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Retained common-duct stones after open cholecystectomy
and duct exploration in children
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Abstract A retrospective study was performed of 250
patientswith cholelithiasis treated at theRoyal Children’s
Hospital, (RCH) Melbourne, over 25 years by open
operation; 32 (12.8%) had proven choledocholithiasis on
either preoperative imaging, operative cholangiography
(OpCG), or postoperative investigation. A further 3 had
underlying congenital biliary abnormalities and were ex-
cluded from further study. Thirty-one of the 32 were ex-
plored at open operation, 27 after OpCG and 4 on clinical
grounds. One retained common-bile-duct (CBD) stone
was undetected until the postoperative period (1/250,
0.25%). Seven ducts were not cleared, giving a duct
exploration failure rate of 22.6% (7/31). All 8 retained
CBD stones were identified in the early postoperative
period and managed with a variety of techniques,
including endoscopic retrograde cholangio-pancreatog-
raphy (ERCP). The incidence of retained stones after
open CBD exploration was high (22.6%), and can be
attributed to difficulties in operative technique dealing
with the smaller paediatric CBD. In addition, haemolytic
disease seems to induce a propensity for choledocholith-
iasis. Given the small numbers presenting with choleli-
thiasis toRCH (10 per year), it is suggested that a selective
approach to CBD exploration is appropriate in children.
With the increasing use of laparoscopic cholecystectomy
in children and the inherent technical difficulties of lapa-
roscopic operative cholangiography, ERCP may offer an
alternative solution in dealing with CBD stones rather
than open or laparoscopic CBD exploration.
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Introduction

Choledocholithiasis occurs infrequently in childhood,
the first recorded incidence being in a 12-year-old boy
from Leeth, Scotland, in 1722 [1]. The incidence in
children with cholelithiasis ranges from 6% to 10% and
is often associated with congenital anomalies of the
common bile duct (CBD) [2–6]. Our series contained 3
anatomical anomalies with CBD stones, including 1
incidental post-mortem finding in a spina bifida patient.

Cholelithiasis in children is also frequently associated
with haemolytic disease and is seen increasingly after the
use of total parenteral nutrition, with gallbladder stasis,
and after ileal resection [7]. Increased fat in the Western
diet is also postulated to have recently increased the
incidence. It is likely that increasing numbers of children
will require surgery for cholelithiasis in the future if
current trends continue [8].

The aim of this study was to document the incidence
of CBD stones in children with cholelithiasis, to docu-
ment the methods of detection and extraction used, and
to develop a strategy to deal with this problem in the
laparoscopic era.

Materials and methods

A retrospective study was undertaken of all admissions for chole-
lithiasis undergoing open cholecystectomy between January 1952
and April 1997. Eleven surgeons participated in the collection of
data. Presenting symptoms, physical signs, and investigation results
were recorded on a database for analysis (Microsoft Access, Version
2, 1989–1994, Microsoft, USA). The presence of choledocholithiasis
was confirmed by radiology both preoperatively and at operative
cholangiogram (OpCG). The CBD was explored using 5 Fr Foley
balloon catheters, and T-tube cholangiograms were performed in all
explored patients postoperatively to confirm clearance of stones.
OpCGs were reviewed postoperatively by both a surgeon and a
radiologist. Pathology and operation reports were also reviewed.
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Results

Thirty-two of 250 (12.8%) cholelithiasis patients had
documented choledocholithiasis, and a further 3 had
anatomical anomalies of the biliary tree and were ex-
cluded from further study. Patients ranged in age from 1
month to 19 years (mean 7 years); most of them were
Anglo-Saxon in origin (21, 66%). Haemolytic disease
was present in only 6 (18%) choledocholithiasis patients,
but was found in 2 of the 8 retained-stone cases (8/32,
25%). Clinical presentations varied, with vomiting,
right-upper-quadrant pain, jaundice, and acholuric
stools being most common, as expected (Table 1).
Laboratory data confirmed an elevated serum bilirubin
level in 26 of the 32 cases, while amylase was not rou-
tinely recorded.

A variety of investigations were used to detect CBD
stones. Oral cholecystography was performed in 7 (prior
to 1982), revealing only 1 CBD stone (14%). IV chol-
angiography (also prior to 1982) performed in 9 revealed
CBD stones or obstruction in 7 (78%). Ultrasound (US)
performed in 24 patients revealed CBD stones in 14,
CBD dilation in 6, gallbladder stones in 2, and was non-
contributory in 2 (Table 2).

Of the 32 patients with CBD stones, 27 had OpCG
and exploration, while 4 had CBD exploration on clin-
ical grounds alone. One stone was unsuspected (1/250,
0.25%). Eight patients had retained stones postopera-
tively, 6 of whom had OpCGs; 1 had a preoperative
‘‘normal’’ IV cholangiogram but was explored for clin-
ical reasons, and was unsuspected (Table 2). The latter
case presented with recurrent pain post-cholecystectomy
and was successfully treated by ERCP and sphincterot-
omy. The other 7 had T-tubes inserted routinely at
operation, and T-tube cholangiograms revealed the

retained stones, which were removed by a variety of
techniques, including ERCP (Table 3).

Discussion

Choledocholithiasis is known to be present in 6%–10%
of paediatric patients with cholelithiasis (2–6), while in
adults this incidence may be as high as 17% [9]. In this
study the incidence of choledocholithiasis with choleli-
thiasis was 12.8% (32/250). Haemolytic disease was
present in 17% of the choledocholithiasis group, but
only 2.4% of the total cholelithiasis group, suggesting a
propensity for CBD stones with this condition.

