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Abstract
AIM: To assess pediatric patients for choledocholithiasis. 
We applied current adult guidelines to identify predictive 
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factors in children.

METHODS: A single-center retrospective analysis was 
performed at a tertiary children’s hospital. We evaluated 44 
consecutive pediatric patients who underwent endoscopic 
retrograde cholangiography (ERCP) for suspected choledo
cholithiasis. Patients were stratified into those with 
common bile duct stones (CBDS) at ERCP vs those that 
did not using the American Society of Gastrointestinal 
Endoscopy (ASGE) guidelines (Very Strong and Strong 
criteria) for suspected CBDS.

RESULTS: CBDS were identified in 84% at the time 
of ERCP. Abdominal ultrasound identified CBDS in 
36% of patients. Conjugated bilirubin ≥ 0.5 mg/dL 
was an independent risk factor for CBDS (P  = 0.003). 
The Very Strong (59.5%) and Strong (48.6%) ASGE 
criteria identified the majority of patients (P  = 0.0001). 
A modified score using conjugated bilirubin had a 
higher sensitivity (81.2% vs  59.5%) and more likely to 
identify a stone than the standard criteria, odds ratio 
of 25.7 compared to 8.8. Alanine aminotransferase and 
gamma-glutamyl transferase values identified significant 
differences in a subset of patients with odds ratio of 4.1 
and 3.25, respectively.

CONCLUSION: Current adult guidelines identified the 
majority of pediatric patients with CBDS, but specific 
pediatric guidelines may improve detection, thus de
creasing risks and unnecessary procedures.

Key words: Endoscopic retrograde cholangiography; 
Pediatric; Endoscopy; Choledocholithiasis; Children; 
Gallstones; Abdominal ultrasound

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In pediatric patients with gallstones, biliary 
obstruction has been reported in up to 30% of patients 
with limited data to predict need for endoscopic retro
grade cholangiography for choledocholithiasis. In this 
single-center retrospective study we evaluated 44 
consecutive pediatric patients and used the American 
Society of Gastrointestinal Endoscopy guidelines for 
suspected choledocholithiasis. We found that the Very 
Strong and Strong criteria identified the majority of 
patients. Conjugated bilirubin was also identified as an 
important predictor. Current adult guidelines can be 
used in the majority of patients, but specific pediatric 
guidelines may improve detection, thus decreasing risks.

Fishman DS, Chumpitazi BP, Raijman I, Tsai CMW, Smith 
EO, Mazziotti MV, Gilger MA. Endoscopic retrograde 
cholangiography for pediatric choledocholithiasis: Assessing 
the need for endoscopic intervention. World J Gastrointest 
Endosc 2016; 8(11): 425-432  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v8/i11/425.htm  DOI: http://dx.doi.
org/10.4253/wjge.v8.i11.425

INTRODUCTION
Choledocholithiasis can complicate symptomatic gallstones 
in up to 10% of adults at cholecystectomy[1]. Children may 
be at higher risk with recent studies demonstrating up to 
30% of patients evaluated for pediatric gallbladder disease 
having some form of complicated bile duct obstruction 
as evidenced by jaundice, pancreatitis, or imaging with a 
visualized stone or dilated bile duct[2-4]. As in adult patients 
with choledocholithiasis, management options in children 
include both endoscopic and surgical methods. However, 
normal laboratory value differences and differences in 
bile duct size between pediatric and adults patients pose 
further challenges to appropriate patient selection for the 
management of pediatric choledocholithiasis.

Multiple studies in adult patients have evaluated 
specific keys in identifying common bile ducts stones 
at endoscopic retrograde cholangiography (ERCP)[5-9]. 
Algorithms and scoring systems have been developed in 
order to identify patients with a high likelihood of having 
common bile duct stones (CBDS) that would benefit 
from treatment with ERCP, or other modalities such 
as laparoscopic cholecystectomy with intraoperative 
cholangiogram. 

