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ABSTRACT

Background and study aims Endoscopic sphincterotomy

can be challenging especially in patients with surgically al-

tered anatomy. Although a rotatable sphincterotome (r-

sphincterotome) may be useful, its rotational function is of-

ten inadequate. We evaluated the feasibility of a newly de-

signed r-sphincterotome equipped with a well-conceived

cutting wire.

Methods We measured the movement and dynamics of

both the newly designed r-sphincterotome and two exist-

ing r-sphincterotomes using in-house equipment. Ideally,

the rotational force exerted at the proximal end should

transmit directly to the distal end. But it is often challen-

ging, particularly within the constraints of a bent endo-

scope and working channel. We collected data regarding

deviation from the ideal value 10 times for each sphincter-

otome.

Results The deviation from the ideal value was significantly

lower with the newly designed r-sphincterotome than with

the conventional r-sphincterotomes (44.9 ± 27.8 vs. 73.7 ±

44.6 and 130.1 ± 71.4 degrees, respectively; P < 0.001). The

newly designed r-sphincterotome rotated smoothly and

consistently at a constant speed, mirroring the input rota-

tion.

Conclusions We evaluated the feasibility of the newly de-

signed r-sphincterotome using an experimental model. We

believe that the findings from these experiments may con-

tribute to easier and more precise sphincterotomies.
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Introduction
Endoscopic sphincterotomy is the cornerstone of therapeutic
endoscopic retrograde cholangiopancreatography (ERCP), en-
abling access to the biliary and pancreatic ductal systems. A
sphincterotome is generally used for this purpose, and various
types are commercially available. The pull type, which facili-
tates incisions by pushing the cutting wire, is commonly select-
ed [1]. Among the various types of sphincterotomes, one is
equipped with a rotational function [2]. However, clear evi-
dence of its effectiveness remains elusive. The primary reason
for the limited use of sphincterotomes with rotational function
in patients with normal anatomy is that experienced profes-
sionals can perform precise curved incisions by manually pull-
ing the cutting wire and manipulating the therapeutic duode-
noscope. However, endoscopic sphincterotomy poses difficul-
ties in patients with surgically altered anatomy, such as those
who have undergone Billroth II and Roux-en-Y reconstructions.
Although ERCP experts can access the papilla in 85% to 95% of
these cases [3, 4, 5] by using balloon-assisted enteroscopy, per-
forming endoscopic sphincterotomy as intended is challenging
because the direction of the scope and cutting wire against the
papilla is inconsistent.

Because of its difficulty, endoscopic balloon dilation is
sometimes chosen by default. In a randomized controlled trial
(RCT) by Bergman et al. [6] comparing sphincterotomy and bal-
loon dilation in patients with Billroth II reconstruction, no dif-
ference was observed in procedure time or incidence of early
adverse events (AEs). However, previous RCTs [7, 8, 9, 10] com-
paring sphincterotomy and balloon dilation revealed a higher
incidence of post-ERCP pancreatitis in balloon dilation and
more severe bleeding in sphincterotomy. In a multicenter clini-
cal trial in the United States [10], post-ERCP pancreatitis oc-
curred in 15.4% of patients who underwent common bile duct
(CBD) stone removal with balloon dilation, including two (1.7%)
deaths; however, pancreatitis occurred in only 0.8% of those
who underwent sphincterotomy (P < 0.001). Based on these
findings, sphincterotomy has become the preferred method
for stone extraction in recent years.

If sphincterotomy is considered safe and appropriate even in
difficult cases, clinicians will likely choose this procedure. An
endoscopic rotatable sphincterotome (r-sphincterotome) may
be useful for these patients. To the best of our knowledge, two
r-sphincterotomes are currently available. However, their rota-
tional function is inadequate, and they are not widely used,
even for patients with surgically altered anatomy. In our experi-
ence, these r-sphincterotomes do not adequately rotate under
the condition of a bent endoscope. A sphincterotome consists
of an operating handle, catheter, and cutting wire. The cutting
wire is tapered at its distal end for proper incision. The torque
caused by rotating the operating handle (proximal rotational
force) may not always be transmitted to the distal side through
the catheter.

