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ABSTRACT

Purpose: The use of Endoscopic ultrasonography (EUS) in pediatric patients is not as 
common as in adults. The aim of this study is to evaluate the role of EUS in the diagnosis of 
pancreatobiliary disease in childhood.
Methods: Between December 2016 and January 2018, the findings of patients who underwent 
EUS were evaluated retrospectively.
Results: Of the 41 patients included in the study 25 were girls (61.0%), mean age was 
12.2±4.2 years. EUS was performed for biliary colic in 21 (51.2%), for recurrent pancreatitis 
in 12 (29.2%), for cholecystitis/cholangitis in 5 (12.2%), and for acute pancreatitis in 3 (7.4%) 
patients. EUS had a significant clinical effect in the decision of treatment and follow-up 
of 6/21 biliary colic cases, in diagnosis and follow-up of 6/12 recurrent pancreatitis cases, 
in decision-making and monitoring of invasive procedures (ERCP/surgery) of 3/5 acute 
cholecystitis/cholangitis and 2/3 of acute pancreatitis cases as well as in follow-up of the other 
cases. The effectiveness of EUS in determining direct treatment and invasive intervention was 
43.9%. None of the patients had complications related to the EUS procedure.
Conclusion: Although current guidelines show that EUS can be used in pediatric patients, this 
is limited to a few published studies. In this study, it is shown that EUS is a safe method for the 
diagnosis, follow-up and treatment of common pancreatobiliary pathologies in childhood.
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INTRODUCTION

Endoscopic ultrasonography (EUS) provides high-resolution imaging for the evaluation of 
diseases of the gastrointestinal wall and adjacent organs such as pancreas, bile duct, and 
liver [1]. It has been used widely in adults since the early 1980s in the diagnosis, treatment 
and follow-up of diseases of these organ systems. Although the indications for diagnosis 
are well known in adults, EUS techniques are still limited in childhood [2,3]. Despite the 
lack of sufficient experience in pediatric patients, other valid diagnostic modalities such as 
ultrasonography (USG), computed tomography (CT), magnetic resonance imaging (MRI) or 
magnetic resonance cholangiopancreatography (MRCP) are more preferred [4]. However, 
there are a few studies in childhood that demonstrate the role and clinical impact of EUS, 
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particularly to avoid endoscopic retrograde cholangiopancreatography (ERCP), a more 
invasive procedure [5,6].

The pancreatobiliary tract diseases are the essential scope of endo-sonographic diagnosis and 
intervention [7,8]. The use of EUS in pediatric patients with pancreatobiliary system diseases 
is not as common as in adults. Our main goal in this study was to evaluate retrospectively the 
role of EUS in the diagnosis and follow-up of common pancreatic and biliary system diseases 
in childhood.

MATERIALS AND METHODS

Patients
Between December 2016 and January 2018, 41 pediatric patients (age under 18 years old) who 
underwent EUS at least once in our institution were evaluated retrospectively. Demographic 
data, findings of conventional abdominal imaging (USG, MRCP, and ERCP), EUS indications 
and results were analyzed. The patients were categorized into 4 groups. Group 1 consisted of 
patients with biliary colic symptoms and EUS was performed following transabdominal USG 
evaluation as well as due to continued symptoms despite of medical treatment. Group 2 was 
the patients presented with recurrent pancreatitis (RP) attacks which is determined according 
to acute RP diagnostic criteria by the International Study Group of Pediatric Pancreatitis in 
Search for a Cure (INSPPIRE) [9]. EUS was performed in these patients due to the inadequacy 
of diagnosis with other imaging methods (USG and MRCP) which were performed in advance 
and to delineate the parenchymal changes. Group 3 were the patients who presented with 
cholecystitis/cholangitis symptoms (fever, vomiting, jaundice, abnormality in liver function 
tests), and in this group EUS was performed only after evaluation by MRCP and/or USG, 
which were insufficient for the evaluation of the biliary tract, especially the distal common 
bile duct. Group 4 patients were those who applied with gallstone-related acute pancreatitis 
attack and EUS performed only after applying USG and/or MRCP in order to evaluate the 
decision of ERCP or surgery.

