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Abstract

Common bile duct stones are frequently diagnosed worldwide and are one of the
main indications for endoscopic retrograde cholangio-pancreatography.
Endoscopic sphincterotomy (EST) has been used for the removal of bile duct
stones for the past 40 years, providing a wide opening to allow extraction. Up to
15% of patients present with complicated choledocholithiasis. In this context,
additional therapeutic approaches have been proposed such as endoscopic
mechanical lithotripsy, intraductal or extracorporeal lithotripsy, or endoscopic
papillary large balloon dilation (EPLBD). EPLBD combined with EST was
introduced in 2003 to facilitate the passage of large or multiple bile duct stones
using a balloon greater than 12 mm in diameter. EPLBD without EST was
introduced as a simplified technique in 2009. Dilation-assisted stone extraction
(DASE) is the combination of two techniques: EPLBD and sub-maximal EST.
Several studies have reported this technique as safe and effective in patients with
large bile duct stones, without any increased risk of adverse events such as
pancreatitis, bleeding, or perforation. Nevertheless, it is difficult to analyze the
outcomes of DASE because there are no standard techniques and definitions
between studies. The purpose of this paper is to provide technical guidance and
specific information about the main issues regarding DASE, based on current
literature and daily clinical experience in biliary referral centers.
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Core Tip: This narrative and practical review has been written to clarify some issues
and key points regarding the treatment of difficult common bile duct stone using
dilation assisted stone extraction technique.
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INTRODUCTION

Bile duct stones most frequently result from the migration of gallstones from the
gallbladder into the biliary tree. Common bile duct (CBD) stones are the main
indication for endoscopic retrograde cholangiopancreatography (ERCP), which has
transformed bile duct stone removal from a major operation to a minimally invasive
procedure. The success rate is from 85% to 95%['7. A critical step to obtaining
successful stone extraction is to provide an adequate opening for the stones that are to
be removed by endoscopic sphincterotomy alone, endoscopic papillary balloon
dilation (EPBD) alone, or a combination of both!. In more than 90% of cases,
conventional treatment is based on endoscopic sphincterotomy (EST) with stone
extraction using a Fogarty balloon catheter or Dormia-type basket. Difficulties in stone
extraction may be due to the stone(s) being too large to pass through the
intrapancreatic portion of the bile duct or the biliary sphincterotomy site’. This could
occur in a small number of cases, approximately 5%-10%, in which the conventional
treatment is not enough to obtain the complete removal of the stone, known as
“complex” lithiasis!"*. The most complete definition of "complex" lithiasis includes the
presence of multiple (10 or more) or large stones (with a diameter > 15 mm, called
macrolithiasis), anatomical conditions such as strictures, sigmoid-shaped CBD,
disproportion between the size of distal bile duct and the stone (difference greater than
2 mm), post-surgical altered anatomy, duodenal stenosis, peri ampullary diverticula
(PAD), and difficult access to the major papillal“. In the past, the established approach
to fragment “complex lithiasis” was mechanical lithotripsy (ML), a technique
introduced and described for the first time in 1985 by Riemann et all’; it requires the
use of a large basket to trap the stone, a crank handle is then used to apply tension to
the wires and to crush the stone against a metal sheath!’l. Other commonly used
techniques are: Extracorporeal shock wave lithotripsy, cholangioscopy-assisted
electrohydraulic or laser lithotripsy, plastic ore self-expanding metal stent (SEMS)
placement, and endoscopic papillary large balloon dilation (EPLBD) also known as
dilation assisted stone extraction (DASE)">**1.