Current American Society of Gastrointestinal Endo
scopy (ASGE) guidelines stratify adult patients using 
several predictors[10]. A probability of stone identification 
of greater than 50% at ERCP is set as an appropriate 
level of detection of CBDS. These conditions are met if 
any of the following were identified: The value of total 
bilirubin (measured in mg/dL) was greater than 4, a 
CBDS is visualized by trans-abdominal ultrasound, or the 
presence of cholangitis. If both the CBD diameter was 
greater than 6 mm by ultrasound and the total bilirubin 
was greater than 1.8 mg/dL, ERCP was recommended 
and considered to meet the 50% threshold. When 
present these factors were useful for CBDS prediction, 
while other factors such as age greater than 55 years 
old, presence of gallstone pancreatitis and abnormal 
markers of liver and biliary inflammation [e.g., alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), gamma-glutamyl transferase (γGT), and alkaline 
phosphatase] were less likely to predict CBDS. In 
contrast, limited data and recommendations are available 
for the management of suspected CBDS or gallstone 
pancreatitis in children[11-13]. The aim of our study was to 
determine the applicability of the current ASGE guidelines 
in pediatric patients with suspected CBDS and to identify 
other factors that may be predictive in the pediatric 
population.

MATERIALS AND METHODS
Retrospective analysis was performed on consecutive 
ERCPs in children ages 6-18 years of age, performed 
over 24 mo. Cases were reviewed for patients with 
suspected common bile duct stones with gallbladder 
in situ evaluated in the hospital or emergency depart
ment. Patients were excluded if they were status post-
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cholecystectomy, had ERCP for another indication, or 
ultrasound (US) results were not available. Presence 
of CBDS by US and bile duct diameter (measured in 
millimeters) were recorded. Bilirubin (unconjugated and 
conjugated) and other laboratory values were captured 
pre-procedure (within 24 h). This study approved by the 
Institutional Review Board at Baylor College of Medicine, 
Houston, Texas.

For the purposes of this study, total bilirubin was 
calculated as the sum of unconjugated and conjugated 
bilirubin levels. Normal values for unconjugated bilirubin at 
our institution is 0-1.0 mg/dL, and for conjugated bilirubin 
is 0-0.3 mg/dL. Biliary cannulation and sphincterotomy 
was performed in all patients at the time of the procedure. 
Patients were classified into two groups; Group 1, patients 
with CBDS found at ERCP and Group 2 those without 
CBDS at ERCP. 

ASGE guidelines to predict the likelihood of detecting 
CBDS at ERCP were used to classify patients[10]. 
Predictors per ASGE guidelines were: Very Strong (VS) 
if CBDS was identified on abdominal US or total bilirubin 
> 4 mg/dL or Strong (S) if both CBD diameter ≥ 6 mm 
on US and bilirubin ≥ 1.8-4 mg/dL. 

Patients were assessed on each of the following 
ASGE factors: (1) Visualized CBDS on ultrasound 
imaging; (2) CBD diameter > 6 mm on ultrasound 
imaging; and (3) Total bilirubin level. 

For subset analysis, patients were divided into one of 
two groups: VS: Either CBDS on US or total bilirubin > 
4, or those meeting S criteria, with the combination of 
having both a total bilirubin > 1.8 and a CBD diameter 
of > 6 mm. 

Statistical analysis
SPSS (Statistical Package for the Social Sciences, IBM, 
Armonk, NY) Version 19.0 was used for statistical calcul
ations. χ2 with McNemar’s test to compare correlated 
groups was used with interquartile range (IQR) and 
medians and percentiles calculated for continuous data. 

Similarly, Mann-Whitney test was used to compare 
groups with non-parametric data and the Mantel-
Haenzsel test was used to calculate a Common Odds 
Ratio Estimate. A P-value of < 0.05 was considered to be 
statistically significant. Unless otherwise specified, values 
are presented as median with interquartile range in 
parentheses. Confidence intervals were calculated using 
http://vassarstats.net/clin1.html. The statistical methods 
of this study were reviewed by Dr. Smith, biostatistician, 
Baylor College of Medicine.

RESULTS
Forty-four consecutive children with gallbladder in situ 
hospitalized for evaluation of suspected CBDS were 
evaluated. The median age was 15.4 years (ages 6-18 
years old) (Table 1). Eight of 44 patients (18.2%) had 
hemolytic disease. Gallstone pancreatitis was the initial 
presentation in 15 patients (34%). Forty-three/forty-
four patients had general anesthesia, and the remaining 
patients received deep sedation with intravenous mida
zolam and propofol. Magnetic resonance cholangio
pancreatography (MRCP) was performed in 14/44 patients, 
and identified choledocholithiasis in 9 of 14. ERCP 
identified stones in 84% (n = 37), referred to as Group 
1. In Group 2, (n = 7) that did not have CBDS at ERCP, 
common bile duct dilation > 6 mm was evident in 85.7% 
(n = 6), and all had endoscopic or radiographic findings 
suspicious for papillary stenosis, suprapapillary stricture 
from stone passage or recent pancreatitis. All patients 
had a native papilla, and sphincterotomy was performed 
at time of the procedure. No patients had a clinical 
picture of cholangitis. Adverse event rates in both groups 
were similar, with one case of mild pancreatitis in each 
group. 

