
Introduction
Main pancreatic duct (MPD) stones cause pain and reduce qual-
ity of life [1]. Extracorporeal shockwave lithotripsy (ESWL) is re-
commended for treatment of obstructive radiopaque MPD
stones larger than 5mm in the head/body of the pancreas;

however, the rate of complete stone clearance using ESWL is
only 70% [2]. Recently, pancreatoscopy-guided electrohydrau-
lic lithotripsy (EHL) has become an attractive alternative to
ESWL, with reported technical and clinical success rates of
more than 85% [3].
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ABSTRACT

Background and study aims Extracorporeal shock wave

lithotripsy (ESWL), pancreatoscopy-guided electrohydraulic

lithotripsy (EHL), and endoscopic retrograde cholangiopan-

creatography (ERCP) are primary treatments for sympto-

matic main pancreatic duct (MPD) stones. However, incom-

plete clearance of residual/microstones post-treatment

may cause symptom recurrence. We hypothesized that the

8-wire biliary basket catheter could be suitable for MPD

stone extraction and aimed to analyze its ability to achieve

more complete clearance of MPD residual/microstones.

Patients and methods Patients suspected of having MPD

residual/microstones ≤ 5mm because of abdominal symp-

toms, computed tomography examination results, and

pancreatography results after previous therapy, including

ERCP, EHL, and extracorporeal shock wave lithotripsy, were

retrospectively enrolled. Patients with severe MPD stenosis/

biliary obstruction requiring ERCP drainage were excluded.

Extraction of residual/microstones was attempted using an

8-wire basket that is widely expandable in the narrow pan-

creatic duct and can capture and sweep stones in the nar-

row pancreatic duct. Technical success was defined as ex-

traction of residual/microstones. The primary outcome

was the technical success rate. Secondary outcomes were

therapeutic details of stone extraction using the 8-wire bas-

ket catheter, including symptom improvements.

Results The technical success rate was 100% for seven pa-

tients; 1 to 8 residual/microstones were extracted. An im-

provement was observed in five patients with symptoms

after the previous therapy. Three patients underwent resi-

dual stone extraction after extraction using a dedicated

basket. No patient experienced symptom recurrence during

the 270-day follow-up period.

Conclusions The 8-wire basket resulted in successful MPD

residual/microstone extraction and pancreatic symptom

improvement. This method may prevent symptom recur-

rence caused by incomplete residual/microstone clearance.
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Endoscopic retrograde cholangiopancreatography (ERCP),
comprising pancreatic sphincterotomy and pancreatic basket/
balloon, is the standard method of extracting radiolucent MPD
stones smaller than 5mm [2]. Additional extraction of residual
pancreatic stones using ERCP after fragmentation by ESWL has
not been recommended by studies that included limited num-
bers of patients and follow-up periods [4]. However, according
to a recent study, the long-term symptom recurrence rate asso-
ciated with incomplete stone clearance was significantly higher
than that associated with complete stone clearance, and small
residual stones, including those remaining after adequate frag-
mentation using ESWL or EHL, may cause symptom recurrence
[5].

Patients sometimes experience pancreatic pain caused by
MPD residual/microstones and require endotherapy. Residual/
microstone clearance using a dedicated basket catheter has
been previously reported [5, 6]. However, we hypothesized
that an 8-wire basket catheter, which is usually used for clear-
ance of bile duct stones [7], could be suitable for MPD resi-
dual/microstone extraction because of its design, shape, and
rotating function. The usefulness of the 8-wire basket catheter
for treating pancreatic stones has not yet been reported.
Therefore, this pilot study analyzed the ability of the 8-wire bas-
ket catheter to achieve complete clearance of pancreatic resi-
dual/microstones.

Patients and methods
Eligibility criteria

This retrospective case series was designed and conducted ac-
cording to the principles of the Declaration of Helsinki. This
study was registered in the University Hospital Medical Net-
work Clinical Trials Registry (UMIN000052706) after receiving

approval from our Institutional Review Board (IRB protocol
number: 023007K). The requirement for informed consent
was waived because of the retrospective nature of the study.

