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Abstract

AIM: To determine the risk factors for gallstone-related
biliary events.

METHODS: This retrospective cohort study evaluated
magnetic resonance cholangiopancreatography images
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from 141 symptomatic and 39 asymptomatic gallstone
patients who presented at a single tertiary hospital
between January 2005 and December 2012.

RESULTS: Logistic regression analysis showed
significant differences between symptomatic and
asymptomatic patients with gallstones in relation to the
number of gallstones, the angle between the long axis
of the gallbladder and the cystic duct, and the cystic
duct diameter. Multivariate analysis showed that the
number of gallstones (OR = 1.27, 95%CI: 1.03-1.57;
P = 0.026), the angle between the long axis of the
gallbladder and the cystic duct (OR = 1.02, 95%CI:
1.00-1.03; P = 0.015), and the diameter of the cystic
duct (OR = 0.819, 95%CI: 0.69-0.97; P = 0.018) were
significantly associated with biliary events. The incidence
of biliary events was significantly elevated in patients
who had the presence of more than two gallstones, an
angle of > 92° between the gallbladder and the cystic
duct, and a cystic duct diameter < 6 mm.

CONCLUSION: These findings will help guide the
treatment of patients with asymptomatic gallstones.
Clinicians should closely monitor patients with
asymptomatic gallstones who exhibit these characteristics.

Key words: Cystic duct; Gallbladder; Gallstone disease;
Magnetic resonance cholangiopancreatography; Risk
factor

© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: This is a retrospective cohort study that evaluated
magnetic resonance cholangiopancreatography images
from 180 patients. We found that the incidence of
biliary events was significantly elevated in patients
who had more than two gallstones, an angle of > 92°
between the gallbladder and the cystic duct, and/or
a cystic duct diameter < 6 mm. When considering
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these factors as a risk factor of gallstone-related biliary
events, the positive predictive value for biliary events in
patients with all three risk factors was 89.3%.

Park JS, Lee DH, Lim JH, Jeong S, Jeon YS. Morphologic
factors of biliary trees are associated with gallstone-related biliary
events. World J Gastroenterol 2015; 21(1): 276-282 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/11/276.
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INTRODUCTION

Gallstone disease is a common reason for abdominal

pain, leading to significant morbidity, mortality, and
considerable health care costs. The prevalence of
gallstones in the adult population is estimated to be
between 10%-15% in Western countries, including

over 20 million people in the United States'". In Korea,

3.1% of men and 3.4% of women have gallstones”.
Gallstones are often discovered incidentally during
the ultrasound investigations that form part of regular
health assessments, and over 70% of gallstones
are asymptomaticm. In patients with asymptomatic
gallstones, 10% will experience a gallstone-related biliary
event, including biliary colic, acute cholecystitis, acute
cholangitis, or acute pancreatitis, within five years of
diagnosis, and 20% will experience a gallstone-related
biliary event within 20 years of diagnosisp’ﬂ. Therefore,
investigating the risk factors associated with biliary events
in patients with asymptomatic gallstones is important
for determining which patients should be treated, and to
prevent unnecessary treatment of gallstones[m.

The risk factors associated with gallstone-related
biliary events include small and multiple gallstones,
gallbladder dysfunction, being female, having a family
history of gallstones, and pregnancy; the risk factors that
can predict the occurrence of biliary events have not
yet been satisfactorily defined®”. The generally accepted
cause of gallstone-related biliary events is an impacted
gallstone in the cystic duct, neck of the gallbladder, or
bile duct"”. Thus, the morphologic characteristics of
the gallbladder and cystic duct are likely to be important
factors underlying biliary events, but there have been no
studies thoroughly evaluating this. We hypothesized that
the angle between the long axis of the gallbladder and
the cystic duct, the diameter of the cystic duct, and/or
gallstone characteristics are associated with biliary events.
Therefore, we conducted a study using magnetic resonance
cholangiopancreatography (MRCP) to determine whether
the morphologic characteristics of the gallbladder and the
cystic duct and the number of gallstones are risk factors
for biliary events. We also attempted to quantitatively
evaluate the relationship between these risk factors and
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gallstone-related biliary events.

