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Abstract

Objective: To evaluate the efficacy and safety of extracorporeal shock wave lithotripsy (ESWL) in
combination with Endoscopic Retrograde Cholangiopancreatography (ERCP) for treatment of
initial Endotherapy failed Pancreatic Ductal Stones (PDSs).

Methods: The clinical data of patients with initial Endotherapy failed PDSs treated by ESWL in
combination with ERCP in our hospital were analyzed retrospectively. Radiographic assessments
are performed for these patients before treatment. These patients underwent ESWL for stone
fragmentation and post-ESWL therapeutic ERCP for endoscopic clearance of stone fragments.
Patients’ outcomes including successful stones clearance, pain relief, complications, mortality and
stone recurrence were followed-up and observed, respectively.

Results: A total of 12 patients with initial Endotherapy failed PDSs received our treatment.
Abdominal pain, episodes of pancreatitis, associated diabetes mellitus, concomitant alcohol abuse,
malnutrition and idiopathic were observed in 100%, 83.3%, 83.3%, 66.7%, 16.7% and 8.3% of
patients, respectively. The causes of the initial Endotherapy failure included: multiple, radiopaque
stones with a mean size of >6.33+2.06 mm; concomitant pancreatic duct stricture with upstream
main pancreatic duct dilation; and endoscopic pancreatic sphinterotomy inadequacy; in particular,
no combination with ESWL. By following-up of a median period of 21 (range 4~60) months, a high
rate of effective clearance of PDSs (75.0% complete clearance, 16.7% partial clearance) and a high
rate of pain relief (75.0% complete pain relief and 16.7% partial pain relief) were achieved in 91.6%
of patients, respectively. No procedure-related major complication and mortality occurred.

Conclusion: ESWL in combination with ERCP is an effective and safe treatment procedure for
initial Endotherapy failed PDSs.

Keywords: Extracorporeal shock wave lithotripsy (ESWL); Endoscopic therapy; Endoscopic
retrograde cholangiopancreatography (ERCP); Pancreatic ductal stone; Treatment

Introduction

Pancreatic ductal stone (PDS) i.e. pancreatolithiasis is a main complication of chronic
pancreatitis (CP). PDSs develop during the natural course of longstanding CP and are observed
in 50% ~ 90% of patients during long-term follow-up [1-3]. These PDSs contribute to ductal
hypertension by impeding pancreatic juice outflow and obstructing pancreatic duct, ischemia
from increased parenchymal pressure and destruction of the pancreatic parenchyma and ductal
structures, and thus leading to continual abdominal pain [1-5]. Therefore, the main aim of calcific
CP treatment is to decompress the main pancreatic duct (MPD) by pancreatic stone removal and
pancreatic duct dilation in order to alleviate pain and improve outcome of the patients with PDSs
[1,4-7].

Surgical removal, endoscopic therapy (Endotherapy) and extracorporeal shock wave lithotripsy
(ESWL) are options for treatment of PDSs in the multidisciplinary plans [1-7]. A variety of
treatment modalities have been described in clinical research of PDSs, although lingering
controversies have hindered a consensus recommendation. The most common surgical treatment
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for painful obstructing main PDSs is a lateral pancreaticojejunostomy
(Puestow procedure) and its modified procedure [8,9]. This operation
is best suited for patients with stones in a dilated MPD (preferred
>8 mm), which permits mucosa to mucosa anastomosis. Over the
last 30 years, endoscopic procedures are developed to manage main
PDSs and pancreatic duct strictures in CP patients. Endotherapy
for PDSs is at present considered because of its minimally invasive
and its aim to decompress the MPD by performing complete stone
clearance and ductal drainage, thus relieving the obstruction and
pain [6]. ESWL has lately been used in treatment of PDSs [1,4,6,10-
14]. A significant advancement in PDS removal has been achieved by
using ESWL for fragmentation with the aid of endoscopic retrograde
cholangiopancreatography (ERCP) techniques [12-14]. But, ESWL in
combination with ERCP for treatment of initial Endotherapy failed
PDSs has rarely been reported.

In this study, we retrospectively analyzed the clinical data of
12 patients with initial Endotherapy failed PDSs received ESWL in
combination with ERCP in our hospital to evaluate the efficacy, safety
and outcome of ESWL in combination with ERCP for treatment of
Endotherapy failed PDSs.

