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To identify factors involved in choledocholithiasis, clinical characteristics were studied
using univariate and multivariate analyses. Factors involved in recurrence were also
investigated. The subjects consisted of 51 patients with calcium bilirubinate stones (B
group) and 52 patients with cholesterol stones (C group). All patients had choledo-
cholithiasis and underwent lithotripsy by endoscopic sphincterotomy (EST) during the
past 9 years. Twenty variables, including clinical symptoms and endoscopic retrograde
cholangiopancreatography (ERCP) findings, were analyzed using a Statistical Analysis
System (SAS) software package. Univariate analysis were done using Student’s t-test and
the chi-square test. Multivariate analyses were done by stepwise logistic regression
analysis. In univariate analyses, there were significant differences between the B group
and C group in nine variables: age, common bile duct diameter, common hepatic duct
diameter, common bile duct stone diameter, cystic duct diameter, and the presence of
gallbladder stones, atypical arrangement of the hepatic duct, parapapillary diverticu-
lum, and large parapapillary-diverticulum. In multivariate analysis, the four variables of
no gallbladder stone, large parapapillary diverticulum, cystic duct less than 8 mm, and
atypical arrangement of the hepatic duct were significant independent factors for the
development of stones in the B group, with relative risks of 37.75, 16.73, 5.56, and 5.49,
respectively. The results indicated that calcium bilirubinate stones were frequently asso-
ciated with parapapillary diverticulum and abnormal arrangement of the bile duct. The
formation of these stones was attributed to chronic biliary stasis caused by dysfunction
of the biliary tract, including the papilla. In contrast, most cholesterol stones found in the
common bile duct had apparently descended from the gallbladder. Common bile duct
stones recurred after EST in 9 patients, all of whom had calcium bilirubinate stones. On
ERCP, recurrence was found to be frequently associated with gallbladder stones, large
parapapillary diverticula, and atypical arrangement of the hepatic duct. Patients with
these characteristics on initial ERCP should therefore receive appropriate treatment
and undergo strict follow-up observations owing to the increased risk of recurrence
caused by dysfunction of the biliary tract.
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I. INTRODUCTION

There have been many basic and clinical studies on

cholecystolithiasis. A better understanding of the fac-
tors responsible for cholecystolithiasis his contributed
to more accurate diagnosis and to improved therapeu-
tic techniques [1-5]. However, relatively few studies
have focussed on the etiology and diagnosis of chole-
docholithiasis, and the clinical characteristics of this
disease are still poorly understood. The authors there-
fore studied the factors involved in the genesis of
choledocholithiasis by univariate and multivariate

analyses in patients undergoing endoscopic sphinc-
terotomy (EST). These factors included clinical signs
and symptoms of patients with choledocholithiasis
who underwent transpapillary lithotomy, cholangio-
graphic findings on endoscopic retrograde cholan-
giopancreatography (ERCP), and the configuration of
the duodenal papilla. In addition, the characteristics of
the bile duct and causative factors were studied in

patients with recurrent stones.

II. SUBJECTS AND METHODS

1. Subjects

During the 9-year period between January 1986 and
December 1994, 159 patients with choledocholithiasis
underwent stone removal by EST. Sixty-two of these
patients had stones of the common bile duct alone, and
97 had stones of the gallbladder and the common bile

duct. Seventy of the patients were men, and 89 were
women. Their mean age was 69.6 + 12.9 years.
Mechanical lithotripsy was performed using a

lithotripter in 53 patients. Lithotripsy using a basket
and balloon catheter was performed in 90 patients.
Electrohydraulic lithotripsy (EHL) under peroral
cholangioscopy was performed in 3 patients.
Transpapillary lithotomy could not be performed in 10

patients, who instead underwent percutaneous tran-

shepatic cholangioscopic lithotripsy (PTCSL). The
stones were spontaneously discharged in three patients
(Table I). One hundred fifteen patients in whom the
stones were able to be retrieved (excluding sponta-
neous discharge and retrieval of only minute quanti-

TABLE Characteristics of patients with choledocholithiasis who
underwent endoscopic sphincterotomy (EST)

1986, 1994, 12

CBD stone
CBD alone
With GB stone

Lithotripsy
Mechanical lithotripsy
Basket & baloon
EHL
PTCSL
Spontaneous discharge

M:F
Mean age

70:89
69.6 + 12.9

159
62
97

53
90
3
10
3

CBD: common bile duct
GB: gallbladder
EHL: electrohydraulic lithotripsy
PTCSL: percutaneus transhepatic cholangioscopic lithotripsy

ties of stone) and who had cholangiograms that per-
mitted interpretation and measurement of the biliary
tract were studied. Furthermore, patients undergoing
cholecystectomy or gastrectomy, which may alter the
diameter of the bile duct, and patients who concur-

rently had intrahepatic stones, which are considered to

be caused by factors different from those producing
stones of the common bile duct, were also excluded.

