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Abstract

Chronic pancreatitis is a slow, irreversible, and progressive inflammatory condition with abdominal pain,
loss of parenchyma, fibrosis, and calculus formation. It also causes loss of exocrine and endocrine function.
Gallstones and alcohol is the most frequent cause of chronic pancreatitis. It is also caused by other factors,
including oxidative stress, fibrosis, and repeated incidence of acute pancreatitis. Chronic pancreatitis is
followed by several sequelae, one of them being formation of calculi in the pancreas. The formation of
calculi can occur in the main pancreatic duct, branches of the duct, and parenchyma. The cardinal sign of
chronic pancreatitis is pain caused by obstruction of pancreatic ducts and its branches leading to ductal
hypertension resulting in pain. The main aim of endotherapy includes pancreatic duct decompression. The
management options vary based on the type and size of the calculus. The treatment of choice for small-sized
pancreatic calculi is endoscopic retrograde cholangiopancreatography (ERCP) followed by sphincterotomy
and extraction. The large-sized calculi need fragmentation before extraction, which is done by
extracorporeal shock wave lithotripsy (ESWL). Surgery can be an option for patients having severe
pancreatic calculi if endoscopic therapy fails. For diagnostic purposes, imaging plays a very important role.
The treatment options remain complex if the radiological and laboratory findings overlap. Due to
advancements in diagnostic imaging, treatment options have become precise and helpful. It can
significantly lower the quality of life along with immediate and long-term problems that pose a serious risk
to life. This review comprises the various management options available for removing calculi following
chronic pancreatitis, including surgical, endoscopic, and medical therapy.
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Introduction And Background

Chronic pancreatitis has various etiologies with irreversible morphological changes occurring in the
pancreas as its characteristic feature [1]. It is one of the common gastrointestinal diseases [2]. Chronic
pancreatitis is a persistent inflammatory condition that causes fibrotic remodeling of the tissue of the
pancreas and loss of function of both its exocrine and endocrine part [3]. Amongst all the causes of the
condition, alcohol is the most frequent one in the Western countries [4]. The other factors include gall
stones, smoking, metabolic disturbances, and genetic and immunological defects [5]. Numerous
mechanisms have been considered as the pathophysiology, like (i) the toxic metabolite effect on acinar cells
directly (e.g., tobacco, alcohol), (ii) pancreatic stellate cells activated by an episode of acute pancreatitis with
subsequent fibrosis, (iii) protein plug formation leading to obstruction and causing ductal dysfunction, (iv)
free radicals causing oxidative stress, and (v) recurrent episodes of acute pancreatitis causing necrosis-
fibrosis [6]. Chronic pancreatitis leads to the formation of pancreatic calculi. It leads to duct blockage,
causing ductal hypertension and abdominal pain [7]. The stones occur in the pancreatic duct as the disease
progresses and are found in 90% of patients [8]. The division of pancreatic calculi is done based on type,
location, and numbers. They can be (1) radiolucent, radio-opaque, or mixed; (2) situated in the duct of
pancreas, side branches or parenchyma of pancreas; (3) single or multiple; and (4) found in regions like the
head, body, or tail [5]. It has been observed that pancreatic calculi in the nonalcoholic, idiopathic type of
chronic pancreatitis are generally larger and denser than ones found in the population consuming

alcohol [9]. Due to the pancreatic duct calculi, there can be pancreatic duct obstruction which results in
upstream hypertension, a rise in pressure of parenchyma, and ischemia. The chief symptom in the patients
of chronic pancreatitis is pain. One of the ways to decrease the symptom is by removing the pancreatic
stones [10]. The endoscopic approach is less invasive than the surgical procedure but more successful in case
of small-sized stones situated in the main pancreatic duct [11].

Methodology

A systematic search was undertaken through PubMed in November 2022 using keywords like “pancreatic” ,
“calculi” and “management” ((Pancreatic) AND (calculi)) AND (management). We also looked for the key
references of relevant studies from their respective bibliographies. The search was updated in January 2023.
One reviewer separately checked the titles, abstracts, and full texts of the retrieved papers to see if they met
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the inclusion criteria before including them. The steps for inclusion studies are depicted in Figure 1.

Identification of new studies via databases and registers

c
-% Records identified from: Records removed before screening:
L Databases (n = 819) Duplicate records (n = 5)
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FIGURE 1: PRISMA flow diagram for pancreatic calculi and
management.

