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ENDOSCOPY: BILIARY TRACT DISORDERS 

An analysis of the relationship between bile duct stones and 
periampullary duodenal diverticula 

GEORGE CHANDY,* WENDY J HART AND IAN C ROBERTS-THOMSON 

Department of Gastroenterology, The Queen Elizabeth Hospital, Adelaide, South Australia, Australia 

Abstract Previous studies have suggested a relationship between bile duct stones and periampullary 
duodenal diverticula. The aim of the present study was to examine this association in more detail, 
including step-wise logistic regression to identlfy independent predictors for the presence of diverticula. 
Clinical, endoscopic and radiological data were analysed from 794 consecutive subjects with bile duct 
stones; 44 with primary duct stones (without gall-bladder stones) and 750 with bile duct stones 
associated with current or previous gall-bladder stones. Frequencies of diverticula in subjects with bile 
duct stones were compared with those in age-matched controls who had undergone upper gastro- 
intestinal endoscopy using a side-viewing endoscope (n  = 100) or who had undergone endoscopic retro- 
grade cholangiopancreatography (ERCP) for pancreatic cancer (n = 100). The frequencies of diverticula 
in subjects with primary duct stones (70%) and bile duct stones with current or previous gall-bladder 
stones (25%) were significantly higher than in both control groups (7 and 8%, respectively). When 
subjects with bile duct stones were analysed by step-wise logistic regression, age and bile duct diameter 
were independent predictors of the presence of diverticula, but diverticula were unrelated to gender, 
mode of presentation, number of bile duct stones and outcome after endoscopic sphincterotomy. A 
significant association exists between duodenal diverticula and bile duct stones, perhaps because 
diverticula predispose to stone formation through the combined effects of bile stasis and bacterial 
contamination of bile. 
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INTRODUCTION 

Duodenal diverticula are usually considered to be 
incidental findings on barium meal X-ray or curiosities at 
duodenal endoscopy prior to endoscopic retrograde 
cholangiopancreatography (ERCP) . Most are located in 
the region of the papilla of Vater, but some involve the 
accessory papilla or other regions of the duodenum, 
usually distal to the major papilla.14 Acute complications 
of duodenal diverticula are rare but include pancreatitis, 
perforation, bleeding, infection and biliary obstruction, 
sometimes associated with bezoamW 

Several studies have also raised the possibility of an 
association between duodenal diverticula and gallstones, 
particularly stones in the bile Bile duct stones 
associated with diverticula are more likely to be black or 
brown pigment stones and may form because of bile 
stasis and contamination of bile by enteric ba~teria. '~. '~ 

Other distinguishing characteristics may include a 
higher frequency of multiple stones, often associated 
with bile duct sludge.'6 In addition, success rates for 
clearance of bile duct stones after endoscopic sphinc- 
terotomy may be lower because of the presence of large 
stones or because the diverticulum increases the 
technical difficulty of the procedure or limits the 
endoscopic inci~ion.'~J* The purpose of the present 
study was to determine the frequency of diverticula in a 
large series of patients with bile duct stones and to 
identify independent predictors for the presence of 
diverticula using step-wise logistic regression. 

METHODS 

Clinical, endoscopic and radiological data were recorded 
on a standard form for 6000 consecutive subjects 
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referred for ERCP. The procedures were performed 
during the period 1977-94 by a single endoscopist 
(IRT). Of the 6000 subjects, 794 had bile duct stones; 
44 with primary duct stones, 369 with bile duct stones 
coexisting with gall-bladder stones (including 125 with 
stones on an operative or T-tube cholangiogram) and 
381 with bile duct stones after previous cholecystectomy. 
Ten subjects included in the study had failed endoscopic 
cholangiography but were subsequently shown to have 
bile duct stones at surgery. Subjects with primary duct 
stones had absent gall-bladder stones as assessed by a 
variety of investigations, including ultrasonography 
(36 subjects), cholecystography at the time of ERCP (19 
subjects), computed tomography (five subjects) and oral 
cholecystography (three subjects). Most were treated by 
endoscopic sphincterotomy alone, but in eight younger 
subjects the absence of gall-bladder stones was con- 
firmed at the time of cholecystectomy. 

