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ABSTRACT

Purpose: We investigated the clinical features and factors affecting the choice of treatment 
modality and the course of pediatric gallstone (GS) disease.
Methods: We retrospectively analyzed the medical records of 65 patients diagnosed with GS 
using imaging studies between January 2009 and December 2017 were included.
Results: This study included 65 patients (33 boys and 32 girls; mean age, 8.5±5.3 years; 
range, 0.2–18 years) who primarily presented with abdominal pain (34%), jaundice (18%), 
and vomiting (8%). Idiopathic GS occurred in 36 patients (55.4%). The risk factors for 
GS included antibiotic use, obesity, hemolytic disease, and chemotherapy in 8 (12.3%), 
7 (10.8%), 6 (9.2%), and 4 patients (6.2%), respectively. We observed multiple stones 
(including sandy stones) in 31 patients (47.7%), a single stone in 17 (26.2%), and several 
stones in 17 (26.2%). GS with a diameter of <5 mm occurred in 45 patients (69.2%). 
Comorbidities included hepatitis, choledocholithiasis, cholecystitis, and acute pancreatitis in 
20 (30.8%), 11 (16.9%), 11 (16.9%), and 4 patients (6.2%), respectively. Ursodeoxycholic acid 
(UDCA) was administered to 54 patients (83.1%), leading to stone dissolution in 22 patients 
(33.8%) within 6 months. Cholecystectomy was performed in 18 patients (27.7%) (mean 
age, 11.9±5.1 years). Most patients treated surgically had multiple stones (83%) and stones 
measuring <5 mm in size (89%), and 66.7% of patients had cholesterol stones.
Conclusion: Cholecystectomy is feasible in patients with small-sized or large numbers of GS 
and those with persistent abdominal pain and/or jaundice. UDCA administration with close 
follow-up is recommended in patients with uncomplicated GS.
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INTRODUCTION

Gallstones (GS) are relatively rare in children. However, widespread ultrasonographic 
screening in suspected cases with better detection of asymptomatic GS has led to an 
increasing incidence of this condition. The prevalence of GS varies across countries 
and ethnicities. The estimation of true prevalence is difficult because a few patients are 
asymptomatic. The prevalence rates of pediatric GS disease in Italy and Japan were 0.13 to 
0.2% [1] and 0.13% [2], respectively. A Dutch study reported a prevalence rate of 1.9% [3].
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Susceptibility to GS is determined by complex interactions between environmental and 
genetic factors. Comorbidities including hemolytic disorders, prolonged total parenteral 
nutrition, or cystic fibrosis predispose to pediatric GS disease [3,4]. Recent studies 
report that the increasing incidence of pediatric GS parallels the increase in cases of 
childhood obesity [5]. Notably, cholesterol GS are associated with obesity, type 2 diabetes, 
dyslipidemia, and hyperinsulinemia [6]. A previous study reported a GS prevalence rate of 
2% in 493 children and adolescents diagnosed with obesity [7].

The number of patients with GS requiring cholecystectomy is increasing along with 
changing indications for surgery [5,8-10]. Patient selection is important to identify those 
amenable to medical therapy. However, few studies have reported the natural history of 
pediatric GS disease. No prospective randomized controlled trials have compared medical 
and surgical treatments, and no clear guidelines have defined indications for medical 
versus surgical treatments in children with GS. Few reports have described the medications 
effective in these cases and the duration of their use. Surgical indications and the optimal 
timing of surgery remain unclear.

Therefore, we investigated the clinical features and factors affecting the choice of 
treatment modality in pediatric GS disease.

MATERIALS AND METHODS

We retrospectively analyzed the medical records of 65 patients (<18 years) diagnosed with GS 
based on imaging studies who received treatment at Pusan National University Children's 
Hospital between January 2009 and December 2017. Patients with gallbladder sludge were 
excluded. This study was approved by the Institutional Review Board of Pusan National 
University Yangsan Hospital (No. 05-2019-151).

The following patient characteristics were evaluated: demographics, presenting symptoms, risk 
factors for GS, comorbidities, history of antibiotic use, stone characteristics based on imaging 
studies, therapeutic approaches employed, and outcomes. Patients were categorized into two 
groups based on stone size (<5 vs. ≥5 mm) and three groups based on stone number (single vs. 
several [≤5] vs. multiple [>5]). Ursodeoxycholic acid (UDCA, 8–10 mg/kg/day) was administered 
to patients without specific indications for cholecystectomy. Follow-up assessment was 
performed every 3 months with clinical and ultrasonographic examinations. Stone dissolution 
was defined as the absence of GS on follow-up abdominal ultrasonography.