Review
Pathophysiology

One of the major roles in forming pancreatic calculi is a pancreatic stone protein (PSP) [12]. There is a
reduction in PSP due to numerous factors like gene expression and other related factors. Calcium carbonate
becomes oversaturated in the pancreatic juice when PSP is reduced. There is then deposition of calcium
carbonate over an inner nidus. All pancreatic calculi contain amorphous nidus comprising the center of the
pancreatic stone. Nickel, chromium, and iron are among the substances found in the nidus. Calcium
carbonate is deposited over the nidus through multiple layers and stages [13]. In cases of chronic
pancreatitis associated with alcohol, there is decreased pancreatic stone protein secretion which results in
the crystallization of calcium carbonate and its deposition leading to stone formation [14]. Pancreatic duct
strictures result in pancreatic juice stagnation and promote the development of pancreatic stones. In
patients with hyperparathyroidism, hypercalcemia may elevate the calcium levels in pancreatic secretion,
hastening the development of stones in pancreas. The endoscopic treatment makes soft stones formed by
intraductal protein precipitates comparatively easy to remove.

Diagnosis

The lab investigation includes tests for serum lipase which rises gradually and amylase which rises quickly in
case of pancreatitis. It also includes tests for malabsorption that is exocrine insufficiency like fecal fat test
and fecal elastase-1 test: in which <100 mg indicates malabsorption. The tests for endocrine insufficiency
include blood and insulin levels. The most specific finding on plain abdomen images in patients of chronic
pancreatitis is diffuse pancreatic calcifications. Focal calcifications are found in cases of peripancreatic
vascular calcifications and cystic and islet cell tumors. Plain abdominal radiographs can be useful in showing
calcification in the pancreas. Pancreatic calcification can be observed on plain abdominal X-rays in 30% of
patients [15]. An obstructive hydrostatic effect will cause the duct of the pancreas to enlarge when
pancreatic stones impede it, which might help identify the main duct stone. The dilated pancreatic duct and
stones can be detected by ultrasonography, but in some cases, the pancreas is not visible due to overlying
gas in the bowel [16]. Pancreatic calcification can be better identified by CT [17]. The information regarding
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size and location of the stones can be provided by endoscopic ultrasound [18]. Endoscopic retrograde
cholangiopancreatography (ERCP) or magnetic resonance cholangiopancreatography provides more
particular images of pancreatic stones and ducts [19].

Management

Pain is the most common feature seen in chronic pancreatitis patients, as stated above, and because of the
presence of stones, pancreatic duct is obstructed which leads to an increase in upstream hypertension. This
hypertension can be aggravated by a coexisting ductal structure [5]. Over the past few years, endoscopic
methods have been implemented to extract stones from the pancreatic duct. Stones that are simple and
small can be removed using endoscopic methods like balloon or basket sweeping. Impacted and large stones
can be removed by lithotripsy or surgical methods [20]. Numerous studies have shown that most individuals
with chronic pancreatitis have symptomatic relief after removing obstruction-causing stones from the
primary pancreatic duct [11, 21]. For patients who experience painful obstructive chronic pancreatitis,
surgery is considered the most effective method for pain reduction [22]. But, endoscopic methods are
preferred over surgical methods because of their less invasive nature, thus considering surgery as the second
line of treatment in patients who are not compliant to endoscopic therapy [23]. Other endoscopic options
may be regarded as pancreatic sphincterotomy, lithotripsy, etc. The following are the various treatment
methods for the removal of pancreatic calculi or stones.

Medical management involves the dissolution of pancreatic stones using chemicals. Endoscopic
management involves ERCP, removal of stone, and ESWL. Also, pancreatoscopy, intraductal, and
mechanical lithotripsy can sometimes be used. Surgical management includes both drainage and resection
methods. The algorithm for various methods of management of pancreatic calculi is shown in Figure 2.

[ Endoscopic retrograde }

cholangiopancreatography
Extraction with n
balloon or basket [ (it
_~*| management

Size of calculiis small )~

Symptomatic pancreatic calculi

associated with single or no
stricture

multiple strictures and

If located in head and body L
complicated head mass

Extensive calculi associated with
3
Size of calculi is large 1-’" S

ESWL

Pancreatoscopy 2 — Surgery
and lithotripsy Failed endotherapy | ——

FIGURE 2: Algorithm for management of pancreatic calculi.