MATERIALS AND METHODS
Study design

This retrospective case-control study was performed at
the Inha University Hospital, Incheon, South Korea. The
patients who enrolled in the study underwent MRCP and
had gallstones, and were classified into two groups based
on whether or not they had experienced biliary events.
The characteristics of the MRCP images were compared
between the two groups. This study was approved by the
hospital’s institutional review board JUH-IRB 13-2823).

Patients and definitions

We studied patients who underwent MRCP between
January 2005 and December 2012. The study’s inclusion
criteria were that the patients were = 20 years-old and
that they had gallstones. The exclusion criteria were
as follows: (1) a history of biliary tract surgery; (2) the
cystic duct not being visualized on the MRCP images;
(3) the presence of abnormal anatomy of the biliary
tree caused by gallbladder cancer or adenomyomatosis;
and (4) having other reasons for abdominal pain. The
patients’ medical records were reviewed and the clinical
characteristics and course were extracted along with the
MRCP findings. Gallstone-related biliary events were
defined as biliary colic, cholangitis, acute cholecystitis
and acute biliary pancreatitis. Biliary colic was defined as
recurrent pain in the epigastrium or right upper quadrant
that lasted longer than 15-30 min that was not relieved
by bowel movements, postural changes, or antacids, and
was eventually relieved by cholecystectomy! . The Tokyo
Guidelines"” were used to diagnose cholangitis and
cholecystitis, which was confirmed by MRCP findings
showing a pericholecystic high signal, an enlarged
gallbladder, and a thickened gallbladder wall",

MRCP

MR imaging was performed on patients after an over-
night fast (= 8 h) using 1.5 T MR scanners (Signa
EXCITE and Signa HDxt; GE Healthcare, Little
Chalfont, Buckinghamshire, United Kingdom). Axial
T1-weighted gradient echo images [repetition time
(TR)/echo time (TE): 135/4.3 ms, flip angle: 60°, slice
thickness: 5 mm)], axial T2-weighted spin-echo images
(TR/TE: 1500/86.8 ms, flip angle: 90°, slice thickness:
5 mm), coronal T2-weighted spin-echo images (TR/TE:
1500/86.8 ms, flip angle: 90°, slice thickness: 5 mm),
and thick-slab MRCP (TR/TE: 4000/900 ms, flip angle:
90°, slice thickness: 40 mm) wete acquired. No contrast
media were used. The MRCP images were interpreted by
a single radiologist who had over five years of experience
interpreting gastroenterologic images and who measured
the parameters in the MRCP images without any
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Figure 1 Gallbladder and the cystic duct angle. The angle was measured at
the intersection of two virtual lines, which were defined as the lines drawn along
the cystic duct and the long axis of the gallbladder.

knowledge of the patients’ clinical information.

Evaluation of the images

The angle formed by the long axis between the gall-
bladder and the cystic duct was evaluated. The most acute
angle was measured on the three-dimensional MRCP
images at the intersection between two virtual lines, one
that extended along the cystic duct, and the long axis of
the gallbladder, which was the virtual line connecting the
fundus to the neck of the gallbladder (Figure 1). The
diameter of the cystic duct was measured at the widest
part of the entire duct. Gallstone size was defined as the
size of the largest stone.

Hypothesis of biliary event

We hypothesized that more biliary events induced by
gallstones will occur as the angle between the long axis
of the gallbladder and the cystic duct approaches 180°,
because as the angle widens, it becomes easier for the
gallstones to enter and impact the cystic duct. And we
also hypothesized that a small cystic duct diameter would
cause biliary events because of the potential of gallstone
impaction in the cystic duct as they move along it after
passing through the orifice.