Use of abdominal US in diagnosis of CBDS
All patients had abdominal ultrasound performed and 
a portion of the common bile duct was visualized in all 
but one patient (43/44). CBDS were identified by US in 
36% (n = 16), and this differed from the 85% (n = 37) 
found to have CBDS by ERCP (P = 0.029). Sensitivity 
of US for CBDS was poor, 43% (95%CI: 28%-60%), 
with specificity 100% (95%CI: 56%-100%), positive 
predictive value (PPV) of 100% (95%CI: 76%-100%) 
and a negative predictive value (NPV) of 25% (95%CI: 
11%-45%).

The median CBD diameter in Group 1 was 9.0 mm 
(7.0, 11.0) and 8.0 mm (6.1-10.0) in Group 2 (Table 1). 
A CBD greater than 6 millimeters was demonstrated in 
36 (81.8%) patients, 30 in Group 1 and 6 in Group 2 (P 
= NS). The combination of ultrasound findings of CBDS 
and a dilated bile duct > 6 mm was seen in 15 patients 
(34.1%). Twenty-two patients had one or the other, 16 
in Group 1 and 6 in Group 2. Seven patients had a CBD 
diameter of less than 6 mm or CBDS by ultrasound, and 
the majority (84%) were in Group 1. Conversely, all 6 
patients in Group 2 had a bile duct diameter > 6 mm. 
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Table 1  Demographics of patients with suspected choledo­
cholithiasis

Group number 
n

1 2 Total 
37 7 44

Mean age 14.5 (± 3.8) 14.5 (± 2.0) 14.5 (± 3.5)
Sex Male 14 0 14

Female 23 7 30
Ethnicity White 4 2 6

African-American 12 0 12
Latino-Hispanic 20 5 25
Other 1 0 1

Imaging CBDS on US 16 0 16
No CBDS on US 21 7 28
CBDS on MRCP 6 of 8 3 of 6 9 of 14

Clinical Gallstone 
pancreatitis

11 4 15

CBDS: Common bile duct stone; US: Ultrasound; MRCP: Magnetic reso
nance cholangiopancreatography.
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was defined as either a stone visualized on US or a 
conjugated bilirubin ≥ 0.5 mg/dL. To meet the Strong 
“Pediatric modified” criteria (S-PM), a patient needed 
to have a bile duct diameter > 6 mm and a conjugated 
bilirubin ≥ 0.5 mg/dL. In comparing patients in Group 
1 and 2 using the VS-PM there was not a significant 
difference (P = 0.07) but significant using the S-PM 
criteria, (P = 0.001). An imputed odds ratio for a child 
meeting VS-PM criteria was calculated to be 25.7 times 
more likely to have a stone at ERCP, and 8.8 times 
more likely in those meeting S-PM criteria. The VS-
PM and S-PM criteria also had improved sensitivity 
when compared to the respective adult criteria, up to 
81.2% for identifying a CBDS at time of ERCP. The S-PM 
performed as well as the adult VS criteria, both with 
sensitivities of 59.5% (Table 3). 

Use of aminotransferases and γGT in diagnosis of CBDS
Both ALT and AST levels were collected (Table 2 and 
Figure 1). The mean ALT and AST were not significantly 
different between Group 1 vs Group 2 (P = 0.127 and 
0.149, respectively). When an arbitrary cut-off for ALT 
of 350 u/L was used, the differences between the two 
groups was significant (P = 0.0001), but not at 300 u/L 
(P = 0.052). Given that aminotransferases are elevated 
in hemolysis, when patients with hemolytic disease (n = 
7) were excluded there was still a significant difference 
between means in Group 1 and 2 (P = 0.027).

Additionally, γGT is known to be elevated during 
biliary obstruction as a surrogate marker of biliary 
obstruction. The median γGT in patients with CBDS was 
259 u/L (181-521) compared to 203 u/L (159-333) in 
those without CBDS at ERCP (P = 0.268). When a γGT 
cut-off level of 400 u/L was used, a high sensitivity and 
positive predictive value were seen (P = 0.0001). These 
findings suggest that aminotransferases and γGT may 
be of value in the prediction of CBDS in children. 

