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Purpose The present study aimed to investigate the frequency and extent of compensatory
common bile duct (CBD) dilatation after cholecystectomy, assess the time between chole-
cystectomy and CBD dilatation, and identify potentially useful CT findings suggestive of ob-
structive CBD dilatation.

Materials and Methods This retrospective study included 121 patients without biliary ob-
struction who underwent multiple CT scans before and after cholecystectomy at a single
center between 2009 and 2011. The maximum short-axis diameters of the CBD and intrahe-
patic duct (IHD) were measured on each CT scan. In addition, the clinical and CT findings of
11 patients who were initially excluded from the study because of CBD stones or periam-
pullary tumors were examined to identify distinguishing features between obstructive and
non-obstructive CBD dilatation after cholecystectomy.

Results The mean (standard deviation) short-axis maximum CBD diameter of 121 pa-
tients was 5.6 (£ 1.9) mm in the axial plane before cholecystectomy but increased to 7.9
(% 2.6) mm after cholecystectomy (p < 0.001). Of the 106 patients with a pre-cholecystecto-
my axial CBD diameter of <8 mm, 39 (36.8%) showed CBD dilatation of = 8 mm after cho-
lecystectomy. Six of the 17 patients with long-term (> 2 years) serial follow-up CT scans
(35.3%) eventually showed a significant (> 1.5-fold) increase in the axial CBD diameter, all
within two years after cholecystectomy. Of the 121 patients without obstruction or related
symptoms, only one patient (0.1%) showed IHD dilatation >3 mm after cholecystectomy. In
contrast, all 11 patients with CBD obstruction had abdominal pain and abnormal laborato-
ry indices, and 81.8% (9/11) had significant dilatation of the IHD and CBD.

Conclusion Compensatory non-obstructive CBD dilatation commonly occurs after chole-
cystectomy to a similar extent as obstructive dilatation. However, the presence of relevant
symptoms, significant IHD dilatation, or further CBD dilatation 2-3 years after cholecystec-
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tomy should raise suspicion of CBD obstruction.

Index terms Cholecystectomy; Common Bile Duct; Common Hepatic Duct;
Multidetector Computed Tomography; Dilatation

INTRODUCTION

With the widespread use of abdominal CT and ultrasonography (US) for various indications
such as abdominopelvic pain, trauma, non-traumatic abdominal emergencies, laboratory ab-
normalities, and evaluation or planning for tumors (1), common bile duct (CBD) dilatation is
increasingly being identified in patients lacking symptoms and/or laboratory abnormalities.
These incidentally detected CBD or common hepatic duct (CHD) dilatation may indicate the
presence of an obstructive lesion or a stone, and therefore pose a diagnostic dilemma.

The most common cause of obstructive CBD dilatation is intraductal stones, referred to as
choledocholithiasis. Choledocholithiasis typically presents as colicky abdominal pain along
with other symptoms such as nausea, vomiting, fever, and jaundice. CT or US is generally the
initial imaging test for the evaluation of such patients (2, 3). However, choledocholithiasis
may be asymptomatic (4, 5), and in most cases, CBD stones are not sufficiently radiopaque to
be detected on CT (6). Malignancy is a less common but equally important cause of CBD ob-
struction, as its initial misdiagnosis may lead to loss of opportunity for curative treatment.
Despite the overall good sensitivity of CT for the detection of CBD malignancies, some small
obstructive tumors can still be missed (7). Therefore, even in the absence of symptoms or
recognizable obstructive lesions, the possibility of CBD obstruction by a hidden tumor or ra-
diolucent stone should be considered in cases of CBD dilatation.

In the absence of conclusive CT or US findings, CBD dilatation is often evaluated using fur-
ther tests, including MR retrograde cholangiopancreatography (MRCP), endoscopic ultraso-
nography, or endoscopic retrograde cholangiopancreatography (ERCP). However, unless a bili-
ary obstruction is clinically suspected, these additional tests rarely yield positive findings (5).
This is because CBD dilatation is commonly non-obstructive, with the two most common etiol-
ogies being senile changes (8-11) and compensatory dilatation after cholecystectomy (12-20).