Medical management

Chronic pancreatitis patients, whether or not they have calcifications in the duct, are often managed with
oral supplements of pancreatic enzyme, analgesics, and a low-fat diet. These methods are useful in
decreasing the production of pancreatic secretions and reducing hydrostatic pressure by preventing the
release of cholecystokinin and consequently preventing parenchymal stimulation of the exocrine part [24].
There is no effective medication for dissolving stones. In some cases, trimethadione, an old anticonvulsant,
is useful in dissolving pancreatic calcium stones [25]. Since this drug causes hepatotoxicity, it is not used
widely. This type of management can be taken into consideration for patients who had poor compliance for
all other treatment methods and those who are not compliant with surgical methods [26].

Endoscopy management

The most typical technique to extract small and floating calculi (<5 mm) is ERCP and pancreatic
sphincterotomy, accompanied by balloon baskets or trawl. In cases of large and impacted stones (>5 mm),
these methods are not useful [27-28]. For painful and large calculi (>5 mm), the first approach should be
ESWL and then the removal of fragments of stone at the next ERCP [26]. During ESWL, radiolucent calculi
are challenging to target with X-ray. In certain circumstances, the placement of a nasopancreatic tube can
help with ESWL stone targeting [29]. The stones situated in the head or body which cause upstream dilation
of the main pancreatic duct are preferred for endoscopic removal [30]. Patients who cannot undergo
endoscopic excision of pancreatic duct stones include those with significant entire gland stones or those
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located in side branches without dilation of the main pancreatic duct [31]. The majority of the studies show
that pancreatic function is not improved by endoscopic therapy. Still, one study of secretin-enhanced
magnetic resonance cholangiopancreatography proposed that endoscopic therapy improves the exocrine
function of the pancreas [32].

Pancreatic sphincterotomy

Pancreatic sphincterotomy via the major or minor papilla (with or without a biliary sphincterotomy) to
remove pancreatic calculi is performed in the majority of patients. This procedure is required because, in
most symptomatic cases, stones in the pancreas have already been unable to pass spontaneously through
the intact papilla. A pull-type sphincterotome can be passed over a guide wire, or a needle-knife incision
over a pancreatic stent can be used to execute a pancreatic sphincterotomy. The complications can be early
and late, including bleeding, perforation, and sphincter stenosis [33, 34]. Additionally, endoscopic balloon
dilation was done following pancreatic sphincterotomy to remove sizable radiolucent calculus from the
pancreatic duct without stricture, as reported in a case report [35].

Extraction balloons, baskets, and forceps

The stones from the pancreatic duct are captured and swept with balloons, baskets, and forceps through the
small intestinal lumen. The basket is opened to remove the stone from the duct and into the small intestine's
lumen. Then mechanical lithotripsy may be used to break up the stone. Extraction balloons are safer than
extraction baskets in cases when the downstream duct is smaller than the stone. The risk of trapping can be
reduced by deflating the extraction balloon within the duct. Therefore, the usage of an extraction balloon
during ERCP is safe and has fewer complications in removing pancreatic duct stones comparatively [36].
Although it is technically challenging to introduce forceps into the pancreatic duct because it can cause its
injury, the use of rat tooth forceps that can trap stones 1-2 cm distal to the main duct are somewhat safer as
compared to a basket [19].

Dilation and stenting of pancreatic duct strictures

The removal of stone or placement of stent may be facilitated by dilation of stricture. Inflammation, along
with fibrosis in the vicinity of the main pancreatic duct, causes benign strictures. A guide wire must be
manipulated upstream through the constriction before the use of a balloon or dilating catheter done for
stenting or dilatation of the stricture. Chronic pancreatitis causes densely fibrotic pancreatic duct
strictures [37].

Intraductal mechanical lithotripsy

When large stones are broken up into small fragments by mechanical lithotripsy, ESWL, or intraductal
electrohydraulic lithotripsy (EHL), they can be removed through the papilla with ease. There are more
chances of complications in the case of mechanical lithotripsy. Removal of large pancreatic stones has
limited success with usage of through-the-scope mechanical lithotripter [38].