Statistical analysis

Statistical analysis was performed using SPSS version
19.0 software (SPSS Inc., Chicago, IL, United States).
The baseline characteristics were compared using an
independent £test for continuous variables and alz
test for categorical variables. In the preliminary analysis,
univariate logistic regression was used to determine
whether particular factors influenced the incidence of
gallstone-related biliary events. Multivariate logistic
regression analysis tested the outcomes from the uni-
variate logistic regression analysis. The OR and 95%CI
are presented. Receiver operating characteristic (ROC)
curve analysis was used to determine the cut-off values
for the number of gallstones, the angle between the
gallbladder and the cystic duct, and the cystic duct
diameter that had the highest sensitivities and specificities,
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Figure 2 Distribution of patients with gallstones.

and these were used to classify patients based on the
presence or absence of biliary symptoms. The ;(2 test was
used to compare the incidence of biliary events between
the groups that were classified according to the cut-off
values. Data are presented as mean & SD, and a P < 0.05
was considered as statistically significant.

RESULTS

Patients

The medical records of 513 patients aged 20 years or
older who underwent MRCP were reviewed; 333 patients
were excluded from the study. Among the patients who
were excluded, 38 had undergone cholecystectomy, 181
did not have gallstones, 87 had cystic ducts that could
not be visualized on the MRCP images, 23 had abnormal
gallbladder anatomies caused by gallbladder cancer or
adenomyomatosis of the gallbladder, and 4 patients had
advanced malignancies and abdominal pain that could
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Table 1 Univariate analysis of potential risk factors for gallstone-related biliary events

Factor Group A (n = 141) Group B (7 = 39) Odds ratio 95%Cl P value
Age, yr 67.2+12.9 65.2+15.1 0.99 0.97-1.02 0.46
Male/female, n 77/ 64 17/22 1.56 0.76-3.18 0.22
Diabetes mellitus, n 41 10 1.15 0.51-0.58 0.74
Hypertension, n 54 14 1.06 0.51-2.23 0.87
BMI, kg/m’ 22.7+5.9 21.6+7.14 1.03 0.97-1.08 0.37
Hemoglobin, mg/dL 13.1+21 12.6+1.8 113 0.95-1.34 0.18
Total cholesterol 174.2 £52.7 177.2 £60.5 0.99 0.99-1.00 0.77
Gallstone size, mm 95+73 84+34 1.35 0.76-2.40 0.31
Gallbladder/ cystic duct angle 113.7° £ 28.6° 98.1° £36.2° 1.02 1.01-1.03 <0.01
Number of gallstones 3.6+19 28+20 1.23 1.02-1.47 0.03
Cystic duct diameter, mm 59+19 69+34 0.86 0.74-0.98 0.03
Values are presented as mean + SD. BMI: Body mass index.
Number of gallstones

Table 2 Multivariate analysis of potential risk factors for
gallstone-related biliary events

Odds ratio 95%Cl P value
Numbers of stones 1.32 1.08-1.62 <0.01
Angle 1.02 1.01-1.03 0.02
Cystic duct diameter 0.83 0.71-0.97 <0.01

be confused with biliary colic. A total of 180 patients
with gallstones confirmed by MRCP were enrolled in
the study (Figure 2). The case Group A was comprised
of 141 of these patients who had gallstones and had
experienced biliary events, including biliaty colic (# = 67),
cholangitis (# = 16), and acute cholecystitis (# = 58), with
no cases of acute biliary pancreatitis. The 39 patients
without biliary events served as controls in Group B,
including individuals who had undergone MRCP for
the detection of concealed malignancy (» = 20), those
with other benign disease (# = 10), those with small
hepatocellular carcinomas (# = 5), and those with small
cholangiocarcinomas (# = 4). MRCP did not reveal any
abnormalities in the structures of the gallbladder or the
cystic duct in the control group.