Hypothetically, considerable CBD dilatation may occur after cholecystectomy as compen-
sation for the disappearance of the reservoir function of the gallbladder (15). However, not all
CBD dilatations after cholecystectomy indicate compensatory non-obstructive dilatation.
Thus, when CBD dilatation is noted in patients who undergo cholecystectomy, it is important
to determine whether it is an obstructive or non-obstructive compensatory dilatation to min-
imize unnecessary expensive investigations or invasive procedures. Therefore, we attempted
to identify clinical and radiological findings that are useful for evaluating non-obstructive
CBD dilatation.

Most previous studies investigating post-cholecystectomy changes in the CBD diameter
were based on US findings with short follow-up times, mostly one year (14-20). However, with
the considerable expansion of the indications for CT (1), an increasing number of cases of inci-
dental CBD dilatation have been identified. As the CBD diameters measured using US and CT
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may be quite different, the results obtained using US may not be directly applicable to those
obtained using CT. In addition, the full-length CBD is often not visualized using US, mainly be-
cause of overlying bowel gas or obesity (21), whereas CT enables evaluation of the entire CBD
without much difficulty (12). Therefore, the maximum CBD diameters measured with US and
CT can differ, even in the same patient, and CT measurements may more accurately reflect the
actual CBD diameter.

Furthermore, few studies have examined the time taken for the occurrence of significant
CBD dilatation following cholecystectomy. Owing to the short follow-up intervals in previous
studies, it was difficult to determine whether the CBD continued to dilate. Therefore, a longer
follow-up period may provide indications regarding the duration of CBD dilatation.

Thus, the purpose of this study was to investigate the frequency and extent of compensatory
CBD dilatation after cholecystectomy, as measured by CT, and the average time period be-
tween its occurrence and cholecystectomy by analyzing serial pre- and postoperative CT
scans. In addition, the clinical and CT findings of patients with obstructive CBD dilatation and
those with non-obstructive compensatory dilatation after cholecystectomy were compared to
identify distinguishing features between the two conditions.

MATERIALS AND METHODS

PATIENTS

Our Institutional Review Board approved this retrospective study and waived the require-
ment for informed consent (IRB No. 2022-10-028). A total of 537 adult patients who under-
went cholecystectomy within a week of contrast-enhanced CT at a single center (National
Health Insurance Service Ilsan Hospital) between August 2009 and November 2011 were
identified from the medical records. Of these, 242 patients who underwent one or more fol-
low-up CT scans at least three months after surgery were eligible for inclusion in the study. A
total of 121 patients were excluded because their pre- or post-cholecystectomy normal CBD di-
ameters could not be measured due to obstructive stones (n = 100), tumors (n = 12), chole-
dochal cysts (n = 4), intrahepatic duct (IHD) stone disease (n = 3), or prior surgeries such as
pancreaticoduodenectomy (n = 2). However, as an ancillary analysis, 11 of the 121 patients
who were excluded due to obstructive stones (n = 9) or tumors (n = 2) after cholecystectomy
were analyzed to identify the presence of any clinical or CT findings that could distinguish
between obstructive and non-obstructive compensatory CBD dilatation (Fig. 1). Therefore,
the final study population consisted of 132 patients: 121 patients whose CBD diameters could
be properly measured before and after cholecystectomy CT scans and 11 patients for ancil-

lary analysis.

CcT
All CT scans were performed on a machine with 128 detectors (SOMATOM Definition Flash;

Siemens, Erlangen, Germany) using the following parameters: tube voltage and current, 90 kV
and 110-150 mAs; slice thickness, 3 mm; pitch factor, 0.6; and rotation time, 0.5 s. After ob-
taining unenhanced images, contrast-enhanced images were obtained approximately 90 s af-

ter intravenous administration of 100-150 mL of 3 mg/mL nonionic iodine contrast medium
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Fig. 1. Flowchart for patient selection.