To address this issue, a novel r-sphincterotome (AIMING-
TOME; Asahi Intecc Co., Ltd., Aichi, Japan) with a newly devised
cutting wire has been developed. The aim of this study was to
compare the feasibility of this novel r-sphincterotome (“N”)

with that of the two existing r-sphincterotomes (“A” and “B”)
in an experimental model.

Methods
Experimental procedure

▶Fig. 1 shows an actual model of the experimental procedure
and the input and output degrees of the r-sphincterotomes
evaluated in this study. As in clinical treatment, the r-sphincter-
otome was inserted into a side-viewing duodenoscope
(TJF290V; Olympus Medical Systems, Tokyo, Japan). The proxi-
mal end of the r-sphincterotome was attached to a servomotor
(XU8 K112501; Oriental Motor, Tokyo, Japan), which rotated
the sphincterotome at a constant speed. The duodenoscope
was manipulated to mimic the curvature of the alimentary
tract. With the r-sphincterotome inserted into the duodeno-
scope, it was rotated at a constant speed (input; 1.5 revolutions
per minute) for three complete rotations, while the degree of
rotation at the distal end was recorded over time (output; every
2 seconds). Ideal rotation of the sphincterotome was defined as
input rotation directly reflecting output in a uniform manner (i.
e. rotation in one-to-one correspondence). Deviations from the
expected ideal rotation that collected integral value from the
base axis were noted. Each measurement was conducted 10
times for each r-sphincterotome.

▶ Fig. 1 An actual model of the experimental procedure show input
and output degrees of the r-sphincterotomes evaluated in this
study. The r-sphincterotome was inserted into a side-viewing duo-
denoscope, that was manipulated to mimic the curvature of the
alimentary tract. The proximal end of the r-sphincterotome was at-
tached to a servomotor, which rotated the sphincterotome at a
constant speed (input; 1.5 revolution per minute), while the degree
of rotation at the distal end was recorded over time (output; every 2
seconds).
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Actual endoscopic r-sphincterotomes and cutting
wires

▶Fig. 2 shows the actual r-sphincterotomes and cutting wires
of the r-sphincterotomes. ▶Table 1 summarizes detailed infor-
mation about the cutting wire and the manufacturers of each
sample.

The proximal diameter of the cutting wire for the newly de-
signed r-sphincterotome was thicker than that of the others (N
vs. A/B: 0.64 vs. 0.45mm), whereas the distal end was thinner
(0.21 vs. 0.26mm). The length of the tapered area of the cut-
ting wire was shorter in the newly designed r-sphincterotome
(▶Table1 and ▶Fig. 3). The material used for each inner struc-
ture device was stainless steel.

Statistical analysis

Data are expressed as the mean ± 2 × standard error. Differen-
ces in quantitative data were compared using the Mann–Whit-
ney U test. All statistical analyses were two-sided, and statisti-
cal significance was defined as P < 0.05. All statistical analyses
were performed using SPSS software, version 23 (IBM Corp., Ar-
monk, New York, United States).

Results
Measurement of degree of endoscopic r-sphincter-
otomes

▶Fig. 4 summarizes the input and output degrees of the r-
sphincterotomes during rotation with the servomotor. Devia-
tion from the ideal value was significantly lower in the newly
designed r-sphincterotome than in the conventional ones (N
vs. A: 44.9 ± 27.8 vs. 73.7 ± 44.6, P < 0.001; N vs. B: 44.9 ±

27.8 vs. 130.1 ± 71.4 degrees, P < 0.001). ▶Video 1 demon-
strates the actual movement of each r-sphincterotome. The
newly designed r-sphincterotome rotated in the same manner
as the input rotation, smoothly and at a constant speed.

Discussion
The present experimental study demonstrated that use of the
novel r-sphincterotome was feasible and exhibited excellent ro-
tational function. Although the rotational function of a sphinc-
terotome is not always necessary for ERCP experts treating pa-
tients with normal anatomy, it might be useful for patients with
surgically altered anatomy. This newly designed r-sphinctero-
tome may change the current paradigm and represent a new
era in endoscopic sphincterotomy.

▶ Fig. 2 The actual r-sphincterotomes and cutting wires of the r-sphincterotomes.

▶Table 1 Detailed information about the cutting wire for each device.