Almost all endoscopists who deal with the biliary tract have a clear understanding
of the difficulties and frustration resulting from the failure to extract large stones
through the papilla, despite maximal EST extended until duodenal fold. The concept
behind DASE technique lies in the enlargement of the papillary section to an extent
that allows large stones to pass through and out in the duodenum, even without their
fragmentation. The first systematic experience of EPLBD was observed in 2003 by
Ersoz etal', who applied this technique in 58 patients in whom endoscopic
sphincterotomy and standard basket/balloon extraction were unsuccessful in the
removal of CBD stones. EST followed by dilatation of the ampulla and distal bile duct
with a large-diameter esophageal/pyloric type pneumatic balloon (10-20 mm) was
effective in the clearance of large bile duct stones (15-28 mm) in 95% of patients. The
purpose was to allow easy removal of the stones by making the distal bile duct more
adaptable and shaped.
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Complications occurred in nine patients (15.5%), including cholangitis and mild
pancreatitis in 3% of patients and bleeding in 9%\ Since then, this technique has
spread rapidly all over the world, experiencing more or less use, due in part to
technical variations, and due to the production of dedicated devices. Global interest in
EPLBD procedure was demonstrated by publication of numerous articles, reviews,
meta-analyses, randomized controlled trials (RCTs), and guidelines from the main
endoscopy associations.

The aim of this paper is to provide technical features and practical advice both from
updated literature and daily experience of our biliary referral center, in which more
than 25 DASE procedures are performed each year.

INDICATIONS OF DILATION ASSISTED STONE EXTRACTION

ASGE and ESGE recommend limited sphincterotomy combined with endoscopic
papillary large-balloon dilation as the first-line approach to remove difficult CBD
stones!"”. The complete stone clearance rate in all sessions of the DASE procedure
ranges from 70% to 97.5%, with an overall complication rate of 12%, based on
published clinical series and trials®***"). When reviewing the published literature, we
need to consider the heterogeneity of the reported data, particularly the dimension of
the biliary stones that are being removed and the extension of the biliary
sphincterotomy. Many studies, for example, include stones from 10 mm upwards,
while others consider only biliary stones wider than 13-15 mm. In the latter group, the
efficacy of DASE in the clearance of the biliary tract is higher than EST alone, as shown
by an RCT published on 2017. In this study, CBD stone clearance was achieved in 74%
of patients in the EST group and in 96.1% of patients in the endoscopic sphincterotomy
plus large-balloon dilation group. As reported, EST was complete in both groups and
not partial, as usually occurs in the classic DASE technique described!?. Another meta-
analysis of 18 studies with 2789 patients showed that the efficacy and safety of DASE
was superior to those of EST for the removal of large CBD stones, both across all ERCP
sessions (odds ratio [OR]: 2.68) and during the first ERCP session (88% vs 79% in the
EST group). Moreover, less mechanical lithotripsy and shorter procedure times are
needed after DASE to manage large stones, with a significantly lower incidence of
adverse events (OR: 0.63)!""!. Based on these findings, ESGE and ASGE guidelines
published in 2019 recommend sphincterotomy combined with EPLBD as first-line
therapy to remove difficult CBD stones!"”. Another possible use for DASE is the
treatment of lithiasis recurrence, previously approached with EST, a scenario in which
a further enlargement of the sphincterotomy could be associated with an increased risk
of bleeding and perforation!"*l.