Patients who underwent cholecystectomy following
abdominal CT between August, 2009 and December, 2010 (n=537)

No follow-up visit with abdominal CT (n=295) <
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Patients who one or more abdominal CT scans at least
12 weeks after cholecystectomy (n=242)

Common bile duct stone before ‘ srellery el =10 ‘
cholecystectomy (n=91) ». Common bile duct stone after cholecystectomy
Cancer before cholecystectomy < (n=9)
(n=10) 3
I Cancer after cholecystectomy (n=2)
Other cases: choledochal cyst (n=4), < 77777 ‘
intrahepatic bile duct stone
disease (n = 3), hepaticojejunostomy (n=2)

\4
Final study subjects (n=132) ‘

(Iohexol, Omnihexol injection 350; Korea United Pharm, Seoul, Korea) at a rate of 2-4 mL/s.

MEASUREMENT OF CBD AND IHD DIAMETERS
Anatomically, the CHD originates where the right and left hepatic ducts join outside the

liver and ends once it is joined by the cystic duct to form the CBD. However, in this paper,
both CBD and CHD has been referred to as CBD for convenience. Using a picture archiving
and communication system workstation (Centricity; GE Healthcare, Milwaukee, W1, USA), a
board-certified abdominal radiologist (C.A.) with 12 years of experience in abdominal CT
measured the maximum CBD diameters in both the axial and coronal planes for each CT
scan. In the axial plane, the short-axis inner diameter of the CBD lumen was measured on the
slice with the maximum diameter. In the coronal plane, the inner diameter perpendicular to
the CBD walls was measured at the level where the diameter was largest. To ensure reliable
measurements, care was taken to avoid the part involving the insertion of the cystic duct
while selecting the slice or level with the largest CBD diameter.

For each CT scan, IHD dilatation was assessed by the same radiologist (C.A.). If dilatation oc-

curred, the maximum IHD diameter was measured in the axial plane.

DEFINITION OF SIGNIFICANT DILATATION OF CBD AND IHD
According to previous studies, the CBD is typically < 6 mm in diameter (22), and CBD diame-

ters > 8 mm are potentially pathological, irrespective of age (10, 11, 23). Thus, in this study,
CBD dilatation > 8 mm was considered significant. In addition, because it has been reported
that the CBD diameter tends to be larger on CT by 1-2 mm than on US (24), a diameter of 10 mm
was used as another criterion for significant CBD dilatation.

If the THD diameter was 1-3 mm, it was considered mild dilatation; IHD dilatation of = 3 mm
was considered significant because the upper limit of normal THD dilatation has been re-
ported to be 2 mm (13).
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INTRA-INDIVIDUAL CHANGE IN CBD DIAMETER OVER TIME AFTER
CHOLECYSTECTOMY

The post-cholecystectomy follow-up period was divided into three groups: < 1, 1-2, and
> 2 years after cholecystectomy. Of the patients included in the study, 17 patients who under-
went follow-up CT during at least two of these periods were examined for temporal changes
in CBD diameter after cholecystectomy. For example, patients who underwent two follow-up
CT scans at six months and three years after cholecystectomy could be examined for both
short- and long-term changes after cholecystectomy. In contrast, patients who underwent
four follow-up CT scans within one year after cholecystectomy but were lost to follow-up af-

terwards were excluded, as the long-term results could not be assessed.

COMPARISON WITH CBD OBSTRUCTION CASES AFTER
CHOLECYSTECTOMY

Eleven patients were excluded because of obstructive stones (n = 9) or tumors (n = 2) after
cholecystectomy (Fig. 1). In these patients, the presence of CBD stones or periampullary tu-
mors was confirmed by stone removal using ERCP or biopsy, respectively. As an ancillary anal-
ysis, the clinical and CT findings of these patients were examined to identify potentially useful
findings for differentiating between obstructive and non-obstructive compensatory CBD dilata-
tion after cholecystectomy.

