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ARTICLE INFO ABSTRACT

Keywords: Background: With the widespread use of abdominal ultrasonography (US), incidental detection of common bile
Incidental common bile duct dilatation duct (CBD) dilatation is common in pediatric populations. This study investigated the causes and clinical sig-
Ultrasonography nificance of CBD dilatation in children without biliary symptoms, jaundice, or causative lesions in US.
gﬁ?;i:haraaemms Methods: We retrospectively reviewed pediatric patients with CBD dilatation from July 2013 to June 2023. All
Children cases were detected via abdominal US. We analyzed the patients’ clinical manifestations, laboratory data,
Pediatric diagnosis, underlying diseases, and clinical course.

Results: In a total of 687 patients enrolled, 338 met inclusion criteria (90 in hepatobiliary, 248 in CBD dilatation
group). Of 128 patients with incidental CBD dilatation who underwent regular US examinations, 91 (71.1%)
experienced resolution during follow-up. The proportion of patients with intrahepatic duct dilatation was
significantly higher in the non-resolution group (p = 0.038). General health examination group had significant
smaller CBD diameter compared to the gastrointestinal and infection groups. Correlation analysis found starting
point of resolution decline at 3.24 mm (all-inclusive) and 2.51 mm (infant group) CBD diameter.

Conclusions: Most children with incidental CBD dilatation did not have abnormal hepatobiliary function or other
sonographic abnormalities. They usually remained asymptomatic and experienced uneventful clinical courses.

1. Introduction

Common bile duct (CBD) dilatation is a frequently observed finding
in ultrasonography (US). Although several studies have investigated
CBD measurements in children, no consensus has been reached
regarding the standard diameter of the CBD in different pediatric age
groups [1-3]. A widely accepted cutoff indicating the need for further
clinical investigations to avoid hepatobiliary disease is a CBD diameter
>7 mm [4-7]. Notably, however, the ambiguity of age and various
conditions, such as previous hepatobiliary surgery, medication, fluid
status, current disease, and operators’ subjectivity, can influence
diameter measurements [8]. Nonetheless, identifying abnormal dilata-
tion of the CBD is crucial because it may be associated with congenital
anomalies and pathological conditions.

In adults, asymptomatic biliary dilatation is carefully evaluated
because of the potential risk of malignancy [9,10]. However, its causes
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in the pediatric population differ from those in adults, with a higher
incidence of congenital anomalies but a lower incidence of malignancy
[11]. Despite these differences, understanding of the clinical outcomes
and significance of asymptomatic biliary dilatation in both age groups
remains limited [6].

US, a noninvasive and cost-effective examination, is widely used to
monitor and diagnose hepatobiliary diseases in pediatric patients. It is a
well-documented technique known for its sensitivity and specificity in
detecting hepatobiliary diseases [12,13]. During US examinations, CBD
may be incidentally observed. In this study, we investigated the natural
course and clinical significance of incidentally discovered CBD dilata-
tion in pediatric patients; we also evaluated the optimal cut-off CBD
diameter for predicting the resolution of CBD dilatation.
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2. Materials and methods
2.1. Study design

We retrospectively evaluated patients who received abdominal US
from July 2013 to June 2023 at Chang Gung Memorial Hospital, Linkou
Branch. At our institution, abdominal US is commonly used as a first-line
tool to evaluate gastrointestinal illnesses (such as vomiting, diarrhea,
abdominal pain, or fever), abdominal masses, malignancies, congenital
anomalies, precocious puberty, short stature, and obesity and to perform
newborn examinations. We analyzed data on age, sex, clinical symptoms
and signs, liver function test results, diagnoses, associated diseases,
complications, resolution rate, and duration of CBD dilatation.

2.2. Inclusion and exclusion criteria

The inclusion criteria were an age of 0-17 years and meeting the
diagnostic criteria for CBD dilatation. CBD dilatation was defined as a
CBD diameter >2 mm in infancy, >4 mm in childhood, or >7 mm in
adolescence [3]. The exclusion criteria were a history of hepatobiliary
surgery and an age >18 years.

2.3. US assessment of bile duct dilatation

We utilized two US machines (LOGIQ S8 XDclear and Logiq S7
Expert; GE HealthCare, Gyeonggi-do, Korea) with a 1-6 MHz or 2-11
MHz convex-array probe for the abdominal US examinations. CBD
diameter was measured from the sagittal scan. All operators performing
the procedures were trained and experienced pediatric gastroenterolo-
gists. CBD measurements were repeated three times, and the mean of the
three values was calculated.