Baseline clinical characteristics

No statistically significant differences were observed
between Group A and Group B in relation to the
baseline clinical characteristics, which included age, sex,
the presence of diabetes mellitus and hypertension, body
mass index, and the hemoglobin and total cholesterol
levels. Logistic regression analysis showed significant
differences between the groups in the number of
gallstones, the angle between the gallbladder and the
cystic duct, and the cystic duct diameter (Ps < 0.05)
(Table 1). A multivatiate analysis also showed that there
were statistically significant differences in these factors
between Group A and Group B (Table 2). Consequently,
we determined that the number of gallstones, the angle
between the gallbladder and the cystic duct, and the cystic
duct diameter were relative risk factors associated with
biliary events, and we explored these factors further.
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The mean number of gallstones was 3.6 = 1.9 and 2.8
t+ 2.0 for Group A and Group B, respectively. Logistic
regression analysis showed that patients who had
experienced biliary events tended to have more gallstones
than patients who had not experienced biliary events
(OR = 1.32, 95%CI: 1.08-1.62; P < 0.01). A cut-off
value of two gallstones, determined from the ROC curve
analysis, was used to analyze the impact of the number
of gallstones on the incidence of biliary-related events. 3
analysis showed that biliary events occurred more often
when patients had more than two gallstones (OR = 2.30,
95%CI: 1.12-4.74; P = 0.02).

Angle between the gallbladder and the cystic duct

The mean angle between the long axis of the gallbladder
and the cystic duct was 113.7° + 28.6° and 98.1° *
36.2° in Group A and Group B, respectively, which was
significantly different (P < 0.01). More biliary events were
associated with a wider angle between the gallbladder
and the cystic duct. Logistic regression analysis showed
that the odds of experiencing a biliary event increased by
1.02 with a 1° increase in the angle (95%CI: 1.01-1.03;
P = 0.02). The occurrence of biliary events increased
significantly in patients with angles that were > 92° (OR
= 2.28, 95%CI: 1.08-4.81; P = 0.03).

Cystic duct diameter

Univariate analysis showed a significant difference
between Group A and Group B in the diameter of the
cystic duct (5.9 £ 1.9 mm »s 6.9 = 3.4 mm, P = 0.03).
Results from the multivariate analysis showed that the
odds of a biliary event were reduced by 0.83 if the cystic
duct diameter increased by 1 mm (95%CI: 0.71-0.97; P <
0.01). Using a cut-off value determined from ROC curve
analysis, we classified the patients based on whether the
diameters of their cystic ducts were < 6 mm or = 6
mm, and we compared the incidence of biliary events.
Although we did not obtain statistically significant results,
the occurrence of biliary events was somewhat more
frequent in patients with a smaller cystic duct diameter
(OR = 0.50, 95%CI: 0.23-1.09; P = 0.08).
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Occurrence of biliary events in patients with relative risk
factors

In this study, 28 patients had all three relative risk factors,
and among these, a biliary event occurred in 25 patients.
Hence, the positive predictive value for biliary events in
patients with all three risk factors was 89.3%. In contrast,
of the 39 patients who did not experience biliary events,
only 3 had all three relative risk factors.

DISCUSSION

Cholecystectomy for symptomatic gallstones is regarded
as a very safe surgical procedure, with a mortality rate
of only 0.2%-0.5%"". Despite this, it is difficult to
recommend prophylactic cholecystectomy for pati-
ents with asymptomatic gallstones when its cost-
effectiveness and the possibility of complications are
taken into consideration. Nevertheless, treating patients
conservatively until they become symptomatic is not
always the correct approach when the potential for the
development of serious complications is considered,
especially in elderly patients'”. Therefore, it is important
to identify factors that can increase the risk of conversion
to a symptomatic gallstone disease or for developing
complications. Numerous long-term studies have
indicated that the progression from asymptomatic to
symptomatic gallstone disease is associated with being
< 55 years of age, a smoker, female, having a high body
weight, having three or more gallstones, and having
floating stones ", Other identified risk factors include
calculi < 3 mm in diameter, a patent cystic duct, a non-
functioning gallbladder, and perioperative detection of
incidental stones™”. In the current study, we analyzed the
correlation between biliary events and risk factors that are
related to symptomatic gallstone disease, including sex,
age, body mass index, size of the calculi, diabetes mellitus,
and total cholesterol levels, and most of these factors
were not related to gallstone-related biliary events. Factors
revealed as being related to biliary events included the
cystic duct diameter, the number of gallstones, and the
angle between the gallbladder and the cystic duct.