From January 2021 to September 2023, data from consecu-
tive patients with symptomatic chronic pancreatitis and pan-
creatic stones were retrospectively extracted from the electro-
nic medical records. MPD stones were confirmed by evaluating
upstream MPD dilation via endoscopic ultrasound or computed
tomography (CT). Patients with suspected MPD residual/micro-
stones ≤ 5mm in the pancreatic head and body because of ab-
dominal symptoms, CT examination results, and pancreatogra-
phy results after previous therapy, including ERCP, EHL, and
ESWL, and those who underwent ERCP stone extraction were
included in the study. Patients with recent biliary obstruction/
severe pancreatic stenosis requiring repeated ERCP drainage/
stenting were excluded. Patients with severe MPD stenosis
have a high risk of stone impaction.

Residual/microstone extraction

A duodenoscope (JF 260V; Olympus Medical Systems, Tokyo,
Japan) was inserted in the duodenum and cannulated in the
MPD using an ERCP catheter (Swish; Boston Scientific, Marlbor-
ough, Massachusetts, United States) with a 0.025-inch guide-
wire (M-through; Asahi Intecc, Aichi, Japan). MPD residual or
microstones were extracted using an 8-wire basket catheter
(Medi-Globe 8-wire nitinol basket; Medico Hirata Inc., Osaka,
Japan) (▶Fig. 1a). The 8-wire basket catheter is typically used
for biliary tract stone extraction. It is composed of eight nitinol
wires with an outer sheath diameter of 8.5F and has a rotating
function. The basket is widely expandable in the 5-mm narrow
duct; therefore, it has the ability to capture/sweep stones in the
narrow pancreatic duct (▶Fig. 1b, ▶Fig. 1c). Temporary pan-

▶ Fig. 1 Expansion of the 8-wire basket catheter and dedicated basket catheter in the narrow duct (the synthetic tube model with a diameter of
5mm). a The 8-wire basket catheter is usually used for bile duct stone extraction. b,c Even in the narrow duct with a diameter of 5mm, such as
the pancreatic duct, the basket is widely expandable. d The dedicated basket is composed of nitinol wires with fine reticular structures, loose
mesh, and a thin outer sheath tip.e,f The basket is also easily expandable in the narrow duct (diameter of 5mm).
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creatic stents were not placed after the procedure. Pancreato-
scopy was not performed following the stone extraction.

A dedicated basket (Reforma; Piolax Medical Devices Inc.,
Kanagawa, Japan) is often used for MPD stone extraction. This
basket is composed of nitinol wires with fine reticular struc-
tures, loose mesh, and an outer sheath tip diameter of 5.7F
(▶Fig. 1d). It is also easily expandable in the 5-mm narrow
duct (▶Fig. 1e, ▶Fig. 1f). In some cases, the dedicated basket
was used before stone extraction using the 8-wire basket cath-
eter.

Definitions and outcomes

Technical success was defined as achievement of residual/mi-
crostone extraction using an 8-wire basket catheter. After 8-
wire stone extraction, patients were followed every 3 to 6
months through medical interviews and imaging examinations,
mainly CT, to evaluate improvements in symptoms and stone
clearance.

The primary outcome was the technical success rate. Sec-
ondary outcomes were symptom improvement after the final
stone extraction using the 8-wire basket catheter and thera-
peutic details of stone extraction using the 8-wire basket cath-
eter.

Results
Patient flow is shown in ▶Fig. 2. Seven patients with MPD
stones, excluding patients with severe MPD stenosis/biliary ob-
struction requiring repeated pancreatic stent exchanges due to
repeated obstructive pancreatitis/cholangitis, were finally en-
rolled. ▶Table1 shows patient baseline characteristics and pre-
vious therapy before stone extraction using the 8-wire basket
catheter. MPD stones had a diameter of 3 to 10mm, and the di-
lated MPD of 3 to 10mm. Previous therapy included pancreatic
sphincterotomy (100% of patients), EHL (57.1% of patients),
balloon dilation of slight MPD stenosis (28.6% of patients), and
stone extraction using a dedicated nitinol basket (42.9% of pa-
tients). It was confirmed that the pancreatic stones had been
broken into pieces by pancreatoscopy after the EHL. One pa-
tient underwent ESWL because the pancreatoscope could not
be inserted to reach the MPD stone located deep in the pancre-
atic body. Previous therapy was performed one to four times.