2.4. Categorization and evaluation of patients

The patients were divided into two categories based on clinical
findings: the ‘hepatobiliary and pancreatic disorders’ (HPD) group
(those with these disorders) and the incidental CBD dilatation group
(those in whom CBD was discovered incidentally via US examination).
Within the incidental group, we further divided the patients into four
subgroups based on the context in which CBD was discovered: during a
gastrointestinal work-up (GI group), during a general health examina-
tion (GHE group), during US imaging to assess treatment of an infection
(Infection group), and during image analyses of other disorders (Other
group). Then we analyzed the variation in CBD diameter across these
subgroups. We also classified the patients in the incidental group into
resolution and non-resolution groups to better understand the correla-
tion between CBD diameter and resolution rate. Finally, we categorized
the patients into three age groups (infants [<1 year old], children [1-12
years old], and adolescents [>12 years old]) to further analyze the
correlations among CBD size, and resolution rate.

2.5. Definitions of anomalous biliary dilatation and resolution

The definitions of anomalous biliary dilatation include choledochal
cysts, pancreaticobiliary maljunction, and biliary obstruction. Second-
ary biliary dilatation refers to dilatation of the bile ducts caused by
conditions such as tumor compression, gallbladder stone obstruction,
and pancreatitis [2,14]. Resolution was defined as the point at which the
CBD returned to a diameter <2 mm during infancy, £4 mm during
childhood, or £7 mm during adolescence with no clinical symptoms or
signs [3].

2.6. Statistical analysis

All statistical analyses were conducted using Excel software for
Windows, Version 2010. Patient demographic information was
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recorded, including age, sex, CBD diameter, other US findings, liver
function test results [15,16], and follow-up outcomes. The results are
presented as mean, median, standard deviation, and interquartile range.
Several statistical analyses were performed to determine the differences
between groups: the chi-square test, Student’s t-test, polynomial
regression analysis, and the R test. A statistically significant difference
was defined as p < 0.05.

Ethics approval

The study protocol complied with the Declaration of Helsinki and
was approved by the ethics committee of Chang Gung Memorial Hos-
pital (IRB No. 202301570B0).

3. Results
3.1. Patients and subgroups

[Figs. 1 and 2] show the algorithm for selecting and classifying pa-
tients. In total, 687 patients were found to have CBD dilatation. Among
them, 338 met the inclusion criteria and were enrolled. These patients
were categorized into the HPD group (n = 90, 26.6%) and the incidental
CBD dilatation group (n = 248, 73.4%). In the former, 46 patients had
anomalous biliary dilatation and 44 had secondary biliary dilatation. In
the later, 128 patients underwent regular US examinations during their
follow-up. Among these, 50 (39.1%) were assigned to the GI group, 45
(35.1%) were assigned to the GHE group, 19 (14.8%) were assigned to
the Infection group, and 14 (11.0%) were assigned to the Other group.
This last group included patients with congenital anomalies (n = 7),
oncology and hematology disorders (n = 5), autoimmune disease (n =
1), and neurological disease (n = 1) [Fig. 2].

3.2. Demographics and clinical characteristics between resolution and
non-resolution groups

[Table 1] shows the differences in demographics and etiologies
among patients with incidental CBD dilatation between the resolution
and non-resolution groups. The resolution group included 91 (71.1%)
patients, and the non-resolution group included 37 (28.9%) patients. In
the non-resolution group, 15 (40.5%) patients had a decreased CBD
diameter that did not return to the normal range, 13 (35.1%) had a
stationary CBD diameter, and 9 (24.4%) had an increased CBD diameter
at the last follow-up evaluation (mean follow-up period is 510 days,
ranging from 5 to 2788 days).

There were no statistically significant differences in age (p = 0.857),
sex (p = 0.115), laboratory test, and predictive factor relative to CBD
dilatation (i.e., CBD diameter (p = 0.764), the proportion of gallbladder
sludge (p = 0.801), gallbladder wall thickening (p = 0.498), and hepa-
tomegaly (p = 0.876)) observed between the two groups. The proportion
of patients with intrahepatic duct (IHD) dilatation was significantly
higher in the non-resolution group (p = 0.038).

[Table 2] summarizes the differences in liver function test results
between these two groups. There were no significant differences for
aspartate aminotransferase (value: p = 0.837, abnormal ratio: p =
0.502), alanine aminotransferase (p = 0.289, p = 0.663), y-glutamyl
transferase (p = 0.089, p = 0.369), alkaline phosphatase (p = 0.233,p =
0.127), direct bilirubin (p = 0.585, p = 0.115), or total bilirubin (p =
0.715, p = 0.082). The liver function recovery rate was higher in the
resolution group but without statistical significance (p = 0.402).

