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Abstract

Objective: To compare the efficacy of endoscopic retrograde cholangiopancreatography
(ERCP) and the Frey procedure in the treatment of pediatric pancreatic duct stones (PDS).
Methods: A retrospective analysis was conducted on 65 pediatric patients treated for pan-
creatic duct stones in the Department of Pediatric Surgery, West China Hospital of Sichuan
University, between February 2018 and May 2025. Demographic data, perioperative clinical
parameters, postoperative recovery, and complications were collected. The efficacy and
complications of ERCP and the Frey procedure were evaluated. Results: Of the 65 patients,
37 (56.92%) were male and 28 (43.08%) were female, with a median surgical age of 14 (11, 16)
years. 32 patients (49.23%) underwent ERCP, and 33 patients (50.77%) underwent the Frey
procedure. Significant differences were observed between the two groups in the degree
of main pancreatic duct dilation (6.45 vs. 9.11, p < 0.001), postoperative stone recurrence
(13 vs. 3, p = 0.003), and number of reinterventions (3.98 vs. 1.27, p < 0.001). The 5-year
intervention-free survival rate was 57.75% in the ERCP group and 88.86% in the Frey group,
with a statistically significant difference between groups (p = 0.024). Conclusions: Both
ERCP and the Frey procedure are effective for pediatric PDS. ERCP is preferred for pa-
tients with mild ductal dilation and first-onset stones. However, for those with significant
ductal dilation or recurrent stones with suboptimal ERCP outcomes, the Frey procedure is
recommended.

Keywords: children; chronic pancreatitis; pancreatic duct stones; endoscopic retrograde
cholangiopancreatography; frey procedure

1. Introduction

Pancreatic calculi are commonly regarded as a complication of chronic pancreatitis
(CP) and are often identified during long-term follow-up of CP patients [1,2]. However, the
etiology of pediatric pancreatic calculi differs significantly from that of adults. However,
in pediatric pancreatic duct stones, the primary cause is pancreaticobiliary maljunction,
leading to the normal secretory function of the pancreas being impaired. and the ensuing
ductal and parenchymal hypertension often causes severe pain [3,4].

This study aims to compare the clinical outcomes, efficacy, and safety of ERCP versus
Frey for the management of pediatric PDS.
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2. Data and Methods
2.1. Clinical Data

A retrospective analysis was conducted on the clinical data of 65 pediatric patients
with PDS who underwent ERCP or the Frey procedure at the Department of Pediatric
Surgery, West China Hospital of Sichuan University, between February 2018 and May
2025. Among them, 32 patients received ERCP and 33 underwent the Frey procedure.
Inclusion criteria were (1) preoperative diagnosis of CP; ) imaging evidence of pancreatic
duct stones with associated dilatation; 3) complete follow-up data. Exclusion criteria were
@ incomplete clinical data and () loss to follow-up.

This study was approved by the Ethics Committee of West China Hospital, Sichuan
University (Approval No. 202435), and written informed consent was obtained from all
patients’ guardians.

Collected clinical data included: (1) Baseline characteristics: gender, age, height,
weight, body mass index (BMI); () Perioperative data: type of pancreatic duct stone (single
or multiple), stone size, degree of main pancreatic duct dilatation (DMPDD); preoperative
and postoperative laboratory indices including: white blood cell (WBC) count, C-reactive
protein (CRP), amylase (AMY), lipase(LIP), alanine aminotransferase (ALT), total bilirubin
(TB), fasting blood glucose (FBG), and albumin (ALB); (3 Prognostic indicators: pain relief
(PR) (complete relief: Izbicki pain score <10; partial relief: Izbicki pain score >10 with
>50% reduction), multiple interventions (MI) (ERCP > 3 or Frey > 2), and complications:
postoperative pancreatitis (PP), postoperative bleeding (PB), pancreatic fistula (PF), intra-
abdominal infection (IAI), stone recurrence (SR).

For the detailed diagnostic and treatment flowchart, please refer to the patient care
flowchart (Figure 1).