The primary indications for cholecystectomy included symptomatic cholelithiasis, 
complicated obstructive disease, and abdominal pain in the right upper quadrant that 
persisted despite receiving medical treatment for >1 week. Complicated obstructive disease 
was defined as definitively diagnosed with GS pancreatitis, jaundice, choledocholithiasis, 
or common bile duct dilatation observed on imaging studies. We compared the clinical 
features and outcomes in patients undergoing cholecystectomy.

The t-test was used to compare differences in continuous variables between groups, and the 
chi-square or Fisher's exact test was used to compare categorical variables. The p-values <0.05 
were considered statistically significant. Statistical analysis was performed using IBM SPSS 
Statistics ver. 21.0 software (IBM Co., Armonk, NY, USA).
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RESULTS

This study included 65 patients (33 boys, 32 girls), and the mean age of patients was 8.5±5.3 
years (range, 0.2–18.0 years). The age distribution of patients with GS was as follows: 6–12 
years (26 patients [40.0%]), >13 years (18 [27.7%]), 2–5 years (17 [26.2%]), and <1 year (4 
[6.2%]) (Table 1).

Patients' presenting symptoms included abdominal pain (n=27, 41.5%), jaundice (n=14, 
21.5%), vomiting (n=6, 9.2%), and irritability (n=1, 1.5%). Notably, 32 patients (49.2%) were 
diagnosed incidentally without GS-induced symptoms.

The risk factors for GS included antibiotic use (12.3%), obesity (10.8%), hemolytic disease 
(9.2%), chemotherapy (6.2%), and biliary tract disease (3.1%). No risk factor for GS was 
identified in 36 patients (55.4%).

Comorbidities included the diagnosis of a single disorder or a combination of the following 
disorders: hepatitis (n=20, 30.8%), choledocholithiasis (n=11, 16.9%), cholecystitis (n=11, 
16.9%), and GS pancreatitis (n=4, 6.2%).

We observed multiple stones in 31 patients (47.7%), a single stone in 17 (26.2%), and several 
GS in 17 patients (26.2%). GS measured <5 mm in 45 patients (69.2%) and were visualized on 
plain abdominal radiography in 7 patients (11%) (Table 2).

UDCA was administered to 54 patients (83.1%). Stone dissolution following UDCA 
administration occurred in 24 patients (44.4%), of which 22 (40.7%) showed stone 
dissolution within 6 months. Recurrent stones were observed in 7 patients (10.8%), and 18 
patients (27.7%) underwent cholecystectomy (Table 3).
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Table 1. Age and sex wise distribution of patients (n=65)
Variable Boys Girls Total
Age (yr)

<1 2 (3.1) 2 (3.1) 4 (6.2)
2–5 11 (16.9) 6 (9.2) 17 (26.2)
6–12 13 (20.0) 13 (20.0) 26 (40.0)
>13 7 (10.8) 11 (16.9) 18 (27.7)

Mean age (yr) 8.5±5.3 (0.2–18.0)
Total 33 (50.8) 32 (49.2) 65 (100.0)
Values are presented as number (%) or mean±standard deviation (range).

Table 2. Characteristics of gallbladder stones
Characteristics Number (n=65)
No. of stones

Single 17 (26.2)
Several 17 (26.2)
Multiple 31 (47.7)

Size of stones (mm)
<5 45 (69.2)
≥5 20 (30.8)

Visible on the plain X-ray 7 (10.8)
Values are presented as number (%).
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The mean ages of patients who received surgical and nonsurgical treatments were 11.9±5.1 
and 7.2±4.9 years, respectively. Among the patients treated surgically, 66.7% had cholesterol 
stones. Most patients who underwent surgery had multiple stones (83%) and stones 
measuring <5 mm in size (89%). The univariate analysis showed a significant association 
between the risk of cholecystectomy and older age (p=0.002), abdominal pain (p<0.001), 
jaundice (p=0.005), multiple stones (p=0.001), and small-sized stones (p=0.039). No 
significant intergroup differences were observed in the prevalence of hepatitis (p=0.065), 
choledocholithiasis (p=0.396), cholecystitis (p=0.258), and GS pancreatitis (p=0.745) (Table 4).

DISCUSSION

In this study, we observed that cholecystectomy is more commonly performed in older 
patients, patients with small-sized and large numbers of GS, and those with accompanying 
symptoms such as abdominal pain and/or jaundice. UDCA administration with close follow-
up is recommended in patients with uncomplicated stones.

