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Abstract

Background/Aim: A sufficiently open papilla is needed to remove common bile duct stones (CBDS) but
endoscopic sphincterotomy (EST) requires a high level of skill and is difficult with endoscopic papillary
balloon dilation (EPBD). The main adverse event of EST is bleeding and perforation and that of EPBD is
post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis. To reduce these adverse events
we employed minimal EST followed by papillary dilation (ESBD), and retrospectively evaluated its efficacy
and safety compared with EST.

Patients and Methods: CBDS patients who underwent EST (n = 114) or ESBD (n = 321) at Juntendo
University Hospital from January 2009 to December 2018 were consecutively enrolled, retrospectively. The
exclusion criteria were large-balloon dilation (= 12 mm), large CBDS (>12 mm), and previous EST/EPBD.
We compared the overall stone removal rate, incidence of adverse event, procedure time, number of ERCP
procedures, and rate of mechanical lithotripsy (ML) between the two groups.

Results: Complete stone removal was successful in both ESBD and EST group. However, the rate of multiple
ERCP sessions was significantly lower (35.1% vs. 12.8%, P < 0.001), procedure time was shorter (31.6 vs.
25.8 min, P = 0.01), and rate of ML was lower (16.7% vs. 7.8%, P = 0.01) in ESBD group. Bleeding was
significantly more frequent in the EST group (9.6% vs. 1.2%, P < 0.001), particularly acute bleeding (7.9%
vs. 0.9%, P < 0.001).

Conclusions: ESBD is more efficient and safer in the management of CBD stones than EST. A prospective
randomized study comparing ESBD with EST is needed to establish this combination technique.
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INTRODUCTION cholangiopancreatography (ERCP)-related procedures.

Endoscopic sphincterotomy (EST) is a standard procedure

Common bile duct stone (CBDS) is one of the most  for managing CBDS, and endoscopic papillary balloon
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dilation (EPBD) is performed for patients with bleeding
tendency. However, making an adequate incision for
EST requires a high level of skill and increases the risk
of bleeding and perforation. In addition, even if EST
with a medium incision is performed, it is difficult to
achieve adequate papillary dilatation for removing stones.
EPBD does not require a high level of skill to achieve
sufficient papillary dilation and can be safely performed
by novices. However, EPBD has a risk of post-ERCP
pancreatitis (PEP).I"? Although the incidence of PEP
is low in specialized EPBD centers,”! clinical trials in
multiple centers have revealed that EPBD is associated
with a significantly higher incidence of PEP compared
with EST.H

To remove large stones, endoscopic papillary large balloon
dilation (EPLBD), using a balloon of 212 mm diameter, is
often performed. When performing EPLBD, an additional
small incision is typically made, similar to minimal EST.
EPLBD with EST decreases the incidence of hemorrhage
without increasing the incidence of PEP compared to
without EST.F" Based on the result of EPLBD, even in
normal EPBD (=10 mm), minimal EST may reduce the
risk of papillary hemorrhage without increasing the risk
of PEP. The procedure on the papilla used to remove
small stones (<12 mm diameter) from a small-diameter
bile duct (<12 mm) needs to be improved. We investigated
retrospectively whether minimal EST followed by
EPBD (ESBD) decreases the incidence of hemorrhage
and the risk of PEP in the removal of small CBDS (<12
mm diameter).

PATIENTS AND METHODS

Patient

This study was a retrospective chart review at a single
academic center. We enrolled endoscopically treated cases
of CBDS who met the following inclusion criteria: 1) age
18 years or older, 2) ability to give informed consent,
and 3) received endoscopic treatment for ESBD or
EST alone. The exclusion criteria for this study were
as follows: 1) EPLBD (papillary dilation of =12 mm),
2) CBDS of >12 mm, 3) previous EST or EPBD, and
4) performance of EPBD alone, 5) surgically altered
anatomy. Among 778 patients with naive papilla who
received endoscopic treatment with a papillary procedure
from January 2009 to March 2018, 435 patients who met the
inclusion and exclusion criteria were consecutively enrolled
in this retrospective study at Juntendo University Hospital.
This study was approved by the Institutional Review Board
and written informed consent was obtained from all of the
patients before ERCP.

