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Abstract
Background: Conventionally, an adult's standard of a 40-cm loop is adopted in Roux-Y
hepatojejunostomy (RYHJ) in choledochal cyst (CDC) in children, irrespective of patient size. The
redundant length of the jejunal limb may lead to complications. We compared the outcome of an
individualized short Roux loop with the standard loop length in RYHJ in children with CDC.
Methods: Two hundred eighteen children with CDC undergoing laparoscopic RYHJ were prospectively
randomized into 2 groups: (1) conventional group (CG; n = 108) where a standard 35-40 cm Roux-loop
length was used regardless of the child's size and (2) short loop group (SLG; n = 110) in which the
Roux-loop length was based on the distance between hepatic hilum and umbilicus. Ultrasonography,
upper gastrointestinal contrast studies, and laboratory tests were conducted during the follow-up period.
Results: The mean Roux-loop length of SLG was significantly shorter than that of CG (Student t test,
P b .05). There was no significant difference between the 2 groups in age, operative blood loss,
operative time, postoperative hospital stay, and duration of drainage. In CG, 2 of (1.8%) 108 patients
developed Roux-loop obstruction, whereas none was detected in SLG (0%). Mild reflux was detected in
2 CG patients and 1 SLG patient 1 month postoperatively, all of which subsided 6 months later. No
episodes of cholangitis were observed in either group.
Conclusions: An individualized short Roux-loop length in RYHJ is as effective as the conventional
Roux-loop length.
© 2010 Elsevier Inc. All rights reserved.

Although most surgeons now individualize the length of
the Roux loop according to the age and size of the child who
is undergoing excision of a choledochal cyst (CDC), there
are still some who routinely use the standard 40-cm adult
measurement. The Roux loop therefore tends to be
unnecessarily long, especially in infants and young children
[1]. It may lead to complications including intestinal
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obstruction [2], bile stasis [3], and bacterial overgrowth and
associated ascending cholangitis [4], stone formation, and
malabsorption of fat and fat-soluble vitamins [5]. We
compared the outcome of a shorter Roux loop with the
standard loop length in Roux-Y hepatojejunostomy (RYHJ)
reconstruction in children with CDC.

1. Methods

From October 2001 to October 2009, 218 children with
CDC in our center who were operated on by the same surgeon
using a complete laparoscopic cyst excision and RYHJ
technique were prospectively studied. There were 56 boys
and 162 girls. The mean age was 4.16 years, with a range of 7
days to 18 years. Ethical approval from the Ethics Committee
of the Capital Institute of Pediatrics was obtained. Written
informed consent was obtained from the parents before entry
into the study. On admission, patients were randomized into 2
groups according to a computer-generated list of random
numbers provided by a researcher: (1) the conventional group
(CG; n = 108) where a standard 35- to 40-cmRoux loop length
was used regardless of the child's size and (2) the short loop
group (SLG; n = 110) where the Roux loop length was based
on the distance between hepatic hilum and umbilicus. All
patients were followed up in the clinic at 1, 3, 6, and 12months
postoperatively and at 6-month intervals thereafter. Physical
examination, abdominal ultrasonography, and laboratory tests
were carried out at each visit. Upper gastrointestinal contrast
studies were performed at 1, 6, and 12 months of follow-up.
Age, operative blood loss, operative time, postoperative
hospital stay, duration of drainage, postoperative complica-
tions, and preoperative and postoperative laboratory values
were evaluated. The reflux was classified into 4 grades: grade
0: no reflux into the Roux loop; grade I: mild reflux below the
level of transverse colon; grade II: moderate reflux above the
level of transverse colon but below the level of hepatic hilum;
and grade III: severe reflux into intrahepatic bile ducts.

Data were analyzedwith SPSS 13.0 package. Student t tests
were used in comparison of age, operative blood loss, operative
time, postoperative hospital stay, duration of abdominal
drainage, and preoperative and postoperative laboratory values
between 2 groups; !2 tests were applied to compare the
morbidity of postoperative complications between 2 groups.
Paired t tests were performed to compare preoperative and
postoperative laboratory values in both groups, P b .05 was
considered being statistically significant.

2. Results

One hundred eight patients (49.5%) were randomized into
the CG, whereas the remaining 110 patients (50.4%) were
randomized into the SLG. The mean (SD) length of Roux
loop in the SLG was 20.81 (4.07) cm (range, 14-25 cm),