Frequencies of diverticula in subjects with bile duct 
stones were compared with those in two groups of age- 
matched controls; 100 subjects referred for upper gastro- 
intestinal endoscopy and 100 consecutive subjects referred 
for ERCP with a final diagnosis of pancreatic cancer. The 
indications for upper &astrointestinal endoscopy were 
dyspepsia (n=47), probable gastrointestinal bleeding 
(n = 20), review of ulcers (n= 12) and miscellaneous 
disorders (n = 21). Subjects were studied consecutively if 

they were over 50 years of age and if symptoms were con- 
sistent with gastric or duodenal pathology. Subjects with 
oesophageal symptoms were excluded as oesophageal 
lesions may be overlooked with side-viewing endoscopes. 
Sixteen of these subjects had previously had a cholecys- 
tectomy for gallstones, while three additional subjects had 
gall-bladder stones on ultrasonography. 

Data from subjects with bile duct stones included 
age, gender, mode of presentation, results of liver func- 
tion tests, the presence or absence of diverticula, duct 
diameters, number of bile duct stones and outcome 
after endoscopic sphincterotomy. Modes of presentation 
were categorized as biliary pain (alone), jaundice (with 
or without pain), cholangitis, pancreatitis and atypical 
symptoms. The latter group included subjects who were 
investigated because of malaise, fever or weight loss or 
because of abnormal results from screening liver 
function tests. Duct diameters on X-ray were adjusted 
for magnification on the basis of differences between 
the actual and radiological diameter of the distal 
endoscope. Data were transferred to a computer 
program; differences in the frequency of diverticula 
between groups were analysed by the Chi-squared test, 
while predictors of the presence of diverticula were 
analysed by step-wise logistic regression using the 
BMDP statistical software package (BMDP Statistical 
Software, Los Angeles, CA, USA). 

Figure 1 Endoscopic photo- 
graphs at duodenal endoscopy 
illustrating the variable relation- 
ship between the diverticulum 
and the orifice of the papilla 
(arrow). Rarely, diverticula were 
small, as shown in the example 
in the upper left panel. 
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Table 1 
subjects 

Number of subjects, gender, mean age and frequency of diverticula in subgroups with bile duct stones and in control 

Subgroup No. patients No. women ("YO) Mean age (years) Frequency of diverticula (%) 

Primary bile duct stones 44 39 70 70 

Bile duct stones after cholecystectomy 381 65 62 27 
Controls 

Bile duct stones with gall-bladder stones 369 56 66 22 

Upper gastrointestinal endoscopy 100 47 68 7 
Pancreatic cancer 100 44 69 8 

2 0 M 4 0 5 0 6 0 7 0 8 0 9 0  

Age (years) 

Figure 2 The frequency of diverticula in various decades 
of life was greater in the combined group of subjects with 
bile duct stones (+) than in the combined group of controls 
(--+-). 

A "1 
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Figure 3 The mean (* SEM) diameter of the bile duct in 
subjects with bile duct stones, with and without duodenal 
diverticula. Numbers of subjects in each group are shown in 
the panels. a), no diverticula; (B), papilla adjacent to the 

), papilla on margin of diverticulum; (U), 
papilla within the diverticulum. 

RESULTS 

The appearance of duodenal diverticula and their 
variable relationships to the major papilla are shown in 
Fig. 1. In 200 subjects in whom the relationship of the 
papilla to the diverticulum was recorded, 139 papillae 

(70%) were adjacent to the diverticulum, 33 (17%) 
were on the margin of the diverticulum and 28 (14%) 
were within the diverticulum. Eight of 10 subjects in 
whom endoscopic cholangiography was unsuccessful 
had duodenal diverticula and, of these, five had a 
papilla located within a diverticulum. Numbers of 
subjects in various subgroups, gender, mean age and 
frequencies of diverticula are shown in Table 1. The 
frequencies of diverticula in subjects with primary duct 
stones (70%) and in those with current or previous 
gall-bladder stones (25%) were significantly higher 
(P<O.OOl) than in both control groups. In the 
subgroup with bile duct stones after cholecystectomy, 
the interval since cholecystectomy had no effect on the 
frequency of diverticula. For example, subjects in whom 
the interval since cholecystectomy was long (>30 
years) had a similar frequency of diverticula to those 
subjects in whom the interval was relatively short (< 5 
years). 