Recurrent abdominal pain, nausea, vomiting,
and other gastrointestinal symptoms

Abnormal pancreatic enzymes;
exocrine/endocrine insufficiency

Suspected CP/PDS

Conservative treatment

ERCP*

Feasible | Not Feasible

| EST+SE+ERPD*#* | | Frey Procedure |

*If stone extraction cannot be achieved during the ERCP procedure, only cholangiopancreatography
will be performed.
**Endoscopic Sphincterotomy+Stone Extraction+Endoscopic Retrograde Pancreatic Drainage

Figure 1. Patient care flowchart.

2.2. Surgical Approaches

ERCP: the patient is placed in the prone position, and a duodenoscope is advanced
into the descending duodenum. After successful pancreatic duct cannulation, 5 mL of 25%



Children 2025, 12, 1555

30f10

Omnipaque (Cork, Ireland) is injected using an arched incision knife. Under fluoroscopy,
pancreatic duct stricture and stones are confirmed. A pull-type sphincterotome is inserted,
and electrosurgical currents are applied to incise the papillary sphincter. The pancreatic
duct is dilated with an appropriately sized catheter, and a guidewire-assisted stone re-
trieval basket is used to extract white stones, which are discharged into the intestine. A
plastic stent of suitable size is placed along the guidewire into the main pancreatic duct
for drainage and secured in place. After confirming smooth pancreatic juice drainage, the
procedure is completed, and the patient is advised to undergo stent replacement or removal
in 3-6 months. After the procedure, the biliary tract is irrigated, followed by cholangiopan-
creatography to confirm that no residual stones remained. Three days postoperatively,
the patient’s symptoms and laboratory findings improve significantly. Before discharge, a
follow-up MRCP is performed, and the absence of residual stones indicated that the stones
have been completely removed.

Frey: a transverse upper abdominal incision was made to enter the abdominal cavity.
The duodenum was mobilized using the Kocher maneuver to expose the pancreatic head,
and the lesser sac was opened by dividing the gastrocolic ligament. The main pancreatic
duct was identified, longitudinally opened from the tail to the head, and explored to remove
intraductal calculi. The patency of the main pancreatic duct and the papilla was confirmed
by gentle probing. A limited resection of the pancreatic head was then performed. Fibrotic
and inflammatory tissue within the pancreatic head was cored out along the main duct and
its branches, while preserving a thin rim of viable parenchyma and the posterior capsule
to protect the common bile duct and duodenum. This decompressed the pancreatic head
and ensured adequate drainage of the obstructed ducts. A Roux-en-Y jejunal limb was
prepared by transecting the jejunum approximately 20 cm distal to the ligament of Treitz
and brought retrocolically to the pancreatic bed. A longitudinal side-to-side pancreati-
cojejunal anastomosis was created, extending from the pancreatic tail to the excavated
cavity of the head, followed by an end-to-side jejunojejunal anastomosis 20 cm distal to
the first anastomosis. A closed-suction drain was placed adjacent to the pancreaticojejunal
anastomosis, and drainage amylase levels were monitored postoperatively to determine
the timing of drain removal.

2.3. Statistical Analysis

Statistical analyses were performed using SPSS version 27.0 and GraphPad Prism
version 10.1.2. Quantitative variables were tested for normality. Data conforming to a
normal distribution were expressed as mean =+ standard deviation (X £ S), and intergroup
comparisons were performed using the independent-samples f-test. Data not conforming to
a normal distribution were expressed as median (first quartile, third quartile) [M (Q1, Q3)],
and intergroup comparisons were conducted using the Mann-Whitney U test. Categorical
variables were presented as frequencies, with intergroup comparisons performed using the
Pearson chi-square test; for variables not meeting the assumptions of the Pearson chi-square
test, the continuity correction chi-square test was applied. A p value < 0.05 was considered
statistically significant. Kaplan-Meier survival curves were constructed to compare the
intervention-free survival rates between the ERCP and Frey procedure groups, and the
differences were analyzed using the log-rank test.

3. Results

The analysis (Table 1) revealed a statistically significant difference in the degree of
main pancreatic duct dilatation between the ERCP group and the Frey group (p < 0.001)
and the duration of treatment (p < 0.001). No significant differences were observed between
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the two groups in terms of gender, age, height, weight, BMI, stone type, stone size, stone
location, WBC count, CRP, AMY, LIP, ALT, TB, FBG, or ALB.