The patients were divided into two groups according to
the procedure: 114 patients received EST alone (EST
group), and 321 underwent ESBD (ESBD group). ESBD
was performed beginning in 2012, and the procedure was
performed at the discretion of the endoscopist; many of
the endoscopists selected ESBD. Trainee endoscopists
performed endoscopic procedures under the supervision
of experts because our hospital is a teaching hospital.

Methods

ERCP was performed in a standard manner using
side-viewing endoscopes (TJF-260V and JF-260V,
Olympus, Tokyo, Japan and ED-580T, Fujifilm, Tokyo,
Japan). The patients were sedated with a standard dose of
midazolam and pethidine hydrochloride. A conventional
contrastmedium injection cannulation technique using
a cannula (ERCP catheter; MTW Endoskopie, Wesel,
Germany) with a 0.035-inch standard guidewire (Jagwire;
Boston Scientific Japan, Tokyo, Japan, and Revowave; Piolax
Medical Devices Inc, Kanagawa, Japan) or a 0.035-inch
hydrophilic guidewire (Radifocus; Terumo, Tokyo,
Japan) was employed. In cases of difficult cannulation,
the pancreatic guidewire/stent placement technique,
endoscopic ultrasonography/percutaneous transhepatic
cholangio drainage-guided rendezvous technique, or
precut technique using a needle knife was used. A pull-type
sphincterotome (Clever Cut 3V; Olympus, Tokyo, Japan)
was employed and an electrosurgical unit (ERBE VIO300,
ERBE, Tubingen, Germany) was used with effect 3 in
Endocut I mode (output limit, 120 W).

The extent of the incision was divided into full, medium,
and minimum. A full EST was defined as an EST extending
to almost the total length of the ampullary-protruding
portion. EST that extended over the covering fold was
defined as medium EST and EST that did not extend
over the covering fold was defined as small EST. In small
EST, a shorter incision of 4 mm or less was defined as
minimal EST. Medium and minimal EST were performed
in the EST and ESBD groups, respectively [Figure 1]. In
the ESBD group, balloon size (8 or 10 mm Hurricane RX;;
Boston Scientific Corporation, Natik, MA) was selected
based on the diameter of the lower bile duct. The balloon
was gradually inflated under fluoroscopic guidance with
half-diluted contrast material, with saline, until the waist of
the balloon disappeared; the balloon was then immediately
deflated. Stones were removed using a retrieval balloon
catheter or a four-wire basket catheter. Endoscopic
mechanical lithotripsy (ML) was performed for patients
with large stones that were difficult to retrieve using a
conventional balloon/basket catheter.
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Figure 1: Endoscopic image of (a) EST and (b and ¢) ESBD. a: Medium EST shows one to two thirds incision of the ampulla. Very small EST
(b: within one third incision of the ampulla) followed by Balloon dilation (b: 6 mm, 8 mm or 10 mm)

Definitions

Complete stone removal was confirmed by a
balloon-occluded cholangiogram at the end of the
procedure or by the follow-up cholangiogram if a
naso-biliary drainage tube had been placed. If any stones
remained, an additional endoscopic procedure was
performed to retrieve the remaining CBDS.

Severity of adverse event (AE) related to the procedures was
defined according to the Lexicon criteria. Hyperamylasemia
was defined as a serum amylase level exceeding three
times the upper limit of normal without abdominal pain.
Hyperamylasemia with persistent abdominal pain for more
than 24 h was defined as PEP.

