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Introduction

Abstract

Background and Aim: Although endotherapy for pancreatic stones is less invasive com-
pared with surgical interventions, its recurrence rate is high and residual pancreatic stones
can be a cause of recurrence. We previously reported usefulness of a novel basket catheter
with nitinol fine reticular structure for pancreatic stone retraction. In this retrospective
study, we aimed to evaluate the long-term outcomes of endotherapy for pancreatic stones
with and without the use of this dedicated basket catheter.

Methods: We retrospectively compared patients with symptomatic pancreatic stones who
underwent the initial endotherapy between 2008 and 2019. The primary outcome was the
symptomatic recurrence after complete stone clearance. Secondary outcomes were the rate
of complete stone clearance, complications, risk factors for recurrences, and the treatment
cost.

Results: A total of 101 patients who underwent endotherapy for pancreatic stones were an-
alyzed: 41 patients by using the dedicated basket catheter and 60 patients by only the con-
ventional devices. The complete stone clearance was achieved in 87.8% in the dedicated
basket group and 88.3% in the conventional device group. Symptomatic recurrence was
observed in 16.7% of the dedicated basket group and 47.2% of the conventional device
group (P < 0.01). In the multivariate analysis, the use of the dedicated basket catheter
was significantly associated with the reduced risk of symptomatic recurrence (hazard ratio,
0.40; 95% confidence interval, 0.15-0.92, P = 0.031). The complication rate and the cost
were comparable between the two groups.

Conclusion: The use of this dedicated pancreatic basket catheter significantly reduced
symptomatic recurrence after complete pancreatic stone removal.

Pancreatic stones in patients with chronic pancreatitis block the
outflow of pancreatic juice and increase the ductal pressure, then
lead to abdominal pain and acute exacerbation.'® Although endo-
scopic removal of pancreatic stones is less invasive treatment com-
pared with surgical interventions,”® it is still technically
challenging® '* and the recurrence rate after endoscopic removal
is reportedly as high as 20.9-45.0%.%'*!> Introducing the thera-
peutic devices into the pancreatic duct (PD) is difficult due to the
tortuous anatomy and the tight strictures,'®'” and the fragmented
stones after extracorporeal shock wave lithotripsy (ESWL) are eas-
ily migrated into the dilated branch ducts. Small residual stones
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that cannot be visualized on endoscopic retrograde
pancreatography are considered to be one of the reasons for the
high recurrence rate after endotherapy.'®

To overcome the aforementioned difficulties in endotherapy for
pancreatic stones, we previously reported usefulness of a novel bas-
ket catheter for pancreatic stones compared with conventional bas-
ket catheters in a pilot study.'® However, it is not elucidated whether
reduction of residual stones by the use of this dedicated basket cath-
eter would decrease the long-term recurrence of clinical symptoms
due to pancreatic stones or not. In this study, we retrospectively
compared the long-term outcomes of endotherapy for pancreatic
stones with and without the use of this dedicated basket catheter.
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Materials and methods

Study design and patients. This is a retrospective study
comparing the dedicated basket catheter and the conventional de-
vices for endotherapy of symptomatic pancreatic stones. Data on
consecutive patients who underwent endotherapy for symptomatic
pancreatic stones between 2008 and 2019 were extracted from our
prospectively collected database at the University of Tokyo
Hospital.

Patients with previous endoscopic or surgical pancreatic inter-
ventions, surgically altered anatomy, and those who underwent
long-term stent placement for the treatment of the severe PD stric-
ture were excluded from the analysis. The study was approved by
the local ethical committee of the University of Tokyo (approval
number: 2058).

A dedicated basket catheter. This dedicated basket cath-
eter for pancreatic stones has fine reticular structures in the distal
end to catch small fragmented stones, and the nitinol wires with
adjustable basket length allow this basket to “reform” into an ideal
shape by pulling the knob on the handle (Reforma; Piolax Medical
Devices Inc, Kanagawa, Japan; Fig. 1). The outer sheath is 7.4 Fr
at the maximum but is tapered to 5.7 Fr on the tip, and also, this
basket has double lumens—one for the basket and the other for
a 0.025-inch guidewire. Both characteristics help this basket intro-
ducing into the PD with the tortuous anatomy and the tight
strictures.