2. Stone Analysis and Analytical Methods

The components of common bile duct stones were

analyzed by infrared (IR) spectroscopy. Fifty-one
patients had calcium bilirubinate stones (B group), and
52 had cholesterol stones (C group). In addition, nine

patients had mixed stones containing at least 30% cal-
cium bilirubinate and cholesterol (mixed stone group),
and five patients had black stones (black stone group),
evaluated by appearance of the surface and cut sec-
tions of the stone (Table II).

Differences between the B group and C group were

studied by univariate analysis of the following clinical

symptoms and laboratory findings at admission: fever
(>37C), abdominal pain (epigastric or right hypochon-
drial spontaneous pain or tenderness), jaundice (serum
total bilirubin >3.0 mg/dl), elevated levels of biliary
enzymes (serum alkaline phosphatase [ALP] or serum
leucine aminopeptidase [LAP]), and the presence of
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TABLE II Type of common bile duct stones

No. of patients

Calcium bilirubinate stone (B group) 51
Cholesterol stone (C group) 52
Mixed stone 9
Black stone 5

117

cholangitis (abdominal pain + elevated biliary enzymes
+ leukocyte count >10,000 or C-reactive protein [CRP]
positive) or cholecystitis (enlargement of the gallblad-
der and thickening of its wall on abdominal ultrasonog-
raphy + leukocyte count >10,000 or CRP positive).
B group and C group were similarly compared by

univariate analysis for variables determined in cholan-
giograms on ERCP and endoscopic findings of the
duodenal major papilla (the presence or absence of

gallbladder stones, gallbladder stone diameter, the
diameter and number of common bile duct stones,
common bile duct diameter, common hepatic duct
diameter, cystic duct diameter, the presence or absence
of bile duct stenosis, the presence or absence of an

atypical arrangement of the cystic duct, the structure of
the hepatic duct confluence, and the presence or

absence of a parapapillary diverticulum and a large
parapapillary diverticulum). For cholangiograms, films

that included the intrahepatic duct and gallbladder in
the initial ERCP images were selected, in principle. If
the initial images were unsatisfactory, the cholan-
giograms taken after EST treatment were used. The

images were interpreted and measured by several spe-
cialists, and the maximum diameter was measured for
each specified site. Abnormal arrangement of the cys-
tic duct was classified according to the questionnaire
survey used by the 22nd Meeting of the Japanese Study
Group on Biliary Surgery (Fig. 1) [6]. The arrangement
of the hepatic duct was classified as typical, in which

all intrahepatic ducts join the left and fight main trunks
of the hepatic duct before forming the common bile

duct, or atypical, in which the left, fight or both intra-

hepatic ducts join the common bile duct without form-
ing the main hepatic duct (Fig. 2). The parapapillary
diverticulum was examined endoscopically, and a

large parapapillary diverticulum was considered to be

A B C D E

FIGURE Classification of abnormal arrangements of the cystic
duct

present when the opening of the diverticulum was two

or more times the transverse diameter of the papilla, or

if the site in contact with the main papilla was a half
circumference or more (Fig. 3). Statistical analysis was
done using a Statistical Analysis System (SAS) soft-
ware package. The significance of the results of uni-

variate analysis was tested using Student’s t-test and
the chi-square test. p values less than 0.05 were consid-
ered to indicate statistical significance. Multivariate

analysis was done by stepwise logistic regression
analysis of the variables used in univariate analysis.

After performing EST, complete lithotripsy was
confirmed by ERCP images or by peroral cholan-

gioscopy. The subsequent recurrence of common bile

duct stones was studied in 102 patients who were able
to be observed for 2 years or more at the outpatient
clinic of this hospital or affiliated hospitals.
Recurrence was defined as the confirmation of a stone

on ERCP more than 1 year after removal of the initial
stone. Patients in whom a stone could not be con-
firmed on cholangioscopy were not considered to have
had recurrence, even when papillary enlargement or

purulent bile were present.

