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Purpose of review

Pancreatic ductal calculi (PDC) are a defining feature of chronic pancreatitis and contribute significantly to
morbidity through pain and ductal obstruction. This review provides a timely update on the evolving
understanding of PDC pathogenesis and highlights current and emerging strategies for their management.

Recent findings

Stone formation in chronic pancreatitis is multifactorial, involving altered pancreatic juice composition,
reduced lithostatic proteins, genetic predispositions, and environmental risk factors such as alcohol and
smoking. Advances in endoscopic techniques, particularly the combination of extracorporeal shock wave
lithotripsy (ESWL) and endoscopic retrograde cholangiopancreatography (ERCP), have improved ductal
clearance and symptom control. Pancreatoscopy-guided lithotripsy is gaining traction in complex cases.
Surgical options such as longitudinal pancreatojejunostomy and head resection remain vital in patients with
extensive disease or failed endoscopic therapy, with evidence supporting superior longterm pain relief

when performed early.

Summary

Management of PDC requires a multidisciplinary, personalized approach. Endoscopic therapy is the firsHine
intervention in most cases, while surgery offers durable benefits in select patients. Future directions include
identifying biomarkers for early intervention, refining patient selection, and exploring pharmacological
strategies to prevent stone formation and recurrence.
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INTRODUCTION

Chronic pancreatitis is an inflammatory condition
characterized by fibrosis, scarring, and dystrophic
calcification of the pancreas [1]. A key pathological
feature of this condition is the formation of stones
within the pancreatic ductal system. These stones,
also known as pancreatic stones, pancreatic calculi,
or pancreatolithiasis, typically form within the major
and side branch ducts [2]. Therefore, the term pan-
creatic ductal calculi (PDC) is more accurate.

The prevalence of PDC in chronic pancreatitis is
approximately 50%, regardless of the underlying
etiology [2,3]. Incidence increases with disease dura-
tion and may approach nearly 90% [4]. The forma-
tion of PDC and strictures marks a point of
irreversibility in the natural course of chronic pan-
creatitis, leading to upstream ductal dilation and
increased pancreatic pressure, major contributors
to the hallmark symptom of pain [5] (Fig. 1).

Managing PDC is complex and often necessitates a
stepwise, multidisciplinary approach. While medical
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therapy is largely investigational, advances in endo-
scopic techniques particularly when paired with
extracorporeal shock wave lithotripsy (ESWL) have
revolutionized the management of PDC in select
patients. In refractory or extensive disease, surgical
interventions such as lateral pancreaticojejunostomy
and pancreatic head resections offer long-term relief
[6]. This review aims to provide a comprehensive over-
view of the pathogenesis and management of PDC
in chronic pancreatitis, integrating current evidence,
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KEY POINTS

e Pancreatic ductal calculi (PDC) are a hallmark of
chronic pancredtitis, contributing significantly to ductal
obstruction, pain, and disease progression.

e Endoscopic therapy combined with extracorporeal
shock wave lithotripsy (ESWL) achieves effective ductal
clearance and pain relief in the majority of symptomatic
patients.

e Emerging techniques like pancreatoscopy-guided
lithotripsy offer promising alternatives for complex or
refractory PDC cases.

e Surgical intervention provides superior long-term pain
relief compared to endoscopic approaches, especially
in patients with extensive disease or pancreatic head
involvement.

o A multidisciplinary, individualized treatment strategy is
critical to optimize outcomes and preserve pancreatic
function in patients with PDC.

emerging therapies, and expert consensus to guide
clinical practice.

PATHOGENESIS

PDC reflect longstanding intraductal inflammation,
ductal obstruction, and parenchymal fibrosis. The
pathogenesis of stone formation is multifactorial and
begins with alterations in pancreatic juice composi-
tion. Under physiological conditions, pancreatic
juice is rich in bicarbonate and lithostatic proteins
like pancreatic stone protein (PSP or lithostathine),
which inhibit calcium carbonate crystallization [7].
In chronic pancreatitis, recurrent inflammation and
acinar cell injury, reduce PSP secretion, promoting

supersaturation of pancreatic juice with calcium and
other inorganic ions, favouring crystal nucleation
and aggregation within the ducts [8,9].

Oxidative stress, alcohol toxicity, and smoking are
key environmental contributors to this process, often
exacerbating inflammation and increasing ductal per-
meability, further altering the ionic milieu of pancre-
atic secretions [10]. Additionally, genetic mutations,
such as those in the SPINK1, PRSS1, and CFTR genes,
have been associated with enhanced susceptibility to
calcific CP, particularly in younger individuals or
those with idiopathic CP [11]. The calcific deposits
begin as proteinaceous plugs within the small duc-
tules, which progressively enlarge and calcify to form
PDC [12]. These stones may obstruct major ducts,
raising intraductal pressure and exacerbating pain
and acinar cell injury resulting in a vicious cycle
contributing to disease progression [5].