Material and Methods

Patients

This was a retrospectively clinical study for patients with PDSs
from January 2008 to December 2012 in our hospital. All patients
were transferred from other hospital, in which initial Endotherapy
for PDSs was unsuccessful and in them pancreatic duct stent was
still placed; in order to treat symptomatic Endotherapy failed PDSs
in our treatment center. These patients provided informed consent
for treatment and review of their records; the study was carried out
according to the official recommendations of Chinese Community
Guidelines and was approved by the Ethics Committee and the
Institutional Review Board at the Tongji Hospital.

These initial Endotherapy-failed patients underwent radiographic
assessments before ESWL in combination with ERCP for treatment
of their PDSs. Radiographic assessments included plain radiography,
abdominal enhanced computed tomography (CT) scan, magnetic
resonance imaging (MRI) and/or diagnostic ERCP to confirm the
diagnosis of chronic calculi pancreatitis, to determine the location,
number, size of stones, the morphology of the pancreatic duct and its
anomalies such as strictures or dilatation, and to find out the causes
of the failure of initial Endotherapy for PDSs.

Treatments

ESWL: In this study, all of symptomatic patients with PDSs are
firstly considered for ESWL, especially those who have stones that
are >5 mm in size. The objective of ESWL is to fragment the stones
successfully until they are < 3 mm in size, or to completely pulverize
the stones until they are almost a granular powder form, so that they
can be removed by subsequent ERCP via a successful stone clearance.

ESWL were performed with an electromagnetic lithotripter
(Shenhang Co, Shanghai, China) with fluoroscopic focusing system,
power setting at 9~10EKV, and 1000~1500 shock waves were
delivered in one ESWL session. The shockwave energy settings
were adapted to the individual patient’s tolerance and comfort. If
the patients can’t tolerate the treatment, the power and the number
of shock waves would be adjusted or treatment paused. Successful
fragmentation was determined based on the change of density and

volume of stones. Repeat ESWL sessions are carried out on successive
days until the stone fragments are < 3 mm in diameter, or almost a
granular powder form.

ERCP: After successful fragmentation by ESWL, therapeutic
ERCP for endoscopic clearance of stone fragments is performed in
all patients by endoscopic pancreatic sphinterotomy(EPS), balloon
dilation, stone extraction and pancreatic duct stent, depending on the
conditions of the patients and the causes of the initial Endotherapy
failure such as more, larger or compacted stones, EPS inadequacy and
dominant pancreatic stricture.

This therapeutic ERCP is performed with duodenoscope (JE-
240 or TJF-240, Olympus Optical Co, Tokyo, Japan), which begins
with cannulation of the pancreatic orifice and contrast instillation
to delineate the ductal anatomy and assess the pancreatic ductal
morphology (stricture or dilation) and the number, size and location
of the stone fragments. Subsequently, a standard EPS was performed
with a pull-type sphincterotome (Clevercut, Olympus Optical Co)
passed over a guide wire or with a needle-knife incision over a
guiding pancreatic stent via irrigation of the pancreatic duct with
saline solution. In patients with pancreas divisum, ductal access via
the minor papilla is followed by minor papilla sphinterotomy (MPS).
Extraction balloon or basket trawling is performed for removing of
residual fragmented stones of the pancreatic duct. When pancreatic
duct strictures are present, stricture dilation may be required to
facilitate stone removal by using radial expansion balloon (10~12 mm),
dilator catheters or stent placement. A plastic stent (5~7Fr) is inserted
in patients with pancreatic duct strictures after stone extraction, or
when residual stones cannot be removed completely to guarantee
an unobstructed flow of pancreatic juice. Pancreatic duct stricture
is often densely fibrotic and is a main factor of stone recurrence,
balloon dilation alone generally do not result in satisfactory long-
term resolution, thus pancreatic duct stents are placed through the
strictures even in patients with complete stone clearance for about
three months to prevent the recurrence of stricture and stone.

Follow-up and outcome measures

Follow-up data were recorded from the patient's medical records
and completed by a telephone survey, routine visit record and
address. Clinical outcome was followed from the date of treatment or
until the end of December 30, 2012.