III. RESULTS

1. Comparison Between B Group and
C Group by Univariate Analysis

(1) Clinical Symptoms and Findings at Admission

Symptoms other than abdominal pain were noted in
less than half of the patients in each group. Seven
patients (14%) in the B group and 10 (19%) in the C
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arrangement arrangement

L left hepatic duct, RA right anterior hepatic duct, RP: right posterior hepatic duct

FIGURE 2 Typical and atypical arrangements of the hepatic duct.

group were asymptomatic (combined total, 17
patients, 17%).

Elevation of biliary enzymes was seen in most

patients in both groups, and 24 patients (47%) in the B
group and 20 (38%) in the C group (combined total, 44
patients, 43%) presented with signs and symptoms of
cholangitis. Among these patients, only one in the B
group and two in the C group had acute obstructive

suppurative cholangitis (AOSC), which was associ-
ated with shock and disturbed consciousness. Both of
these patients required emergency EST and drainage.
Cholecystitis was concurrently present in 8 patients
(16%) in the B group and 11 patients (21%) in the C
group (combined total, 19 patients, 18%). There was
no significant difference between the groups in any of
these characteristics (Table HI).

FIGURE 3 Endoscopic findings of a large parapapillary diverticulum
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TABLE Ill Clinical signs and symptoms at admission

Characteristic

TABLE IV Age of the patients, biliary tract diameter, and stone

diameter.
B group C group p value
(n 51) (n 52) Characteristic

0.090

0.680

0.777

0.452

0.964

0.378

0.474

Fever "l" + 24 16
27 36

Abdominal pain + 40 39
11 13

Jaundice + 22 21
29 31

Symptoms 7 10
+ 44 42

Bile duct enzymes "l" 42 43
---> 9 9

Cholangitis + 24 (1) 20 (2)
27 32

Cholecystitis + 8 11
43 41

): Acute obstructive suppurative colangitis 22-test
B group: Calcium bilirubinate stones
C group: Cholesterol stones

2) Age and Maximum Diameters at Each Site in
ERCP Cholangiograms

The mean age of the patients was significantly higher
in the B group than in the C group (p < 0.001). The
diameters of the common bile duct and the common

hepatic duct were also significantly greater in the B
group (p < 0.001, P 0.005). Similarly, the diameter
of common bile duct stones was significantly greater
in the B group than in the C group (p < 0.001). In con-

trast, the diameter of the cystic duct was significantly
greater in the C group than in the B group (p < 0.001)
(Table IV).

3) ERCP Cholangiograms and
Endoscopic Findings

Gallbladder stones were concurrently present in sig-
nificantly more patients in the C group than the B
group (p < 0.001). The arrangement of the hepatic
duct was atypical in a significantly higher proportion
of patients in the B group (p 0.004). A parapapillary
diverticulum was present in significantly more

patients in the B group (p < 0.001), and large parapap-
illary diverticulum were more remarkable in the B
group (p < 0.001). There was no difference between
the groups with respect to the number of common bile

B group C group p value
(n 51) (n 52)

Age 74.7 + 8.3 63.9 + 14.8 <0.001
Common bile duct 17.6 + 4.1 14.7 + 4.0 <0.001
Common hepatic duct 14.9 + 3.7 12.8 + 3.5 0.005
Cystic duct 6.7 + 2.2 8.8 + 2.9 <0.001
CBD stone 15.1 + 7.6 10.4 + 4.2 <0.001
GB stone 13.7 + 6.9 13.5 + 6.9 0.884

Mean + SD (mm) Student’s-test

duct stones, the presence of common bile duct steno-

sis, and an abnormal arrangement of the cystic duct
(Table V).

2. Comparison Between B Group and C Group
by Multivariate Analysis

The eight variables selected for stepwise analysis
(concurrent presence of gallbladder stones, hepatic
duct arrangement, parapapillary diverticulum, large
parapapillary diverticulum, age, common bile duct
stone diameter, common bile duct diameter, and cystic
duct diameter) underwent multivariate analysis using
a multiple logistic model. Since the numerical vari-

ables of age, common bile duct stone diameter,

TABLE V ERCP and endoscopic findings

Characteristic B group C group p value
(n 51) (n 52)

