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Abstract

Purpose: To evaluate common duct (CD) dilation by
computed tomography (CT) in patients with intact gall-
bladders and diameter change over time in remote and
interval cholecystectomy patients, frequency of visuali-
zation of the CD, and its relationship to age.
Methods: This IRB-approved retrospective study evalu-
ated baseline CD diameter, intrahepatic biliary dilation,
and interval duct diameter change in patients with
CTs ‡ 2 years apart (n = 324), in block-randomized
order by two blinded board-certified radiologists. 272
patients were divided into three groups: (1) prior chole-
cystectomy before the first CT, (2) cholecystectomy be-
tween the first and last CTs, and (3) no cholecystectomy.
A subset of 191 nonoperated patients was evaluated for
age-related dilation.
Results: Group 1 ducts were significantly larger than the
other groups at both baseline and follow-up CTs
(p < 0.001). Group 2 showed a greater increase in duct
size than the other groups at follow-up (p < 0.001). The
CD was measurable in 89% of the CT studies. In nonop-
erated patients, there was a statistically significant corre-
lation between CD size and increasing age (p < 0.001),
although the CD size remained within normal size limits.
Conclusion: Remote cholecystectomy patients have larger
CD diameters than the nonoperated and interval chole-
cystectomy groups. Greater increase in ductal diameter

occurred between studies in the interval cholecystectomy
patients, suggesting that dilation occurs after cholecys-
tectomy. Also, the CD dilates slightly with age in nonop-
erated patients.
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Post-cholecystectomy dilation of the common duct (CD)
was first recognized by Oddi [1] in 1887 in animals as
substituting for the reservoir function of the gallbladder.
However, for humans, this concept remains controversial
in the surgical, radiographic, and sonographic literature.
Several prospective sonographic studies demonstrated
that while the majority of patients did not have a sub-
stantial increase in diameter of the common hepatic duct
after cholecystectomy, there was a minor trend towards
dilation [2, 3]. In other prospective studies, postchole-
cystectomy CD measurements were not significantly in-
creased [4–6]. A recent large series suggests a 7-mm
diameter threshold by ultrasound [7], but the literature
regarding bile duct diameter on computed tomography
(CT) is even less conclusive.

The purpose of our study was to help in resolving the
controversy surrounding the normal limits of CD
diameter on CT in post-cholecystectomy patients, which
would have important implications in managing such
conditions. Patients with CD dilation after cholecystec-
tomy may undergo further investigations including
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laboratory analysis, imaging evaluation, and endoscopic
retrograde cholangiopancreatography (ERCP), so
understanding what represents important dilation can be
helpful to limit the radiation dose associated with repeat
CT exams and the potential complications of ERCP.
Unlike prior reports, our study examined the CD diam-
eter by CT at baseline and greater than two years after
cholecystectomy in remote and interval cholecystectomy
patients and also over the same interval in nonoperated
patients. Furthermore, we evaluated the frequency of CT
visualization of the CD at the porta hepatis in unen-
hanced and contrast-enhanced studies, as it was previ-
ously reported that the normal CD was visualized by CT
in only 30–66% patients [8, 9]. In the subset of nonop-
erated patients, we also assessed whether the size of the
extrahepatic bile duct increased with age in patients,
based on long-term CT follow-up.

Materials and methods

This IRB-approved, HIPAA-compliant retrospective
study evaluated baseline CD diameter, central intrahe-
patic biliary dilation, and interval duct diameter change
in patients (ages 17–84) with abdominal CTs at least
2 years apart between 1/1/2002 and 12/31/2008
(n = 324). Twenty patients were excluded because they
did not have two CTs greater than two years apart. Pa-
tients were identified by a radiology clinical database
within a departmental mini-PACS. The study was per-
formed at a tertiary care academic hospital with inpatient
and outpatient facilities.

We evaluated the ability to visualize and measure the
CD in the remaining 304 patients on either unenhanced
CT (UECT) or contrast-enhanced CT (CECT) examin-
ations at 5-mm intervals. A total of 608 scans were
interpreted (104 UECT; 504 CECT). The study popula-
tion consisted of 172 women and 132 men with a mean
age of 51.9 ± 14.9 years.