Post-ERCP bleeding was defined as endoscopically
confirmed bleeding within 1 week of ERCP that required
hemostatic treatment. Early bleeding was defined as
bleeding that occurred during or within 24 h after ERCP.
Delayed bleeding was defined as bleeding not evident at the
end of the procedure, but which occurred 24 h after the
procedure. The following constitute our step-up strategies
of hemostasis when we encounter hemorrhage from the
papilla: spraying with diluted epinephrine was the initial
treatment, followed by compression with a retrieval balloon
catheter. If these methods do not adequately control
bleeding, then we performed injection of hypertonic
saline epinephrine solution (HSE), hemostatic clipping, or
electrical coagulation. A covered metallic stent was placed
when various hemostatic procedures failed. Bleeding that
was controlled during the procedure by spraying diluted
epinephrine was not considered an AL, because such
degree of bleeding seemed to stop by merely waiting for
several minutes. Successful hemostasis was considered
when hemorrhage had stopped for more than 5 min during
endoscopic observation.

Cholangitis was defined as a fever of >38°C accompanied
by leukocytosis, elevated liver enzyme levels after the
procedure. Cholecystitis was defined as pain in the right

upper quadrant accompanied by gallbladder swelling on
some imaging modalities. All AEs were classified and
graded according to the severity grading system of the
Lexicon of the American Society for Gastrointestinal
Endoscopy.!

Endpoints

The primary endpoint was overall stone removal rate. The
secondary endpoints were the incidence of AE (PEP, acute
cholangitis and cholecystitis, acute/delayed bleeding and
perforation), procedure time, number of ERCP procedures,
the rate of ML, and the recurrence of CBDS.

Statistical analysis

Data are presented as means T standard deviation.
Categorical parameters were compared by Chi-squared
test or the Fisher exact test, and continuous variables by
Student’s #test. Differences were considered significant
when the P value was <0.05. Factors with P < 0.05
by univariate analysis were considered to be potential
risk factors for bleeding and were further analyzed in a
multivariate analysis. The data were analyzed using SPSS
19 software (Chicago, IL).

RESULTS

A total of 435 patients were analyzed in this retrospective
study. Their mean age was 72.7 = 12.8 years (range, 25 to
101 years) at the time of the initial procedure, and there
were 275 males and 160 females. The clinical features of the
patients in the EST (7 = 114) and ESBD (# = 321) groups are
presented in Table 1. There were no significant differences
in terms of sex, laboratory data pre-ERCP, mean diameter
of stones, number of stones, and presence of periampullary
diverticulum between the two groups. In contrast, age,
BMI, accompanying cardiovascular disease, and number of
patients taking antithrombotic drugs differed significantly
between the two groups. The frequency of accompanying
cardiac diseases (EST group 11.4% »s. ESBD group 22.7%,
P =0.01) and antithrombotic drugs (EST group 14.1% .
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Table 1: Patients’ characteristics

EST (n=114) ESBD (n=321) P
Age (meanzSD) 75.1£13.0 71.7%13.2 0.02
Sex (male:female) 66:48 209:112 0.17
BMI 22.2+3.5 23.2+3.8 0.02
Accompanying disease, n (%)
Cardiovascular disease 13 (11.4%) 73 (22.7%) 0.01
Chronic renal failure 14 (12.3%) 60 (18.7%) 0.15
Liver cirrhosis 3 (2.6%) 12 (3.7%) 0.58
Chronic pancreatitis 2 (1.8%) 2 (0.6%) 0.28
Diabetes mellitus 26 (22.8%) 66 (20.6%) 0.60
Antithrombotic drugs, n (%) 16 (14.0%) 95 (29.6%) <0.001
Number of Antithrombotic drugs, 1/2- 13/3 70/25 0.76
Withdrawn/continuous/heparin replacement 8/3/5 42/8/45 0.31
Laboratory data before ERCP
Platelet count 22.5+10.6 22.6%8.1 0.94
PT% 86.2+13.1 87.9+£13.0 0.26
Total bilirubin 1.8+2.0 2.1£3.1 0.37
Characteristics of stones
Mean diameter of stones (mm) 5.1£2.9 5.6+3.0 0.17
Number of stones 1.6+1.3 1.9%2.3 0.21
Number of stones (1/2/>3) 84/11/19 215/42/64 0.07
Periampullary diverticula 36 (31.6%) 91(28.3%) 0.52
Dilation balloon diameter, 6 /8/10 mm - 3/263/55 -

EST: Endoscopic sphincterotomy, ESBD: Endoscopic minimal-sphincterotomy followed by papillary balloon dilation, BMI: Body mass index

ESBD: 29.6%, P < 0.001) was higher in the ESBD group
than in the EST group.