which was significantly shorter than 35.87 (3.91) cm (range,
30-40 cm) in the CG (Student t test, P b .001). The median
follow-up period was 38 months (range, 6-94 months). There
were no significant differences observed between the 2
groups in regard to age, operative blood loss, operative time,
postoperative hospital stay, and duration of drainage (4.82 ±
4.12 years versus 3.97 ± 3.61 years, 10.05 ± 5.27 mL versus
8.91 ± 3.73 mL, 3.79 ± 1.15 hours versus 3.50 ± 1.06 hours,
8.01 ± 3.97 days versus 7.16 ± 2.40 days, 4.08 ± 2.11 days
versus 3.63 ± 1.35 days; P = .11, .07, .06, .06, and .06,
respectively). There was no associated mortality, anastomot-
ic stenosis, cholangitis, or gastrointestinal bleeding noted in
either group. In the CG, 2 (1.8%) of 108 patients developed
Roux-loop obstruction, and an additional 2 (1.8%) of 108
were complicated by a bile leak, whereas none of these
complications were found in the SLG. The overall
complication rate of the SLG was lower than that of the
CG, but the difference did not reach statistical significance
(P = .152, respectively). Seventy-six patients in the CG
(70.3%) and 78 patients in the SLG (70.9%) underwent
upper gastrointestinal contrast studies postoperatively. Grade
I reflux was detected in 2 patients from the CG and 1 patient
from the SLG 1 month postoperatively. The reflux subsided
6 months later in all 3 patients. The remaining patients in
both groups recovered without evidence of reflux (Fig. 1).
Postoperative liver function tests and blood amylase levels
normalized in both groups (P b .001).

3. Discussion

Cyst excision with RYHJ is the standard surgical
management for CDC in children. Currently, the length

Fig. 1 Postoperative upper gastrointestinal contrast study. A
15.5-cm Roux loop was used in RYHJ for a 3-month-old girl with
CDC. No reflux was shown on upper gastrointestinal contrast study
at 1-year follow-up.
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of the Roux loop is individualized based on the age and
size of in children with CDC in most surgical practices,
whereas the adult's standard of a 40-cm Roux loop is still
routinely applied in some centers [1]. However, the Roux
loop tends to be proportionally long. The small bowel
length increases significantly with the child's age. The
mean length of small intestine is 275 cm at birth (full-term),
380 cm at 1 year of age, 450 cm at 5 years, 500 cm at 10
years, 575 cm at 20 years, and 600 cm in adults [6]. A
redundant Roux loop is likely to result in many complica-
tions. A long ascending loop can undergo volvulus because
of great disparity between the intestinal length and the
mesenteric length [2]. Other reported complications include
bile stasis [3] and lodging of food particles in the loop. The
latter 2 may serve as the nidus for stone formation, leading
to bacterial overgrowth and repeated infection [4]. Ectopic
gut pacemaker activity may also cause antiperistalsis [3],
leading to ascending cholangitis [4]. In addition, bacterial
overgrowth increases bile salt loss and may result in
steatorrhoea [7] with the consequences of malabsorption of
fat [5] and fat-soluble vitamins A, D, E, and K. On the
other hand, the secretive surface area of gastric inhibitory
polypeptide in the remaining functional jejunal segment is
remarkably decreased when a long segment of proximal
jejunum is used for the Roux loop. Hyposecretion of gastric
inhibitory polypeptide induces hypersecretion of gastric
acid, which, in turn, may result in duodenal ulcer [8]. These
potential complications prompted the performance of the
current study. Our results suggest that an individualized
short Roux-loop length in hepatojejunostomy reconstruc-
tion, which is tailored according to the child's body size, is
more appropriate. It is as effective as the conventional 40-
cm Roux-loop length. Although some surgeons attempt to
individualize the length of the Roux loop according to the
age of the patient, there are few studies like the current
series that objectively evaluate the outcomes of short loop
RYHJ in children with CDC.

It has been argued that lengthening Roux loop could
achieve a better antireflux effect [9]. However, comparative
studies found the antireflux outcome was not significantly
improved by this approach [10]. Our long-term follow-up
results in the current study suggest that an individualized
short-loop RYHJ provides a comparable antireflux effect
compared with the standard loop length RYHJ. Because
anastomotic stenosis and biliary tract obstruction are the
main contributing mechanisms of postoperative reflux
cholangitis, adequate diameter of the anastomotic stoma
and prevention of obstruction in the reconstructed biliary
tract (eg, kinking of a redundant Roux loop, stones
formation, etc) become relatively more important. Even in
instances where reflux may occur, the food particles refluxed
into intrahepatic bile ducts can drain out easily [11].
Anastomosis diameter ranging from 1.5 to 3.0 cm is

recommended for adult patients, and a transanastomotic
stent is recommended if the diameter is less than 1.0 cm
[10,12]. Our experience indicates that an anastomotic stoma
with diameter of 1.0 to 1.4 cm is adequate for children.

The weakness of the current study is that the duration of
follow-up is not long enough. Therefore, the long-term
outcomes are not well defined. Further long-term outcome
studies would produce more convincing results. In addition,
estimation of postoperative fat absorption using the 13C
mixed-triglyceride breath test and bile flow assessment by
99mTc-HIDA hepatobiliary scintigraphy comparing chil-
dren with CDC who undergo short-loop RYHJ versus
conventional loop RYHJ reconstructions are warranted.
Application of short Roux loop in Kasai's operation will
be evaluated in future study.

Our experience showed that an individualized, shorter-
loop length in RYHJ reconstruction for children with CDC is
equally effective as is the conventional 40-cm loop.
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