Beyond the ductal environment, local pancreatic
acidosis secondary to inflammation and ischemia
further contributes to crystal formation by impairing
bicarbonate secretion and decreasing the solubility
of calcium salts [13,14]. Additionally, chronic
inflammation leads to fibrosis and loss of functional
parenchyma, limiting the buffering capacity of pan-
creatic secretions and promoting a milieu conducive
to lithogenesis [15-17]. These pathophysiological
processes underscore the complexity of PDC forma-
tion and highlight the need for early identification
and management to mitigate complications associ-
ated with ductal obstruction due to PDC (Fig. 2).

MANAGEMENT

Indications for intervention

The management of PDC in chronic pancreatitis is
guided by a combination of symptom burden,

101 mm

FIGURE 1. Computed tomographic images depicting: (a) A radio-dense PDC in the pancreatic head, and (b) Upstream

pancreatic duct dilation.

356 www.co-gastroenterology.com

Volume 41 o Number 5 o September 2025

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.



Pancreatic duct calculi Jayaram and Tandan

Recurrent inflammation,
acinar cell injury

PSP secretion Genetic
reduced mutations

Supersaturation of
pancreatic juice

Local pancreatic acidosis

Proteinaceous plugs

FIGURE 2. Proposed pathogenesis of pancreatic ductal
caleuli formation.

anatomical considerations, and overall pancreatic
function. Intervention is primarily indicated in
patients experiencing intractable abdominal pain
due to ductal hypertension caused by obstructive
calculi. Persistent pain is often linked to a dilated
main pancreatic duct (>5mm) and the presence of
large intraductal stones (>5mm) in the head or body
of the pancreas [18]. Additional indications include
recurrent attacks of acute pancreatitis superimposed
on chronic pancreatitis and pancreatic exocrine
insufficiency unresponsive to enzyme supplementa-
tion from obstructive PDC [19].

Medical management

Medical management plays an adjunctiverole, aiming
to relieve symptoms, prevent recurrence, and support
pancreatic function. Pain management includes the
use of nonopioid analgesics, with escalation to neuro-
pathic agents such as pregabalin or tricyclic antide-
pressants if needed. Pancreatic enzyme replacement
therapy (PERT) is prescribed to suppress pancreatic
secretion and reduce intraductal pressure by negative
feedback inhibition of cholecystokinin, thereby
potentially alleviating pain and addressing exocrine
insufficiency [20]. However, the efficacy of PERT in
pain relief remains controversial and appears limited
to a subset of patients with small duct disease [21].
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Antioxidant therapy with combinations of sele-
nium, beta-carotene, vitamin C, vitamin E, and
methionine have been explored as a strategy to
mitigate oxidative stress and inflammation in
chronic pancreatitis [22]. Some studies suggest mod-
est improvement in pain scores and quality of life,
though findings are inconsistent and long-term ben-
efit remains unclear [23,24]. Citrate compounds
(such as potassium citrate) have been investigated
for their potential to increase calcium solubility in
pancreatic juice and dissolve PDC [25]. Small clinical
trials have suggested a modest reduction in stone size
and recurrence rate, though these findings have not
been universally replicated [26]. Lifestyle modifica-
tions, including strict abstinence from alcohol and
smoking, are crucial as both are independent risk
factors for disease progression and stone recurrence
[27,28].

Endoscopic management

Endoscopic therapy, particularly via endoscopic ret-
rograde cholangiopancreatography (ERCP), has
become the preferred first-line interventional modal-
ity for symptomatic PDC located in the head or body
of the pancreas. The principal aim is to relieve ductal
obstruction, achieve pain resolution and prevent
recurrent episodes of inflammation while preserving
function. The standard technique involves pancre-
atic sphincterotomy followed by stone retrieval
using extraction balloons or Dormia baskets [29"].
However, many PDC are large (>5mm),
impacted, or located upstream in a tortuous ductal
system, making direct extraction difficult. In such
cases, ESWL is employed to fragment stones into
smaller pieces before endoscopic removal [30].
ESWL, introduced for pancreatic indications in the
1980, is noninvasive and uses focused shock waves
to disrupt calcified stones. It is particularly effective
in cases with radiopaque stones and a visible pan-
creatic duct on imaging. ESWL achieves complete
ductal clearance in up to 60-70% of patients and
partial clearance in up to 90% [31]. Multiple sessions
may be required depending on stone density and
burden. Following successful fragmentation, ERCP is
repeated for retrieval and/or pancreatic duct stenting
if there is residual obstruction or ductal stricture. A
systematic review comparing ESWL with ERCP
showed promising results in favour of ESWL with
complete ductal clearance in 69.8%, pain resolution
in 64.2% and complete stone fragmentation in
86.3% [32]. Pancreatic stents may be placed tempo-
rarily to facilitate drainage and prevent restenosis,
especially in patients with residual stones or associ-
ated strictures. A randomized clinical trial (RCT)
showed increased costs without improved outcomes
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by the use of a combination of ERCP and ESWL,
therefore, it is reasonable to recommend ERCP only
when there is failure of spontaneous stone clearance
following ESWL [33].