Endoscopic ultrasonography procedure
EUS was applied to all patients following the evaluation by other imaging methods–USG, MR 
or MRCP. All the EUS procedures were performed by an experienced gastroenterologist using 
a radial echo endoscopy (Fujinon EG-530 UR2; Fujinon Co., Tokyo, Japan). Following 6-hour 
fasting period, patients were monitored throughout the procedure for the O2 saturation 
(with pulse oximetry) and heart rate while administering midazolam, propofol or ketamine 
by anesthesia care team. The results of the EUS were scored from the endoscopy reports by 
an independent gastroenterologist other than endoscopist. Hyperechoic foci, hyperechoic 
strands, lobular contour, cysts, main duct dilatation, duct irregularity, hyperechoic margins, 
visible side branches and stones were noted according to conventional EUS score for chronic 
pancreatitis [10]. Normal or low probability was recorded as consistent with 0–2 criteria, 
indeterminate or intermediate probability was recorded as consistent with 3-4 criteria, and 
high probability was recorded as consistent with 5–9 criteria. Patients with 3 or more of these 
criteria as a result of EUS were determined to be pathological.

The efficiency of EUS was evaluated in terms of diagnosis, treatment, and follow-up decision 
of the groups. The clinical effect of EUS was confirmed after the clinical and radiological 
diagnostic studies and is defined as (1) positive: due to confirmation of the final diagnoses in 
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false-negative or false-positive results with other tests, or (2) negative: incorrect diagnosis of 
EUS due to false-negative or false-positive results.

Ethics
The study was approved by the Ethics Committee of University Hospital (decision no: 
2018/140). Written informed consent forms were obtained from the parents and/or relatives 
of all the patients included in the study.

Statistical methods
All statistical analyses were performed using SPSS Statistics for Windows, Version 21.0 (IBM 
Co., Armonk, NY, USA). Data were presented as mean (median as well as mean)±standard 
deviation, and as number (n) and percentage (%).

RESULTS

Endoscopic ultrasound was performed on 41 patients between December 2016 and January 
2018 in our department. Out of 41 patients, 25 (61.0%) were female, and 16 (39.0%) were male. 
The mean age of the patients at the time of EUS application was 12.2±4.2 years (range, 3.7–17.6 
years), and these patients had a mean follow-up period of 21.3 months (range, 3–89 months).

EUS was applied to 21 patients (51.2%) with biliary colic, 12 (29.2%) with RP, 5 (12.2%) with 
cholecystitis/cholangitis, and 3 patients (7.4%) with acute pancreatitis symptoms. EUS was 
applied to the patients who underwent other tests in advance and there was a maximum 
period of 3 months (mean, 1.6 months) between other tests and EUS (Table 1).

Evaluation of endoscopic ultrasonography with gallbladder stone 
presentation
USG was applied to all patients with biliary colic symptoms. Gallbladder stones (mean 
diameter 7.6 mm; range 3 to 17 mm) were recorded in the EUS findings of all biliary colic 
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Table 1. Comparison of demographic findings of patients
Variable Clinical findings (n=41)

BC (n=21) RP (n=12) CC (n=5) AP (n=3)
Age (yr) 12.1±4.2 16.7±3.6 10.6±2.4 9.4±3.1
Sex (female/male) 12/9 8/4 3/2 2/1
Height Z score −0.54±0.2 −0.34±0.1 −0.56±0.1 −0.45±0.2
Weight Z score −0.63±0.9 −0.73±0.2 −0.54±0.2 −0.51±0.5
BMI Z score −0.56±0.3 −0.93±0.2 −0.55±0.3 −0.49±0.3
Abdominal pain* 21 - 5 3
Jaundice* - - 5 3
Elevated liver function test* - - 5 3
Elevated amylase, lipase* - - - 3
USG 21 12 5 3
EUS 21 12 5 3
ERCP - - 2 1
MRCP - 12 5 2
Surgery treatment 6 - 3 2
Clinical follow-up 15 12 2 1
Values are presented as mean±standard deviation or number only.
BC: biliary colic, RP: recurrent pancreatitis, CC: cholecystitis/cholangitis, AP: acute pancreatitis, BMI: body mass 
index, USG: transabdominal ultrasonography, EUS: endoscopic ultrasonography, ERCP: endoscopic retrograde 
cholangiopancreatography, MRCP: magnetic resonance cholangiopancreatography.
*During Endoscopic ultrasonography.
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patients with no history of cholecystitis/cholangitis attacks (Fig. 1). Cholecystectomy 
was performed in 6 (28.6%) patients after EUS procedure who could not be diagnosed 
or misdiagnosed with USG in advance. In 4 of the 6 patients, the size of the stones in the 
gallbladder was reported to be small on ultrasonographic evaluation (14 mm, 15 mm, and 17 
mm). In 2 patients, while USG detected the gallstone in the corpus, surgery was performed 
due to its presence in the neck as reported in EUS. Because of the similarities of the findings 
between EUS and USG of the other patients, EUS was not applied again but rather follow-up 
decision was made.