STATISTICAL ANALYSIS

CBD diameters are presented as mean =+ standard deviation (SD). Statistical significance
was assessed using the chi-square test for between-group differences and the paired t-test for
intra-individual differences in the diameter before and after cholecystectomy. Statistical anal-
yses and plotting were performed using the R software (R, version 4.0.4; R Development Core
Team, R Foundation for Statistical Computing, Vienna, Austria). Two-sided p-values < 0.05

were considered statistically significant.

RESULTS

PATIENTS

The final study population consisted of 121 patients (71 male and 50 female) with an aver-
age age of 56 years (range, 19-81 years) at the time of the cholecystectomy. The median fol-
low-up time after cholecystectomy was 6.5 years (range, 99 days to 12.9 years). During the ob-
servation period, 56.2% (68/121) of the patients underwent one follow-up CT scan after
cholecystectomy, 17.3% (21/121) underwent two scans, and 26.4% (32/121) underwent more
than two scans. The most common reasons for follow-up CT scans were abdominal pain and
cancer evaluation or follow-up. The patient who received the most follow-up CT scans under-

went 11 scans over a period of 12.9 years, mostly as a follow-up after lymphoma remission.

CHANGE IN CBD DIAMETER BEFORE AND AFTER CHOLECYSTECTOMY

Prior to cholecystectomy, the mean (SD) maximum short-axis CBD diameter in the axial

plane was 5.6 (&= 1.9) mm. After cholecystectomy, it increased by 2.3 (£ 1.8) mm, to 7.9 (& 2.6)
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mm. A similar post-cholecystectomy increase of 2.3 (= 1.9) mm in the mean CBD diameter
was observed in the coronal plane. However, the diameters measured in the coronal plane
tended to be larger than those in the axial plane, with the mean pre-cholecystectomy and post-
cholecystectomy diameters being 6.4 (£ 2.0) mm and 8.7 (£ 2.7) mm, respectively (Table 1,
Figs. 2, 3). The differences in the mean diameter between pre- and post-cholecystectomy
were statistically significant in both the axial and coronal planes (p < 0.001).

When a diameter criterion of 8 mm was used in the axial plane, 12.4% (15/121) of the pa-
tients had significant CBD dilatation (= 8 mm) before cholecystectomy; however, the frequen-
cy significantly increased to 44.6% (54/121) after cholecystectomy (p < 0.001). In the intra-in-
dividual comparison, among the 106 patients whose pre-cholecystectomy CBD diameter was
<8 mm, 39 (36.8%) showed significant CBD dilatation (= 8 mm) after cholecystectomy.

Using the criterion of 10 mm in the axial plane, the frequency of significant CBD dilatation
increased from 2.5% (3/121) to 23.1% (28/121) after cholecystectomy. On intra-individual com-
parison, of the 118 patients whose pre-cholecystectomy CBD diameter was < 10 mm, 26 (22.0%)
showed significant CBD dilatation (= 10 mm) after cholecystectomy. Similar trends were ob-

served in coronal plane measurements (Table 1, Fig. 2).

POST-CHOLECYSTECTOMY CBD DILATATION ACCORDING TO THE AGE

GROUP
The CBD diameter tended to increase with age (Table 2, Fig. 4). Prior to cholecystectomy,

4.2% (3/71) of the patients aged < 60 years had a CBD dilatation of = 8 mm in the axial plane
compared to 24% (12/50) of those aged > 60 years (p = 0.002). After cholecystectomy, the fre-
quencies increased; 33.3% (18/54) of patients aged < 60 years (18/54) and 53.7% (36/67) of those
> 60 years at the time of their last follow-up CT had a CBD dilatation of = 8 mm (p = 0.029).

