus) must be excluded (16). Our
neonatologists used biological examinations to exclude the
metabolic and intrauterine infections. When hepatobiliary
scintigraphy supported the diagnosis of BA, the patients
underwent laparotomy and intraoperative cholangiogram.
If this was positive for BA, we applied the Kasai procedure.
It is vital to distinguish between medical causes and BA as
early as possible, because early surgical intervention is
associated with a better prognosis.

The key to successful surgery in BA is adequate
exposure of the porta hepatis (17). Numerous modifications
to the original technique of bile drainage have been
designed, such as a long Roux-en-Y limb (50-70 cm), total
diversion of the biliary conduit (18), a partially diverted stoma
for decompression of the biliary conduit (19), intestinal valve
formation (20) and the use of physiologic intestinal valve
(21). All these techniques are indicated to prevent post-
operative cholangitis, for which the reported incidence is
40-60 % (22, 23). In our series, the incidence of cholangitis
was 60%. We constructed an intussuscepted valve in five
patients but postoperative cholangitis occurred in three of
them, which is consistent with the controversy surrounding
the role of this technique (1, 24).

The major prognostic factor for the success of the Kasai
operation is the age at surgery, since many reports have
demonstrated better results in infants having early surgery
because of greater likelihood of obtaining sufficient,
sustained bile flow and prevention of ongoing hepatocyte
injury with subsequent cirrhosis (1,22). In cases where
surgery is performed after 60 days of age there are many
post-operative complications, as also confirmed by the
present study. Other important positive prognostic factors
include clearing of jaundice after the Kasai procedure,
absence of fibrosis and cirrhosis, larger-sized ducts at the
porta hepatis (>200 um) on liver biopsy and the absence of
portal hypertension (25).

The role of the portoenterostomy procedure in the
management of BA has been questioned, and transplantation
has been suggested as the primary modality of treatment
for these children (26). We believe that infants with timely
diagnosis and active bile drainage have a chance for long-
term survival without the need for liver tranplantation, as
also confirmed by our results. Beyond the increased risks
of immunosuppression (infectious and neoplastic), the
number of donors is inadequate to supply the required
organs if all patients with BA went directly to transplantation.

There is a wide spectrum of results in the published
reports for portoenterostomy (Table II). The 5 and 10- year
survival in these series varied from 32 to 61% and 27 to 54%,
respectively. Schweizer & Lunzmann (27) stressed that the
efficacy of portoenterostomy depends on the age and the
level of hepatic fibrosis at the time of surgery, on the
morphology and on bio-physical properties of the porta
hepatis as well as on cholangitis episodes occurring after
surgery. Altman et al. (28) reported that age at surgery, and
anatomy of the atresic bile ducts were identified as
independent risk factors in the surgical treatment of BA. All
concluded that the Kasai operation remains the first-line
treatment of BA, and the overall treatment is strongly linked
to that first step (29).

We therefore favor an initial Kasai procedure followed
by liver transplantation in case of failure. Failure is indicated
by recurrent cholangitis, progressive jaundice (bilirubin >10
mg/dl), portal hypertension complications, poor hepatic
syntheses and growth failure (1,22). Nowadays, research
focuses more and more on immune and inflammatory
response as a trigger in the pathogenesis of BA, such as
the expression of HLA-DR and ICAM-I, but the results are

Table II Surgical results in patients with biliary atresia: actuarial survival with native liver