Evaluation of endoscopic ultrasonography with recurrent pancreatitis 
presentation
All patients with RP had USG and MRCP before EUS. The most common EUS finding of the 
10 patients (83.3%) was hyperechoic strands ≥3 mm in the pancreatic parenchyma. According 
to the Conventional criteria, ≥3 pathological findings were determined in 7 (58.3%) patients 
(6 criteria in 4 patients, 4 criteria in 1 patient), 2 pathological findings in 3 (25.0%) patients 
and no pathological finding was present in 2 patients (Figs. 2 and 3). In three patients whose 
MRCP was inadequate (by the INSPPIRE) were diagnosed as chronic pancreatitis following 
EUS procedure which revealed the evidence of hyperchoic strands and lobularity. In six of 
RP patients EUS was applied to aid the diagnosis of chronic pancreatitis due to the lack of 
adequacy of other imaging modalities-MRI and USG, and the follow up decision was in made 
in these patients.
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A B

Fig. 1. Endoscopic ultrasonography findings of the patients. Gallbladder stone 9.6 mm (A), choledocholithiasis 
6.7 mm (B).

A B

Fig. 2. Endoscopic ultrasonography findings of the patients. Hyperechoic strands (A), lobularity (B).
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Evaluation of endoscopic ultrasonography with cholecystitis/cholangitis 
presentation
In EUS, in five patients with history of cholecystitis/cholangitis attacks gallbladder stone 
and sludge were determined, and cholecystectomy and ERCP were performed in 3 (60.0%) 
and 2 (40.0%) of these patients, respectively. ERCP was applied in 3 patients following EUS 
in whom USG and MRCP could not evaluate the distal part of the common bile duct. In 2 
patients, bile sludge was detected in EUS and ERCP.

Evaluation of endoscopic ultrasonography with acute pancreatitis 
presentation
Preceding the EUS procedure, in patients with acute pancreatitis, two underwent USG and 
MRCP, one patient USG only. The liver function tests (AST, ALT, total and direct bilirubin), 
amylase and lipase levels were high in these patients. Gallbladder stones and increment in 
bile duct width and pancreatic size were the EUS findings of three acute pancreatitis patients. 
Cholecystectomy and ERCP were performed in 2 and 1 of these patients, respectively, 
who could not be diagnosed with USG and MRCP. These patients underwent ERCP or 
cholecystectomy and no additional EUS was applied again.

The effectiveness of endoscopic ultrasonography
The EUS procedure had an impact in the decision of diagnosis, treatment and follow-up of 
the groups. In this study, EUS had a significant clinical effect in the decision of treatment and 
follow-up of 6/21 biliary colic cases, in diagnosis and follow-up of 6/12 RP cases, in decision-
making and monitoring of invasive procedure (ERCP) in 3/5 of acute cholecystitis/cholangitis 
and in 2/3 of acute pancreatitis cases as well as follow-up of the other cases (Table 2). The 
effectiveness of EUS in determining direct treatment and invasive intervention was 43.9%. 
No complication has occurred in patients undergoing EUS procedure.
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A B

Fig. 3. Endoscopic ultrasonography findings of the patients. Hyperechoic duct wall (A) and dilatation of the main 
pancreatic duct (B).