GB stone + 26 50
25 2 <0.001

CBD solitary stone 21 23
multiple stones 30 29 0.754

CBD stenosis + 15 10
36 42 0.228

HD arrangement, atypical 34 20
typical 17 32 0.004

CD arrangement, abnormal 21 18
normal 30 34 0.429

PD + 42 9
9 43 <0.001

Large PD + 29 2
22 50 <0.001

HD: Hepatic bile duct.
CD: Cystic duct. 2-test
PD: Parapapillary diverticulum.
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common bile duct diameter, and cystic duct diameter

do not have a normal distribution, they were expressed
as medians. The four variables of gallbladder stones

(p 0.00166), large parapapillary duodenal diverticu-
lum (p 0.01520), hepatic duct arrangement (p
0.03534), and cystic duct diameter (p 0.03799) were

found to be significant. The relative risks of these vari-
ables as independent factors in the B group were as

follows: no gallbladder stone, 37.75; large parapapil-
lary diverticulum, 16.73; cystic duct diameter less
than 8 mm, 5.56, and atypical hepatic duct arrange-
ment 5.49 (Table VI-a, b).

3. Patients with Recurrence of Common
Bile Duct Stones

Stones recurred in 9 patients (4 men and 5 women).
These patients were elderly (mean age, 77.7 + 9.2
years). The mean time to recurrence was 29 months,
and most cases of recurrence occurred after about 2

years. Seven of these patients had gallbladder stones,

including 6 cases with medium to large stones measur-

ing over 15 mm in diameter. It was thus unlikely that
the stones had descended from the gallbladder to the

common bile duct. One patient had multiple stones each
less than 10 mm in diameter; recurrence occurred
repeatedly over a short period. The initial stones were

treated by basket lithotripsy in 4 patients, and by
mechanical basket lithotripsy in 5 patients. Complete
lithotripsy was confirmed cholangiographically by
postoperative balloon ERC. Most of these patients had
early-stage disease, and the remaining stones were con-

firmed by peroral cholangioscopy in only 2 of the 9
cases. Virtually all recurrent stones were more than 15
mm in diameter. Mechanical basket lithotripsy was per-
formed in all patients who had a recurrence. The stones

were completely removed in 7 patients. One patient
died of septicemia provoked by AOSC, and another
died of acute left heart failure during lithotripsy. All
recurrent cases had calcium bilirubinate stones. Ofthe 9
patients with recurrence, only 4 had an abnormal
arrangement of the cystic duct, whereas 7 had an atypi-
cal arrangement of the hepatic duct, and 8 had large
parapapillary duodenal diverticulum. EST at the time of
recurrence required a small incision up to the covering
fold in 5 patients, a medium incision up to the middle of
the oral protrusion in 3 patients, and a large incision

reaching the oral protrusion in 1 patient (Table VII).

TABLE VI-a Factors contributing to CBD stones according to multivariate analysis with a logistic regression model

Variable Estimate Standard error Standard deviation p value

GB stone (+ --> 1, --> 0)
HD arrangement (atypical ---> 1, typical --> 0)
PD (+ --> 1,---> 0)
Large PD (+ --> 1, --> 0)
Age (73 _<-- --> 1, 73 > --> 0)
CBD stone (12 mm _--< --> 1, 12 mm > --> 0)
CBD (16 mm --< -->1, 16 mm > ---> 0)
Cystic duct (8 mm _--< --> 1, 8 mm >- 0)

-3.63098 1.12072 -3.23986 0.00166
-1.70369 0.79774 -2.13563 0.03534
-1.25149 0.93670 -1.33607 0.18479
-2.81720 1.13901 -2.47338 0.01520
-0.82873 0.74576 -1.11126 0.26932
-0.01723 0.85742 -0.02010 0.98399
-1.14305 0.81648 -1.39998 0.16485
1.71639 0.81538 2.10502 0.03799

GB: gallbladder, HD: hepatic bile duct, PD: Parapapillary diverticulum, CBD: common bile duct

TABLE VI-b Relative risks of significant variables in the B group by a logistic regression model

Variables Risk ratio 95% Confidence limits p value

GB stone- 37.75 4.20 339.54 0.00166
Large PD + 16.73 1.79 155.97 0.01520
Cystic duct (8 mm >) 5.56 1.13 27.51 0.03799
HD atypical arrangement 5.49 1.15 26.24 0.03534

Logistic regression procedure
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TABLE VII Patients with recurrence of CBD stones