▶Table 2 shows therapeutic details and outcomes of stone
extraction using the 8-wire technique. All patients had standard
anatomy, and stone extraction was undertaken via a major pa-
pilla. After the final therapy session performed before extrac-
tion using the 8-wire technique, 71.4% of patients experienced
symptoms, including abdominal pain, discomfort, and acute
pancreatitis, during a median of 33 days. The technical success
rate was 100%, and one to eight residual/microstones were ex-
tracted. All five patients with symptoms after the final therapy

Exclusion (N = 8)
▪ Parenchymal stones (N = 6)
▪ MPD stone that was unsuitable for
 treatment due to severe alcohol disorder
 and dropout (N = 2)

Exclusion (N = 3)
▪ Main pancreatic duct stenosis requiring
 stent (N = 2)
▪ Recent biliary obstruction requiring stent
 (N = 1)

▪ EHL (after pancreatic 
 sphincterotomy) (N = 1)
▪ Pancreatic sphincterotomy (N = 1)

Residual symptoms (N = 5)
▪ Abdominal (N = 4)
▪ Acute pancreatitis caused by
 the MPD stone (N = 1)

Symptoms could not be confirmed 
as final therapy and 8-wire 
extraction were conducted in the 
same session

▪ EHL after sphincterotomy (N = 1) 
▪ EHL after sphincterotomy/
 balloon dilation) (N = 1)
▪ Dedicated basket extraction
 (after sphincterotomy) (N = 1)
▪ Dedicated basket extraction
 (after sphincterotomy/EHL/
 balloon dilation) (N = 1)
▪ Dedicated basket extraction
 (after sphincterotomy/ESWL)
 (N = 1)

Chronic pancreatitis with
pancreatic stones (N = 18)

8-wire extraction technique

Chronic pancreatitis with 
MPD stones (N = 10)

Treated MPD stones
(N = 7)

Final therapy 
(before 8-wire

extraction)

(N = 5)

Final therapy
 (before 8-wire 

extraction in the 
same session)

(N = 1)

▶ Fig. 2 Patient eligibility criteria and detailed clinical course. EHL, pancreatoscopy-guided electrohydraulic lithotripsy; ESWL, extracorporeal
shockwave lithotripsy; MPD, main pancreatic duct.

Sagami Ryota et al. Complete extraction of… Endosc Int Open 2024; 12: E1349–E1355 | © 2024. The Author(s). E1351



session before 8-wire extraction experienced symptom im-
provement after undergoing 8-wire extraction (▶Video 1).
Two patients underwent 8-wire stone extraction after the final
endotherapy treatment in the same session. Three patients un-
derwent residual stone extraction using the 8-wire basket cath-
eter after stone extraction using the dedicated basket (▶Fig. 3,

▶Video 1). Three patients experienced an elevated serum amy-
lase level; however, no patients experienced pancreatitis after
ERCP.

Finally, 85.7% of patients experienced disappearance or de-
crease in size of MPD stones and improvement in upstream
MPD dilation, as observed on CT, after extraction using the 8-
wire basket catheter. During the median follow-up period of
270 days after the 8-wire technique for stone extraction, no pa-
tients experienced recurrent symptoms.

Discussion
During this study, patients experienced symptoms and a high
success rate after previous endotherapy. All patients under-
went multiple residual/microstone extractions using an 8-wire
basket catheter. All patients who had symptoms before under-
going the 8-wire technique for stone extraction experienced
symptom improvement.

▶Table 1 Patient baseline characteristics and therapy performed be-
fore stone extraction using the 8-wire technique.

Patients, n 7

Age, median (range), years 73 (46–88)

Male sex, n (%) 6 (85.7)

Chronic pancreatitis etiology, n (%)

▪ Alcohol 6 (85.7)

▪ Pancreatic hypoplasia 1 (14.3)

Pancreatic stone location, n (%)

▪ Head 5 (71.4)

▪ Body 2 (28.6)

Stone diameter, median (range), mm 8 (3–10)

Upstream MPD dilation diameter, median (range), mm 5 (3–10)

Previous therapy, n (%)

▪ Pancreatic sphincterotomy 7 (100)

▪ Balloon dilation of slight MPD stenosis 2 (28.6)

▪ EHL 4 (57.1)

▪ Stone extraction using the dedicated nitinol basket 3 (42.9)

▪ ESWL 1 (14.3)

Median no. of previous therapy sessions (range) 2 (1–4)

EHL, pancreatoscopy-guided electrohydraulic lithotripsy; ESWL, extracor-
poreal shockwave lithotripsy; MPD, main pancreatic duct.

▶Table 2 Therapeutic details and outcomes of stone extraction using
the 8-wire basket catheter.