3.3. Demographic and clinical characteristics among different diagnosis
groups

[Table 3] and [Fig. 3] compare demographic and clinical charac-
teristics aomng the four diagnosis greoups using chi-square and t-tests.
The GI group had the largest CBD diameter (mean, 4.8 &+ 2.0 mm), and
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Fig. 1. Flow chart illustrating patient grouping and selection process. Among 687 patients, a total of 338 patients met the inclusion criteria.
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Fig. 2. Patient distribution of incidental common bile duct (CBD) dilatation group. The incidental CBD dilatation group comprised 248 cases, of which 120
patients lost ultrasound follow-up. The remaining cases were divided into gastrointestinal, health examination, infection, and other groups.

Table 1
Risk factors for incidentally discovered biliary tract dilatation.
Resolution (N = Non-resolution (N p-value
91) =37)
Age (mo) 47.7 £+ 48.0 45.9 £ 52.4 0.857%
Male: Female 33:58 19:18 0.115°
Common bile duct size 4.37 + 1.69 4.48 + 1.88 0.764*
(mm)
Gall bladder sludge (%) 6.6 2.7 0.801°
Gall bladder wall 5.5 5.4 0.498°
thickening (%)
Hepatomegaly (%) 9.9 10.8 0.876"°
IHD dilatation (%) 1.1 8.1 0.038 *
b

AContinuous variables are expressed as mean =+ standard deviation and were
analyzed using Student’s t-test. Mean values were significantly different be-
tween variables (*p < 0.05). "Descriptive data were analyzed using the chi-
square test; the number (percentage) was significantly different between vari-
ables (*p < 0.05).

that of the GHE group was significantly smaller than those of the
gastrointestinal and infection groups. There were no significant differ-
ences in the duration of resolution of CBD dilatation, follow-up period,
or resolution rate among the groups.

3.4. Correlation between resolution rate and CBD diameter

[Fig. 4] shows the correlation between the resolution rate and CBD

diameter in different patient groups. The CBD diameter corresponding
to a slope equal to zero represented the starting point of the decline of
the resolution rate. The CBD diameter was 3.24 mm in the all-inclusive
patient group and 2.51 mm in the infant group. No slope or CBD
diameter interval was present in the children group.

4. Discussion

CBD dilatation is common in Asian children, particularly in girls [17,
18]. It is often caused by congenital anomalies [11]. However, patients
do not always exhibit symptoms, and they may have multiple symptoms
such as jaundice, abnormal liver function, abdominal pain, or a palpable
abdominal mass [19]. In addition, there is no standard range for what is
considered a normal CBD diameter among different pediatric age groups
[1-3]. Although an abnormal CBD diameter is commonly considered 7
mm [4-7], prior studies highlight a diverse range of sizes based on the
causes and patient age. For instance, Chan et al. [20] found that the
mean diameter of choledochal cysts was 50 mm with a range of 20-120
mm. Lee et al. [21] observed that the mean extrahepatic bile duct
diameter in patients with biliary atresia-associated biliary cysts was 7.9
+ 1.5 mm. When examining infantile non-biliary atresia-associated
choledochal cyst, the mean diameter was 16.0 + 3.7 mm. By contrast,
late infantile non-biliary atresia-associated choledochal cysts exhibited a
larger mean diameter of 21.5 + 5.6 mm. Thus, there is variability in CBD
dimensions across different clinical conditions and patient populations.
Therefore, it is crucial to understand the natural course and clinical
significance of incidentally discovered CBD dilatation in pediatric
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Table 2
Probable factors explaining the resolution rate in incidentally discovered biliary
tract dilatation (based on liver function tests).

Resolution (N = 91) Non-resolution (N = p-

median (IQR) 37) median (IQR) value
Aspartate 38.0 (29.0-63.0) 36.5 (27.8-56.8) 0.837%
transaminase (IU/L)
Alanine transaminase 21.5 (13.7-80.5) 22.0 (12.0-46.3) 0.289%
(IU/L)
y-glutamyl transferas 89 (11.2-196.8) 16.0 (11.0-87.0) 0.089%
(1u/L)
Alkaline phosphatas 237.0 (154.0-293.0) 261.0 (206.8-333.5) 0.233%
(IU/L)
Direct bilirubin (IU/ 0.3 (0.2-0.5) 0.3 (0.1-0.8) 0.585%
L)
Total bilirubin (IU/L) 0.8 (0.4-3.4) 0.8 (0.2-4.8) 0.715%
Aspartate 25.0 18.5 0.502
transaminase b
abnormal (%)
Alanine transaminase 26.6 22.2 0.663
abnormal (%) b
y-glutamyl transferas 18.8 11.1 0.369
abnormal (%) b
Alkaline phosphatas 3.1 111 0.127
abnormal (%) b
Direct bilirubin 12.5 25.9 0.115
abnormal (%) b
Total bilirubin 14.1 29.6 0.082
abnormal (%) b
Liver function 40.6 44.4 0.736
abnormal (%) b
Liver function 92.3 83.3 0.402

recovery rate (%) b

AContinuous variables are expressed as mean =+ standard deviation and were
analyzed using Student’s t-test. Mean values were significantly different be-
tween variables (*p < 0.05). "Descriptive data were analyzed using the chi-
square test; the number (percentage) was significantly different between vari-
ables (*p < 0.05).