Each CD was measured in block-randomized order
by two blinded, experienced, board-certified abdominal
radiologists, one with 13 years faculty experience (ML)
and the other with 33 years faculty experience (LLB).
UECT and CECT studies at 5-mm intervals were in-
cluded, using a variety of scanners over the 7-year period
from which the data were collected. Scanners included
General Electric 4, 16, and 64 detector-row scanners and

Philips 16, 40, and 64 detector row scanners. The axial
diameter of the CD was measured at the porta hepatis
adjacent to the main portal vein in all patients, and the
results were expressed to the nearest tenths of millimeters
using the electronic calipers of the PACS. The diameter
of the CD was measured from outer wall-to-outer wall at
its margin with adjacent fat. Coronal reformatted images
were not routinely utilized during the time interval and
not included for review. The presence or the absence of
intrahepatic biliary dilation was also determined, which
was considered present when the bile ducts were well
visualized beyond the first branching of the right or left
hepatic ducts. It was also considered present if the
intrahepatic bile ducts measured greater than 2 mm or if
it was 40% greater in size than the adjacent portal vein
branch [10, 11].

In our study, the common hepatic duct and the
common bile duct were not evaluated separately, and the
intrahepatic and intrapancreatic CD portions were ex-
cluded from measurement consideration. The duct was
measured at a point separate from cystic duct, when
possible to discern. A diameter of 6 mm or less was
considered a normal measurement of the CD at the porta
hepatis. Patients with acute pancreaticobiliary disease
(acute cholecystitis, active biliary obstruction, chronic
pancreatitis, etc.) by clinical and/or laboratory criteria,
hepatobiliary malignancy, extensive surgery beyond
routine cholecystectomy, significant postoperative com-
plications, subsequent operations for biliary disease, or
nonvisualization of the CD were excluded (n = 32) from
diameter analysis. The CT images and reports, labora-
tory analysis (total bilirubin, indirect bilirubin, direct
bilirubin, AST, and ALT values), and medical records of
all the subjects were reviewed by an investigator who was
not involved in the image measurement on CT.

The 272 patients with a measureable CD who met the
inclusion criteria were divided into three groups. The
baseline and follow-up CD diameters as well as interval
change in CD size were statistically compared among the
groups, which were as follows: (1) remote cholecystec-
tomy (mean of 12.8 years before baseline CT), (2)
interval cholecystectomy (between the first and last CT),
and (3) no cholecystectomy (Table 1). In Group 1, re-
mote cholecystectomy was defined as surgery greater
than 2 years prior to the first CT, although all patients
had greater than 3 years follow-up.

Table 1. Patients with remote cholecystectomy (group 1), interval cholecystectomy (group 2), and no history of cholecystectomy (group 3)

Group 1 Group 2 Group 3
Surgical status Remote cholecystectomy Interval cholecystectomy No cholecystectomy

# Subjects n = 48 n = 33 n = 191
Mean age in years (range) 53.0 (21–79) 46.6 (23–75) 53.6 (17–82)
Gender 28 F, 20 M 22 F, 11 M 107 F, 84 M
Mean follow-up in years 3.96 4.42 3.81
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Statistical analysis was performed by a biostatistician
investigator who was not involved in data collection or
duct measurements. Clinical data and duct diameters
were evaluated using Chi Square, ANOVA, and Tukey’s
HSD tests. Chi-square tests were used to compare dis-
crete variables among the three groups, and one-way
analysis of variance (ANOVA) was used to compare
continuous variables. When the ANOVA was significant,
Tukey’s HSD test was used to define which groups dif-
fered. A p-value of <0.05 was considered to be statisti-
cally significant.

The subset of 191 nonoperated patients (group 3) was
stratified into five groups based on age at the time of the
first CT exam to evaluate for age-related dilation. The
study population consisted of 107 women and 84 men
with a mean age of 53.6 ± 15.6 years. Only patients for
whom the CD was visualized were included. The five age
groups were stratified as follows: (1) <40 (n = 26), (2)
40–49 (n = 35), (3) 50–59 (n = 53), (4) 60–69 (n = 31),
and (5) ‡70 years (n = 46). Clinical data and duct
diameters were evaluated using chi-square, ANOVA, and
Tukey’s HSD tests.