DISCUSSION
While several groups have reported their experience 
using ERCP in pediatric patients, to our knowledge 

Although it would be expected that in the presence of 
a larger bile duct, a greater chance for CBDS would 
be found but this was not the case emphasizing the 
importance of using multiple parameters in making the 
clinical assessment.

Serum bilirubin was measured in all patients (Table 
2 and Figure 1). There were significant differences 
between Group 1 and 2 for mean values of total 
bilirubin (P = 0.004) and conjugated bilirubin P = 0.02 
(0.004 including patients with hemolytic disease). 
In Group 1, 8 (22%) patients had a total bilirubin 
greater than 4 mg/dL, while none did in Group 2 (P = 
0.0001). Twenty-one (58%) patients in Group 1 and 1 
patient in Group 2 had total bilirubin > 1.8 mg/dL (P = 
0.0001). In comparison, 25 (68%) patients in Group 1 
had a conjugated bilirubin ≥ 0.5 mg/dL, and none in 
Group 2 (P = 0.003). Sensitivity was also higher using 
conjugated bilirubin ≥ 0.5 mg/dL than cut-offs of total 
bilirubin of 4 or 1.8 mg/dL (Table 3). Multivariate logistic 
regression identified conjugated bilirubin ≥ 0.5 mg/dL 
as an independent risk factor for detection of CBDS.

Categorization using current ASGE guidelines in 
management of CBDS
Determinations for each patient were made as to 
whether patients met the ASGE VS or S criteria (Table 3). 
As expected, there was a significant difference between 
patients in Group 1 and 2 using the VS criteria to stratify 
patients (P = 0.0001). The sensitivity for CBDS at the 
time of ERCP in our population using VS criteria was 
59.5%, compared to 48.6% in the patients meeting S 
criteria (Table 3). Specificity ranged from 86%-100% 
for each of the VS and S categories.

Development of “modified” pediatric parameters in 
management of CBDS
Because conjugated bilirubin levels are a prominent 
finding in obstruction and a component in the liver panel/
biochemistries at many pediatric facilities, conjugated 
bilirubin was substituted for total bilirubin. Thus, ≥ 
0.5 mg/dL was substituted into both the VS and S 
categories. A VS “Pediatric Modified” (VS-PM) criteria 
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Table 2  Univariate analysis of clinical parameters with interquartile ranges

Combined group data median (IQR) Group 1 median (IQR) Group 2 median (IQR)

Age (yr) 15.8 (12.5, 17.3)   16.1 (12.2, 17.3)      14.8 (12.5, 15.4)
Time to procedure (d)  2 (1.0, 2.3)   2 (1.0, 2.0)      2 (1.0-3.0)
US CBD diameter (mm) 8.8 (6.8, 10.5)     9 (7.0, 11.0)        8 (6.1-10.0)
ERCP CBD diameter (mm)  11 (9.0, 13.0) 11 (9.3, 13)         9 (7.0, 10.0)
Total bilirubin (mg/dL)  2 (0.8, 3.6) 2.5 (0.9, 3.8)   0.9 (0.6-1.5)
Conjugated bilirubin (mg/dL) 1 (0.0-2.1) 1.3 (0.0, 2.4) 0 (0, 0)
ALT (u/L)     242 (142.5, 386.5)        253 (145.0, 403.0)          166 (122.0-166.0)
AST (u/L)   128 (86.0, 188.0)      129 (89.0, 215.0)  119 (53-150)
gGT (u/L)     259 (177.0, 453.5)        259 (181.0, 521.0)       203 (159.0-333)
Alkaline phosphatase (u/L)     252 (179.0, 349.0)        254 (182.0, 405.0)          208 (107.0-256.0)