Endotherapy for pancreatic stones. During endoscopic
retrograde cholangiopancreatography (ERCP), pancreatic stones
were extracted by using a retrieval balloon catheter (Extractor
Pro; Boston Scientific Japan, Tokyo, Japan), a conventional basket
catheter (Flower Basket V or Tetra Catch V; Olympus, Tokyo,
Japan), and/or the dedicated basket catheter for pancreatic stones.
The choice of the devices was at the discretion of attending physi-
cians, but the dedicated basket catheter was mainly used as the first
choice since its introduction in December 2010. In those cases
with stones of 5 mm or less in the shorter diameter of the largest
stone or fragmented stones, the dedicated basket or a balloon cath-
eter was used. When the stones were relatively large (> 5 mm) and
multiple, the dedicated basket was not used as a first device due to
the risk of basket impaction.

Extracorporeal shock wave lithotripsy was combined with
endotherapy in cases with stones larger than 8 mm or those im-
pacted to the PD. ESWL was repeated until the stones were
fragmented < 5 mm on X-ray. Electrohydraulic lithotripsy under
peroral pancreatoscopy was considered when ESWL was
ineffective.

Figure 1 A dedicated basket catheter for pancre-
atic stones (Reforma; Piolax Medical Devices Inc).
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For ampullary intervention before stone removal, pancreatic
sphincterotomy or balloon dilation of the pancreatic orifice was
performed at the discretion of the attending physician. In cases
with PD stricture downstream the stone, the stricture was dilated
with a 4- or 6-mm balloon dilation catheter. After endotherapy
for pancreatic stones, a prophylactic pancreatic stent or a nasal
pancreatic drainage tube was placed temporally for the prevention
of post-ERCP pancreatitis (PEP). Cases with persistent PD stric-
ture after balloon dilation underwent multiple plastic stents or cov-
ered metal stent placement'® and were excluded from the analysis
as described earlier.

Outcomes. The primary outcome of this study was the symp-
tomatic recurrence after complete stone clearance. Symptomatic
recurrence included intolerable pain relapse, acute exacerbation,
and de novo pseudocyst all due to the recurrent pancreatic stones.
Acute exacerbation is defined as acute pancreatitis during the
follow-up of chronic pancreatitis. The diagnosis of acute pancrea-
titis is based on “Japanese Guidelines for the Management of
Acute Pancreatitis: Japanese Guidelines 2015.”2° Complete stone
removal was defined as no filling defects in the main PD on
pancreatography with or without intraductal ultrasonography ac-
cording to the previous reports.”'>*' 2 Complete stone removal
of pancreatic stones was additionally confirmed by computed to-
mography (CT) scan within 3 months after ERCP. The secondary
outcomes were the rate of complete stone clearance,
treatment-related complications, risk factors for symptomatic re-
currences, and the total cost of pancreatic stone treatment through-
out the follow-up period.

Cost analysis. Cost analysis was conducted by calculating the
procedure reimbursement and the cost of disposable accessories
used for pancreatic stone treatment. Cost analysis included the cost
for the initial pancreatic stone treatment and that for the recurrence
treatment throughout the follow-up period. Reimbursement for
procedures included the following: ERCP ($2610) and ESWL
($1780). Disposable accessories included the following: a dedi-
cated basket catheter ($540), a conventional basket catheter
($370), a balloon catheter ($350), a balloon dilation catheter
($600), a sphincterotome ($200), a pancreatic stent ($250), a
nasopancreatic catheter ($67), a digital pancreatoscope ($2780),
and an electrohydraulic lithotripsy probe ($460). The costs of
other disposable accessories, such as guidewires and snares, were
included in the reimbursement for procedures.