OpCG was not performed in 5 patients, 4 of whom
had known CBD stones preoperatively. One of these
subsequently had a retained stone, even though the duct
was explored. Another 6 retained stones followed both
cholangiography and CBD exploration, yet the duct was
still not fully cleared. Only 1 retained stone was com-
pletely unsuspected. The incidence of retained stones
post-CBD exploration has been reported as 14% in
adults [9], but was much higher in our study (22.6%).

OpCGs were performed via the cystic duct with two
injections of 10–20 ml contrast. The films were reviewed
postoperatively by the surgeon and a radiologist. Tech-
nique is important in performing cholangiography, in
particular by rotating the patient to expose the biliary
tree separate from the underlying lumbar spine, dem-
onstrating free flow of contrast into the duodenum,
showing normal tapering of the distal CBD, and out-
lining the major intrahepatic ducts [9].

Whitcombe and Cremin showed the normal CBD to
range in diameter from 2 mm in infants to 4.9 mm in
later childhood [10]. Therefore, standard biliary instru-
ments such as Bakes dilators and De Jardins forceps are
not readily applicable in the younger patient. In this
series a 5 Fr feeding tube was used to flush the duct and
a 5 Fr Fogarty balloon catheter was used to retrieve
stones low in the CBD, as has been used routinely in
adults during open exploration for many years [11, 12].

Assuming these guidelines were followed, it is of
concern that CBD stones were either not detected or
subsequently not cleared at open exploration of the
CBD. In all 6 cases of retained CBD stones where
OpCG was performed, stones were seen at radiologi-
cally, but the CBD was not completely cleared at
exploration. This indicates possible difficulties in oper-
ative technique due to the smaller calibre of the paedi-
atric CBD. In addition, the smaller bile stones of
haemolytic disease seem to have a propensity to ‘‘float’’

Table 1 Choledocholithiasis: presenting complaints

Symptom No. of patients

Biliary colic 19
Vomiting 25
Generalised abdominal pain 3
Painless jaundice 3
Obstructive jaundice 26
Acholuric stools 21
Right upper quadrant tenderness 30
Abdominal mass 2

Table 2 Choledocholithiasis: radiology revealing common-bile-
duct (CBD) stones

Procedure Number
performed

Revealed CBD
stones

Oral cholecystogram 7 1 (14%)
Intravenous cholangiogram 9 7 (78%)
Ultrasound 24 22 (92%)
Operative cholangiogram 27 27 (100%)

Table 3 Technique of retained stone removal

Spontaneous passage 1
Flushed with saline down T-tube 1
Percutaneous ‘‘basket’’ retrieval 1
Open operation 2
ERCP 3
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into the intrahepatic duct system, possibly making
clearance more difficult.

The incidence of retained CBD stones postopera-
tively in adults has been reported as 14% after open
operation [9] and 8% after laparoscopic surgery [13]. It
was 22.6% in children after open operation in this study,
but is currently unknown after laparoscopic surgery in
children [14]. The techniques used to retrieve the
retained stones are listed in Table 3. All but 1 were
detected by T-tube cholangiogram, and presented as
recurrent abdominal pain. This last patient, along with 2
others, was successfully managed by ERCP.

The use of ERCP in children has become common-
place and has a number of indications, including pan-
creatic trauma [15], pancreas divisum, choledochal cyst,
and cholelithiasis and choledocholithiasis [16, 17] and
can even be performed in infants less than 1 year of age
safely [18]. Increasingly, laparoscopic cholecystectomy is
recommended as the treatment of choice for symptom-
atic cholelithiasis, with the advantages of shorter hos-
pital stay and better cosmesis. The disadvantages of
learning a new procedure have slowed it’s acceptance in
some centres [8, 19].

The use of ERCP in the setting of retained CBD
stones postoperatively or known CBD stones preoper-
atively can therefore be expected to increase, and has
been shown to be safe and effective in this setting in both
the adult and paediatric populations [20, 21]. Post-
ERCP pancreatitis remains a problem, and can prolong
hospital stay [22]. No studies have been conducted
comparing open CBD exploration with ERCP clearance
of the CBD in the paediatric age group. Tagge et al.,
however reported 100% success in clearing the CBD of
stones with ERCP in their study [6].

Given the relatively small numbers of patients pre-
senting with this problem, is a laparoscopic cholangio-
gram necessary in all cases? Taylor et al. reported missed
CBD stones in 0.7% of cases, using a selective policy
that required performing a cholangiogram in the pres-
ence of pre-operative jaundice, pancreatitis, altered liver
function tests, or a dilated CBD on US [23]. In children
the rate of retained stones is thought to be similar to
adults, but laparoscopic cholangiography is far more
difficult due to the smaller calibre of the extra-hepatic
bile ducts [14].

Our own experience suggests that open CBD explo-
ration is less likely to be successful in the paediatric age
group than in adults. Laparoscopic exploration is also
more difficult, and less likely to be successful [14]. Fur-
ther, laparoscopic cholecystectomy can be performed
safely without routine cholangiography, if accepted
preoperative parameters are met, with a very low inci-
dence of retained CBD stones [23]. The literature sug-
gests that ERCP is a safe and reliable way of dealing with
retained CBD stones in both adults and children [7].

In conclusion, exploration of the paediatric CBD is
made difficult by its small calibre and the relatively small
numbers of children presenting with choledocholithiasis.
The high rate of retained stones after open CBD

exploration and the learning curve associated with lap-
aroscopic cholecystectomy and OpCG suggest that
routine cholangiography may not be indicated in most
children with cholelithiasis. A selective approach for
OpCG in children and the use of ERCP when CBD
stones are detected either pre- or postoperatively is one
possible solution to this problem.
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