Table 3
Information on CBD diameter, resolution rate, resolution time, and ultrasound
follow-up.

Gastrointestinal Health Infection Others (N
(N =50) Examination (N=19) =14)
(N =45)

CBD size 4.8 +2.0 3.8+1.2 4.6 +1.2 39+1.6
(mm)
Resolution 72.0 71.1 73.7 69.2
rate (%)
Resolution 180 (49-399) 118 (75-255) 154 248
time (Day) (67-714) (22-2339)
Ultrasound 366 (97-861) 181 (89-550) 527 347
follow period (101-574) (22-2337)
(Day)

CBD size: Mean =+ standard deviation.
Resolution time and Ultrasound follow period: Median (IQR).

patients and evaluate the correlation between CBD diameter and the
resolution rate among different ages.

In this study, 338 patients were enrolled, of whom 248 (73.3%)
showed no causative lesions and maintained a benign course [14,22]
during follow-up. The resolution rate in all included patients was
71.09%, similar to the rate of 71.10% in GHE group. Notably, our res-
olution rate is inconsistent with a previous study that reported that 87%
of patients with fusiform dilatations (accounting for 98.12% of asymp-
totic neonates detected by US) resolved spontaneously [11]. We postu-
late that this discrepancy might be attributable to greater loss to
follow-up among asymptomatic patients and the inclusion of a
broader age range, including infants, children, and adolescents. This
broader range may have introduced more variability in resolution rates
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due to the diverse developmental stages and physiological changes that
occur across these age groups.

Among the various risk factors evaluated in this study, patients with
IHD dilatation showed a significantly lower resolution rate of CBD
dilatation. Although the mechanism of IHD dilatation is not fully un-
derstood, it might be attributable to bile duct constriction or irregular-
ities caused by genetic factors, innate and adaptive immunity, or
exposure to toxins. Another contributory factor might be pan-
creaticobiliary reflux induced by infection, inflammation, or obstruction
[19,23-25]. Our observation is in agreement with earlier research,
which similarly showed a higher risk for hepatobiliary disease and a
lower resolution rate in patients with IHD dilatation [22]. Furthermore,
the GHE group had significantly smaller CBD diameters than the GI and
Infection groups, which could be attributable to the temporary disrup-
tion of bile flow caused by dehydration [22]. These findings highlight
the complex relationship between physiological factors and bile duct
dilatation in different patient groups.

We also investigated the correlation between CBD diameter and
resolution rate in patients aged 0-17 years. The resolution rate
decreased once the CBD diameter exceeded 3.24 mm. This aligns with a
previous study that reported a lower resolution rate in patients with a
CBD diameter >3 mm [11]. To refine our assessment of CBD size in
different age groups, we divided the patients into three groups: infants,
children, and a combined group of all ages. In the infant group, the
resolution rate began to decline when the CBD diameter exceeded 2.51
mm, whereas the children group experienced a decrease in the resolu-
tion rate with an abnormal CBD diameter >4 mm. Although further
research is needed for validation, this observation provides preliminary
input for establishing specific CBD size ranges based on age.

In this study, we did not observe significant complications in the non-
resolution groups, which might be due to the limited and wide range of
follow-up periods, previous studies have shown CBD dilatation is
possibly associated with biliary tract stones [26,27], acute pancreatitis
[28-30] and biliary tract infection [9,22]. Moreover, various risk fac-
tors, including biliary tract cancer [26,31-33] and bile duct perforation
[34], were reported to be associated with CBD dilatation. Thus, we
believe further follow-up and evaluation on CBD size is needed.

Our study had several limitations. First, because of its retrospective
design, the patients were investigated under various conditions. Second,
although the results underwent review by experienced gastrologists, the
variability in US results could be attributable to the subjectivity of the
operators and the limitations of US technology. Finally, although we
followed the patients for an average period of 29 months, a more
extended follow-up duration might be necessary to build more robust
and dependable outcomes.

5. Conclusions

We investigated the clinical significance of incidentally discovered
CBD dilatation in pediatric populations. Most children with this condi-
tion remained asymptomatic and experienced uneventful clinical cour-
ses. The high rate of spontaneous resolution supports a conservative
approach to management. Our observations also emphasize the impor-
tance of variability in CBD sizes across different age groups. Although
our study had certain limitations, it provides valuable insight into the
natural course of CBD dilatation in pediatric patients. We expect that
further studies over a more extended period will determine the long-
term outcomes of children with incidental CBD dilatation.
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