The details of procedures are shown in Table 2. There were
no significant differences in the overall stone removal rate
or the frequency of difficult cannulation between the two
groups. The rate of multiple ERCP sessions was significantly
lower in the ESBD group than in the EST group (P < 0.01).
The procedure time of 16 cases was unknown, and the
analysis of procedure time was performed excluding these
missing data. The mean procedure time was significantly
shorter in the ESBD group (31.6 £ 16.8 »s. 25.8 & 18.8 min,
95%CI1.78-9.78, P= 0.01). In addition, the rate of ML was
significantly lower in the ESBD group (EST group 16.7%
vs. BSBD group 7.8%, P = 0.01).

The details of AEs are shown in Table 3. The frequency
of AEs was significantly higher in the EST group than in
the ESBD group (EST group 15.8% »s. ESBD group 4.4%,

Table 2: Details of the procedures

P < 0.001). There were no significant differences in
the frequency of PEP, perforation, acute cholangitis,
or acute cholecystitis. Bleeding was significantly more
frequent in the EST group than in the ESBD group (EST
group 9.6% vs. ESBD group 1.2%, P < 0.001). Also, carly
bleeding was significantly more frequent in the EST group
(EST group 7.9% vs. ESBD group 0.9%, P < 0.001).
Recurrence of CBDS was more frequent in the EST group
than in the ESBD group (EST group 11.4% vs. ESBD
group 5.9%, P = 0.05), albeit not significantly so.

The management of early and delayed bleeding is shown
in Table 4. All patients with post-ERCP bleeding were
successfully treated by endoscopic hemostasis. Early
bleeding was observed in nine patients in the EST group,
and three patients in the ESBD group. Among the nine
patients in the EST group, eight (88.9%) required balloon
tamponade, and one (11.1%) required HSE injection.
Among the three patients in the ESBD group, two (66.7%)

EST (n=114) ESBD (n=321) P
Overall stone removal 100% 100% 1.00
Required multiple sessions 40 (35.1%) 41 (12.8%) <0.001
Mean procedure time (min) 31.6£16.8 25.8+£18.8 0.01
Mechanical lithotripsy 19 (16.7%) 25 (7.8%) 0.01
Mean duration of follow-up (months) 75.7£29.0 40.1£23.8 <0.001
Difficult cannulation & employed procedure 6 (5.3%) 22 (6.9%) 0.66
Pancreatic guidewire 1(0.9%) 8 (2.5%) 0.30
Pancreatic stent 3(2.6%) 6 (1.9%) 0.62
Pre-cut 5 (1.6%) 0.18
Rendezvous 2 (1.8%) 3(0.9%) 0.48
Prophylactic pancreatic stent 5 (4.4%) 9 (2.8%) 0.41
Prophylactic biliary stent 9 (7.9%) 26 (8.1%) 0.95

EST: Endoscopic sphincterotomy, ESBD: Endoscopic minimal-sphincterotomy followed by papillary balloon dilation
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Table 3: Adverse events related to the procedures

Table 4: Management of bleeding

EST ESBD P
(n=114)  (n=321)

Total number of adverse events 18 (15.8%) 14 (4.4%) <0.001
Post-ERCP pancreatitis 3(2.6%) 6 (1.9%) 0.62
Mild/moderate/severe 3/0/0 6/0/0 -
Bleeding 11(9.6%) 4 (1.2%) <0.001

Early bleeding (within 1 week) 9 (7.9%) 3(0.9%) <0.001

Delayed bleeding (after 1 week) 2 (1.8%) 1(0.3%) 0.1
Perforation 2 (1.8%) 1(0.3%) 0.11
Acute cholangitis 1(0.9%)  3(0.9%) 0.96
Acute cholecystitis 1(0.9%) 0 0.09

Mortality 0 0 -

Recurrence of CBD stones 13 (11.4%) 19 (5.9%)  0.05
Recurrence of CBD stones (<1year) 6 (5.3%) 8 (2.5%) 0.15

EST: Endoscopic sphincterotomy, ESBD: Endoscopic

minimal-sphincterotomy followed by papillary balloon dilation,

CBD: Common bile duct stones

required balloon tamponade, and one (33.3%) required
hemostatic clipping. These patients with early bleeding
required unplanned hospital admission or prolongation
of hospital stay for =3 nights and graded as mild in the
Lexicon criteria.