Prior to cholecystectomy, none of the 13 patients aged < 40 years (0%) had CBD dilatation
of = 8 mm in the axial plane. However, after cholecystectomy, three of the six patients aged
<40 years (50%) had a CBD dilatation of = 8 mm in the axial plane (Table 2).

Table 1. Short-Axis CBD Diameter before and after Cholecystectomy in the Axial and Coronal Planes

Axial Plane Coronal Plane
Before After p-Value Before After p-Value
Comparison of mean diameter before vs. after cholecystectomy
Mean (range, mm) 5.6(1.9-11.6) 7.9(2.6-15.1) <0.001* 6.4(2.1-11.5) 8.7 (2.5-16.0) <0.001*
No. of patients for each category according to CBD diameter and cholecystectomy state
<8 mm (%) 106 (87.6) 67 (55.4) <0.001" 97 (80.2) 52 (43.0) <0.001"
8-10 mm (%) 12(9.9) 26(21.5) 17 (14.0) 33(27.3)
> 10 mm (%) 3(2.5) 28(23.1) 7(5.8) 36(29.3)
Total (%) 121 (100) 121 (100) 121 (100) 121 (100)
“t-test.

TChi-square test.
CBD =common bile duct
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Fig. 2. Histogram of axial and coronal CBD diameter measured on CT before and after cholecystectomy.
CBD =common bile duct
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Fig. 3. Pre-cholecystectomy CT scan of a 48-year-old male who developed non-obstructive compensatory CBD dilatation after cholecys-
tectomy shows numerous small gallstones with the largest CBD diameter (red lines) measured as 8.3 mm in the coronal plane (A) and
6.8 mm in the axial plane (B), and follow-up CT scan approximately 10 years after cholecystectomy shows significant dilation of the CBD
without obstruction, with the largest CBD diameter measured as 14.8 mm in the coronal plane (C) and 12.1 mm in the axial plane (D), at
the same level as pre-cholecystectomy measurements.

CBD =common bile duct

Table 2. Short-Axis CBD Diameter Measured in the Axial Plane before and after Cholecystectomy according to the Three Age Groups

Before Cholecystectomy After Cholecystectomy
<40 Years 40-60 Years > 60 Years p-Value <40 Years 40-60 Years > 60 Years p-Value
<8mm 13(100) 55(94.8) 38(76.0) 0.021 3(50.0) 33(68.8) 31(46.3) 0.108
8-10 mm 0(0) 3(5.2) 9(18.0) 2(33.3) 9(18.8) 15(22.4)
=10mm 0(0) 0(0) 3(6.0) 1(16.7) 6(12.5) 21(31.3)
Total* 13 (100) 58 (100) 50(100) 6 (100) 48 (100) 67 (100)

Data are number (%) values.
*Total number of patients in each age-based subgroup are different before and after surgery because of aging of the patients.
CBD = common bile duct

INTRA-INDIVIDUAL CHANGE IN CBD DIAMETER OVER TIME AFTER
CHOLECYSTECTOMY

Examination of intra-individual CBD diameter changes over time based on serial CT scans
revealed that in most patients, significant CBD dilatation tended to occur within a couple of
years after cholecystectomy (Figs. 5, 6). For example, when at least a 1.5-fold increase in di-
ameter was considered significant, 6 of the 17 patients (35.3%) eventually showed significant
CBD dilatation in the axial plane, all within 1.5 years after cholecystectomy. When measured
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Fig. 4. Axial and coronal common bile duct diameters according to age before and after cholecystectomy.
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in the coronal plane, seven patients (41.2%) eventually showed highly significant increases in
diameter, and the increase occurred within 2.5 years in all but two cases (Fig. 5). The largest

extent of CBD dilatation after cholecystectomy was a 2.3-fold increase in axial CBD diameter.