Table 1. Comparison of Preoperative Clinical Characteristics Between the ERCP and Frey Groups.

Clinical Data ERCP (n = 32) Frey (n = 33) p Test Statistic
Gender (n)

Male 18 19 0.914 0.012

Female 14 14
Age (y) 13 (8.77, 16) 14(12, 15.5) 0425  0.798
Height (cm) 157 (132.25,163.25) 160 (148.5, 167) 0.215 1.213
Weight (kg) 39.86 + 15.94 43.70 + 14.27 0.310 0.694
BMI 17.46 (14.41, 18.75) 17.35(14.85,18.95)  0.808 0.243
Stone Type (n)

Single 13 10 0.384 0.757

Multiple 19 23
Stone Size (mm) 7.12 4+ 1.08 7.67 £1.49 0.094 1.699
Stone Location

Head 24 22

Body 3 10 0.524 1.294

Tail 0 1
DMPDD (mm) 6.45+1.24 9.11 +1.38 <0.001 8.166
DT (m) 44(2.3,6.7) 1.8 (0.9, 2.9) <0.001 4.822
WBC (x10°/L)  7.04 (4.92,8.72) 6.17 (5.24, 8.3) 0.568 —0.571
CRP (mg/L) 7.23 (3.48,10.97) 7.56 (4.01,11.35) 0.096 0.052
AMY (U/L) 151 (71, 385) 109 (60, 310) 0.201 —1.280
LIP (U/L) 127 (65, 276) 138 (72, 245) 0.679 0.420
ALT (U/L) 35 (28, 81) 37 (25, 94) 0.660 0.446
TB (umol/L) 16.8 (12.1,25.1) 18.1 (11.9, 26.4) 0.332 0.978
FBG (mmol/L) 5.16 (4.19, 6.38) 5.21 (4.35, 6.51) 0.273 1.102
ALB (g/L) 37 (33, 42) 36 (32, 43) 0.372 —0.899

In terms of postoperative recovery at one week (Table 2), there were no statistically
significant differences between the two groups in WBC, CRP, AMY, LIP, ALT, TB, FBG, or
ALB, with all parameters returning to normal levels.

Table 2. Comparison of Postoperative Recovery at One Week between ERCP and Frey Groups.

Clinical Data ERCP (n = 32) Frey (n =33) p Test Statistic
WBC (x10°/L)  6.11 (4.28,7.13) 5.35 (4.36, 7.64) 0.922 —0.105

CRP (mg/L) 1.35(0.87, 2.02) 1.69 (0.98, 2.25) 0.906 —0.125
AMY (U/L) 52 (31, 78) 49 (32, 69) 0.494 0.689

LIP (U/L) 38 (21, 52) 35 (18, 55) 0.404 0.840

ALT (U/L) 19 (8, 33) 17 (7, 32) 0.896 —0.138

ALT (umol/L) 10.6 (6.2, 15.3) 11.3 (7.8, 16.4) 0.586 —0.551

FBG (mmol/L)  4.93 (4.28,5.91) 5.03 (4.41, 5.89) 0.894 0.138

ALB (g/L) 42 (38, 47) 41 (38,49) 0.579 0.558

In terms of postoperative complications (Table 3), the number of reinterventions
was significantly higher in the ERCP group (3.98 & 0.52) compared with the Frey group
(1.27 £ 0.91) (p < 0.001). Stone recurrence occurred in 13 patients (40.63%) in the ERCP
group and in 3 patients (9.09%) in the Frey group, with a statistically significant difference
(p = 0.003). There were no statistically significant differences between the ERCP group and
the Frey group in terms of postoperative pancreatitis, postoperative bleeding, pancreatic
fistula, intra-abdominal infection, or pain relief.
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Table 3. Comparison of Postoperative Outcomes Between ERCP and Frey Groups.
Outcomes ERCP (n=32) Frey (n=33) P Test Statistic
PP (n) 3 3 0.968 0.002
PB (n) 1 2 0.573 0.318
PF (n) 0 1 0.321 0.985
IAI (n) 0 2 0.486 0.485
PR (n) 28 30 0.966 0.003
SR (n) 13 3 0.003 8.706
MI (times) 3.98 4+ 0.52 1.27 £ 0.91 <0.001 14.68