Results

Common duct dilation by CT

In patients with a history of prior cholecystectomy,
abnormal caliber ducts (>6 mm) were found in 32 pa-
tients (59%) at both the baseline and follow-up CT dates.
Twenty-three of the 48 prior-cholecystectomy patients
had their baseline CT greater than or equal to 10 years
after gallbladder removal. Of these 23 patients, 16 (70%)
had dilated CDs at both baseline and follow-up CT
examinations (Table 2).

For patients who underwent interval cholecystectomy
(group 2) and were studied before and a minimum of two
years after cholecystectomy, the follow-up was up to
5.8 years after cholecystectomy. Abnormal caliber ducts
(>6 mm) were found in 7 patients (21%) before surgery
and 22 patients (67%) postoperatively. The interval
dilation for Group 2 (mean 1.8 mm) was statistically
greater than the change in other groups (p < 0.001)
(Table 2). After cholecystectomy, the diameter of the CD
increased in 26 patients, decreased in 8 patients, and was
unchanged in 1 patient. Thirteen patients (39%) had
normal-sized CDs before and after cholecystectomy.

Group 3 patients demonstrated normal caliber ducts
in 163 patients (84%) at baseline CT, and 155 patients
(79%) at follow-up CT, at least 2 years later (Table 2).

The prior cholecystectomy group had a larger mean
duct diameter than the other two groups at both baseline
CT (p < 0.001) and follow-up CT (p < 0.001). Group 2
showed a greater increase in duct size than the other
groups at follow-up (p < 0.001) (Table 2).

Regarding observer agreement, the two reader mea-
surements were more concurrent with their measure-
ments at the first and follow-up CTs in the remote
cholecystectomy group (Group 1) (p < 0.0001). The
difference between readers in the remote cholecystectomy
group was 0.18 mm. When evaluating CD diameter in
the interval cholecystectomy and nonoperated patients,
reader 2 tended to measure the ducts’ mean to be 1.0 mm
larger than reader 1 (p < 0.001). Although there was
direct correlation between the two observers at both time
points, a stronger correlation was present for the remote
and interval cholecystectomy groups and a moderate
correlation was observed between the rates for the non-
operated group. Variation in reader measurements,
especially in NECT, may be related to uncertainty about
CD wall margins. Also, despite the definitions and con-
sensus before the readings were done, there may still be
reader variability in the performance of CD diameter
measurements. However, this difference in reader mea-
surements is also found to be present in the real-life appli-
cation of measuring the CD diameter in everyday patients.

Baseline central intrahepatic biliary dilation was sig-
nificantly more common in the prior cholecystectomy
group (14/48, 29%) than that in the interval cholecys-
tectomy (3/33, 9%) or no cholecystectomy (5/191, 3%)
groups (p < 0.001). Between the two readers, reader 1
was more likely to report intrahepatic biliary dilation at
CT1 and CT2. However, there was a stronger inter-
reader agreement with intrahepatic biliary dilation on
CECT studies (p < 0.0001).

Frequency of CT visualization of the CD

The frequency of visualization of the suprapancreatic
CD on either UECT or CECT at 5-mm intervals was
evaluated in the group of 304 patients who underwent
608 examinations (Figs. 1, 2, 3, and 4). Overall, the CD
was measureable in 89% of the CT studies using 5-mm

Table 2. Baseline and follow-up common duct diameters in patients with remote cholecystectomy (group 1), interval cholecystectomy (group 2), and
no history of cholecystectomy (group 3)

Group 1 (n = 48) Group 2 (n = 33) Group 3 (n = 191) p value

Mean baseline diameter (mm) 7.1 + 2.94 5.1 + 2.21 4.7 + 1.72 <0.001
Mean follow-up diameter (mm) 7.6 + 3.53 6.9 + 2.75 5.1 + 1.96 <0.001
Mean interval change (mm) 0.5 1.8 0.4 <0.001
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slices, and was measureable much more often in contrast-
enhanced relative to unenhanced studies (Fig. 5).