Case 2 3 4 5 6 7 8 9

Sex F F M M F M M M F
Age 86 77 85 78 64 80 81 90 58
GB stone + + + + + + +
GBS size (mm) 30 28 15 10 19 15 18
CBDS size (mm) 22 12 10 22 8 14 20 27 15
r-CBDS size (mm) 20 17 13 20 18 15 18 20 17
Analysis Bil Bil Bil Bil Bil Bil Bil Bil Bil
Period (m) 23 44 25 57 24 24 20 28 15
Lithotripsy Lt Bt Bt Lt Bt Bt Lt Lt Lt
r-lithotripsy Lt Lt Lt Lt Lt Lt Lt Lt Lt
EST size M M S S M S S L S
CD abnormal arrangement + + + +
HD atypical arrangement + + + + + + +
Large PD + + + + + + + +
Clinical course A A A A A A D D A

r-CBDS: recurrent common bile duct stone (mm), Bil: calcium bilirubinate stone, period: period to recurrence, r-lithotripsy: lithotripsy at
recurrence, Lt: lithotripter, Bt: basket L: large, M: medium, S: small, A: alive, D: died

IV. DISCUSSION

Choledocholithiasis is frequently accompanied by
symptoms of obstructive jaundice and cholangitis, but
some cases are asymptomatic, which often precludes
early diagnosis. As this disease occurs primarily in

elderly patients, symptoms may be vague. In fact, in
this study about 17% of the patients were asympto-
matic, and two-thirds of these patients had normal bil-

iary enzyme levels. On the other hand, cholangitis
accompanied by symptoms, signs of inflammation,
and elevated levels of biliary enzymes was noted in
more than 40% of the patients. Although rare, once

AOSC develops it grows progressively more serious

and requires emergency drainage. Early diagnosis is

therefore vital, and treatment is essential even in

asymptomatic patients.
In the field of internal medicine, transpapillary litho-

tomy by EST is generally employed to treat choledo-
cholithiasis, and we have performed EST as the

procedure of choice since 1985 [7,8]. Cases compli-
cated by confluence stones and intrahepatic stones are

treated by PTCSL, which has also produced good
results [9,10]. By selecting between these two routes for
endoscopic treatment, most cases ofcholedocholithiasis
can be managed effectively. In the field of surgery,
choledochotomy is assigned a high priority, and the

indications for transpapillary surgery differ depending
on the insttufion. Internists and surgeons thus still dif-

fer in their approaches to treatment [11,12,13].
Recently, extracorporeal shock wave lithotripsy
(ESWL) has also been used to treat bile duct stones

[14]. In the future, more refined techniques for diagno-
sis and a corresponding wider assortment of treatment

options will most likely become available. Therefore,
assessment of differences between bilirubinate stones

and cholesterol stones based on ERCP images and clin-
ical symptoms is considered to be useful for diagnosis
and the selection ofthe optimal procedure for treatment.

Stones were classified according to the classifica-

tion proposed by the proposal of the Gallstone Study
Group of the Japanese Society of Gastro-Enterology
[15], but black stones were classified separately
because their components have not been fully defined

and because IR analysis is still inadequate [16]. Pure
cholesterol stones and mixed-component stones may
be grouped together under the general category ofcho-
lesterol stones, but it is often difficult to distinguish
mixed stones from bilirubinate stones 16]. For analy-
sis, we therefore created a separate category for mixed
stones that could not be clearly allocated to B group or

C group.
Bilirubinate stones were formerly the most preva-

lent type of stone in Japan. Their formation has been
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widely accepted to involve the bacterial [I-glu-
curonidase theory, and the mechanism for stone

biosynthesis has been demonstrated in vitro [17,18].
Formerly, bilirubinate stones were found predomi-
nantly in elderly patients and accounted for the major-
ity of common bile duct stones. Recently, however,
there has been a trend toward a relative decrease in
bilirubinate stones [19], and in this study there were

comparable numbers of patients with bilirubinate
stones (51) and those with cholesterol stones (52).
Furthermore, although concurrent gallbladder stones

were not uncommon in the B group, over half the
patients in this group had common bile duct stones

alone. In contrast, most patients in the C group con-

currently had gallbladder stones, and cases of solitary
common bile duct stones were extremely rare.
Therefore, the high number of cholesterol stones in the
common bile duct was attributed to gallbladder stones

descending to the common bile duct rather than a high
rate of biosynthesis of cholesterol stones inside the
common bile duct.
The significantly greater diameter of common bile