In terms of postoperative intervention-free survival, the 1-, 3-, and 5-year intervention-
free survival rates in the ERCP group were 90.18%, 64.17%, and 57.04%, respectively. In
the Frey group, the corresponding rates were 96.67%, 92.80%, and 87.64%. A statistically
significant difference in 5-year intervention-free survival was observed between the two
groups (p = 0.017) (Figure 2).

HR=3.862(95%CI 1.28~11.65)
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Figure 2. Kaplan-Meier analysis of postoperative intervention-free survival in the ERCP and
Frey groups.

4. Discussion

The pathogenesis of PDS remains incompletely understood. Current studies suggest
that decreased secretion of pancreatic stone protein, increased secretion of lactoferrin in
pancreatic juice, pancreatic duct obstruction, and elevated calcium concentration may
contribute to stone formation. These factors are generally considered to be associated with
alcoholism, CP, malnutrition, biliary tract diseases, and anatomical abnormalities [5-7].
In this study, all patients were concomitantly diagnosed with CP. CP is a pathological
fibro-inflammatory condition of the pancreas that occurs in individuals with genetic, envi-
ronmental, and other predisposing risk factors [8]. Irreversible structural changes caused
by CP can lead to pain syndromes, characterized by recurrent or persistent pain, and
may progress to exocrine and/or endocrine pancreatic insufficiency. Reportedly, genetic
mutations and anatomical variations of the pancreatic duct are common risk factors in
pediatric patients with CP [9].

ERCP has become the preferred first-line treatment for adult due to its minimally
invasive nature, offering stone extraction and ductal decompression with reduced recovery
time [10,11]. However, its priority in children is less well-established [12-14]. At the same
time, whether repeated ERCP procedures and ERCP-based treatments during childhood
lead to repeated stimulation of the duodenal major papilla and increase the risk of ma-
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lignancy in adulthood remains unknown. The Frey procedure is one of the commonly
used surgical approaches for treating CP. It is characterized by a duodenum-preserving
pancreatic head resection combined with a longitudinal pancreaticojejunostomy involving
the body and tail of the pancreas [15]. The objectives of surgery for CP include: alleviating
pain, managing pancreatitis-related complications involving adjacent organs, preserving
exocrine and endocrine function as much as possible, facilitating social and occupational
rehabilitation, and improving overall quality of life [16]. Both ERCP and Frey procedures
have demonstrated favorable therapeutic outcomes in the management of CP in adults and
are recommended by relevant clinical guidelines [17-21]. However, there is still a lack of
consensus regarding the treatment of CP in children [22,23].

In children with chronic pancreatitis, the Frey procedure offers clear advantages
over the Puestow procedure or total pancreatectomy with islet autotransplantation
(TP IAT) [24-28]. Unlike Puestow, which only drains the pancreatic duct, Frey combines
ductal drainage with coring of the pancreatic head, effectively addressing head-dominant
disease and ductal stones. This approach provides higher rates of sustained pain relief and
lower recurrence, reducing the need for repeat interventions. Frey also preserves pancre-
atic tissue, minimizing endocrine and exocrine insufficiency. In contrast, TP IAT is more
invasive and may require lifelong enzyme or insulin replacement, which is particularly
important to avoid in growing children. Additionally, Frey is technically adaptable, with
moderate operative time, manageable blood loss, and rapid recovery, making it suitable
for pediatric patients. For children with head-dominant disease, ductal stones, and mild-
to-moderate ductal dilatation, Frey achieves effective symptom control while preserving
function, representing a preferred surgical option.