Relationship of CD diameter and age

In the stratification by age at first CT of the 191 non-
cholecystectomy patients (group 3), the mean diameters
of the CD in each age group at the first and follow-up CT
are reported in Table 3. The mean interval between CT
examinations was 3.81 ± 1.26 years. The average diam-
eter of the CD was 5.07 mm. The CD diameters for men

and women were 4.91 and 5.20 mm, respectively. There
was a statistically significant correlation between CD size
and increasing age (p < 0.001), but the absolute change
was only 0.2–0.3 mm/decade.

Discussion

Common bile duct dilation in postcholecystectomy pa-
tients is often referenced as a normal finding in daily
ultrasound and CT interpretations. Despite the common
belief that CD dilation occurs after cholecystectomy, the

Fig. 4. 57-year-old male with a dilated common duct (CD)
identified on unenhanced CT (UECT) at the level of the porta
hepatis.

Fig. 2. 59-year-old male with a nondilated common duct
identified on unenhanced CT (UECT) at the level of the porta
hepatis.

Fig. 3. 45-year-old female with a dilated common duct
identified on contrast-enhanced CT at the level of the porta
hepatis.

Fig. 1. 58-year-old female with a nondilated common duct
(CD) identified on contrast-enhanced CT (CECT) at the level
of the porta hepatis.

1584 T. A. McArthur et al: CT evaluation of common duct dilation



normal expected postsurgical CD size continues to be
debated without definitive evidence of dilation in
asymptomatic patients. Current sonographic studies
regarding CD diameter in post-cholecystectomy patients
have yielded inconsistent findings [4–6, 12] and limited
studies have compared the change in CD diameter in
precholecystectomy and postcholecystectomy patients.

More recent studies with longer follow-up show
minimal increases in bile duct size after cholecystectomy
[2, 13]. Prior sonographic studies evaluating postchole-
cystectomy CD dilation included small patient numbers,
did not evaluate for preexisting CD dilation, and in-
cluded symptomatic patients with acute pancreaticobil-
iary disease or exploratory biliary surgery beyond
routine cholecystectomy. In some prior studies, the
imaging appearance itself contributed to the definition of
abnormal or normal groupings. Furthermore, most of
these studies had less than 2 years follow-up after cho-
lecystectomy.

There is a paucity of available CT data regarding CD
dilation. In a study by Senturk et al [14], the mean CD
diameters in 46 patients with prior cholecystectomy were
significantly greater than the age-matched control group.
They hypothesized that an upper limit of 10 mm seemed
appropriate for cholecystectomized subjects. In other
studies, no significant change in CD diameters in patients
after cholecystectomy was found [4, 5, 15, 16]. Since the
CT is an outer wall–outer wall measurement juxtaposed
to the inner wall–inner wall diameter by ultrasound,
slightly larger diameters would be expected by CT, al-
though this has not been studied to our knowledge.

Our study has several design advantages compared
with prior evaluations. Patients with the possible influ-
ence of biliary tree-related pathology on CD diameter
were excluded. Another advantage was a large number of
nonoperated patients with long-term follow-up (greater
than 2 years) were studied, providing a control group.
Lastly, longitudinal CT evaluation for compensatory
dilation of the CD in pre- and post-cholecystectomy
patients has not been performed previously, to our
knowledge.

Based on this study design, patients with prior cho-
lecystectomy have larger CD diameters than the groups
with no-cholecystectomy and interval-cholecystectomy
by CT. The prior cholecystectomy patients (group 1)
routinely had dilated CDs (>6 mm) at baseline and
follow-up CT exams. Greater increase in duct diameter
occurred between the two studies in the interval chole-
cystectomy patients relative to the other 2 groups, sug-
gesting that dilation indeed occurs after cholecystectomy.
Only 13 patients (39%) had normal-sized CDs before and
after cholecystectomy, and dilated CDs were found in 7
patients (21%) before surgery and 22 patients (67%)
postoperatively. This suggests that the extrahepatic bili-
ary system that is normal before cholecystectomy will
dilate in most cholecystectomized patients without clin-
ical evidence of pancreaticobiliary disease, although the
postoperative CD was only mildly dilated (mean duct
size of 6.9 mm).