INTRAHEPATIC BILE DUCT DILATATION AFTER CHOLECYSTECTOMY
Of the 121 patients, only one patient (0.008%), who had mild IHD dilatation before chole-

cystectomy, developed significant THD dilatation without biliary obstruction after cholecys-
tectomy. Two patients had disproportional mild IHD dilatation, presumably due to prior par-
asitic infestation, which did not change after cholecystectomy. One patient showed
significant IHD dilatation caused by compression of the perihilar bile duct by a large cystic
duct stone (Mirizzi syndrome), which resolved after cholecystectomy. The remaining 117 pa-
tients (96.7%) showed no significant ITHD dilatation before or after the cholecystectomy.

COMPARISON WITH CBD OBSTRUCTION CASES AFTER
CHOLECYSTECTOMY

Table 3 summarizes the clinical and CT findings of 11 patients with CBD obstruction due to
choledocholithiasis or periampullary cancer after cholecystectomy. All 11 patients (100%)
had results suggestive of acute cholangiohepatitis or obstructive jaundice (abnormally high
white blood cell counts and serum levels of C-reactive protein, bilirubin, y-glutamyl transfer-
ase, alanine and aspartate aminotransferase, and alkaline phosphatase). In two of the nine
patients with choledocholithiasis (22.2%), CBD stones were not definitively recognized on CT
but were later confirmed by MRCP or ERCP. In all the patients, CBD was dilated > 8 mm, with
the mean diameter (range) of 12.1 mm (8.6-17.1) and 12.9 mm (8.1-20.1) in the axial and coronal
planes, respectively. Of the 11 patients, nine (81.8%) had significant ITHD dilatation (> 3 mm),
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Fig. 5. Increase in common bile duct diameter over time after cholecystectomy in a subgroup of 17 patients,
who underwent follow-up CT during at least two of three follow-up period groups.

Axial diameter
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four (36.4%) showed enhanced CBD wall thickening suggestive of cholangitis, and one patient
(9.0%) showed CT findings of acute pancreatitis (Fig. 7).

DISCUSSION

Our study demonstrates that compensatory CBD dilatation is a common finding after cho-
lecystectomy. Hence, post-cholecystectomy CBD dilatation incidentally identified on CT is
highly likely to be non-obstructive in the absence of any clinical or radiological suspicion of
an obstructive stone or tumor.

Specifically, over a quarter of the patients in our cohort showed significant post-cholecys-
tectomy CBD dilatation (e.g., > 8 or 10 mm in short-axis diameter). The increase in mean CBD
diameter was 2.3 mm between pre- and post-cholecystectomy (from 5.6 mm to 7.9 mm),
which did not differ greatly from the results of two previous studies that examined CT-measured
CBD diameter more than one year after cholecystectomy: 1.6 mm (from 5.4 mm to 7.0 mm) and
2.5 mm (from 4.8 mm to 7.3 mm) (12, 16).

Although compensatory CBD dilatation has been well documented, most of these studies
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Fig. 6. CT findings of a 56-year-old female with progressive CBD dilatation, who underwent cholecystecto-
my during lymphoma remission due to acute calculous cholecystitis, show the largest CBD diameter as 7.2 mm
(red line) at pre-cholecystectomy (A), progressive dilatation of axial CBD diameters to 9.3 mm and 12.3 mm
approximately 6 months (B) and 1 year (C) after cholecystectomy, respectively. No further CBD dilatation at
subsequent follow-ups, with largest CBD diameter measured as 12.3 mm, 12.8 mm, and 12.7 mm approxi-
mately 2 years (D), 4 years (E), and 5 years (F) after cholecystectomy.