Emerging endoscopic modalities such as intra-
ductal lithotripsy using electrohydraulic or laser
probes, guided by digital single operator peroral pan-
creatoscopy, offer an alternative for patients in
whom ESWL is wunsuccessful or unavailable.
Although technically challenging and currently lim-
ited to high-volume centres, pancreatoscopy-guided
lithotripsy has shown promise in achieving targeted
stone fragmentation and ductal clearance. Its poten-
tial to obviate surgery in select cases is being actively
investigated [34]. A recent metanalysis that evaluated
pancreatoscopy-guided lithotripsy of PDC showed
pooled clearance rates of 81%, clinical success rates
of 90% and adverse event rates of 12% [35%]. Despite
the differences in mechanisms, electrohydraulic and
laser therapies did not show any differences in terms
of technical success [36]. In a meta-analysis compar-
ing pancreatoscopy-guided lithotripsy vs. ESWL, the
pooled success rate of pancreatoscopy-guided litho-
tripsy was 88.1% and that of ESWL was 85.5%. No
significant difference was noted among the two
modalities in terms of the incidence of adverse events
and post intervention pancreatitis [37%]. A major
advantage of pancreatoscopy-guided intervention
is the potential for single session fragmentation as
compared to ESWL, that often requires multiple
sessions and follow up ERCPs for ductal clearance.
However, there are no randomized trials comparing
the two modalities and future research must strive to
fill this lacuna.

Despite its benefits, endoscopic therapy has
inherent limitations. Anatomical variations, stone
burden, and technical challenges may preclude com-
plete clearance in a subset of patients. Additionally,
recurrence of stones and strictures remains a con-
cern, mandating long-term follow-up. Pain relief
following endoscopic therapy is achieved in approx-
imately 50-65% of patients, with the best outcomes
observed in those with complete ductal clearance
and a dilated main pancreatic duct [31].

Surgical management

Surgery is generally reserved for patients with persis-
tent symptoms despite optimal endoscopic manage-
ment, those with large stone burden extending
beyond the reach of endoscopy, coexistent inflam-
matory mass in the pancreatic head, or suspicion of
malignancy. The primary goal of surgery is to decom-
press the main pancreatic duct, relieve pain, and
preserve as much exocrine and endocrine function
as possible. A systematic review and metanalysis
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showed higher pain relief with early surgery com-
pared to endoscopic interventions [odds ratio (OR)
0.46, 95% confidence interval (95% CI) 0.27-0.80, P
=0.01] among chronic pancreatitis patients [38].

The Puestow procedure (longitudinal pancreato-
jejunostomy) is the most commonly performed sur-
gery for ductal decompression in patients with a
dilated main pancreatic duct. It involves opening
the duct along its length and anastomosing it to a
Roux-en-Y limb of the jejunum, allowing for drain-
age of multiple stones and dilated side branches. For
patients with an associated inflammatory mass in the
pancreatic head, hybrid procedures such as the Frey
procedure (local head coring + longitudinal pancrea-
tojejunostomy) or Beger procedure (duodenum-pre-
serving pancreatic head resection) are preferred.
These surgeries offer pain relief while preserving
duodenal continuity and pancreatic function. The
Whipple procedure (pancreaticoduodenectomy) is
rarely needed but may be necessary in cases of sus-
pected neoplasia or extensive disease.

Surgical approaches have shown superior long-
term pain relief and lower recurrence compared to
endoscopic therapy in randomized trials [39-42].
However, they come with greater perioperative risks
and require careful patient selection. Multidiscipli-
nary discussions involving gastroenterologists, pan-
creatic surgeons, and interventional endoscopists are
essential to personalize treatment.

CONCLUSION

PDC represent a defining feature of chronic pancrea-
titis, arising from complex interactions between
genetic, environmental, and inflammatory factors
that disrupt the normal composition and flow of
pancreatic juice. Their presence is closely linked with
ductal obstruction, pain, and disease progression,
making timely identification and appropriate man-
agement critical. While medical therapy plays a sup-
portive role, definitive treatment for symptomatic
PDC often necessitates endoscopic or surgical inter-
vention based on stone burden, ductal anatomy, and
symptom severity. Endoscopic approaches, particu-
larly when combined with ESWL, offer effective and
minimally invasive options for ductal clearance in
most patients. Surgery remains indispensable for
those with refractory disease or extensive pancreatic
head involvement and has demonstrated durable
pain relief and long-term efficacy (Fig. 3). A multi-
disciplinary, individualized strategy that balances
symptom control, functional preservation, and pro-
cedural risk is essential to optimize outcomes in
patients with PDC in chronic pancreatitis. Future
research focusing on early detection, novel dissolu-
tion therapies, and prevention of stone recurrence
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FIGURE 3. Proposed algorithm for the management of pancreatic ductal caleuli.

may further enhance care and quality of life in this
challenging patient population.
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