Extracorporeal shock wave lithotripsy

This method is preferred for the treatment of large pancreatic calculi [39]. Shock wave energy is the basic
principle of ESWL. Shock waves are produced when energy is suddenly released in a confined place. When
these waves pass through objects of varied acoustic impedance, compressive stress is generated on the
surface of the object. The tensile strength of an object, like calculi, is overcome by the pressure that
crumbles the calculi's anterior surface. Some shock waves are reflected when crossed to the posterior surface
of the stone and result in further fragmentation of stones [40]. The formation of pancreatic duct calculi in
chronic calcific pancreatitis results in upstream hypertension, a rise in the pressure of parenchyma, and
ischemia leading to pain. Fragmentation of stones >5 mm in diameter needs to be done for removal from the
main duct. In most cases, ESWL was successful for the fragmentation of large calculi, which is then
supported by sudden or endoscopic clearance leading to pain relief [9, 39-41]. ESWL is considered safe, non-
invasive, and efficient because it causes a reduction in the size of the calculi, and these broken fragments in
the pancreatic duct can easily be removed. Indication: the procedure is advised to all patients diagnosed
with chronic pancreatitis who has a large pancreatic stone that cannot be removed through endoscopic
therapy. The main aim is to reduce the calculi size to <3 mm by breaking them into fragments to remove
them with ERCP. The calculi in the head and body of the pancreas are acknowledged first during ESWL. The
procedure is not suitable in cases where there are large calculi located in the head, body, and tail of the
pancreas or an isolated stone in the tail area, as the risk of collateral damage is high in the spleen. Protocol:
a lithotripter of the third generation is generally used to perform ESWL, which generates shock waves by
electromagnetic shock waves. A maximum of 5,000-6,000 shocks with a 15-16 kV intensity, given at a
frequency of 90 shocks per minute, are allowed every session. The process is repeated every day until the
desired fragmentation is obtained [40]. ESWL was successfully performed with parenteral sedation,
complete IV analgesia, and general anesthesia. Recently, some facilities have successfully used a portable or
mobile small lithotripter for ESWL [42]. Limitations: To establish the role of ESWL in the removal of calculi
from the main duct in chronic calculi pancreatitis patients, long-term follow-up is required [43]. In some
cases, there may be incomplete fragmentation of calculi. In such cases, the patients should be directed to
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surgery. Also, there may be a recurrence of the condition after performing ESWL [23, 44]. It would be very
helpful to utilize pharmacological drugs that can stop this reformation to minimize stone recurrence and
lessen the necessity for additional interventions. In conclusion, ESWL is an effective method for the removal
of large calculi from the pancreatic duct of patients who have chronic calculi pancreatitis and provides
effective pain relief. In addition to preventing the necessity for surgery, it is possible that ESWL is performed
at a young age which is then continued by intense medical therapy that will change the path of patients with
chronic calculi pancreatitis [9].

Electrohydraulic lithotripsy

This procedure can also be done for the fragmentation of pancreatic calculi. It includes a bipolar probe and a
charge generator which produces sparks. A vapor plasma, followed by a cavitation bubble that oscillates
around the tip of the probe, is created. Three different shock waves are produced together. Due to the rapid
growth of vapor plasma, the first wave is generated, while due to the rebound of the cavitation bubble
second and third wave is generated. Nearby stones absorb the energy of these high-frequency hydraulic
pressure waves, which causes the stones to break [45].

Laser lithotripsy

In this procedure, the surface of the stone is focused by laser light at a fixed wavelength to produce wave-
mediated fragmentation. Due to its high costs, reduced portability, and availability of other feasible
methods, the use of laser technology is limited. Stone material melts and is ejected from the stone's surface.
A vapor bubble is then produced by the water absorption of laser energy which removes the stone

material [46].

Surgical management

The pancreatic duct calculi can be eliminated by surgical management methods. The aim of simpler methods
includes the removal of calculi obstructing the duct, obstructed ducts decompression, and preserving tissue
of the pancreas as well as nearby organs. The selection of surgical management of pancreatic calculi
depends on a lot of factors like the pancreatic duct diameter, presence of strictures in the main duct,
associated pseudocyst, related cancer concerns, the extent of obstruction by the stones, and tolerance of the
operation. Surgical treatment is considered the second line of management in patients who are not
compliant to endoscopic therapy [19].

Conclusions

Pancreatic calculi is the natural sequel of the progressing condition of chronic pancreatitis. Pain being the
most common clinical feature of chronic pancreatitis is relieved by various methods like surgical and
endoscopic for stone removal. Small size stones are extracted by pancreatic sphincterotomy, followed by
extraction balloons and baskets. Large-size stones need fragmentation which is done by ESWL and other
intraductal lithotripsy methods. This type of management is considered the first line of treatment and is
considered effective for pain relief. In cases that fail to respond to endoscopic treatment, surgery is
considered the second line of management.
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