Delayed bleeding was observed in two patients in the EST
group and in one patient in the ESBD group. Of the two
patients in the EST group, one (50.0%) required balloon
tamponade and one (50.0%) required blood transfusion.
The patient transfused with four units of blood had a
melena and a drop in the hemoglobin level of 5 g/dL from
baseline. In the ESBD group, one patient with delayed
bleeding required balloon tamponade. These patients
with delayed bleeding were required repeat endoscopy and
graded as moderate in the Lexicon criteria.

ESBD had a low risk of bleeding, and did not increase
the risk of PEP, perforation, acute cholangitis, or acute
cholecystitis. Medium EST, chronic pancreatitis and
stone diameter were risk factors for bleeding in the
univariate analyses. Only medium EST remained as an
independent risk factor for bleeding (odds ratio 0.118, 95%
confidence interval 0.037-0.379; <0.001) in a multivariate
analysis [Table 5].

DISCUSSION

EST is the standard technique for the removal of CBDS.
However, EST carties an 8% to 13% risk of acute AEs,
such as PEP, cholangitis, bleeding, and perforation.” "
EPBD using balloons of diameter 6 to 10 mm is an
alternative to EST as a treatment for CBDS. However,
EPBD is associated with a high risk of PEP. DiSario ez a.
reported a high frequency of PEP (15.4%), including two
deaths from acute severe pancreatitis, among patients who
underwent EPBD in a prospective randomized multicenter

Early bleeding® Delayed bleeding’

(n=12) (n=3)
EST ESBD EST ESBD

Patients, n 9 3 2 1

Mild/moderate/severe  9/0/0 3/0/0 0/2/0 0/1/0
Endoscopic treatment, n (%)

Balloon tamponade 9 (100%) 3 (100%) 1(50.0%)  1(100%)

Injection with HSE 1(11.1%) 0 0 0

Hemostatic clipping 0 1(33.3%) 0 0

Blood transfusion 0 0 1(50.0%):4unit 0

EST: Endoscopic sphincterotomy, ESBD: Endoscopic
minimal-sphincterotomy followed by papillary balloon dilation,
HSE: Hypertonic saline epinephrine. ®within 1 week, Tafter 1 week

trial, and EPBD was the only reason for PEPP Incomplete
dilation of the papilla, intramucosal bleeding, and local
edema was thought to be the main causes of PEP with
EPBD."

ESBD was developed to decrease the risk of bleeding
without increasing the risk of PEP because the pancreatic
orifice is separated from the biliary orifice after minimal
EST. We evaluated the safety and effectiveness of
ESBD compared with EST for the removal of CBDS
of <12 mm diameter. Ding e/ a/. reported that ESBD as
a combination technique might be better for achieving a
wide opening based on the two-ring theory."" In theory,
the stone-extraction tunnel consists of two segments:
the intraduodenal portion of the papilla forms the distal
segment, and the distal bile duct the proximal segment.
EST, EPBD, and ESBD have different effects on the
stone-extraction tunnel. EST opens the distal segment and
shortens the stone-extraction tunnel but does not affect
the proximal segment. EPBD dilates both segments but
maintains the whole structure intact. ESBD cuts the distal