duct stones in the B group than in the C group was
considered to reflect the gradual formation of bilirubi-
nate stones within the bile duct; these stones only
rarely descend from the gallbladder. The significantly
greater caliber of the bile duct in the B group was
apparently caused by prolonged elevation of pressure
within the bile duct and biliary stasis, but the effects of
age-related changes and papillary dysfunction also
merit consideration. In contrast, the smaller stone and
common bile duct diameters and the significantly
greater cystic duct diameter in the C group, revealed
by univariate analysis, and the fact that the cystic duct
diameter was related to stone formation in the C
group, as demonstrated by multivariate analysis, indi-
cate that stones in this group descended from the gall-
bladder and passed through the cystic duct to the
common bile duct.

Since the description of the "Papillensyndrom" by
Lemmel [20], parapapillary diverticulum have been
considered to be associated with cholelithiasis, and a

particularly strong relation with common bile duct
stones has been suggested [21,22,23]. Many reports on
the mechanism of stone formation have claimed that

mechanical retraction of the end of the common bile
duct [20,21 or Oddi’s muscle, or papillary dysfunction
caused by continuous physical stimulation [22,23] ele-
vate bile duct pressure, promote biliary stasis, and dis-
turb biliary flow, but the details are still unclear owing
to the lack of adequate basic research. Kimura et al.

[24] reported no association between pathological evi-
dence of parapapillary duodenal diverticula pathologi-
cally and histological changes of the papillary region.
Clinically, however, diverticula were considered to be
involved in stone formation. In addition, although most
diverticula have been found on the oral side of the
papilla, there have been few studies on diverticulum
size [23,25], and measurement methods have differed
depending on the institution. We have designated a

large parapapillary diverticulum to be present when the
opening of the diverticulum was two or more times the
transverse diameter of the main duodenal papilla, or if
the site in contact with the main papilla was a half cir-
cumference or more. In multivariate analyses, a large
papillary diverticulum was the second most strongly
associated factor with stone formation in the B group,
following no gallbladder stone. With regard to the rela-
tion between parapapillary diverticulum and stone

recurrence, Fuji et al. [26] reported that parapapillary
duodenal diverticula were seen in all patients who had
recurrent stones of the common bile duct, but there was
no mention of size. In the present study, the presence of
large diverticulum in the majority of patients with
recurrence clearly indicates long-term functional or

organic disturbances of the lower biliary tract, includ-

ing the papillary region. These patients were therefore
at greater risk for the development of severe biliary sta-
sis and infection.
The biliary tract is known to show a diverse variety

of arrangements but a concept defining abnormal
arrangement has yet to be established [27]. Recently,
Kuji et al. [6] classified abnormal arrangement of the
cystic duct based on the results of a questionnaire sur-

vey of members of the Japanese Study Group for
Biliary Surgery (Fig. 1). The results of this survey
indicated the incidence of abnormal patterns of the
cystic duct to be about 5%, which is distinctly lower
than in North America and Europe [28,29]. We previ-
ously reported on abnormal arrangement of the cystic
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duct in patients with cholelithiasis [30], and in chole-

cystolithiasis the incidence an abnormal arrangement
of the cystic duct was relatively high (13%). In the
present study, there was a remarkably high rate of
abnormal arrangement of the cystic duct, found in 39
(38%) of the 103 patients with common bile duct
stones in the B group and C groups. This suggests that
abnormal arrangement of the cystic duct is associated

with some dysfunction of the cystic duct, which may
be involved in not only the formation of gallbladder
stones but also stones descending from the gallblad-
der. Many reports have described abnormal configu-
rations of the bile ducts, particularly the hepatic duct

[27,31 ]. However, in Japan there are considerable dif-

ferences among institutions concerning the nomencla-
ture for the accessory hepatic ducts, and no
standardized classification is available. We therefore
considered a typical arrangement to be present when
the intrahepatic bile ducts united in one left and one

right main trunk, and all other arrangements were

defined as atypical. In other words, these latter cases
were classified as atypical arrangement of the hepatic
duct. There has been no study of the association
between the arrangement of the hepatic duct and func-
tion of the papillary region. In our series, an atypical
arrangement of the hepatic duct was present in 54
(52%) of 103 cases of common bile duct stones. In a