Table 2. Evaluation of the effectiveness of endoscopic ultrasonography in pediatric patients
Total (n=41) Decision of diagnosis Decision of treatment* Decision of follow-up
Biliary colic (n=21) - 6 (28.6)† -
Recurrent pancreatitis (n=12) 6 (50.0)‡ - 6 (50.0)‡

Cholecystitis/cholangitis (n=5) 3 (60.0) 3 (60.0)§ -
Acute pancreatitis (n=3) 2 (66.7) 2 (66.7)∥ -
Values are presented as number (%).
*Surgery, endoscopic retrograde cholangiopancreatography (ERCP) or medical treatment. †Surgery due to the 
size and location of gallstones. ‡Follow-up decision upon finalizing the diagnosis. §3 patients avoided ERCP, 2 
patients avoided surgery. ∥2 patients avoided ERCP, 1 patient avoided surgery.
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DISCUSSION

Endoscopic ultrasound is becoming a more popular diagnostic tool and can be 
effectively utilized in pediatric population. Compared to the effectiveness of EUS in adult 
pancreatobiliary diseases, the experience in pediatric patients is limited with a few studies 
[11-13]. Many studies conducted with EUS in childhood showed a high positive effect in 
the management of diseases from 44 to 98% [11-13]. In this study, the effect of EUS in 
pancreatobiliary diseases in childhood was 43.9% and found to be reliable diagnostic tool 
in the follow-up of the patients. There was no false negative result of EUS in our study. 
According to the data presented in this study, the efficiency of EUS was found to be a useful 
and safe procedure in pediatric patients. In the review of literature, published in 2018 by 
Bizzarri et al. [14] stated that the effectiveness of EUS reached from 35.5% to 100% in the 
management of pediatric patients.

When pancreatobiliary diseases were examined in our study, EUS was applied most frequently 
in patients with gallstones, followed by, RP, cholecystitis/cholangitis and acute pancreatitis. 
In the study by Téllez-Ávila et al. [6] there were 54% recurrent acute pancreatitis, 25.9% 
microlithiasis, 16.7% chronic pancreatitis and 11.1% pancreatic tumor cases.

The prevalence of childhood gallbladder diseases has increased significantly for the last 20 
years [15]. Nowadays, USG is the most widely used and first choice noninvasive examination 
method in patients with biliary system disease [16]. It is difficult to diagnose microlithiasis 
– gallstones smaller than 3 mm, in patients with biliary colic symptoms by USG. In the 
diagnosis of diseases such as microlithiasis, gallbladder sludge and choledocholithiasis, EUS 
has shown between 95 to 100% of precision [12]. A systematic review comparing EUS to 
MRCP found similar overall diagnostic performance while in another systematic review that 
included eight randomized trials demonstrated slightly higher overall accuracy for EUS as 
compared with MRCP (93 vs. 90 percent) for detecting choledocholithiasis [16]. In this study, 
21 patients with biliary colic symptoms had stones in the gallbladder (mean diameter 7.6 mm; 
range 3 to 17 mm) in EUS findings. Following EUS procedure, 28.7% of these patients were 
underwent cholecystectomy. In our study, EUS was found to be effective in showing the size 
and location of gallbladder stones. Of 5 patients with the history of cholecystitis/cholangitis 
episodes with gallstone and sludge findings in EUS, cholecystectomy was applied to 60% and 
ERCP to 40% patients. Even the American Society of Gastrointestinal Endoscopy places the 
highest probability based on laboratory values and imaging studies at only greater than 50% in 
guidelines to stratify the presence of choledocholithiasis in adult patients [17]. EUS may prevent 
unnecessary cholecystectomy or ERCP in children with no evidence of microlithiasis [18]. 
Scheers et al. [5] showed that ERCP was prevented in 13 out of 17 children due to the findings in 
EUS. The increasing use of EUS in adult population has allowed for more sensitive detection of 
small gallstones that are missed on abdominal ultrasound or CT [19].