Limited studies have investigated the association
between the cystic duct diameter and biliary events.
Most of the studies examining cystic duct diameters
have been conducted in patients with acute biliary
pancreatitis“g’zm. Sugiyama ef al"”" determined that an
enlarged cystic duct (= 5 mm) was an important factor
predisposing patients to acute biliary pancreatitis. The
authors suggested that pancreatitis occurs more often in
enlarged cystic ducts because gallstones are more likely
to pass through a wider cystic duct. Reports from other
studies have also presented similar results and proposed
similar mechanisms” ", However, in the current study,
smaller cystic duct diameters were associated with the
occurrence of gallstone-related biliary events. Although
the previous reports did not describe their measurement
methods in detail, it is likely that the diameters of the
cystic ducts were measured at the entrance in order to
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suggest that gallstones may induce biliary pancreatitis. In
contrast, we measured the diameter of the cystic duct at
the widest part of the duct. Therefore, assuming that the
gallstones pass through the entrance, our observations
concur with the risk for impaction as they move along
the cystic duct. In fact, the normal diameter of the cystic
duct varies from 1-5 mm™. In this study, the mean cystic
duct diameter was 6.1 + 2.36 mm, which is slightly wider
than the average documented cystic duct diameter. We
suspect that this could be attributed to motion artifacts
caused by respiration during MRCP; hence, the cystic
ducts evaluated were slightly larger than the actual size.
However, we believe that this artifact did not significantly
influence the association between a smaller cystic duct
and the incidence of biliary events.

In the current study, the number of gallstones
was correlated with biliary events, which is consistent
with previous reports. For example, Ros e a/*” used
cholecystosonography and cholecystography to compare
the number of gallstones with associated symptoms in a
series of 260 consecutive patients with newly diagnosed,
uncomplicated gallstone disease, of whom 146 had
experienced biliary pain and 114 were asymptomatic.
Their results showed multiple gallstones were significantly
associated with the occurrence of biliary symptoms.
Sohail ez a/*” also showed that the number of calculi is an
important factor in the occurrence of biliary symptoms
and the selection of management options. In comparison
with previous papers, our results can be used to establish
standards for distinguishing patients requiring treatment
from those with asymptomatic gallstones. In our study,
biliary events were more than twice as likely in patients
with more than two gallstones. This finding will help
in determining treatment methods or in predicting the
occurrence of biliary events in patients with asymptomatic
gallstones.

To the best of our knowledge, no research has been
conducted on the correlation between the angle formed
by the long axis of the gallbladder and the cystic duct
and biliary symptoms. However, this study was not the
first attempt to measure this angle. Indeed, Deenitchin
et al”” first reported on the measurement of this angle
in a study investigating the association between complex
cystic ducts and cholelithiasis using cholangiography.
They reported that a more acute angle contributed to
lithogenesis. The results from our study show that a wider
angle is associated with a higher occurrence of biliary
events. We suggest that as the angle approaches 180°,
it may facilitate the entrance of calculi into the cystic
duct because of a reduced resistance from a wider angle.
However, given that our study is the first to evaluate the
influence of this angle on gallstone-related biliary events,
more studies are required to support this hypothesis.

Our study has several important clinical implications.
This is the first study that has attempted to determine
how anatomic factors associated with the gallbladder and
cystic duct affect the generation of biliary events, and it
is critical that these factors are analyzed to substantiate
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the mechanisms underlying biliary colic or cholecystitis.
Furthermore, the results from our study have generated
data that can be used to predict gallstone-related biliary
events before they occur in patients with asymptomatic
gallstones. The positive predictive value for biliary events
in patients with all three risk factors (more than two
gallstones, a cystic duct diameter < 6 mm in MRCP
images, and an angle of > 92° between the gallbladder
and the cystic duct) was 89.3%. While this finding
may not provide a clear standard of care for patients
with asymptomatic gallstones, we believe that these
factors contributed to the occurrence of biliary events,
indicated that asymptomatic gallstones should be treated
prophylactically.