Patients, n 7

Final therapy before extraction using the 8-wire basket catheter, n (%)

▪ EHL 3 (42.9)

▪ Stone extraction using the dedicated basket 3 (42.9)

▪ Pancreatic sphincterotomy 1 (14.3)

Symptoms after final therapy before extraction using the 8-wire basket
catheter, n (%)

▪ Abdominal pain/discomfort 4 (57.1)

▪ Acute pancreatitis caused by the MPD stone 1 (14.3)

Median no. of days until extraction using the 8-wire
basket catheter (range)

33 (0–68)

Technical success, n (%) 7 (100)

Procedure time (min), (range) 14 (8–45)

Median no. of extracted residual/microstones (range) 3 (1–8)

Confirmed symptom improvement after stone extrac-
tion using the 8-wire basket catheter, n (%)

5 (71.4)

Disappearance/size decrease of the MPD stone 5 (71.4)/1
(14.3)

Improvement of upstream MPD dilation 6 (85.7)

Median follow-up period after stone extraction using
the 8-wire basket catheter, days (range)

270 (25–
730)

EHL, pancreatoscopy-guided electrohydraulic lithotripsy; MPD, main pan-
creatic duct.

VIDEO

▶ Video 1 Presentation of successful 8-wire extraction cases.
The painful cases after EHL and/or a failed pancreatic stone
extraction using the dedicated basket, both of which ultimately
experienced multiple successful pancreatic duct stone extrac-
tions using the 8-wire basket catheter. EHL, pancreatoscopy-
guided electrohydraulic lithotripsy.
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Although the standard stone extraction balloon is also used
to treat pancreatic stones, it is not designed for treatment of
pancreatic duct. Adjusting the balloon diameter to the appro-
priate size is difficult, and the balloon often ruptures in the nar-
row pancreatic duct. In addition, excessive balloon expansion
causes procedure-related pancreatitis. In addition, the sheath
is often unable to reach the target stone. Therefore, the dedica-
ted pancreatic stone basket was constructed [6].

However, in this study, all three patients who underwent
stone extraction using the dedicated basket also underwent re-
sidual stone extraction using the 8-wire basket. The dedicated
basket designed for MPD microstone extraction allows retract-

able catheter delivery and has a thin catheter diameter of 5.7F.
The thin catheter can pass over the microstones in the narrow
MPD (▶Fig. 4a). However, the basket mesh is dense, and rela-
tively large stones that the catheter cannot pass over are pu-
shed out during expansion (▶Fig. 4b, ▶Fig. 4c, ▶Fig. 4d).

The 8-wire basket catheter, which is usually used for biliary
tract stone extraction, does not have a thin outer sheath.
Therefore, the catheter cannot pass over relatively small stones
(▶Fig. 4e). However, the nitinol material and characteristic
spherical structure of the 8-wire offer flexibility and widely ex-
pand and surround the narrow pancreatic duct lumen compar-
ed with conventional stainless-steel catheters. The wires are ex-
panded as a wide mesh in the narrow MPD and follow the shape
of the lumen, thus allowing capture of MPD stones, including
relatively large stones, in the basket lumen (▶Fig. 4f, ▶Fig.
4g). The rotational structure makes it possible to capture more
stones. Even when the catheters cannot pass through because
of slight MPD stenosis, the 8-wire basket can be advanced and
deployed. In addition, a slightly expanded basket with an inner
stone package may sweep microstones (▶Fig. 4h). Therefore,
the MPD stone retrieval ability of the 8-wire basket may be bet-
ter than that of a dedicated pancreatic stone basket. Although
our method is not unique, using an 8-wire basket may achieve
more complete clearance of MPD stones.

According to a meta-analysis of the therapeutic efficacy of
ESWL for MPD stones, complete and partial stone clearance
rates were 70% and 22%, respectively, and only 53% and 33% of
patients experienced no or mild-to-moderate pain, respective-
ly, during the 2-year follow-up period. It has been estimated
that 30% to 50% of patients with calcified chronic pancreatitis
who undergo ESWL with or without ERCP experience recurrent
symptoms [2].

EHL/laser lithotripsy during pancreatoscopy are recommen-
ded for extraction of MPD stones. A recent meta-analysis re-
ported no significant difference in technical success, duct
clearance, or adverse events between both techniques [3].

The reported MPD clearance rate ranges from 43% to 100%
[2, 3], and the rates of complete and partial pain relief are
61.8% and 20.6%, respectively, during a 6-month follow-up
period [8].