series of 318 cases of gallbladder stones diagnosed
during the same period as the present study, an atypi-
cal arrangement of the hepatic duct was found in only
87 patients (27%). The incidence of atypical hepatic
duct arrangement was thus distinctly higher in

patients with common bile duct stones. Moreover,
multivariate analysis indicated that an atypical
arrangement was associated with stone formation in
the B group. This suggested that an atypical arrange-
ment of the hepatic duct was involved in some type of
dysfunction of the bile ducts as a whole, including the

papillary region.
EST and other types of endoscopic therapy for

common bile duct stones have been demonstrated to

produce excellent therapeutic results [32,33].
Recently, techniques such as mother-baby-type per-
oral cholangioscopy and biliary drainage have been

routinely used for the diagnosis and treatment of

cholelithiasis and other biliary tract diseases.

Particularly remarkable progress has been made with

ERCP and its applied techniques [7,8]. On the other
hand, as more long-term follow-up results of EST
therapy become available, late-stage complications,
such as stone recurrence and late-stage cholangitis,
have emerged as problems [32-34]. Many previous
reports have assessed the relation with recurrence

rate or concurrent gallbladder stones. As stated by
Ikeda et al. [32], it is inappropriate to evaluate recur-
rence by merely surveying a series of patients at a

given point in time, and late-stage cholangitis may
often occur in patients in whom gallbladder stones

are left untreated [32,34]. We studied stone recur-
rence based principally on ERCP images. Among the

patients with recurrence, all had bilirubinate stones
and a particularly high proportion had an atypical
arrangement of the hepatic duct or large parapapillary
duodenal diverticula. Furthermore, the high number
of recurrent cases with gallbladder stones implies that
the risk of recurrence must be considered in the B
group (in patients with bilirubinate stones), which

has a risk of late-stage cholecystitis as well as con-
current papillary dysfunction in case that gallbladder
stones are allowed to remain. Since many patients
with common bile duct stones are elderly and have
underlying diseases, stone recurrence may trigger
serious complications. In the present study, two

patients died during lithotripsy; follow-up is there-
fore extremely important. These findings indicate
that patients found at the time of initial treatment to

have large parapapillary diverticula, an abnormal
arrangement of the hepatic duct, and gallbladder
stones have an increased risk of recurrence.
Gallbladder stones in such patients should therefore
be treated by cholecystectomy or other suitable pro-
cedures. All patients in whom gallbladder stones are
left untreated require strict follow-up.

V. CONCLUSION

Clinical symptoms, ERCP images, and endoscopic find-

ings of the duodenal papillary region in patients with

choledocholithiasis who endoscopically underwent
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lithotripsy by EST were studied using univariate and
multivariate analysis to identify factors involved in the
formation of stones. The following conclusions were

obtained:

1. As clinical symptoms and findings, symptoms of
acute cholangitis were noted in 24 patients (47%)
in the B group and 20 patients (38%) in the C
group. Although AOSC developed in only one

patient in the B group, and two in the C group, all
of these patients required emergency EST. Overall,
about 17% of the patients were asymptomatic.

2. The age of the patients was significantly higher in
the B group than in the C group. Common bile duct
diameter, common hepatic duct diameter, and com-
mon bile duct stone diameter were significantly
greater in the B group than in the C group. In con-

trast, cystic duct diameter was significantly greater
in the C group.

3. In cholangiograms on ERCP and endoscopic
images, the absence of gallbladder stones, atypical
arrangement of the hepatic duct, parapapillary duo-
denal diverticula, and large parapapillary divertic-
ula were significantly more frequent in the B
group. There was no difference between the groups
in the number of common bile duct stones or the

presence of common bile duct stenosis and abnor-
mal arrangement of the cystic duct.

4. In multivariate analysis, the four variables of no

gallbladder stone, large parapapillary duodenal
diverticulum, cystic duct less than 8 mm, and atyp-
ical arrangement of the hepatic duct were signifi-
cant independent factors for the development of
stones in the B group, with relative risks of 37.75,
16.73, 5.56, and 5.49, respectively.

5. Common bile duct stones recurred in 9 patients.
The mean period to relapse was 29 months. All
cases of recurrent stones were treated by mechan-
ical basket lithotripsy. Complete lithotripsy was

possible in seven patients, and the other two

patients died. All recurrent cases had bilirubinate

stones and the majority were associated with gall-
bladder stones, atypical arrangement of the

hepatic duct, and large parapapillary duodenal
diverticula.
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