Statistical analysis. Categorical variables were described as
numbers (%) and compared using the x” test or Fisher’s exact test.
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A dedicated basket for pancreatic stones

Continuous variables were described as medians (ranges) or
mean =+ standard deviation and compared using the Wilcoxon
rank-sum test or Student’s f-test. The cumulative incidence of
symptomatic recurrence was calculated by the Kaplan—Meier
method and compared by the log—rank test. The Cox proportional
hazards regression model was used to estimate hazard ratios (HRs)
and corresponding 95% confidence interval (CI) for symptomatic
recurrence after complete stone clearance. Potential risk factors
with P < 0.2 in univariable analyses were further analyzed in a
multivariable model. A P value of < 0.05 was considered statisti-
cally significant in all analyses. JMP software (version 15.0; SAS
International Inc., Cary, NC) was used for all statistical analyses.
All P values were two-sided.

Results

During the study period of 11 years, 135 patients underwent the
initial pancreatic stone treatment at our institute, and 34 patients
were excluded from this analysis (Fig. 2). Forty-one patients
underwent endotherapy by using the dedicated basket catheter
(the dedicated basket group) and 60 patients by using only the con-
ventional devices (the conventional device group). Complete stone
clearance was achieved in 87.8% (36/41) in the dedicated basket
group and 88.3% (53/60) in the conventional device group, respec-
tively (P = 0.936). Complete stone clearance was also confirmed
by CT scan in 62 cases within 3 months of stone clearance. Com-
plete stone clearance was impossible due to the difficulty in the de-
vice insertion through torturous PD (n = 8) and the presence of
pancreatic stones diffusely in the pancreas (n = 4).

Table 1 summarizes patients’ characteristics and procedure de-
tails of the initial pancreatic stone treatment. There were no signif-
icant differences in the baseline characteristics between the two
groups. The stones were located in the head of pancreas in more
than 80% of both groups. Ten patients (24.4%) in the dedicated
basket group used both the dedicated and conventional basket
catheters. The mean numbers of sessions of ESWL (3.5 vs 4.1,
P =0.307), ERCP (1.1 vs 1.2, P = 0.113), and the mean ERCP
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procedure time (78.5 min vs 84.1 min, P = 0.688) all for the initial
pancreatic stone treatment were all comparable between the
groups.

Treatment-related complications. Endoscopic retro-
grade cholangiopancreatography-related complications,
ESWL-related complications, and all treatment-related complica-
tions during the initial pancreatic stone treatment were comparable
between the two groups (Table 2). The rates of ERCP-related com-
plications were 4.9% in the dedicated basket group and 11.7% in
the conventional device group (P = 0.589). Mild PEP occurred
in two of the dedicated basket group and five of the conventional
device group. No moderate or severe PEP occurred in both groups.
There was one basket impaction in one of the conventional device
group. Pancreatitis was also the major complication after ESWL:
22.0% in the dedicated basket group and 16.7% in the conven-
tional device group.

Symptomatic recurrence. The follow-up period was com-
parable between the groups (Table 2). Symptomatic recurrence af-
ter complete stone clearance was observed in 16.7% of the
dedicated basket group and 47.2% of the conventional device
group. Meanwhile, symptomatic recurrence rate was as high as
62.5% (60.0% in the dedicated basket group and 66.7% in the con-
ventional device group) after incomplete stone clearance. The de-
tails of symptomatic recurrence after complete stone removal are
described in Table 2. The cumulative incidences of symptomatic
recurrence after complete stone clearance and incomplete stone
clearance are shown in Figure 3. The cumulative symptomatic re-
currence rate was 11.1%, 26.4%, and 33.3% at 2 years and 16.7%,
41.5%, and 41.7% at 5 years after complete stone removal by the
dedicated basket catheter, complete stone removal by the conven-
tional devices, and incomplete stone clearance, respectively.

In the multivariate analysis, the use of the dedicated basket
catheter was significantly associated with the reduced risk of
symptomatic recurrence after complete stone clearance (HR,

135 consecutive patients who underwent
the initial pancreatic stone treatment between 2008 and 2019

34 were excluded
> 14 with surgically altered anatomy
10 needed long-term stent placement for the stricture
10 discontinued treatment

Analyses of technical success, safety, and costs

v

41 patients
by the dedicated basket

60 patients
by the conventional devices

Incomplete clearance Incomplete clearance
5 patients 7 patients

Analyses of recurrence after complete clearance
L 2

v

Complete clearance
36 patients

Complete clearance
53 patients

Figure 2  Flowchart of patients.