Table 5: Univariate and multivariate analysis of risk factors
for bleeding

Univariate Multivariate analysis
analysis

P Odds ratio (95% ClI) P
Age 0.61 - -
Sex 0.79 - -
Cardiovascular disease 0.32 - -
Chronic renal failure 1.00 - -
Liver cirrhosis 1.00 - -
Chronic pancreatitis 0.02 7.16 (0.57-89.84) 0.13
Diabetes mellitus 0.63 - -
Platelet count 0.71 - -
PT% 0.10 - -
Antithrombotic drugs 0.13 - -
diameter of stones 0.01 0.99 (0.83-1.19) 0.93
Periampullary diverticula 0.13 - -
ESBD <0.001 0.12 (0.04-0.38) <0.001
Mechanical lithotripsy 0.67 - -
Procedure time 0.56 - -

ESBD, endoscopic minimal-sphincterotomy followed by papillary
balloon dilation
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segment to shorten the stone extraction tunnel and dilate
the proximal ring, As a result, the combination procedure
may result in a wider opening, facilitating stone removal.
In the present study, the final stone removal rate was
100% in both groups. However, the first stone removal
rate was significantly higher in the ESBD group than the
EST group (87.2% vs. 64.9%, P < 0.001). In addition,
the rate of ML was significantly lower and the procedure
time was significantly shorter in the ESBD group, despite
the additional time required for papillary balloon dilation.
These results suggest that the addition of papillary dilation
after minimal incision may result in a more open papilla
than medium EST. Therefore, ESBD was considered a
more efficient procedure for CBDS removal.

Bleeding is one of the most frequent AEs of EST and
the incidence is reported to be 1-10%.">">""I Despite
technical improvements and enhanced knowledge of the
AEs associated with EST, bleeding remains one of its
most problematic AEs."® The number of patients taking
antithrombotic drugs is increasing as the eldetly population
increases and most patients cannot stop these drugs safely
due to the high risk of cardiovascular or thromboembolic
events.'” Patents with any undetlying coagulopathy
have an increased risk of procedural or postprocedural
bleeding,>*'*! EPBD has been reported to reduce the
tisk of bleeding compared to EST.I"***I ESBD is likely
to reduce the risk of bleeding as well as EPBD because
of the minimal incision required. In the present study, the
frequency of acute bleeding was significantly lower in the
ESBD group than in the EST group, although the number
of patients taking antithrombotic drugs was significantly
higher in the ESBD group (EST group 14.0% vs. ESBD
group 29.6%, P < 0.001).

Obstruction of the outflow of the pancreatic juice by
intramucosal bleeding and/or local edema after EPBD
is assumed to be a main cause of PEP.* Additionally, an
insufficiently enlarged orifice of the bile duct hampers
insertion of endoscopic devices and subsequent stone
removal, and this stress on the pancreatic orifice results in
PEP. EST drains pancreatic juice by incising the common
channel and separating the pancreatic duct orifice and the
bile duct orifice. Notably, EPBD has an estimated 5-7%
risk of PEP, which is higher than that of EST.*'%*" In the
present study, PEP occurred in three patients (2.6%) in the
EST group and in six patients (1.9%) in the ESBD group.
The incidence of PEP was similarly low in both groups.
Obur results showed that the additional papillary dilation did
not increase the risk of PEP. Separation of the pancreatic
and biliary ducts was achieved using even a minimal incision
of the papilla, which reduced the incidence of PEP.

There were several limitations to this study. The major
limitation was the retrospective collection and analysis
of data. The other limitations were the relatively small
number of patients in the EST group, and the different
follow-up periods between the groups. The latter was
because EST alone was performed mainly before 2012 and
ESBD mainly after 2012. Moreover, accurate assessment
of stone recurrence is difficult because patients without
biliary symptoms do not come to hospital if the stone has
recurred. We also acknowledge that some patients with
complications would not return to our hospital and might
have been missed. A further prospective study is needed
to assess these limitations. We did not calculate or compare
the cost of the procedures. Both additional balloon dilation
and treatment for AEs may increase.

In conclusion, ESBD was more efficient and safer in the
management of CBD stones than EST. ESBD showed
lesser ERCP sessions, shorter procedure time and lower
rate of using ML than EST group. Concern with adverse
event, bleeding, and PEP were less in ESBD group.
A prospective randomized controlled study comparing
ESBD with EST is needed to establish this combination
technique.
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