When subjects with bile duct stones were analysed by 
step-wise logistic regression, only age and bile duct 
diameter were independent predictors of the presence 
of diverticula. The relationship with age is shown in 
Fig. 2. Diverticula were unrelated to gender, mode of 
presentation, number of bile duct stones and outcome 
after endoscopic sphincterotomy. 

Overall, the fkquencies of diverticula in subjects 
presenting with pain, jaundice, cholangitis, pancreatitis 
and atypical symptoms were 28, 25, 33, 16 and 46%, 
respectively. Excluding subjects with known retained 
stones, diverticula were present in 25% of subjects with 
single bile duct stones and in 33% of those with multiple 
stones. The diameters of the bile duct in subjects with 
and without diverticula are shown in Fig. 3. Outcome 
after sphincterotomy progressively improved over the 
period of study; the overall frequency of complete 
clearance of stones from the bile duct in subjects with and 
without diverticula was 88 and 93%, respectively. Only 
one patient died from complications of the procedure. 

DISCUSSION 

Gallstones may be located in the bile duct because of 
migration from the gall-bladder or they may develop 
within the bile duct, either in the presence or absence of 
gall-bladder stones. After cholecystectomy, stones found 
within the bile duct may have been overlooked at the 
time of surgery or may form within the bile duct after the 
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operation. Unfortunately, the relative frequencies of these 
events remains unclear, although the majority of bile 
duct stones M e r  in composition from stones located in 
the gall-bladder.lg This raises the possibility that most 
bile duct stones form in situ, a concept that varies from 
traditional teaching in some medical literature. 

Results from the present study confirm a strong 
association between bile duct stones and duodenal 
diverticula, particularly in subjects with bile duct stones 
without gall-bladder stones (primary duct stones). This 
association could arise because diverticula predispose to 
the formation of bile duct stones, because bile duct 
stones predispose to the formation of diverticula or 
because diverticula decrease the likelihood of spon- 
taneous passage of stones through the sphincter of 
Oddi. 

An attractive hypothesis is that diverticula predispose 
to the formation of bile duct stones because of bile 
stasis and bacterial contamination of bile. In the present 
study, bile duct dilatation was an independent predictor 
of the presence of diverticula and presumably reflects 
bile stasis related either to mechanical effects from the 
diverticulum or to the presence of coexisting motility 
disorders involving the sphincter of Oddi. With regard 
to the latter possibility, diverticula have not been 
associated with histological changes in the sphincter of 
Oddizo or with consistent changes in sphincter motility 
as assessed by operative or endoscopic man~metry.~'-~' 

Persuasive evidence now exists for an association 
between duodenal diverticula and positive bacterial 
cultures from bile. This has been observed in both 
endos~opic~~ and surgical studiesz4 and may arise because 
of the combined effects of bacterial contamination of 
diverticula, reflux of enteric bacteria into the biliary 
system and impaired drainage of bile.25 The link between 
bacterial contamination of bile and bile duct stones 
remains unclear, but may involve bacteria as nucleation 
factors or the elaboration of hydrolytic enzymes from 
particular bacterial species that form insoluble calcium 
salts from anions of bilirubin and fatty acids?" 

There is only limited data on the possibilities that 
diverticula develop as a consequence of bile duct stones 
or that diverticula decrease the chance of spontaneous 
passage of stones into the duodenum. The former 
hypothesis, however, was not supported by the obser- 
vation that the frequency of diverticula was similar in 
subjects with a short and long interval since 
cholecystectomy. The latter hypothesis also seems 
unlikely because, in unpublished observations (G 
Chandy et al., 1994), we found a similar frequency of 
diverticula in subjects with definite bile duct stones to 
that in 108 consecutive patients where spontaneous 
passage of stones was presumed because of jaundice or 
cholangitis prior to a normal cholangiogram at ERCP. 

Observations in the present study confirm the 
association between duodenal diverticula and bile duct 
stones and raise questions regarding the pathogenesis of 
bile duct stones and their relationship to gall-bladder 
stones. It seems likely, however, that diverticula can be 
considered as one of several factors that predispose to 
bile duct stone formation. Prospective studies are needed 
to assess the risk of recurrent stones after endoscopic or 
surgical therapy, but at least one study has documented 

contamination of bile by Escherkhia coli after surgery and 
the subsequent development of brown pigment stones.'* 
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