This study compared the therapeutic outcomes of patients with PDS treated with
ERCP or the Frey procedure. The findings indicate that the Frey procedure offers greater
advantages in managing patients with more severe main pancreatic duct dilatation [29,30].
Dilatation of the main pancreatic duct is often accompanied by multiple, larger, and deeper
stones, in which case ERCP has certain limitations. ERCP primarily alleviates symptoms
through stone extraction and stent placement [31], but it does not address the underlying
etiology, resulting in a higher likelihood of postoperative recurrence. However, ERCP still
offers significant advantages in the management of single and small PDS [32]. The etiology
of such PDS is often relatively simple, without complex anatomical variations. In most
cases, one to three ERCP procedures can provide long-term benefits for patients, thereby
avoiding the considerable trauma associated with open surgery. However, compared with
the Frey procedure, ERCP requires a longer treatment period. Regarding postoperative
complications, the complication rates in both the ERCP and Frey groups were generally
consistent with those reported in the literature [8,12,13,26,33-37]. This indicates that pe-
diatric patients have achieved favorable therapeutic outcomes with either ERCP or Frey
procedures for the treatment of PDS. Regarding stone recurrence, the ERCP group had
a higher recurrence rate compared with the Frey group. In terms of postoperative inter-
ventions, the ERCP group required more interventions than the Frey group. In this study,
the number of reinterventions in the ERCP group was higher than that reported in the
literature [38], which may be associated with the higher proportion of multiple PDS in our
cohort. ERCP removes stones under direct endoscopic visualization; however, for deeply
located stones or those in segments that are difficult for the endoscope to access, complete
removal is often not achievable in a single procedure. Consequently, multiple interventions
are frequently required to achieve sustained therapeutic efficacy.

Regarding postoperative intervention-free survival, the outcomes in the ERCP group
were consistent with those of the Frey group and with previously reported results in
the literature [16,18,36,39]. This demonstrates the advantages of the Frey procedure in
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treating complex and multiple PDS. In the surgical management of CP, the Frey procedure
is technically simpler than other surgical approaches (such as the Whipple and Beger
procedures) and provides comparable outcomes, while carrying lower operative risks
and preserving more of the native organ tissue [40-42]. Therefore, the Frey procedure is
considered a safe and feasible option, capable of achieving better short-term pain control
during the perioperative period. In summary, the Frey procedure has become one of the
preferred surgical options for the management of complex CP [25].

5. Conclusions

Both ERCP and the Frey procedure achieve favorable overall outcomes in the treat-
ment of pediatric PDS. For patients with mild ductal dilatation and first-onset disease,
ERCP is preferred, as it offers maximal benefit with minimal invasiveness. However,
for patients with marked ductal dilatation or multiple recurrences in whom ERCP has
shown suboptimal efficacy, the Frey procedure is recommended to achieve more durable
therapeutic results.

Author Contributions: Conceptualization: Z.X., Y.D. and J.S. Data curation: Z.X., Y.D., Y.P, Y.C. and
C.L. Methodology: Z.X., Y.D. and ].S. Resources: ].S. Supervision: J.S. Writing—original draft: Z.X.,
Y.D. and C.L. Writing—review and editing: J.S. All authors have read and agreed to the published

version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by the ethics committee of West
China hospital of Sichuan University (approval no. 202435, approval date 9 January 2024). We
certify that the study was performed in accordance with the 1964 declaration of HELSINKI and later
amendments. Informed consent was obtained from all subjects and/or their legal guardian(s).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used or analyzed during the study are available from the
corresponding author on reasonable request.

Conflicts of Interest: On behalf of all authors, the corresponding author states that there are no
conflicts of interest.

Abbreviations

ERCP Endoscopic retrograde cholangiopancreatography
PDS Pancreatic duct stones

cpP Chronic pancreatitis

BMI Body mass index

DMPDD Degree of main pancreatic duct dilatation
DT Duration of treatment

WBC White blood cell

CRP C-reactive protein

AMY Amylase

LIP Lipase

ALT Alanine aminotransferase

TB Total bilirubin

FBG Fasting blood glucose

ALB Albumin

PR Pain relief
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MI Multiple interventions

pr Postoperative pancreatitis

PB Postoperative bleeding

PF Pancreatic fistula

1Al Intra-abdominal infection

SR Stone recurrence

TP-IAT Total pancreatectomy with islet autotransplantation
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