Combined group data, Group 1 (patients with CBDS) and Group 2 (patients without CBDS). IQR: Interquartile range; CBD: 
Common bile duct; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; gGT: Gamma-glutamyl transferase; US: 
Ultrasound; ERCP: Endoscopic retrograde cholangiography.
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this is the first series to evaluate the management 
of choledocholithiasis using current clinical practice 
guidelines[13-15]. The ASGE guidelines published in 2010 
utilize ultrasound findings of CBD stones or common 
bile duct diameter, total bilirubin, age, and presence 
of cholangitis to identify patients at highest risk for 
CBDS[10]. We classified a series of pediatric patients 
with suspected choledocholithiasis that underwent ERCP 
using these criteria at an acceptable sensitivity of 59.5 
(VS) and 48.6% (S). However, we found that using 
conjugated bilirubin instead of total bilirubin improved 
the sensitivity for CBDS identification to 81%. However 
in practice, deciding on ERCP in those without a 
visualized stone on initial imaging and mild elevations 
or normal bilirubin is quite challenging. In this setting 
both the standard and modified pediatric strong criteria 
are important. In our subset of patients, the S-PM had 
a higher sensitivity than the standard criteria, and the 
same specificity. These criteria are dependent on both 
abnormal bilirubin and ductal dilatation, but in both 
criteria the major driver is the bilirubin level as even 
in children ductal dilatation is quite common in stone 
related disease. 

The majority of published series and accepted 

guidelines in adults use identification of CBDS and 
bile duct diameter by trans-abdominal ultrasound as 
critical determinants[5-10]. The sensitivity of ultrasound 
for CBDS is reported up to 55% in adults, whereas in 
our series only 43% of patients had CBDS identified by 
ultrasound[16]. Additionally, the sensitivity of the modified 
VS criteria exceeded the lower limit of sensitivity for 
CBDS detection by ultrasound. Normal common bile duct 
diameters in adults are reported to be 4-6 mm, with 
small increases with advancing age[17]. A common bile 
duct diameter greater than 6 mm suggests obstruction 
and is used in the current ASGE guidelines. Early studies 
of pediatric common bile duct diameter using intravenous 
cholangiography, demonstrated an upper limit of 6 to 
7 mm in children and that they were more distensible 
than adult bile ducts[18,19]. By ultrasound, the common 
bile duct in early adolescence should not exceed 2.5-3.0 
mm, although values for teenagers are largely based on 
adult normative values[14,16,18-20]. In our series, patients 
in Group 2, had a median common bile duct diameter 
of 8 mm, suggesting some discrepancy in what should 
be considered abnormal or inflammatory change from 
a recently passed stone. For this reason and in keeping 
with current guidelines, a 6 mm cut-off was used for data 
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Figure 1  Laboratory comparison of patients with common bile duct stones at endoscopic retrograde cholangiography. Laboratory parameters 
(conjugated bilirubin, total bilirubin, alanine aminotransferase, and gamma-glutamyl transferase) in patients with and without stones. ERCP: Endoscopic retrograde 
cholangiography; ALT: Alanine aminotransferase; gGT: Gamma-glutamyl transferase.
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analysis. Using a CBD diameter of 6 mm in the scoring 
is reasonable for older pediatric patients and likely to 
improve sensitivity of CBDS detection children compared 
to adults. However, an 8 mm cut-off compared to 6 mm 
for CBD diameter had improved sensitivity, with modest 
increase in PPV, NPV and specificity. 

Both MRCP and endoscopic ultrasound (EUS) are 
commonly used in the pre-procedure management 
of choledocholithiasis[21]. MRCP use in pediatrics is 
common[22,23]. However, some patients require sedation 
or anesthesia, and access is sometimes limited. There 
is an expanding experience and accessibility of EUS 
in pediatric patients[24-27]. In a recent study by Adams 
et al[28], EUS and MRCP were used along with ERCP 
to identify the likelihood of CBDS in patients. Specific 
utilization of EUS and MRCP was not reported, however, 
using these modalities in addition to available guidelines 
and laboratory investigations, overall sensitivity and 
specificity were improved[28]. Despite the limited use of 
MRCP and no cases of EUS, in our population, CBDS at 
the time of ERCP were identified in 84% of patients.