Early symptom recurrence within 3 months of ERCP for stone
extraction may be caused by residual MPD stones [6], and in-
complete stone extraction is a significant risk factor for recur-
rent pancreatic pain; however, complete stone extraction dur-
ing endotherapy is technically difficult [9]. Some studies have
reported that ESWL with systemic ERCP may not be valid be-
cause pancreatic pain did not improve [4]. However, confirma-
tion of complete stone extraction is difficult in clinical practice
because residual/microstones are not detectable using pan-
creatography and CT.

According to a recent study, 62.5% of patients who under-
went incomplete stone clearance experienced symptom recur-
rence. The dedicated basket resulted in a symptom recurrence
rate of 16.7% after complete stone clearance; however, use of a
conventional device resulted in a symptom recurrence rate of
47.2% [5]. Furthermore, the recurrence rate increased as the
follow-up period increased. This finding suggests that latent re-

▶ Fig. 3 An 88-year-old man with a painful pancreatic head stone
experienced multiple successful pancreatic duct stone extractions
using the 8-wire basket catheter 3 days after failed pancreatic stone
extraction using the dedicated basket. a MPD stones with a diame-
ter of 5mm detected in the pancreatic head with upstream MPD
dilation observed on CT. b Multiple extractions using the dedicated
basket could not collect any pancreatic duct stones. c Three days
after the procedure, the patient experienced acute abdominal pain
and obstructive acute pancreatitis. The 8-wire basket catheter
widely expands in the narrow pancreatic duct. d The 8-wire basket
catheter captures multiple pancreatic duct stones. e After the pro-
cedure, abdominal pain and pancreatitis rapidly improved. MPD
stones were extracted and upstream MPD dilation was improved, as
observed on CT. CT, computed tomography; MPD, main pancreatic
duct.
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sidual stones may cause symptom recurrence. Similarly, unde-
tectable residual fragmented stones may cause symptom re-
currence [5]. In addition, radiolucent protein plugs may be-
come calcified and symptomatic during the clinical course [2].
Furthermore, complete MPD stone clearance is required to pre-
vent symptom recurrence, and stone extraction using the 8-
wire technique may facilitate this clearance.

Although no patient experienced basket impaction and pan-
creatitis in this study, the 8-wire technique may cause basket
impaction or post-procedure pancreatitis, especially in cases
with MPD stenosis. Release of the impacted basket is possible;
however, the 8-wire basket catheter should be extracted after
dilation of downstream slight stenosis in the MPD. ESWL/stone
crusher/EHL has been reported to be useful for rescue stone re-
moval in cases of basket impaction [10]. Extraction of pancreat-
ic stones has a higher risk of pancreatitis than that of choledo-
cholithiasis. To prevent pancreatitis, a temporary pancreatic
stent should be considered [2] in cases involving 8-wire extrac-
tion.

To the best of our knowledge, this is the first series to report
usefulness of the 8-wire basket catheter for MPD residual/mi-
crostone clearance and symptom improvement. However, this
study has some limitations. Some patients did not experience
severe pancreatic pain, and the number of patients analyzed
was small. In addition, long-term outcomes of MPD residual/
microstone extraction could not be observed during this study.

Therefore, further comparative studies should analyze symp-
tom recurrence among a larger number of patients during
long-term follow-up.

Conclusions
In conclusion, MPD residual/microstone extraction using an 8-
wire basket catheter was achieved with a high success rate and
contributed to improvement in pancreatic symptoms. This
method may help prevent symptom recurrence associated
with MPD residual/microstones.
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▶ Fig. 4 Schema of the superiority of use of the 8-wire basket catheter for pancreatic duct stone extraction compared with use of the dedicated
basket. a The dedicated basket has a thin catheter that can reach microstones in the narrow MPD. b,c,d The basket mesh is dense. Relatively
large stones that the catheter cannot pass over are pushed out during expansion and are not captured or extracted. e The 8-wire basket catheter
designed for biliary tract stone extraction is not thin; therefore, the catheter cannot penetrate relatively small stones. f,g The wires are expanded
as a wide mesh in the narrow MPD to follow the shape of the lumen and collect MPD stones, including relatively large stones, in the basket lu-
men. h In addition, a slightly expanded basket with an inner stone package can sweep microstones, similar to a balloon catheter. CT, computed
tomography; MPD, main pancreatic duct.

Clinical trial

UMIN Japan (http://www.umin.ac.jp/english/)
UMIN000052706
TRIAL REGISTRATION: Retrospective trial UMIN000052706 at UMIN
Japan (http://www.umin.ac.jp/english/)
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