PROCEDURAL TECHNIQUE

As in standard procedures, before starting with the dilation, a guide wire is placed in
the bile duct through the papilla major, under fluoroscopic monitoring, and after
cholangiography; then a sphincterotomy is performed over the guide wire. When a
physician is considering dilation assisted stone extraction, the extent of the
sphincterotomy should not be too limited as the safety of the technique likely depends
on at least partially severing the sphincter muscle. At this point, to get a better view of
the radiological anatomy of the biliary tree, it is strongly advised to perform a high-
pressure cholangiography using a Fogarty catheter, to exclude suspicion of distal bile
duct tight stricture before starting with dilation. The best-selling biliary catheters for
pneumatic dilation are wire-guided, with a balloon length from 3 to 5.5 cm and
variable diameters (10 to 20 mm). They are compatible with 3.2 mm working channel
endoscopes and 3.8 mm working channel duodenoscope and have embedded
platinum/indium radio-opaque markers to facilitate balloon placement using
fluoroscopy. From the DASE technique literature, nuances of the technique, including
positioning of the balloon, and duration and size of balloon dilation are still not
certain. Some authors recommend positioning the balloon across the papilla leaving
more than one-half of its length on the duodenal side, although this advice results
primarily from subjective experience. Other authors propose pushing the biliary
stones upward before proceeding with the inflation phase, to minimize the risk of
traumatic damage caused by their “crushing” between the balloon and the choledocic
wall, while others recommend positioning more than one-half of the balloon inside the
bile duct to exploit the pneumatic compressive action to break, at least partially, the
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biliary stones!*'>'’l. These are a few examples of how there is not uniform agreement on
the DASE technique in the literature. From our experience, we found that fragmenting
the stones or moving them proximally is not fundamental, since the placement of the
dilating balloon, even deflated, is enough to do it. Once the balloon is positioned so its
midpoint is on the papillary sphincter, it should be inflated with a dilute contrast
medium, which allows fluoroscopic monitoring. Gradual and slow inflation under
endoscopic and fluoroscopic monitoring is recommended (“step-by-step” technique)
to prevent the “watermelon seed” effect. It may be necessary to put either traction or
inward pressure on the balloon catheter to maintain its position during inflation. Once
the target pressure has been reached, inflation should be maintained for 30-60 s until
the balloon waist disappears or better until the stenosis gradually reaches the diameter
suitable for the removal of the stones. If there is residual waist formation or extensive
longitudinal narrowing of the balloon, even when the maximum pressure target has
been reached, it is not recommended to inflate more; at least until checking the papilla
to exclude complications. Then, if the initial balloon diameter is felt to be too small, a
second inflation using a larger diameter balloon can be performed. It has been
reported in the literature that the balloon waist persistence could be caused by scar
tissue on the papilla, causing higher incidence of perforation. The gradual application
of balloon pressure in patients with long-standing large bile duct stones is suggested
to prevent sudden tearing of the ampullary roof reducing the incidence of traumatic
wall damagel*>'"*l. After the dilation phase, a standard retrieval balloon or basket
may be used to pull down the stones. At the end, high-pressure cholangiography
should be performed to check CBD clearance and exclude complications (Figure 1). Of
note, pneumatic dilation is considered a painful procedure and should be performed
under deep sedation or general anesthesia.

SPHINCTEROTOMY YES OR NO?

At the beginning, DASE procedure was performed after a complete EST, to reduce the
incidence of acute post ERCP pancreatitis (PEP), a complication reported as being
more frequent in patients undergoing EPBD instead of EST alone”'. However, data
from more recent studies do not seem to confirm this evidence!"”*>*1.

In 2009, Jeong et al*! showed that large-balloon sphincteroplasty (LBS) without EST
is safe in patients with large bile duct stones, although with a lower efficacy; the
complete duct clearance by LBS alone without mechanical lithotripsy was achieved in
76.3% of patients, while complete stone retrieval was achieved by LBS alone in the first
session in 65.8% of patients”l. The latest trial published by Kogure et al™), involving
171 patients (all over 60-years-old) across 19 Japanese centers, asserts that EPLBD
without EST is significantly more effective than EST alone for the removal of large (=
10 mm) CBD stones in a single session. No difference in adverse events (AEs) were
recorded®™!.

An "intermediate" approach proposed by Kim and colleagues was that pneumatic
dilation has to be preceded by a minor (less than half) EST made from the orifice of the
papilla proximally but not extended beyond the horizontal fold or the transverse fold
of the papilla. The rationale for this approach in that the subsequent pneumatic
dilation could spread the tension stress on the biliary side more that on the pancreatic
one, reducing risk of PEP as well as bleeding and perforation, whereas the overall
success rate was not affected™ (Table 1).