This study has several limitations. First, the shape of
the gallbladder and the angle between gallbladder and
cystic duct may change in relation to a patient’s posture
or after eating and we suspect that these factors may
affect the occurrence of biliary events. However, we were
unable to evaluate this given that the MRCPs were carried
out with the patients in the supine position and in a fasted
state. Therefore, other MRCP techniques or another
form of radiologic examination is needed to successfully
evaluate the relationship between biliary events and these
factors. The second limitation of this study relates to
the resolution of the MRCP images for the evaluation
of the cystic ducts. Although MRCP is a non-invasive
imaging method with an accuracy rate that matches that
of endoscopic retrograde cholangiopancreatography
in pancreatobiliary disease”™ and is frequently used in
the visualization of the cystic duct™
prohibits the visualization of minor ducts in the biliary
treel”. Using the same non-contrast MRCP technique
that was used in the present study, cystic ducts were
detected in 126/171 (74%) patients teported by Taourel
et al’, and in 24 (77.5%) patients studied by Mutlu ez a/™
The cystic duct was not visualized in 87 of the patients
in our study, which may have been due to selection bias.
We expect that enhanced MRCP techniques would have
produced more accurate results in this study because this
technique can improve the visualization of the cystic
duct™. A third limitation of this study was the case
volume. The number of patients in the control group
was smaller than in the case group, which may have
limited the accuracy of the results. However, as this was
a retrospective study, there were a few patients that had
a normal biliary tree. Therefore, a large-scale prospective
study is needed to more definitively estimate the risk
factots.

In conclusion, the number of gallstones, the angle
between the long axis of the gallbladder and the cystic
duct, and the diameter of the cystic duct are significantly
related to gallstone-related biliary events. We suggest
that clinicians should closely monitor patients with
asymptomatic gallstones who have these relative risk
factors, particularly those with multiple gallstones, a large
angle formed between the long axis of the gallbladder
and the cystic duct, and a narrow cystic duct.

, its low resolution
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COMMENTS

Background

One of the most important and challenging tasks involving gallstone-related
biliary events is to determine which patients should receive gallstone treatment.
Although there are a few studies to suggest risk factors, those that can predict
the occurrence of biliary events have not yet been satisfactorily defined. In
addition, there have been no studies concerning the relation between biliary
anatomic factors and biliary events.

Research frontiers

Magnetic resonance cholangiopancreatography (MRCP) is a valuable technique
to evaluate morphologic factors of the biliary system. Recent advances in
scanner technology have allowed faster image acquisition and better quality
with MRCP, thus providing more detailed images for evaluation of the biliary
system.

Innovations and breakthroughs

The current study shows that the number of gallstones, the angle between the
long axis of the gallbladder and the cystic duct, and the diameter of the cystic
duct are significantly related to gallstone-related biliary events. Particularly, the
incidence of biliary events was significantly elevated in patients who had more
than two gallstones, an angle of > 92° between the gallbladder and the cystic
duct, and a cystic duct diameter < 6 mm.

Applications

Clinicians should closely monitor patients with asymptomatic gallstones who
have relative risk factors, particularly those with multiple gallstones, a large
angle formed between the long axis of the gallbladder and the cystic duct, and
a narrow cystic duct.

Terminology

Relative risk factors were defined as having more than two gallstones, a cystic
duct diameter < 6 mm in MRCP images, and an angle of > 92° between the
long axis of the gallbladder and the cystic duct.

Peer review

This is a good retrospective study in which the authors analyzed the morphologic
risk factors of gallstone-related biliary events using MRCP. The results show the
number of gallstones, the angle between the long axis of the gallbladder and
the cystic duct, and the diameter of the cystic duct are significantly related to
gallstone-related biliary events.
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