Continued technologic advances in CT have resulted
in improved spatial resolution and improved ability to
evaluate the biliary system. Current CT technology
provides sufficient anatomic resolution to visualize the
CD in most patients. However, visualization of the CD is
more difficult in UECT studies. UECT does not allow
one to differentiate the CD lumen from the wall. Visu-
alization of the normal CD by CT has been reported in
30–66% of patients [8, 9, 17], and we are not aware of a
more recent evaluation using more modern CT technol-
ogy. Although one third of CDs were not visible by CT
by previous reports, the ability of CT to evaluate the
biliary system has markedly improved, as demonstrated
by this study. Utilization of coronal reformatted images
would be expected to improve evaluation of CD size even
further, although these images were not used for mea-
surement purposes in our study.

CT evaluation of CD dilation in patients without
cholecystectomy over time is limited. There remains

Fig. 5. Frequency of visualization of the common duct (CD)
in unenhanced (UECT) and contrast-enhanced (CECT) CT
studies.

Table 3. Relationship between age and common duct (CD) diameter and its change over time in patients with no history of cholecystectomy (group
3)

Age (years) <40 40–49 50–59 60–69 >70

# Subjects n = 26 n = 35 n = 53 n = 31 n = 46
Mean baseline diameter (mm) 4.2 ± 1.36 4.4 ± 1.90 5.0 ± 1.46 5.2 ± 1.90 4.7 ± 1.84
Mean follow-up diameter (mm) 4.6 ± 1.40 4.8 ± 1.62 4.9 ± 1.59 5.4 ± 2.73 6.0 ± 2.21
Mean interval change (mm) 0.4 0.4 -0.1 0.2 1.3
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conflicting data regarding CD diameter as a function of
age [18–21]. In our study recently published evaluating
CD dilation in nonoperated patients with ultrasound
[22], we demonstrated an increased duct size with the
increasing age, although not clinically significant as the
duct size remained within normal size limits. The CD
diameter in the >70 years age group was slightly de-
creased at baseline (up to -0.5 mm) compared with the
50–59 and 60–69 years age groups. The cause of slightly
decreased CD size in the oldest population is uncertain
and may be related to small patient numbers. The overall
trend suggests gradual CD dilation based on the data as
a whole. A statistically significant direct correlation
similarly exists between age and the CD diameter by CT
measurements in patients without cholecystectomy, sug-
gesting that the results are not technology specific to
ultrasound. This study supports more recent research
that the CD does dilate with the increasing age in
asymptomatic nonoperated patients, although the duct
size remains within normal size limits. A CD size
of £6 mm in asymptomatic noncholecystectomized pa-
tients should be considered normal.

The clinical importance is substantial since patients
with post-cholecystectomy CD dilation are more com-
monly identified as the usage of CT continues to increase,
and these patients may undergo further invasive and
noninvasive investigations. The morbidity of ERCP and
the radiation dose associated with repeat CT exams and
the additional costs of these examinations are difficult to
justify in asymptomatic patients.

We believe that our results confirm that a larger CD
diameter after remote cholecystectomy may be a normal
finding and is commonly seen in patients with normal
laboratory values, even up to 10 mm as previously sug-
gested in the CT literature, despite some contrary data in
the ultrasound literature. Therefore, in asymptomatic
patients with remote cholecystectomy, a CD diameter of
up to 10 mm should be considered normal. A slightly
dilated CD (£7 mm) in asymptomatic patients with
interval cholecystectomy should also be considered nor-
mal. Bile duct dilation in patients after cholecystectomy
may require no further evaluation when there is no lab-
oratory or clinical signs of biliary obstruction. Second,
although the CD does dilate with age, the change is small
in nonoperated patients.

Further work in this area would include CT evalua-
tion of CD diameter in asymptomatic cholecystecto-
mized patients with long-term follow-up of substantially
more than 2 years. Also, this study evaluated only one
section of the CD. This may not reflect the overall CD
diameter at multiple points. It would be useful to know
whether another modality, such as MRCP, can lead to
reliable CD measurements at multiple points and whe-
ther this would affect the conclusions reached in this
study.
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