The primary outcome measures were performed and defined as
follows [11]: 1. Complete clearance: fragmentation of PDS to < 3 mm
in size with clearance of 90%~100% of stone fragments; 2. partial
clearance: clearance of 50%~90% of stone fragments; 4. unsuccessful
or fail clearance: presence of PDS >3 mm in size or clearance of < 50%
of stone. The secondary outcome measures included pain relief at the
end of follow-up, complications and mortality, and stone recurrence.
Pain relief at the end of follow-up was classified as complete (Izbicki
pain score, < 10) or partial (Izbicki pain score, >10 after a decrease
of >50%) [15]. Complications of ESWL in combination with ERCP
included ESWL complications and ERCP complications. The
complications from ESWL such as skin or duodenal contusions,
pancreatitis, asymptomatic hyperamylasemia, right renal subcapsular
hematoma, and collateral spleen damage [6,16] and the complications
from ERCP such as acute pancreatitis, bleeding, perforations, and
soon on [17] were observed. Treatment was considered to have
failed in patients whose treatment was converted from ESWL in
combination with ERCP to surgery. Stone recurrence of patients is
observed by radiographic assessments such as CT scan and/or MRIL.

Remedy Publications LLC., | http://clinicsinsurgery.com/

2016 | Volume 1 | Article 1120



Fan Y-Z, et al.,

Clinics in Surgery - General Surgery

Table 1: Demographics and clinical manifestation and causes of initial Endotherapy failure of 12 patients with PDS.

SN of Demographics Clinical manifestation Main causes of initial endotherapy failure
patients | Sex | Age | Abdominal | Diabetes | Alcohol Mal- EPS Pancreatic PDS
(M/F) ) pain mellitus abuse nutrition | inadequacy stricture Location Number Size(mm) Nature

1 F 12 Yes No No Yes Yes Yes Head 3 >5 Radiopaque
2 F 40 Yes Yes No No Yes No Head-body 3 >5 Radiopaque
3 F 56 Yes Yes No No Yes Yes Full Many >5 Radiopaque
4 M 17 Yes No Yes Yes No Yes Head-body 3 >5 Radiopaque
5 M 42 Yes Yes Yes No No Yes Head 2 >5 Radiopaque
6 M 49 Yes Yes Yes No Yes Yes Head 1 >10 Radiopaque
7 M 52 Yes Yes Yes No Yes Yes Body-tail Many >5 Radiopaque
8 M 57 Yes Yes Yes No No Yes Head 2 >5 Radiopaque
9 M 60 Yes Yes Yes No No Yes Head-body 2 >5 Radiopaque
10 M 62 Yes Yes Yes No Yes No Head 1 > 10 Radiopaque
11 M 64 Yes Yes Yes No Yes Yes Head-body 3 >8 Radiopaque
12 M 67 Yes Yes Yes No Yes No Head 2 >8 Radiopaque

EPS: Endoscopic Pancreatic Sphincterotomy; Pancreatic Stricture: Pancreatic Stricture with Upstream Main Pancreatic Duct Dilation; PDS: Pancreatic Ductal Stone;
Full: both main and accessory pancreatic duct were fully filled with stones; many: number of PDS >3

Table 2: Treatment procedures and outcomes of 12 patients with PDS.

Procedures Outcomes
SN of Therapeutic ERCP Pain Complications
patients ESWL Stone clearance ' Other
EPS Balloon Basket Stent relief Pancreatitis Hyper-M

1 1 Yes Yes Yes Yes Complete Complete No No No
2 2 Yes No Yes Yes Complete Complete No No No
3 3 Yes Yes Yes Yes Fail Fail Mild Yes Surgery
4 1 No Yes Yes Yes Complete Complete No No No
5 1 No Yes Yes Yes Complete Complete No No No
6 1 Yes Yes Yes Yes Complete Complete No No Recurrence
7 2 Yes Yes Yes Yes Partial Partial Mild Yes No
8 1 No Yes Yes Yes Complete Complete No No No
9 1 No Yes Yes Yes Complete Complete No No No
10 1 Yes No Yes Yes Complete Complete No No No
11 2 MPS Yes Yes Yes Partial Partial No No No
12 1 Yes No Yes Yes Complete Complete No No No