While EUS was performed in 29.2% patients with RP, the main indication for EUS was 
recurrent acute pancreatitis, which agrees with the reports of Varadarajulu et al. [20], Téllez-
Ávila et al. [6] and Scheers et al. [5] According to the conventional criteria, only 7 patients 
who underwent EUS procedure for RP fulfilled the criteria of chronic pancreatitis. Because 
of non-invasiveness and lack of radiation the transabdominal USG and MRI are the first-
line imaging modalities in the diagnosis and follow-up of recurrent/chronic pancreatitis 
in childhood. In this study, in patients with RP who had normal results in conventional 
evaluation and MRCP, parenchymal and ductal pathologies were observed in EUS procedure. 
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In comparison to adult patients with RP the use of EUS in pediatric patients is occasionally 
reported [21-23]. EUS allows for a highly accurate assessment of pancreatic parenchymal and 
ductal changes and disease severity. Singh et al. [21] reported of 31% chronic pancreatitis 
cases in the study comprising of 32 pediatric patients with RP.

The incidence of childhood acute pancreatitis has been rising [24]. Endoscopic ultrasound is 
reported to be the most sensitive and highly specific diagnostic tool for choledocholithiasis 
and microlithiasis, which are responsible for at least half of all cases of acute pancreatitis 
[9,24-26]. The presence of gallbladder stone and increment in bile duct and pancreas size 
were documented in 3 patients with acute pancreatitis. Two of these patients underwent 
cholecystectomy and one patient underwent ERCP. In the study of Téllez-Ávila et al. [6] 3 
patients had acute pancreatitis; in 1 of them, cholecystectomy was performed after the first 
acute pancreatitis following EUS procedure.

This study highlights the additional contribution and safety of EUS procedure to diagnosis, 
treatment and follow-up of common hepatobiliary diseases in pediatric patients. Although 
the therapeutic use of EUS was not necessary in our patients, it was important to evaluate the 
location and size of the stones, especially in patients with biliary colic for determining the 
treatment processes (follow-up or surgical decision). As in this study, EUS had a significant 
effect in deciding the treatment or follow-up process of the disease in patients with biliary 
colic who could not be diagnosed or misdiagnosed with other tests. In patients with RP, EUS 
made a significant contribution to detailed evaluation of parenchymal and ductal changes, 
or to patients who did not fully meet the INSPPIRE diagnostic criteria and other imaging 
methods were inadequate. In our patients with cholecystitis/cholangitis or acute pancreatitis 
due to bile duct stones, EUS has shown that it is a good alternative for diagnostic purposes 
in suspicious cases that cannot be diagnosed with other diagnostic methods, where it can 
detect bile duct dilatation, small stones and sludge. The EUS had a clinical significant effect 
for its role in the management of treatment and follow-up of 6/21 of biliary colic cases, in the 
diagnosis and follow-up of 6/12 of RP cases, in decision-making of invasive procedure (ERCP) 
and follow-up of 3/5 of acute cholecystitis/cholangitis cases and 2/3 of patients with acute 
pancreatitis as well as in follow-up of the other cases. As other valid diagnostic methods 
such as USG, CT, MRI or MRCP are more frequently preferred, EUS techniques are still bear a 
limited number of indications in pediatric patients. However, there is an increasing evidence 
to support the role and clinical impact of EUS, particularly to avoid unnecessary ERCP [17,27]. 
Ardengh et al. [28] showed with 83.2% accuracy of EUS in identifying of microlithiasis in 
adults with RP whom surgical histology confirmed in 75% patients. EUS was also found to 
be more accurate in evaluating microlithiasis of the gallbladder and early chronic/idiopathic 
pancreatic diseases [28,29].

The limitations of this study are the small number of patients and the limited use of EUS that 
is described only in pancreatobiliary diseases despite of its broad range of utilization in other 
pediatric diseases such as, pyloric stenosis, inflammatory bowel disease, vascular lesions and 
liver disease.

Even though guidelines state that EUS can be used in pediatric patients, such use is reviewed 
in restricted sources in literature. EUS, which has a significant clinical effect in the common 
pancreatobiliary pathologies in childhood, can be safely applied in the diagnosis, follow-up 
and treatment. New studies are needed to broaden the experience in pediatric patients.
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