One limitation of our study was the variation in 
timing of patient presentation to abdominal ultrasound 
to ERCP from 1 to 6 d. However, the majority of 
procedures occurred less than 48 h of presentation 
with a mean of 1.9 (± 1.3) d. Approximately one-
fourth of patients had MRCP prior to ERCP, frequently 
extending time to definitive procedure by 12-24 h. In 
the patients with a positive MRCP, but negative CBDS, 
that variability was accentuated and likely contributed 
to the passage of stones during the interim period. 
Timing of MRCP and its relationship to ERCP should 
be considered when planning procedures. Due to 
restrictions or delays in either of these modalities, it can 
be expected to have some stone passage, but these 
should be mitigated by process improvement actions. 
Based on patient selection completed during routine 

clinical practice, and low rate of negative ERCP, our 
data is likely to represent a reasonable population in 
which to make predictions. Given the reported rates 
of stone migration (21% to 80%), we anticipate that 
data used within 24 h of ERCP, is applicable to optimize 
patient selection[14,29]. Another limitation of this study is 
the limited sample of patients that had ERCP in which 
CBDS were not identified. Although there was a clinical 
suspicion for a stone in those cases for which ERCP was 
considered (e.g., known gallstone disease), a passed 
stone, suprapapillary stricture or papillary stenosis from 
a stone was suspected. In the absence of stone this 
information was identified in the post-procedure note, 
but based on a normal appearing ampulla or post-
sphincterotomy where the dilated bile duct is traced 
to a stenotic area above the ampulla (suprapapillary 
stricture) or tactile perception or visibly stenosed amp
ullary os (papillary stenosis). 

Since the primary endpoint was the presence of a 
stone, this resulted in wide confidence intervals and 
did not allow for appropriate ROC curve representation. 
Similarly, due to the zero denominator in several cal
culations, imputed odds ratios were calculated for the 
following categories: Total Bilirubin > 4 mg/dL, VS-Adult 
criteria, and CBDS by US, but likely underestimating 
these factors. 

There are also major differences in normal laboratory 
values and testing, such as alkaline phosphatase, 
typically several fold higher in pediatric patients com
pared to adults[30]. Similarly, conjugated bilirubin is 
more often utilized rather than total bilirubin in pediatric 
laboratory investigations of hepatobiliary inflammation 
and obstruction. Conjugated bilirubin is a thus a more 
sensitive marker of significant biliary obstruction, even 
when patients with hemolytic disease were separated 
from the analysis (P < 0.004 vs 0.02 respectively). 
Cholesterol stone disease is now more common in 
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Table 3  Univariate characteristics in the evaluation of choledocholithiasis

Criteria Sensitivity% (95%CI) Specificity% (95%CI) PPV% (95%CI) NPV% (95%CI) Odds ratio (95%CI) P -value

VS-PM 81.2 (64-91)   85.7 (42-99)   96.8 (81-100)   46.2 (20-74)      25.7 (2.65-249) 0.07
S-PM 59.5 (42-75)   85.7 (42-99)   95.7 (76-100)   28.6 (12-52)         8.8 (0.96-80.7)   0.001
VS-Adult 59.5 (42-75)     100 (56-100)   100 (81-100)   31.8 (15-55)        18.8 (0.96-80.7)     0.0001
S-Adult 48.6 (32-65)   85.7 (42-99)   94.7 (72-100)      24 (10-45)        5.68 (0.62-51.97)     0.0001
CBDS by US 43.2 (28-60)      100 (56-100)    100 (76-100)      25 (11-45)     14.57 (0.50-41.9)     0.0001
CBD > 6 mm 81.1 (64-91) 14.3 (1-58) 83.3 (67-93) 12.5 (1-33)      0.714 (0.074-6.92) 1
CBD > 8 mm 91.7 (76-98) 28.6 (5-70) 86.8 (71-95)    40 (7-83)        4.4 (0.58-33.2)   0.727
TB > 4.0 21.6 (10-39)      100 (56-100)    100 (60-100) 19.4 (8-37)      11.66 (0.17-15.82)     0.0001
TB ≥ 1.8 56.8 (41-71)   85.7 (49-97)   95.5 (75-100)   27.3 (12-50)        7.88 (0.86-72.12)     0.0001
CB ≥ 0.5 67.6 (50-81)   85.7 (42-99)   96.2 (78-100)   33.3 (14-59) 12.5 (1-115)   0.003
ALT > 300 56.8 (40-72) 14.3 (1-58) 77.8 (57-91)   5.9 (0-31)       0.219 (0.024-2.00)   0.052
ALT > 350 40.5 (26-57)      100 (56-100)    100 (80-100)   24.1 (11-42)        14.1 (0.45-37.5)     0.0001
AST > 155 43.2 (28-60)   85.7 (42-99)      94 (69-100) 22.2 (9-43)        4.57 (0.499-41.9)    0.0001
gGT > 400 35.1 (21-53)      100 (56-100)    100 (72-100)   22.6 (10-42)       13.25 (0.352-30.0)     0.0001