2426

Journal of Gastroenterology and Hepatology 36 (2021) 2424-2431

© 2021 Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd

85U8017 SUOLILLIOD @A 18810 3|ced![dde 8Ly Aq peusenob ae sajoie YO ‘8sn JO Sa|n 10} ARIq1T8UIIUQ AB]IM UO (SUORIPUOD-PUR-SWB 00" A3 1M AReql|Bul [UO//SdnL) SUORIPUOD pue Swia | 8u88S *[9202/20/02] Uo AriqiTauliuo A8|im ‘seieid) AiseAlun eiqwniod Ad T8¥ST UBITTTT 0T/ I0p/Woo A8 im Ariq1puUl|uD//Sciy Woj pepeoiumoq ‘6 ‘TZ0Z ‘92 TOrYT



T Saito et al.

Table 1 Patients’ characteristics and procedure details of the initial treatment

A dedicated basket for pancreatic stones

The dedicated basket group (n = 41)  The conventional device group (n = 60) P

Age, median (ranges), years 60 (28-84) 58 (27-90) 0.980
Sex 0.425

Male 31 (75.6%) 41 (68.3%)

Female 10 (24.4%) 19 (31.7%)
Etiology of chronic pancreatitis 0.921

Alcohol abuse 28 (68.3%) 1(68.3%)

Idiopathic 11 (26.8%) 17 (28.3%)

Autoimmune pancreatitis 2 (4.9%) 2 (3.3%)
Location of the stones 0.986

Head 34 (83.0%) 49 (81.7%)

Body 5(12.2%) 7 (11.7%)

Tail 1(2.4%) 2 (3.3%)

Diffuse 1(2.4%) 2 (3.3%)
Number of the stones 0.147

Single 1(52.8%) 2 (36.7%)

Multiple 0 (47.2%) 8 (63.3%)
The stone size at diagnosis, median (ranges), mm 0 (4-26) 10 (3-30) 0.616
The stone size at stone extraction, median (ranges), mm 8 (1-7) 4 (1-8) 0.927
Complete stone clearance 6 (87.8%) 53 (88.3%) 0.936
Ampullary intervention 0.054

Pancreatic sphincterotomy 15 (36.6%) 3(21.7%)

Balloon dilation of the pancreatic orifice 24 (58.5%) 6 (60.0%)

None 2 (4.9%) 1(18.3%)
Balloon dilation for MPD stricture 7 (17.1%) 5 (25.0%) 0.338
Used devices'

The dedicated basket 1(100.0%) 0 (0.0%)

The conventional basket 0 (24.4%) 29 (48.3%)

Retrieval balloon 8 (68.3%) 60 (100.0%)
Combination with POPS and EHL 1(2.4%) 2 (8.3%) 0.796
Combination with ESWL 38 (92.7%) 2 (86.7%) 0.330
Number of ESWL sessions, mean + SD 35+22 4.1 + 3.1 0.307
Number of ERCP sessions for extraction, mean + SD 1.1+£03 1.2+05 0.113
ERCP procedure time, mean + SD, min 78.5 + 59.6 84.1 + 63.4 0.688

N . . .
Some patients used multiple devices.
Values are expressed as numbers (%) otherwise indicated.

EHL, electronic hydraulic lithotripsy; ERCP, endoscopic retrograde cholangiopancreatography; ESWL, extracorporeal shock wave lithotripsy; MPD,
main pancreatic duct; POPS, peroral pancreatoscopy; SD, standard deviation.

0.40; 95% CI, 0.15-0.92, P = 0.031; Table 3). Multiple sessions
for stone extraction of ERCP were also significantly associated
with the reduced recurrence (HR, 0.26; 95% CI, 0.04—0.87,
P =0.027).