PDS: Pancreatic Ductal Stone; ESWL: Number of Extracorporeal Shock Wave Lithotripsy Sessions; ERCP: Endoscopic Retrograde Cholangiopancreatography; EPS:
Endoscopic Pancreatic Sphincterotomy; MPS: Minor Papilla Sphincterotomy + EPS; Balloon: Ductal Dilation and Stone Extraction by Extraction Balloon; Basket: Stone
Removal by Basket Trawling; Stent: Plastic Stent Placement for Treatment of Pancreatic Duct Strictures after Stone Extraction, or for Removal of Residual Stones to

Guarantee an Unobstructed Flow of Pancreatic Juice; Hyper-M: Hyperamylasemia

Results

Patient cohort

A total of 12 patients with initial Endotherapy-failed PDSs were
treated in our hospital. These patients consisted of 9 men (75%) and
3 women (25%) with a mean age of 48.17 + 17.78 years (mean * SD,
range 12~67 years). The mean duration of PDS was 5.6 + 3.2 years
(mean + SD, range 1.4 years~32 years) with 83.3% (10/12) of patients
reporting prior episodes of pancreatitis. Of these, all patients had
upper abdominal pain radiating to the back; 83.3% (10/12) of patients
had associated diabetes mellitus; two-thirds (66.7%) of patients (only
male) had concomitant alcohol abuse; malnutrition and idiopathic
were noted in 16.7% and 8.3% of patients, respectively (Table 1).

Imaging findings

Imaging findings according to plain radiography, CT scan, MRI

and/or diagnostic ERCP in this study were presented in Table 1.
Overall, frequent findings included PDSs, concomitant pancreatic
duct stricture with upstream main pancreatic duct dilation, and
EPS inadequacy, which were present 66.7%, 100%, and 75.0% of
patients, respectively. Of these PDSs, multiple stones were present
in 83.3% of patients, of whom 100% had stones in the pancreatic
head, while in patients with stones in the head, 50% had associated
stones in the body and/or tail, 8.3% of stones scattered throughout
both main and accessory pancreatic duct. And for all patients, 100%
of stones were radio-opaque with hardness and irregular natures
underlying duct stricture, and a mean size of >6.33 + 2.06 mm (mean
+ SD, range>5~10 mm). Characteristics of these imaging findings, in
particular, no combination with effective lithotripsy modalities such
as ESWL could be the main causes of the failure of initial Endotherapy
for patients with PDSs.
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Treatments and outcomes

Overall, all the patients received ESWL in combination with
ERCP for PDSs. A total of 19 ESWL sessions with a mean session
of 1.58 £ 0.79 (mean * SD, range 1~3 sessions) were performed for
adequate fragmentation: 58.3% of patients required a single session,
25.0% required two sessions and 16.7% required three sessions.
Post-ESWL therapeutic ERCP procedures included EPS, extraction
balloon, basket trawling, and plastic stent which were present 66.7%,
75.0%, 100%, and 100% of patients, respectively; of them, 8.3% of
patients received EPS and MPS simultaneously.

All the patients were followed up, with median follow-up period
of 21 (range, 4~60) months. The primary and secondary outcomes are
summarized in Table 2. Complete clearance of PDSs was achieved in
75.0% of patients; partial clearance was achieved in 16.7% patients,
thus a high rate of effective clearance of PDSs or MPD decompression
was achieved in 91.6% patients. It was showed as Figure 1~2, the
pulverized stones with less dense and spread along the duct were
observed in ESWL procedure on fluoroscopy (Figure 1); the patient
underwent post-ESWL therapeutic ERCP including balloon dilation
and stone extraction in whose loosened or fragmented stones
were observed in MPD and were extracted easily (Figure 2). But,
unsuccessful or fail clearance was observed in 8.3% patients due
to extensive stones in the head, body and tail of the pancreas with
multiple stricture of the pancreatic duct.

A high rate of effective pain relief was achieved in 91.6% of
patients (75.0% complete reliefs of pain and 16.7% partial reliefs
of pain, respectively); only 8.36% (1/12) of patients with pain
relief was failed owing to extensive stones and multiple strictures,
subsequently received surgery. Per-procedural ESWL and ERCP
related complications occurred in 8.36% (1/12) and 16.7 (2/12) of
patients, respectively. These complications included mile pancreatitis
and asymptomatic hyperamylasemia, which could be cured by
observation or conservative medical treatment. Other complications
such as skin or duodenal contusions, right renal subcapsular
hematoma, and collateral spleen damage from ESWL, and severer
pancreatitis, bleeding, perforations from ERCP were not observed.
There were no severe or life-threatening complications in procedures.
Stone recurrence is observed in one patient, who has concomitant
alcohol abuse, 18 months after treatment.