Previous studies regarding the prevalence of GS have reported a bimodal distribution with 
a small peak in infancy that increases throughout adolescence showing a marked female 
preponderance [5,11,12]. Boys and girls are equally affected during early childhood; however, 
a clear female preponderance observed during adolescence is similar to that observed in 
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Table 3. Treatment and outcomes of gallbladder stones
Treatment and outcome Number (n=65)
Ursodeoxycholic acid 54 (83.1)
Dissolution of stone 24 (36.9)

<1 mo 2 (3.1)
1–6 mo 20 (30.8)
6 mo 2 (3.1)

Relapse 7 (10.8)
Cholecystectomy 18 (27.7)
Values are presented as number (%).

Table 4. Comparison of clinical features with or without cholecystectomy
Characteristics Cholecystectomy (+) (n=18) Cholecystectomy (−) (n=47) p-value
Boys:girls 8:10 25:22
Mean age (yr) 11.9±5.1 7.2±4.9 0.002*
Presenting symptom

Abdominal pain 16 (88.9) 12 (25.5) 0.000†

Jaundice 8 (44.4) 6 (12.8) 0.005†

Asymptomatic 0 (0.0) 32 (68.1) 0.000‡

No. of stone
Single 0 (0.0) 17 (36.2)
Several 3 (16.7) 14 (29.8)
Multiple 15 (83.3) 16 (34.0) 0.001‡

Size of stone 0.039‡

<5 mm 16 (88.9) 29 (61.7)
≥5 mm 2 (11.1) 18 (38.3)

Accompanying diseases
Hepatitis 11 (61.1) 9 (19.1)
Choledocholithiasis 6 (33.3) 5 (10.6)
Cholecystitis 9 (50.0) 2 (4.3)
Gallstone pancreatitis 3 (16.7) 1 (2.1)

Values are presented as number only, mean±standard deviation, or number (%).
*t-test, †Chi-square test, ‡Fisher's exact test.
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adulthood [3,5,11,13]. Mehta et al. [5] reported an increase in the mean age of diagnosis of 
GS disease. The previously reported mean age for pediatric GS disease ranged from 8.4 to 
10.0 years [9,14]; however, Mehta et al. [5] reported a significantly higher mean age of 13.0 
years (67% of the patients were aged 13-18 years). In our study, the mean age of patients was 
8.5 years, and no sex difference was observed with respect to age. An age-related increase in 
incidence was not observed.

Pediatric GS disease is attributable to conditions that predispose children to various types of GS 
[15]. Cholelithiasis in infancy is typically associated with prematurity, total parenteral nutrition, 
abdominal surgery, or sepsis. Hemolytic disease is the most common associated comorbidity 
in adolescents. Recent data suggest that nonhemolytic risk factors, including pregnancy, oral 
contraceptive use, and obesity, are increasingly being recognized as contributors to GS [5]. 
The prevalence of GS in Korea resembles trends observed in Western countries owing to the 
westernization of lifestyle and an improved socioeconomic status [16,17]. In our study, 55.4% of 
patients showed no risk factor for GS, consistent with the results of previous studies [5,13]. The 
risk factors for GS included antibiotic use (12.3%), obesity (10.8%), hemolytic disease (9.2%), 
chemotherapy (6.2%), and biliary tract disease (3.1%).

GS in adults are asymptomatic in >80% of patients [18]; however, only 17 to 50% of children 
with GS are asymptomatic [11,13,19]. In our study, 49.2% of children were asymptomatic. 
Tannuri et al. [20] reported that 25% of patients presented with complications including 
pancreatitis, choledocholithiasis, or acute calculous cholecystitis as the first sign of 
cholelithiasis. In the present study, comorbidities included the diagnosis of a single 
disorder or a combination of the following disorders: hepatitis (30.8%), choledocholithiasis 
(16.9%), cholecystitis (16.9%), and GS pancreatitis (6.2%). The most common presenting 
symptom in symptomatic patients was abdominal pain (41.5%).

Ultrasonography is the most efficient and convenient diagnostic tool for GS. Plain abdominal 
radiography and computed tomography can detect only calcified stones. In our study, plain 
abdominal radiography revealed stones in 11% of patients. Such stones are usually calcified 
cholesterol stones or contain calcium bilirubinate and are not amenable to dissolution [21].