Period Total no.  5-year survival 10-year survival
of cases

New York& Denver,USA(28) 1972-1996 266 n.a (49%) n.a (35%)
Europe (UK, Netherlands, 1969-1995 n.a 119/324 (37%)  70/207 (34%)
France, Italy) (39)
London, UK (39) 1973-1989 233 71/184 (39%) 17/39 (43%)
Paris, France (40) 1986-1996 440 n.a (32%) n.a (27%)
Tubingen, Germany (27) 1972-1997 151 57/108 (57%) n.a
Sendai, Japan (29) 1972-1999 209 118/193 (61%)  86/158 (54%)

n.a.: not available
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still inconclusive. Interleukin-18 (IL-18) levels were found
elevated in children with BA before undergoing porto-
enterostomy and a high concentration of IL-18 persisted in
patients with ongoing hepatic fibrosis. Inasmuch as this
proinflammatory cytokine is released from Kupffer cells, it
might play a role in the pathogenesis and prognosis of BA.
Plasmaendothelin-1, a potent vaso-constrictor, correlates
with the severity of liver cirrhosis and portal hypertension.
These and other studies present with promising results for
a better understanding of the ongoing hepatic process in
patients with BA despite successful portoenterostomy, so
we might be able to understand when is the better time for
liver transplantation. However, these findings are from pilot
reports and have to be confirmed by larger series in longi-
tudinal studies (30).

Congenital choledochal cyst is the other lesion of the
biliary tree requiring Roux-en-Y procedure for reconstruction
and bile drainage. This anomaly was classified by Todani
(31) into five main types: type I (most common), saccular or
diffuse fusiform dilatation of the extrahepatic bile duct; type
II, diverticulum of the extrahepatic bile duct; type III,
choledochocele; type IV, multiple cysts of the intra and/or
extrahepatic duct; and type V, single or multiple intrahepatic
cysts. This last type has been referred to as Caroli disease
when it is associated with hepatic fibrosis.

The best screening study for this disease is ultra-
sonography and it can reveal the presence of CCC even in
the prenatal period (32). It is well known that type I cysts are
associated with APBD which is seen approximately in 90%
of patients (33). In this study, none of our patients underwent
preoperatively either ERCP or magnetic resonance
cholangiopancreatography (MRCP). Also the intraoperative
cholangiography, which was performed in two of our
patients because of the presurgical imaging cannot clearly
visualize the intrahepatic duct system and was useless to
reveal the existence of an APBD. So, we do not have any
information about the presence or not of an APBD in our
patients with CCC.

Various approaches have been used through the years
for the management of CCC. The best method is total excision
of the cyst, cholecystectomy and Roux-en-Y hepatojejuno-
stomy (34)

However, some surgeons (35, 36) recommend a wide
anastomosis at the level of the hepatic hilum in order to
prevent postsurgical anastomotic stricture. One of our
patients experienced this complication. Nevertheless, the
majority of surgeons use the conventional hepaticoentero-
stomy, as hepaticoenterostomy at the hepatic hilum is
indicated in specific cases only, such as patients with dilated
intrahepatic bile ducts with stenosis in the common hepatic
duct (37). In patients with recurrent bouts of cholangitis
and who have a substantial amount of pericystic inflam-
mation and adherence to adjacent hepatic vessels, the
technique originally reported by Lilly is useful (38). In this
procedure (mucosectomy), the cyst is excised using a plane
of dissection between the inner and outer layers of the cyst
beginning at the confluence of the cystic and common

ducts, as was accomplished in two of our patients.

In contrast with BA, the results after hepaticojejuno-
stomy are better because the anastomosis is made at the
site of the carina. Possible post-surgical complications are
intrahepatic calculi, cholangitis, pancreatitis, and cholangio-
carcinoma. Malignant degeneration might occur because
small remnants of the cyst remain at either extent of the
resection. None of our patients has developed, until now,
malignant degeneration. Since these complications can
occur late, the patients must be followed-up for many years
(4,22).

We accomplished the Roux-en-Y anastomosis in an end-
to-end fashion because drainage is smoother and more direct,
with less possibility of stasis (37). Furthermore, the end-to-
end anastomosis offers the advantage of a shorter suture
line and diminishes the risk of a post-anastomotic leak.

To conclude, Roux-en-Y in BA, with timely diagnosis, is
preferred as an initial procedure, followed by liver trans-
plantation in cases with no bile drainage. It is a permanent
treatment in cases of CCC, after the total excision of the
biliary cyst.
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