Discussion

As a main complication of CP, PDSs have been brought to
the patient suffering and trouble, and their pathogenesis remains
unknown. Most studies have revealed that there was a tight
relation between formation of PDSs and CP. PDSs are generally
considered to be consequence of CP and almost occur in 50% to
90% of patients with long-stand disease [1-3]. These stones tend to
cause further obstruction of outflow from pancreas, pancreatic duct
hypertension, worsen pathologic changes of pancreatic parenchyma,
pancreatic inflammation and continual abdominal pain, and even
result in inflammatory masses or carcinoma [1-5]. Another factor
associated with PDSs is alcohol abuse. Inui et al. [18] reported that
alcohol drinkers make up 76.6% of PDS patients. Some studies have
demonstrated a direct correlation between stone formation and
long-term alcohol abuse. Other factors including biliary disease,
hyperparathyroidism, and malnutrition, hereditary or idiopathic
factors are also related to PDS formation. Abdominal pain is the
predominant symptom in patients with PDSs and has affected the

feq Tm

Figure 1: Endoscopic clearance of pancreatic duct stones after
extracorporeal shock wave lithotripsy. (A) Abdominal computed tomography
scan shows multiple calcified stones (red arrow) in pancreatic head. (B) After
two sessions of ESWL, endoscopic retrograde cholangiopancreatography
displays multiple small filling defects (red arrow) and stricture in the main
pancreatic duct at the pancreatic genu, with upstream dilation of the main
duct. (C) Endoscopic pancreatic sphincterotomy. A papillotome (black arrow)
is inserted into the orifice of the pancreatic duct. Stone was visualized
intraluminally. (D) Many fragmented stones (black arrow) were removed with
a basket.

Figure 2: Endoscopic clearance of pancreatic duct stones after
extracorporeal shock wave lithotripsy. (A) Plain radiography shows multiple
radioopaque stones with a stone of 8 mm in size (black arrow) in the main
pancreatic duct. (B) After one session of ESWL, endoscopic retrograde
cholangiopancreatography displays multiple small filling defects (black arrow)
and stricture in the main pancreatic duct opening, with upstream dilation of
the main duct. (C) Many fragmented stones (black arrow) were removed with
an extraction balloon after sphincterotomy followed by endoscopic balloon
dilation of the pancreatic orifice. (D) No filling defect (black arrow) but smaller
duct diameter was synchronously observed in the main pancreatic duct after
complete stone removal.

patient's life. In this study, all of patients with initial Endotherapy-
failed PDSs had upper abdominal pain radiating to the back; 83.3%
of patients had clinical presentation of CP and associated diabetes
mellitus; two-thirds (66.7%) of patients (only male) had concomitant

Remedy Publications LLC., | http://clinicsinsurgery.com/

2016 | Volume 1 | Article 1120



Fan Y-Z, et al.,

Clinics in Surgery - General Surgery

alcohol abuse; malnutrition was noted in 16.7% of patients (Table 1).
The results showed that a correlation between the formation of PDSs
and CP, alcohol abuse as well as malnutrition.

Abdominal pain is the predominant clinical symptom requiring
therapy in most patients with calculi CP, due to obstruction and
hypertension of the pancreatic duct either by stones or stricture with
increasing intraductal pressure and parenchymal ischemia [6,7].
Therefore, the main aim of treatment for PDSs is to decompress the
MPD by performing complete stone clearance and ductal drainage
[4,6,7]. Multiple series have demonstrated that removing obstructing
stones from the MPD improves symptoms in the majority of CP
patients. Prior to the introduction of ESWL by Sauerbruch in 1987
[19], surgery and endoscopic therapy were the main options for
clearance of PDSs.