The treatment of GS depends upon the patient's symptoms, types of GS, and their location. 
Currently, medical therapy is based on the clinical stage: asymptomatic, symptomatic, and 
complicated disease [22]. Asymptomatic GS rarely warrant treatment owing to their benign 
natural course and a low risk of progression to symptomatic disease.

UDCA is the drug of choice for the medical management of GS. It decreases biliary 
cholesterol saturation by 40 to 60% by inhibiting the intestinal absorption and biliary 
secretion of cholesterol, as indicated by a reduced cholesterol fraction of biliary lipids [23]. 
Few reports in the literature have described the role of UDCA in children. Della Corte et 
al. [19] reported UDCA-induced symptom resolution in 65% of children (n=117), with stone 
dissolution in only 8 children and recurrence in 3 children upon treatment completion.

The criteria for UDCA treatment include cholesterol-rich, non-calcified GS with a diameter of 
<20 mm and a patent cystic duct. Reportedly, the UDCA-induced dissolution rate was 30 to 
60%; however, the initial diameter of GS is the most important determinant of the dissolution 
rate [24,25]. Differentiation of cholesterol stones based on imaging studies is challenging. 
Cholesterol GS constitute approximately 75% of the GS identified in patients in the United States 
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and westernized countries. The remaining are pigment stones containing <30% cholesterol by 
weight [6]. Of the patients treated surgically in this study, 66.7% had cholesterol stones.

A clinical study reported complete disappearance of small stones (<5 mm) following 
6-month UDCA treatment in approximately 90% of patients [26]. UDCA administration 
should be continued for 3 months following complete stone dissolution to ensure 
disintegration of microscopic stones that may not be detected ultrasonographically. 
Minimal or no change in GS diameter within 6–12 months of UDCA treatment indicates a 
poor prognostic sign for dissolution [24].

In our study, 83.1% of patients received UDCA. Stone dissolution occurred in 44.4% of 
patients, of which 40.7% showed dissolution within 6 months. Among patients who were 
refractory to UDCA treatment for 6 months, only 3.1% showed stone dissolution within a 
year after treatment. Our results concur with those of previous studies, which suggest that 
at least 6-month UDCA administration is necessary in children with GS.

A high recurrence rate is a limitation of UDCA therapy for GS dissolution. Several studies 
have reported the 5- and 12-year recurrence rates of 30 to 50% and 50 to 70%, respectively, 
after successful treatment, particularly in patients with multiple GS [24-26]. In this study, 
the recurrence rate was 10.8%. However, a study performed in patients with symptomatic 
GS who underwent long-term follow-up of 18 years reported that compared with no 
treatment, UDCA therapy reduced the incidence of biliary pain and acute cholecystitis 
[27]. Another study reported that nearly 75% of patients required cholecystectomy despite 
the administration of UDCA or placebo for 100 days [28], suggesting that UDCA may be 
ineffective in patients with complicated GS disease.

An increased incidence of GS was associated with a corresponding increase in the 
cholecystectomy prevalence [5,10,29]. Cholecystectomy is the current gold standard to 
treat symptomatic or complicated GS [22]. In our study, 27.7% of patients underwent 
cholecystectomy, and all procedures were performed early during the disease course. 
The indications for cholecystectomy included symptomatic cholelithiasis, complicated 
obstructive disease, and abdominal pain in the right upper quadrant that persisted despite 
receiving medical treatment for >1 week. UDCA administration was ineffective in these 
patients, and owing to the patient's poor condition, medical treatment could not be 
continued until a therapeutic effect was obvious.

Choledocholithiasis is observed in 10%–20% of patients undergoing surgery for GS [30]. 
A consensus development conference statement recommends that the common bile 
duct must be evaluated in all cases of symptomatic GS, and even asymptomatic GS 
require treatment when accompanied by choledocholithiasis [31]. Compared with solitary 
or multiple large stones, small-sized and numerous GS increase the risk of migration 
within the biliary tree [32,33]; therefore, multiple small GS predispose to synchronous 
asymptomatic choledocholithiasis [34]. In our study, most patients treated surgically had 
multiple stones (83%) and small-sized stones with a diameter of <5 mm (89%).

The retrospective design and small sample size are the limitations of this study. Further 
large-scale studies are warranted to gain a better understanding of the clinical course 
and factors affecting the choice of treatment modality in children with GS. In conclusion, 
asymptomatic or incidental GS can be treated nonsurgically. UDCA administration with 
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close follow-up is recommended even in symptomatic patients with uncomplicated stones. 
Cholecystectomy is feasible in patients with small-sized or large numbers of GS, and those 
with persistent abdominal pain and/or jaundice.
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