Distal diameter, mm Length of tapered area,

mm

Proximal diameter, mm Manufacturer

N 0.21 125 0.64 Asahi Intecc

A 0.26 270 0.45 Boston Scientific Corporation

B 0.26 175 0.45 Micro-Tech

All the devices were made of stainless steel.

VIDEO

▶ Video 1 Feasibility of newly designed rotatable sphinctero-
tome for endoscopic sphincterotomy.
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▶ Fig. 3 Components of the endoscopic rotatable sphincterotome and comparison of cutting wire configurations. The sphincterotome consists
of an operating handle, a catheter, and a cutting wire. The cutting wire is tapered at its distal end to facilitate proper incision. The length of the
tapered area and the proximal and distal diameters of the cutting wire are unique to each sphincterotome.
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▶ Fig. 4 Schema illustrating the relationship between input and output degrees of the experimental procedure. The endoscopic rotatable
sphincterotome was inserted into a side-viewing duodenoscope. The proximal end of the sphincterotome was fastened to a servomotor, which
rotated the sphincterotome at a constant speed (input). The duodenoscope was held in a bent position to mimic the alimentary tract. The de-
gree of rotation at the distal end over time was recorded (output).
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Endoscopic sphincterotomy is performed to treat various
pancreatobiliary diseases, such as CBD stones, cholangitis, and
obstructive jaundice. For biliary sphincterotomy, many experts
recommend cutting against the papilla in the 11- to 12-o'clock
direction, which provides clean and bloodless opening of the
sphincter of Oddi [1, 11, 12]. However, in some patients with
surgically altered anatomy, the papilla cannot be reached using
the same therapeutic duodenoscope. Furthermore, even when
access to the papilla is possible, the view does not originate
from the same direction, resulting in an unfeasible position for
precise sphincterotomy. Surgically altered anatomy is broadly
classified as Billroth I reconstruction, jejunal interposition, Bill-
roth II reconstruction, and Roux-en-Y reconstruction. In cases
of Billroth I reconstruction and jejunal interposition, endo-
scopic sphincterotomy can be performed in almost the same
manner as in patients with normal anatomy using a therapeutic
duodenoscope. However, in cases of Billroth II reconstruction
and Roux-en-Y reconstruction, the procedure cannot be execu-
ted in the same manner. The main reason for this difficulty, as
mentioned above, is the altered orientation. Unconventional
endoscopic sphincterotomy may cause unexpected AEs such
as hemorrhage and/or perforation, even when performed by
experts. Furthermore, under technically challenging condi-
tions, hemostasis or stent placement becomes more difficult.

A sphincterotome with rotational function may facilitate an
appropriate cutting incision and rescue treatment. However,
previously designed r-sphincterotomes could not rotate
through a bent endoscope. Whether the cutting wire rotates
as intended by the clinician depends on how the rotational
force is directly transmitted from the operating handle (proxi-
mal side) to the distal end. The cutting wire of the newly de-
signed r-sphincterotome consists of a thick proximal side and
a short distal end, which easily transmits the rotational force.
This novel r-sphincterotome is equipped with a well-conceived
cutting wire that uniformly transmits the rotational force from
the proximal to the distal end (as shown in Video 1). If the rota-
tional force is not transmitted uniformly, the force retained in
the cutting wire can cause twisted rotation in an unintended di-
rection or wire breakage. Ideally, the rotational force on the
proximal side should be transmitted directly to the distal end.
However, achieving this ideal condition is challenging, particu-
larly within the constraints of a bent endoscope and working
channel. As depicted in Fig. 4, the newly designed r-sphinctero-
tome reflects the input rotation to output with higher accuracy
and precision compared with previous r-sphincterotomes (P <
0.001).

A limitation of this study is that all measurements were per-
formed in vitro using laboratory equipment. In addition, be-
cause the study was conducted under strictly defined condi-
tions, the numeric data may not represent absolute values;
rather, they serve as useful relative values. A large-scale, multi-
center, prospective study under various clinical conditions is
necessary to establish the practicality of the r-sphincterotome.

Conclusions
In conclusion, we evaluated the feasibility of the newly de-
signed r-sphincterotome using an experimental model. We be-
lieve that the findings from these experiments may contribute
to easier and more precise endoscopic sphincterotomy.
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