With advancement in noninvasive technology and improvement
in accessory, therapeutic ERCP as a less invasive treatment had
popularly been used for treatment of patients with PDSs. The current
American Society for Gastrointestinal Endoscopy (ASGE) suggests
endoscopic therapy as the first-line treatment of CP and PDSs because
of its lower degree of invasiveness [20]. Endoscopic techniques for
stone removal include EPS, stone retrieval using balloons, baskets,
or rat tooth forceps, stent placement, mechanical lithotripsy,
and endoscopic balloon dilation of the pancreatic orifice after
sphincterotomy [1]. But successful clearance of PDSs via therapeutic
ERCP greatly depends on the location, size, number of stones as
well as the morphological change of pancreatic duct. Selection of the
proper candidates is crucial because endoscopic treatment cannot
be used for all patients. It was reported that the indications for
endoscopic treatment of PDSs or factors favoring successful stone
clearance by Endotherapy were < 3 stones, location of stones at the
pancreatic head and/or body, absence of stricture downstream to the
stone, stone diameter < 10 mm, and absence of impacted stone(s)
[5,21]. The best candidates for endoscopic removal are MPD stones of
the head or body with upstream MPD dilation [6]. If a PDS is situated
at the MPD and is small, removal is more likely to be successful. In
contrast, patients with many stones with hardness, impacting natures
underlying duct stricture, or PDSs scattered throughout the pancreatic
duct or stones at the side branch duct without MPD dilatation are
poor candidates for endoscopic removal of PDSs [1,21,22]. In a large
series of 1,000 CP patients who were treated endoscopically with
long-term follow-up, 65% of patients with strictures and/or stones
showed pain improvement after Endotherapy [23]. But, large stones,
presence of strictures, stones impacted behind strictures, stuck to the
ductal epithelium or sited predominantly in the pancreatic tail do not
usually respond well to endoscopic therapy. Complete clearance of
PDSs with standard endoscopic techniques alone was approximately
40~50% [6,17,21,24,25]. Even in a retrospective series of 125 patients,
less than 10% of them had successful endoscopic ductal clearance
without prior ESWL [26]. In this study, all of patients with PDSs had
received Endotherapy at the other hospital, but initial Endotherapy for
PDSs was unsuccessful, these patients still had continual abdominal
pain. Main causes of the failure of initial Endotherapy for the patients
with PDSs according to imaging findings by CT scan, MRI and/or
diagnostic ERCP could be included as follows: 1) multiple stones
(83.3%); 2) the presence of concomitant pancreatic duct stricture
with upstream MPD dilation (75.0%); 3) radio-opaque stones (100%),
with hardness and irregular natures underlying duct stricture; 4) a
large stone burden, with a mean size of >6.33 + 2.06 mm (mean + SD,
range >5~10 mm); 5) EPS inadequacy (66.7%) in initial Endotherapy.

These factors eventually lead to the failure of initial Endotherapy for
PDSs. Therefore, it is necessary to combine therapeutic ERCP with
other effective modalities for treatment of these initial Endotherapy-
failed PDSs.

It is necessarily emphasized that surgery is an older treatment
method than Endotherapy. Surgery, as a more invasive treatment and
almost 25% of patients experience pain recurrence, and consider-
able procedure-related morbidity and mortality, is often considered
second-line therapy for patients in whom endoscopic therapy fails,
[6]. Surgery should be option in patients in whom Endotherapy for
PDSs has failed or in those with stone recurrence or presence of other
complications such as a pancreatic mass with suspicion of malignancy,
and/or duodenal stenosis [7,17,26,27]. In two prospective randomized
controlled trials (RCTs) that compared Endotherapy with surgery for
patients with PDSs, surgery was more effective and better clinical
outcomes than endoscopic therapy [7,17,27,28-30]. But, it is worth
noting that in Dite et al. trial [28], patients in the Endotherapy group
did not receive ESWL, and the protocol also excluded cumulative
stenting or repeat sessions for recurrent symptoms; that Cahen
DL’ trial [29] was limited by a lower than usual overall technical
success (53%) in the Endotherapy group, perhaps due to a very high
proportion of pancreatic duct strictures (84%), and these patients
were probably treated with inadequate short-term stenting (median,
27 weeks); thus reducing the maximum potential of Endotherapy to
provide good clinical outcome [4]. So, it should be considered that
some forms of lithotripsy rather than surgery are used for treatment
of the larger and impacted PDSs before stone removal by therapeutic
ERCP.