Cost analysis. The total cost of pancreatic stone treatment,
which included the procedure reimbursement and the cost for the
disposable accessories, was $16 540 in the dedicated basket group
and $20 643 in the conventional device group (P =0.078; Table 4).
The procedure reimbursement was significantly lower in the dedi-
cated basket group ($14 152 vs $17 899, P = 0.046), but the cost
for disposable accessories was comparable ($2388 vs $2743,
P = 0.681). The procedure reimbursement included the cost of
all ERCPs ($5729 vs $8352, P =0.019) and the cost of all ESWL
($8422 vs $9547, P = 0.415); both reflected total ERCP sessions
(2.2 sessions vs 3.2 sessions) and ESWL sessions (4.7 sessions
vs 5.4 sessions) throughout the follow-up period.

Journal of Gastroenterology and Hepatology 36 (2021) 2424-2431

Discussion

In this retrospective study of endotherapy for symptomatic pancre-
atic stones, we demonstrated that this dedicated basket catheter did
not increase the rate of complete stone clearance but significantly
reduced symptomatic recurrence with an HR of 0.40 once com-
plete stone clearance was obtained. As a result, the total cost
tended to be reduced when the dedicated basket was used despite
its relatively high cost.

The importance of complete stone clearance has been reported
in endotherapy for pancreatic stones as Tadenuma et al. reported
that incomplete stone removal was the significant risk factor for
pain relapse.'* In our study cohort, the rate of symptomatic recur-
rence was as high as 62.5% after incomplete stone clearance as
compared with 16.7% and 47.2% after complete clearance by the
dedicated basket and the conventional devices, respectively. There
are several technical difficulties to achieve complete stone removal
during endotherapy for pancreatic stones.>*** The PD is often tor-
turous and accompanied by the stricture in patients with chronic
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A dedicated basket for pancreatic stones T Saito et al.
Table 2 Treatment-related complications of the initial treatment and symptomatic recurrence after complete stone removal
The dedicated basket group (n = 41) The conventional device group (n = 60) P
All complica‘[ionsT 11 (26.8%) 16 (26.7%) 0.986
ERCP-related complications 2 (4.9%) 7 (11.7%) 0.589
Pancreatitis (mild) 2 5
Hemosuccus pancreaticus 0 1
Basket impaction 0 1
ESWL-related complications 9 (22.0%) 10 (16.7%) 0.357
Pancreatitis (mild/moderate) 6/2 6/3
Pancreatic ductitis 1 1
Complete stone clearance 36 (87.8%) 53 (88.3%) 0.936
Follow-up period, median (ranges), months* 47 (10-111) 64 (1-133) 0.120
Symptomatic recurrence’ 6 (16.7%) 25 (47.2%) 0.002
Acute exacerbation 3 10
Intolerable pain 3 10
Pseudocyst 0 5

'ERCP-related complication and ESWL-related complication overlapped in one patient in the conventional device group.

‘Data after complete stone clearance.
Values are expressed as numbers (%) otherwise indicated.

ERCP, endoscopic retrograde cholangiopancreatography; ESWL, extracorporeal shock wave lithotripsy.

100% -

Log-rank test, P< 0.01

80% -
60% -

40% | punnn

The cumulative incidences of
symptomatic recurrence

20% |

Number at risk
The dedicated basket with complete clearance 36 19 1 5 2 0 0
The conventional devices with complete clearance 53 30 20 17 1 5 0
Incomplete clearance 12 2 0 0 0 0 0

Figure 3 The cumulative incidence of symptomatic recurrence after in-
complete stone clearance (), complete clearance by the dedicated
basket catheter (—), and complete clearance by the conventional de-
vices (==-).

L 16,193536 1 - . .
pancreatitis, which sometimes hinders the passage of

stone extraction devices. Furthermore, small fragmented stones af-
ter ESWL can easily fall off from the basket or balloon catheter
due to the tortuous PD with strictures.'® Moreover, small fractions
can be easily escaped into the dilated side branches during balloon
sweep. In our study cohort, the rate of complete stone removal was
about 88% both in the dedicated basket group and in the conven-
tional device group, and the reasons for incomplete stone removal
were considered as anatomy associated rather than the device asso-
ciated. Thus, there still needs improvement in the treatment strat-
egy for those cases with difficult PD anatomy to further increase
the complete stone clearance rate.