CBD = common bile duct

P LA

1year later, 12.3 mm

=,
y/ LN )
b 1N

2 year later, 12.3 mm 4 year later, 12.8 mm 5year later, 12.7 mm

Table 3. Characteristics of 11 Patients with CBD Pathology at Follow-Up Scan after Cholecystectomy

Axial CBD Coronal

Sex/ . IHD Acute
No Cause Diameter CBD . . . Abnormal Laboratory Test
Age . Dilatation Inflammation*
(mm) Diameter (mm)
1 M/52 CBDstone 8.6 8.1 Absent None AST, ALT, GGT, bilirubin
2 M/56 CBD stone 10.9 12.9 Present Cholangitis ~ AST, ALT, bilirubin, CRP
3 M/58 CBDstone 17.1 20.1 Present None AST, ALT, GGT, bilirubin, CRP
4 F/T1 CBDstone 14.1 15.2 Present None AST, ALT, GGT, bilirubin
5 M/74 Radiolucent CBD stone 13.8 12.0 Present Pancreatitis  AST, ALT, bilirubin, lipase, amylase, CRP
6 M/74 CBD stone 8.8 10.1 Present Cholangitis ~ AST, ALT, bilirubin
7 M/74 CBD stone 10.6 10.1 Present Cholangitis CRP
8 F/85 CBDstone 8.6 10.2 Absent Cholangitis ~ AST, ALT, bilirubin, CRP
9 F/69 Radiolucent CBD stone 16.7 17.0 Present None AST, ALT
10 M/64 Ampullary cancer 16.1 16.7 Present None Bilirubin, AST, ALT
11 F/75 Pancreatic head cancer 20.8 22.7 Present None AST, ALT, lipase, amylase

All patients had abdominal pain with or without fever.

*Based on CT findings: enhancing CBD wall thickening for cholangitis, parenchymal swelling with peripancreatic fat stranding and/or fluid
for pancreatitis.

ALT = alanine aminotransferase, AST = aspartate aminotransferase, CBD = common bile duct, CRP = C-reactive protein, GGT = y-glutamy!
transferase, IHD = intrahepatic bile duct
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Fig. 7. CT findings of a 74-year-old male with post-cholecystectomy choledocholithiasis and acute pancreatitis show no significant dilata-
tion of CBD (A) and IHD (B), and presence of gallbladder stones at the time of acute cholecystitis (C), and show significant dilatation of CBD
and IHD (arrows) in the coronal (D) and axial (E) planes with associated acute pancreatitis (arrowheads) at the head portion (F) six months
after cholecystectomy. CBD stones were not evident on CT but later confirmed and removed by endoscopic retrograde cholangiopancrea-
tography.

conducted measurements using ultrasonography. Therefore, one of the strengths of this study
is that the degree and frequency of post-cholecystectomy CBD dilatation were quantified us-
ing CT. An advantage of CT over US in terms of CBD diameter measurement is that, unlike US;
which can only evaluate portions that are visualized through a good echogenic window, CT
can evaluate the entire length of the CBD well, enabling more consistent and accurate mea-
surements. However, our results showed that measurements in the coronal plane were gener-
ally higher than those in the axial plane; hence, it is important to specify whether the diame-
ter is measured in the axial or coronal plane. The CBD is usually oval-shaped unless it shows
tensile distension due to obstruction. Because the CBD typically runs obliquely in the cranio-
caudal direction, the measured long-axis diameter is likely to be longer than the actual diame-
ter. Thus, the short-axis diameter better represents the actual CBD diameter. However, unlike
the axial plane, where both short- and long-axis diameters can be identified and measured in
the coronal plane, the CBD diameter can be measured along only one axis, which is likely to
be closer to the long-axis diameter. Because the CBD diameter can vary even in the same pa-
tient depending on the measurement method, it is essential to mention how it was measured.

Our results show that the CBD can commonly dilate > 10 mm after cholecystectomy in the
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absence of any obstruction, whereas even with obstructive CBD stones, the dilated CBD can
measure < 10 mm. In addition, although non-obstructive senile CBD dilatation is typically
not observed in young people, it is not helpful in determining whether CBD dilatation is ob-
structive or compensatory in the post-cholecystectomy state. This is because significant post-
cholecystectomy CBD dilatation commonly occurs even in patients aged < 40 years. There-
fore, in patients who have undergone cholecystectomy, differentiation between obstructive
and non-obstructive CBD dilatation should not be based solely on the extent of luminal dis-
tension but should also consider other clinical or radiological findings.