ESWLseemstobe thebesttechnique for pulverizing PDSs. AsPDSs
consist of radiopaque calcium salts with carbonate and phosphate,
these stones in about 90% of patients can be effectively fragmented
by ESWL, which works by concentrating focused shock waves on
stones under fluoroscopy. By pulverizing the stones and reducing the
stone burden, ESWL overcomes the problem of stone size, an obstacle
of endoscopic therapy, thus facilitating the endoscopic clearance of
stones of the duct [5,12-14]. ESWL is safe, effective, and noninvasive
because broken pieces can be removed out of the pancreatic duct once
they are reduced in size. Endoscopic therapy, combined with ESWL,
can remove stones in the MPD, even as well as those in the accessory
pancreatic duct [1,31,32]. In a randomized study that compared
ESWL alone to ESWL with endoscopic therapy, ESWL alone was
safer and more effective [33]. Therefore, ESWL can be used as a
primary treatment, in addition to its compensatory role in endoscopic
therapy [33,34]. The European Society of Gastrointestinal Endoscopy
(ESGE) regarding therapeutic intervention in CP patients [33,35]
recommends ESWL and ERCP as the first-line treatment method;
ESWL as a first step in treating patients with radiopaque PDSs =5 mm
obstructing the MPD, immediately followed by endoscopic extraction
of stone fragments. In CP patients with a MPD stricture, the ESGE
recommends placement of a single 10-Fr plastic stent [33,35]. For
fewer stones that are < 5 mm and located between the pancreatic
head and body, the ESGE recommends endoscopy [35]. Both ASGE
guideline and ESGE guideline recommend endoscopic treatment as
the first-line treatment for such stones, rather than surgery, but the
ESGE guideline emphasizes the role of ESWL more than the ASGE
guideline [20,35]. In Japan, ESWL is predominant with endoscopic
treatment used adjunctively [36,37]. Surgery is indicated for patients
who do not meet these indications or for whom nonsurgical treatment
has failed [1], while ESWL was decided upon if stone volume was
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deemed too high for successful endoscopic therapy or if therapeutic
endoscopy was unsuccessful [11]. According to literatures, successful
stone fragmentation was achieved by ESWL in a very high percentage
[1,36,37], and ESWL is necessary to fragment the stones prior to
endoscopic extraction in 36%~68% of patients with CP and PDSs
[26,31], while attempts at endoscopic removal without fragmentation
have unsatisfactory results [39]. Approximately 50% of PDSs can
be removed by alone Endotherapy, the addition of ESWL increased
the success rate to 60% to 90% as ESWL can fragment large stones
to lessen the burden [1]. Long-term follow-up studies have shown
that ESWL combined with endoscopic therapy relieves pain and may
avoid the need for surgery in approximately two-thirds of patients
[34]. ESWL can assist in long-term pain relief, when it is combined
with endoscopic therapy to treat PDSs under the proper indications
[1]. Therefore in this study, ESWL in combination with ERCP rather
than surgery is considered for treatment of initial Endotherapy- failed
PDSs.

With regard to the standard of successful PDS fragmentation,
most authors believed that the production of stone fragments < 3
mm was associated with the successful removal of stones. Previously
reported predictors of successful PDS fragmentation and duct
clearance included single PD stone, absence of PD stricture and
PD stone location in the head of the pancreas [26,35]. As multiple,
large stones may prevent complete endoscopic removal; particularly,
Stones >5 mm in diameter are often impacted in the MPD and
require fragmentation to facilitate their expulsion [40,41]. Solitary
PDSs and location in the head of the pancreas and stone attenuation
have been associated with successful ESWL and complete duct
clearance [26,35,42]. ESWL is indicated in all patients of chronic
calcific pancreatitis with large PDS (>5 mm) that are not amenable to
routine Endotherapy - where pain is the predominant symptom. The
aim is to break the calculi to fragments of < 3 mm, so that they can be
removed by subsequent ERCP. And, over 95% of patients with PDSs
require three sessions or fewer of ESWL for adequate fragmentation
[16]. Repeat sessions are carried out on successive days until the
stone fragments are < 3 mm in diameter. Recently, Lapp RT et al. [43]
reported that PDS diameter of < 9 mm, number of PDSs of < 2, MPD
diameter of < 7 mm, and need for only 1 ESWL session were predictive
of successful fragmentation; that pre-ESWL pancreatic Endotherapy
appears to have no affect on the success of PDS fragmentation by
ESWL; that patients with PDSs of < 12 mm and MPD diameter of
< 8 mm may benefit from early referral to ESWL without pancreatic
duct stent placement as initial intervention regardless if a pancreatic
duct stricture is present. However, ESWL is not indicated in patients
with extensive calculi in the head, body and tail of the pancreas, or
in patients with isolated calculi in the tail area because of increased
chance of collateral damage to the spleen are high [16]. In addition,
patients with pancreatic duct >12 mm in diameter and PDSs >12 mm
are associated with ESWL and endoscopic failure and may benefit
from early referral to surgery [43].