Among those with apparently complete stone clearance, how-
ever, there was a significant difference in the cumulative incidence
of symptomatic recurrence between the dedicated basket group
and the conventional device group with an HR of 0.40 in the mul-
tivariate analysis. Thus, even in cases with apparently complete

2428

stone clearance on ERCP, there is a chance that residual small
fragmented stones exist and can lead to the recurrent symptoms.
Our pilot study'® supported this hypothesis because residual pan-
creatic stones were additionally extracted using this dedicated bas-
ket catheter in three out of five cases after stone clearance by
conventional devices. Furthermore, the present long-term follow-
up study revealed that the symptomatic recurrence rate was
16.7% in the dedicated basket group, which seemed to be lower
than previously reported.”'*'>373® However, a previous random-
ized controlled trial*® did not demonstrate the superiority of
endotherapy in addition to ESWL. Thus, it is still unclear whether
endotherapy using the dedicated basket can lead to less symptom-
atic recurrence or not.

The number of ERCP sessions was another significant prognos-
tic factor for symptomatic recurrence with an HR of 0.26 in cases
who underwent multiple sessions of ERCP at the initial treatment.
When endoscopic stone removal is finished within a single ses-
sion, we suspect that residual fragmented stones might migrate
into the side branch during endotherapy and lead to recurrent pan-
creatic stones later. Those migrated stones would fall into the main
PD between ERCP sessions and can be readily removed in the
next ERCP. During ERCP sessions, we inserted pancreatic stent
or endoscopic nasopancreatic drainage to prevent pancreatitis or
infection. Residual small fragmented stones would flow out to
the duodenum through the stents or endoscopic nasopancreatic
drainage tube. Thus, to achieve further complete stone clearance,
multiple ERCP sessions might be necessary. Or the accurate diag-
nostic method of complete stone clearance can be an option such
as peroral pancreatoscopy.’**

There is some concern about the cost by the use of the dedicated
basket catheter because it is sometimes used in addition to the con-
ventional basket and/or balloon catheters. As a matter of fact, how-
ever, the total cost of pancreatic stone treatment throughout the
follow-up period was low in the dedicated basket group ($16 540
vs $20 643), though not statistically significant (P = 0.078). As
symptomatic recurrence and subsequent ERCP sessions in the ded-
icated basket group were decreased, the total cost of procedure
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A dedicated basket for pancreatic stones

Table 3 Univariable and multivariable analyses of risk factors for symptomatic recurrence after complete stone clearance

Characteristic Event, n (%) Hazard ratio
Univariable (95% CI) Multivariable (95% Cl) P

Sex

Male (n = 62) 21 (33.9%) 1 (referent)

Female (n = 27) 10 (37.0%) 1.09 (0.49-2.26) 0.825
Age at pancreatic stone treatment

< 70 years (n = 66) 25 (37.9%) 1 (referent) 1 (referent)

> 70 years (n = 23) 6 (26.1%) 0.54 (0.20-1.25) 0.157 0.70 (0.26-1.62) 0.425
Alcohol abuse

No (n = 28) 9 (32.1%) 1 (referent)

Yes (n=61) 22 (36.1%) 1.14 (0.54-2.60) 0.747
Stone located in the head

No (n=13) 5 (38.5%) 1 (referent)

Yes (n =76) 26 (34.2%) 0.83 (0.34-2.45) 0.703
Diameter of the largest stone

<10 mm (n = 41) 11 (26.8%) 1 (referent)

>10 mm (n = 48) 20 (41.7%) 1.49 (0.73-3.24) 0.280
Multiple stones

No (n = 37) 12 (32.4%) 1 (referent)

Yes (n =52) 19 (36.5%) 1.18 (0.58-2.50) 0.655
Combination with ESWL

No (n = 10) 2 (20.0%) 1 (referent)

Yes (n=79) 29 (36.7%) 1.27 (0.38-7.90) 0.732
Pancreatic sphincterotomy

No (n = 67) 28 (41.8%) 1 (referent)