Subsequent studies and meta-analyses have shown contradictory results in terms of
efficacy and safety of DASE preceded or not by EST!***. Of note, few studies have
investigated Oddi’s sphincter (SO) function after EPLBD procedure: Cheon ef al™
performed endoscopic manometric studies on 86 patients before and after the EBPLD,
and found that dilation procedure resulted in significative and prolonged loss of SO
function after 1 wk and 1 year, irrespective of the association with or without EST™.
To date, the European, American and Japanese guidelines recommend, among
patients with large or difficult-to-remove bile duct stones, to choose limited EST
followed by large balloon dilation over EST alone. The approach of EPLBD without
EST should be limited to patients with coagulopathies and in those who have
previously undergone sphincterotomy!*'l.
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Table 1 Main characteristics across different studies of patients underwent to endoscopic large balloon papillary dilation

Stone . Dilation time after CBD clearance EML AEs
. EPLBD/EST . EST prior . ’ ’
Ref. Study design TP dimension, EPLBD waist at first session, EPLBD/EST, EPLBD/EST,
’ cut off, mm disappearance,s EPLBD/EST,% % %

Li et all, Retrospective, 161-60 >10 Complete 60 98.8/98.3 18/28.3 6.8/6.7
2018 single center
Karsenti Prospective, 77-73 >13 Complete Na 96.1/74 3.9-35.6 8.1-9.3
etall'” 2017 randomized,

multicentric
Kuo et al™!, Retrospective, ~ 58-31 >15 Partial 120 98.3/83.9 3.4-10.4 3.4-12.9
2019 single center
Teoh et al Prospective, 73-78 213 Partial 30 89-88.8 28.8-46.2 6.8-10.3
31 2013 randomized,

multicentric
Jun Bo Prospective, 63-69 215 Partial 30 80.9-60.8 7.9-24.6 11.6-7.9
etal® 2013 randomized,

single center
Kogure Prospective, 86-85 212 None <10 90.7-78.8 30.2-48.2 9.3-9.4
etal™ 2020 randomized,

multicentric
Our Retrospective, 72-83 =15 Complete 30 88-79.1 6.4-5.5 10.3-10

experience  unpublished
(2016-2020)

AEs: Adverse events; CBD: Common bile duct; EML: Endoscopic mechanical lithotripsy; EPLBD: Endoscopic papillary large balloon dilation; EST:

Endoscopic sphincterotomy.

&

i

Figure 1 Radiologic and endoscopic view of macrolithiasis treated with dilation assisted stone extraction.

BALLOON DIAMETER AND DILATION TIME

Biliary catheters for pneumatic dilation are wire-guided, with a balloon length from 3
to 5.5 cm and diameters from 10 to 20 mm. The choice of the balloon type and the
diameters to be reached must be carefully evaluated by radiological images review
pre-ERCP and cholangiography during the procedure. The final diameter of the
balloon shouldn’t exceed the diameter of the distal bile duct (even in case of larger
stone), then it should be gradually and slowly pressurized using contrast medium
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injection according to the corresponding atmosphere reported by the manufacturer’s
instructions, until waist disappearance. Final balloon dilation should be maintained no
more than 30-60 s or better until the stenosis gradually gives way. Indeed, in a recent
multicentric trial involving 1920 patients, Meng et al”” showed that the rate of PEP was
significantly higher in the case of dilation time longer than 180 s*?l.

Distal CBD stricture or small extrahepatic duct size should be considered
contraindications to DASE. Therefore, it is necessary to exclude, beyond any
reasonable doubt, the presence of unknown or misdiagnosed pre-papillary tight and
uncompressible stricture. For this purpose, it could be useful to acquire
cholangiography images from various perspectives moving the radiological arch or the
operating bed and checking carefully also the portion of the CBD that usually hides
behind the duodenoscope. In a large study, Park et al*! analyzed AEs following DASE
according to severity and reported that perforation occurred when no obvious distal
CBD stricture was identified and when there was discrepancy between distal CBD and
balloon diameter. Moreover, the rate of severe-to-fatal AEs was higher when balloons
larger than 15 mm were used to dilate the CBDU*l.