In this study, 100% of patients’ PDSs were located in the
pancreatic head, accompanied by 50% in the body and/or tail and
8.3% throughout both main and accessory pancreatic duct, a mean
size of stone >6.3 + 2.1 mm (mean + SD, range >5~10 mm) and 100%
of radiopaque stones; and 75.0% of concomitant pancreatic duct
stricture with upstream MPD dilation and 66.7% of EPS inadequacy.
All patients received ESWL and subsequent therapeutic ERCP. A
total of 19 ESWL sessions with a mean session of 1.58 + 0.79 (mean +
SD, range 1~3 sessions) were performed for adequate fragmentation.

Post-ESWL therapeutic ERCP procedures including EPS, extraction
balloon, basket trawling, and plastic stent were used for clearance of
PDSs. By following-up 21 (range, 4~60) months, complete clearance
of PDSs was achieved in 75.0% patients; partial clearance was
achieved in 16.7% (2/12) patients, one of them whose PDSs located
predominantly in the pancreatic tail, and another one whose stones
partially located in the accessory pancreatic duct where stones could
not reached by extraction basket; thus total effective clearance of
PDSs was achieved in 91.6% patients. Complete and partial reliefs of
pain were observed in 75.0% and 16.7% of patients, respectively. And,
there were no severe or life-threatening complications in procedures.
But clearance of PDSs and pain relief were failed in 8.3% (1/12) of
patients in whom both main and accessory pancreatic duct were filled
with stones. In this patient, successful fragmentation was achieved
but the stone extraction basket could not open in pancreatic duct,
leading to failed extraction, subsequently to surgery. Stone recurrence
is observed in one patient (8.3%). The stone recurrence rate was
lower than 22% reported by Inui K et al. [36]. Serial studies have
showed that pre-Endotherapy ESWL could confer a higher rate of
successful Endotherapy to achieve effective clearance of PDSs; ESWL
fragmentation of PDSs in conjunction with endoscopic clearance
of the MPD is associated with significant improvement in clinical
outcomes in most patients with CP; ESWL followed by Endotherapy
is the accepted initial step for most patients with stones larger than
5 mm in the MPD [1,23,34,44,45]. Thus, this study showed that
the proper ESWL for adequate fragmentation and the subsequent
effective therapeutic ERCP for stone clearance help to treat initial
Endotherapy-failed PDSs.

There are several limitations in this study. Firstly, this study is a
retrospective analysis at a single treatment center. Such retrospective
studies
complications. Secondly, the sample size of the study is less, which
is not conducive to the evaluation of the curative effect. Thirdly, our
patients are transferred from other different hospital in which initial
Endotherapy for PDSs is failed, thus an accurate comparison with
ESWL followed by ERCP studies remains difficult. Finally, the cohort
presented here likely suffers from referral bias as patients who have
more symptomatic or complex disease are more likely to be referred
to a treatment center.

can overestimate clinical success and underestimate

Conclusion

The clearance of multiple main PDSs in patients with initial
Endotherapy-failure is effectively, safely performed via the
nonsurgical methods of ESWL in combination with ERCP. If in
patients with the appropriate indications or who are at high risk for
surgery, ESWL in combination with ERCP can be considered a first-
line treatment for patients with initial Endotherapy failure. Of course,
large sample, prospective, multicenter studies for treatment of patients
with initial Endotherapy failed PDSs will be needed. We expect that
the development of advanced endoscopic and ESWL techniques
and equipments will expand the role of nonsurgical treatments i.e.
ESWL in combination with ERCP in complete clearance of initial
Endotherapy failed PDSs.
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