Yes (n=22) 3(13.6%) 0.68 (0.16-1.97) 0.515
Number of ERCP session

1(h=77) 29 (37.7%) 1 (referent) 1 (referent)

>2(n=12) 2 (16.7%) 0.27 (0.04-0.89) 0.030 0.26 (0.04-0.87) 0.027
Use of the dedicated basket

No (n = 53) 25 (47.2%) 1 (referent) 1 (referent)

Yes (n = 36) 6 (16.7%) 0.42 (0.15-0.96) 0.040 0.40 (0.15-0.92) 0.031
Balloon dilation for MPD stricture

No (n = 69) 22 (31.9%) 1 (referent)

Yes (n =20) 9 (45%) 1.22 (0.53-2.60) 0.619

Cl, confidence interval; ERCP, endoscopic retrograde cholangiopancreatography; ESWL, extracorporeal shock wave lithotripsy; MPD, main pancreatic

duct.

Table 4 Cost analysis in US$ for pancreatic stone treatment throughout the follow-up period

The dedicated basket group (n=41) The conventional device group (n=60) P
Procedure reimbursement

Total ERCP sessions, mean = SD (ranges) 2.2 +1.6(1-9) 3.2 +25(1-13)

Cost of total ERCP, mean + SD (ranges), s 5729 + 4316 (2610-23490) 8362 + 6557 (2610-33930) 0.019

Total ESWL sessions, mean + SD (ranges) 4.7 + 3.5 (0-19) 5.4 + 3.9 (0-17)

Cost of total ESWL, mean + SD (ranges), 3 8422 + 6319 (0-33820) 9547 + 6871 (0-30260) 0.415
Total cost of procedure reimbursement, mean + SD (ranges), $ 14152 + 9012 (2610-44260) 17899 + 10602 (2610-46390) 0.046
Device cost
The total cost of disposable accessories, mean + SD (ranges), $ 2388 + 1578 (740-8462) 2743 + 2454 (417-11282) 0.681
The total cost, mean = SD (ranges), $ 16540 + 9984 (4367-51532) 20643 + 12347 (3210-54645) 0.078

"Cost for the initial pancreatic stone treatment and that for the recurrence treatment throughout the follow-up period.
ERCP, endoscopic retrograde cholangiopancreatography; ESWL, extracorporeal shock wave lithotripsy; SD, standard deviation.

reimbursement was significantly lower in the dedicated basket
group compared with the conventional device group ($14 152 vs
$17 899, P = 0.046). Thus, the dedicated basket catheter is cost-
effective, too, when long-term outcomes are considered.
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The retrospective nature and the limited sample size and events
of this study are our study limitations. There were also
non-significant differences in the follow-up period (47 and
64 months in the dedicated and conventional basket groups,
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respectively) due to the timing of the introduction of the dedicated
basket in our clinical practice. Patient allocation was not random-
ized, and the device selection was at the discretion of the physi-
cians and affected by the chronological trend. We excluded
patients who needed long-term stent placement for PD strictures
because our study aim is to evaluate the effects of the dedicated
basket on the symptomatic recurrence. However, concomitant
PD strictures and pancreatic stones are common, and the role of
the dedicated basket in this condition with pancreatic stents is
mandatory. Furthermore, the conventional basket was used in
24.4% of the dedicated basket group because there is a risk of bas-
ket impaction if large and multiple pancreatic stones are grasped
by the dedicated basket. Confirmation of complete stone removal
is difficult in clinical practice. We hypothesized that small residual
stone fragments, which cannot be detected by pancreatography or
CT as defined in our study, might lead to symptomatic recurrence,
but the more accurate diagnostic method for complete stone re-
moval such as pancreatoscopy may be needed to confirm our hy-
pothesis. Thus, the study results might be biased, and a further
prospective study is warranted.

In conclusion, the dedicated pancreatic basket catheter signifi-
cantly reduced symptomatic recurrence after complete pancreatic
stone removal, and the reduced recurrence might result in the re-
duced cost of treatment.
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