The presence or absence of significant IHD dilatation (> 3 mm) may help differentiate be-
tween obstructive and compensatory CBD dilatation after cholecystectomy. In our study, al-
most all patients without CBD obstruction showed no significant IHD dilatation after cholecys-
tectomy, whereas most patients with CBD obstruction showed significant dilatation of the IHDs
as well as the CBD. In a previous MRCP study that examined bile duct dilatation six months af-
ter cholecystectomy, post-cholecystectomy IHD dilatation was not, if present, > 2 mm in diam-
eter (13). For significant IHD dilatation, substantial intrabiliary pressure is required to push the
liver parenchyma outward and encase the ducts. In contrast, a large part of the extrahepatic
bile duct is not surrounded by any hard organ and hence can be dilated much easier. This may
explain why compensatory ductal dilatation after cholecystectomy occurs selectively in CHD/
CBD but not in IHD. Therefore, detection of newly appearing significant IHD dilatation at post-
cholecystectomy follow-up should prompt the suspicion of biliary obstruction.

In addition, post-cholecystectomy CBD dilatation should not be assumed to be non-ob-
structive or compensatory before assessing the possibility of an obstructive lesion or stone by
evaluating the clinical manifestations and laboratory markers. Without meticulous clinical
evaluation, a tiny ampullary stone or radiolucent CBD stone may be missed. Our results
showed that all patients with biliary obstruction had clinical symptoms and laboratory ab-
normalities. In the majority of cases in which choledocholithiasis or biliary obstruction is not
clinically suspected, non-obstructive compensatory dilatation can be suspected. Conse-
quently, it is possible to distinguish between compensatory and obstructive dilatation
through the incorporation of clinical and radiological findings suggesting obstruction, rather
than the degree of CBD dilatation.

Another potentially useful finding of the present study was that compensatory CBD dilata-
tion is usually completed within a couple of years after cholecystectomy. To the best of our
knowledge, no previous study has analyzed serial follow-up examinations to investigate
long-term changes in the CBD diameter. Most previous studies had a short follow-up period
of approximately one year (14-19) and therefore, could not determine whether CBD contin-
ued to increase even after that. Although only 17 patients had a long-term follow-up period
of 2-10 years, most patients showed a tendency for CBD to increase during the first 1-2 years
after cholecystectomy and did not change significantly thereafter. Accordingly, our results
suggest that mechanical CBD obstruction should be suspected if further CBD dilatation oc-
curs beyond 2-3 years after cholecystectomy.

Our study has several limitations. First, the retrospective nature of our study may have in-
troduced considerable selection bias. Because only those patients who made follow-up visits

after cholecystectomy were included, it was not possible to include asymptomatic patients
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with CBD obstruction who may have shown different characteristics from those included in
the study. Second, our study included a small number of patients for both major and ancillary
analyses because many patients who underwent cholecystectomy did not undergo follow-up
CT scans. Third, more than half of the patients underwent only one follow-up CT scan.
Fourth, since only one radiologist performed the CT measurements, interobserver agreement
for CBD diameter measurements could not be confirmed. Therefore, reliability evaluation
was difficult. Fifth, because there was no comparison with other modalities such as US, MRI,
or ERCP, the diameters measured on axial and coronal CT images could not be compared to
the gold standard.

In conclusion, because compensatory CBD dilatation commonly occurs after cholecystec-
tomy to a similar extent as obstructive CBD dilatation, incidentally identified CBD dilatation
is most likely non-obstructive in the absence of definite radiological evidence or clinical sus-
picion. However, if significant proportional IHD dilatation accompanies CBD dilatation or
there is an increase in CBD dilatation beyond 2-3 years after cholecystectomy, the possibility

of CBD obstruction should be assessed, even in the post-cholecystectomy state.
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