CLINICAL AND ECONOMICAL ADVANTAGES OF DASE

Some RCTs have investigated the economic advantages of the DASE technique
compared to EST alone. The study of Teoh etal™ showed that the cost of
hospitalization was significantly lower in the DASE group ($5025 vs $6005)""l. Another
study confirmed this data, showing the duration of admission was significantly
shorter in the DASE group (10.5 = 6.6 d) than in the EST group (14.9 = 7.8 d)I.
Concerning the average cost of the devices used during endoscopic procedures,
Karsenti et all"”! did not show substantial differences between the DASE group (€449)
and the EST alone group (€447)I"l. Finally, an observational study by Itoi et all*’]
showed in a group of 101 patients that total procedure time and fluoroscopy time in
the DASE group were significantly shorter than those of the EST group (32 and 13 min
vs 40 and 22 min)".

The limitations of most of these data are heterogeneity in cost evaluation and
variation in study populations, trial design, and operator techniques; therefore, their
clinical impact must be considered with caution.

COMPLICATIONS

Bleeding

Literature review shows that DASE-related bleeding is statistically less frequent than
occurs in patients treated with EST alonel"""). This was confirmed in a recent meta-

analysis, which highlighted how post-ERCP bleeding is significantly more frequent in
patients treated with complete EST compared to DASE (3.4% vs 1.9%, P = 0.02)P. Of
note, the systematic review by Kim and colleagues published in 2013 showed that
bleeding related to maximal EST and papillary large balloon dilatation was slightly
higher in respect to patients treated with EST alone, whereas there were no differences
between patients treated with papillary dilation combined with partial or no EST"};
these data proved once again that bleeding is strictly related to sphincterotomy and its
extension. Many studies have established that liver cirrhosis, uncontrolled
coagulopathies, ongoing anti-platelet drugs, stones larger than 16 mm and maximal
EST are risk factors for bleeding in patients undergoing to DASEP**!. In case of DASE-
related bleeding, hemostasis can be achieved using standard techniques (adrenaline,
clips, SEMS) or inflating again the balloon across the papilla up to 60-180 s, in order to
obtain vessel compression and stop blood flow**l.

Perforation

Although it has been demonstrated that patients undergoing DASE are not at
increased risk of perforation!**!, a strict and careful radiological evaluation is
necessary before and during ERCP procedure. The most serious AE after EPLBD is
perforation. Fortunately, this complication is rare, and most cases were described as
Stapfer type II (papillary) and type III (bile duct) perforations!">***’l. Expert opinion and
published studies underlie the presence of unrevealed distal CBD stricture as well as
the use of balloons larger than 15 mm are associated with an increased risk of
perforation!">'**?l. Fluoroscopic evaluation of pre-papillary tract during ERCP could be
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extremely tricky. Many factors can mask a short and hidden stricture like the
overlapping of endoscope and distal CBD, the inability to obtain a high-pressure
cholangiography with Fogarty catheter of the distal CBD tract, and the physiological
narrowing of its intrapancreatic tract. To overcome these issues, it may be useful to
move the radiological arch to obtain images in different projections, eventually
pushing the instrument in long position or inflating the balloon toward the papillary
orifice before contrast injection (Figure 2). The incidence of perforation has been
reported in patients undergoing DASE ranging from 0.4 to 1.4%">*# If the injury is
promptly recognized, conservative management should be undertaken placing SEMS
(with anti-migration shape) across the leak and naso-biliary drainage, minimizing the
contact between bile fluid and the damaged wall.