1A zero denominator was substituted with a unit of one for odds ratio only. Includes sensitivity, specificity, positive predictive value, and odds ratio. P-values 
were calculated for each category for differences between patients with and without stones using McNemar’s test. PPV: Positive predictive value; NPV: 
Negative predictive value; VS-PM: Very Strong Pediatric “Modified”; S-PM: Strong Pediatric “Modified”; VS-Adult: Very Strong Adult; S-Adult: Strong 
Adult; CBDS: Common bile duct stone; CB: Conjugated bilirubin; TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; 
gGT: Gamma-glutamyl transferase; CBD: Common bile duct.
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pediatric patients compared to pigmented stones from 
hemolytic disease, but the laboratory examinations in 
patients with hemolytic disease typically often have 
marked elevations in both total and conjugated bilirubin.

Our data is probably most applicable when the 
ASGE criteria are applied to adolescents, as they are 
more similar in mechanisms of disease and anatomy[2]. 
However, when consideration for bile duct size is taken 
into account, and with increases for advancing age, 
the use of imaging criteria (e.g., CBD diameter) may 
require a higher threshold for use in children and 
adolescents[18,31,32]. Management algorithms are highly 
dependent on patient population (e.g., rate of hemolytic 
disease or obesity), local expertise and availability of 
ERCP, surgical techniques, and different radiographic 
modalities. Although the current guidelines for adults 
use an accepted likelihood of stone identification of 
greater than fifty percent, a higher cut-off may be 
more appropriate for children[10,21,28]. It is our hope 
that the findings may serve as a clinical framework to 
pursue multi-center studies to identify optimal lab and 
imaging criteria in children in the management of CBDS 
prospectively. 

Due to the relative variability in each of the available 
tests as well as the reported rates of both missed stones 
at ERCP and rates of stone passage, clinical experience 
should complement these tools and should take into 
consideration the inherent risks of the procedure with the 
risks of a retained stone (e.g., cholangitis, pancreatitis). It 
is also important to consider the possibility of an alternative 
diagnosis contributing to intraductal stones such as familial 
intrahepatic cholestasis or sclerosing cholangitis, both 
carrying malignancy risks. Intrahepatic stone disease has 
also been linked to cholangiocarcinoma[33].

Using ASGE guidelines in a series of pediatric patients 
with suspected CBDS, stones were appropriately identified 
in the majority of cases, while US was poorly predictive 
of a sensitivity of 42%. Modified criteria using conjugated 
bilirubin ≥ 0.5 mg/dL instead of total bilirubin performed 
better at identification of CBDS. Conjugated bilirubin, 
γGT, ALT and AST may improve specificity in identification 
of CBDS. Future studies are needed to assess pediatric 
specific criteria in children including both imaging (US, 
MRCP and EUS) and laboratory data. In the future, 
pediatric specific guidelines should be developed to 
optimize ERCP management in children with suspected 
CBDS. 

COMMENTS
Background
Gallstones are an increasingly reported problem in children and reported rates 
of choledocholithiasis may be higher in pediatric patients than adults. In patients 
with suspected choledocholithiais, criteria have been proposed for adults to 
help predict the likelihood of identifying and ultimately removing a stone at 
endoscopic retrograde cholangiography (ERCP). Limited data is available 
specific to children to guide management for this problem.

Research frontiers
There is great interest in the study of choledocholithiasis and its related 

management. It offers opportunity to improve patient care by decreasing risks 
of a given procedure or related sedation. There is also great variability in the 
management in these patients despite guidelines due to numerous factors, 
which may impact both patients and endoscopists.

Innovations and breakthroughs
Using both a standard “adult” scoring system as well as a modified scoring 
system in a series of pediatric patients, the majority of patients could 
be identified. Specific laboratory tests such as bilirubin or findings on 
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choledocholithiasis.

Applications
Using a combination of labs and imaging as well as clinical experience 
can help in identifying appropriate patients for ERCP. Utilization of newer 
applications such as endoscopic ultrasound or magnetic resonance cholangio
pancreatography may improve our patient selection for ERCP. Multicenter 
studies may help to corroborate this data or identify other factors so that 
pediatric specific guidelines can be created.

Terminology
ERCP: Endoscopic retrograde cholangiography, an endoscopic procedure used 
with X-ray to evaluate the biliary and pancreatic systems.
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