Acute pancreatitis

Historically, PEP is considered the most frequent complication in patients undergoing
sphincteroplasty (also named endoscopic papillary balloon dilation -EPBD) even more
than EST. The most likely explanation is that papillary oedema, due to pneumatic
trans-papillary dilation and tissue stress, causes local compartment syndrome and
subsequent outflow obstruction of pancreatic fluids. Nevertheless, a systematic review
by Liao et al™ showed that only short EPBD duration (< 60 s) was associated with a
higher PEP incidence compared with EST (OR: 3.87, 95% confidence interval [CI]:
1.08-13.84), while long (> 60 s) EPBD was not (OR: 1.14, 95%CI: 0.56-2.35)*"\. Also, the
latest ESGE guidelines recommend performing EPBD using an 8 mm balloon after
limited EST, keeping it inflated for at least 2 min after waist disappearance. Moreover,
the placement of pancreatic stent should be considered in case of papillary balloon
dilation not preceded by limited EST**1. While severe pancreatitis was an early
concern with DASE, afterward the rates have proven to be low; the hypothesis is that
the sphincterotomy with partial section of Oddi’s muscle fibers on the biliary side,
could direct the tension caused by the inflated pneumatic balloon toward the top,
reducing tissue stress on pancreatic side*~".. Additional PEP prevention should
include the use of NSAIDs (i.e. rectal Indomethacin) and adequate intravenous fluids
administration, especially in those with virgin papillal'*l. Prophylactic pancreatic
stent should also be placed in selected patients at high risk for PEP, and in case of
difficult biliary cannulation or inadvertent guidewire insertion/ opacification of the
pancreatic duct®*4,

PARTICULAR CASES

Paravaterian diverticulum

The presence of PAD, especially when the papilla is located inside or on the edge of it
(PAD types I and II), increases the difficulty to perform a wide EST required for stone
passage through the papillary orifice. Some factors that limit the extension of biliary
sphincterotomy in presence of a PAD are: The duodenal sprain, the dislocation of the
papillary sphincter, and the thin diverticular wall. In these cases, DASE has proven to
be a safe and effective technique, as reported in a large cohort of patients by Zulli
et al"’! in which a complete clearance of the biliary tract was obtained in 96% of cases
and with mild or moderate complication in 10%". Due to diverticular compression of
the distal bile duct, the balloon choice should be carefully done (not greater than
diverticular neck in case of PAD type 1) and the balloon should be inflated
progressively, under fluoroscopic and endoscopic view, until the first target is
reached.

Altered anatomy

Treatment of choledocolithiasis is challenging in patients with surgically altered
anatomy of the bilio-digestive system. A step-by-step approach is necessary for
successful endoscopic management of bile duct stones!*l. The most complex phases of
ERCP procedure are the intubation to the afferent limb, biliary cannulation, ampullary
intervention, and stone extraction. In the case of Billroth II reconstruction, the major
papilla (usually located in the reverse position) could be reached using a
duodenoscope as first option, then either therapeutic gastroscope, pediatric
colonoscope or device-assisted enteroscope as second choices. For biliary
sphincterotomy, different techniques could be adopted using rotatable sphinctertome,
free hand kindle knife or stent assisted kindle knife, but all these increases the risk of
adverse events even in experienced hands. Although data are still limited, some
research and patient series report that DASE has proved to be easy, safe and effective,
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Figure 2 Complex lithiasis with common bile duct distal stricture not suitable for dilation assisted stone extraction treatment.
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with complication rates comparable to those found in patients with preserved
anatomy!***I (Figure 3). DASE treatment has also been used in patients with Roux-en-
Y reconstruction; nevertheless, considerable technical expertise is often required
especially to reach the papilla of Vater using enteroscopes or laparoscopic
assistancell. Due to the small number of patients studied in this group, there is not
enough evidence in the literature to consider DASE procedure the standard practice.
This may change in the coming years due to the greater number of Roux-en-Y
reconstructions performed after gastric surgery.

CONCLUSION

Currently, DASE represents the first line technique in the treatment of macrolithiasis
of the CBD. Its global effectiveness has been reported as comparable or superior to EST
for retrieval of CBD stones. In addition, DASE resulted in a reduced need for
mechanical lithotripsy, a lower incidence of morbidity rate, and adverse events.
Furthermore, procedural duration and cost in endotherapy devices used for ERCP
tends to be significantly lower. This treatment is also reproducible, and does not
compromise any further therapeutic attempts. To maximize its effectiveness and to
reduce complications, the essential aspects are a careful evaluation of the biliary tree,
the choice of the balloon size, and the respect of inflation times.
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Figure 3 Dilation assisted stone extraction in patient with type Il peri-ampullary diverticulum and Billroth-Il reconstruction.
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