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Abstract

Large bile duct stone (> 10 mm) or multiple stones
(= 3) are challenging for endoscopists. Endoscopic
sphincterotomy (EST) is a routine therapeutic endoscopic
retrograde cholangiopancreatography (ERCP) procedure
usually used. It is safe and effective, but severe
perforation or massive bleeding are the main causes
of mortality. Because of the permanent destroy of
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Oddi sphincter, the use of EST is still controversial.
Endoscopic papillary balloon dilation (EPBD) gives
another way to open the sphincter. Less incidence of
bleeding, perforation and partly preserving the Oddi
sphincter’s function are the main advantages. But
high incidence of post-ERCP pancreatitis becomes a
predominant problem. According to the anatomical
feature of Oddi sphincter, limited EST + EPBD seems a
more reasonable procedure. Compared to the former
two procedures, it makes the stone extraction process
much easier with lower incidences of short-term and
long-term complications.

Key words: Endoscopic retrograde cholangiopancreato-
graphy; Common bile duct stone; Endoscopic sphinctero-
tomy; Endoscopic papillary balloon dilation
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Core tip: This review describes endoscopic sphincterotomy
(EST), endoscopic papillary balloon dilation (EPBD)
and limited EST + EPBD in the treatment of difficult
bile duct stones. We analyze the advantages and
disadvantages of these procedures from a unique
anatomic view. Limited EST + EPBD may be the most
reasonable procedure with the highest successful rate
and the lowest incidence of complications.
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INTRODUCTION

Endoscopic sphincterotomy (EST) which was developed
from the 70's of last century has been widely used in
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therapeutic endoscopic retrograde cholangiopancreato-
graphy (ERCP) for a few decades. It is a safe and
effective method for the treatment of extrahepatic bile
duct stones. Although the short-term complications
are decreased with the development of technique
and equipment, massive bleeding and perforation
are still the main causes for patients’ death. As
an operation which destroys the Oddi sphincter
permanently, the use of EST is controversial. The long
-term complications, such as intestinal content reflux,
biliary tract inflammation and stone recurrence, are
the grounds of argument for those who object the
use of EST. In 1982, Staritz treated common bile duct
stones by endoscopic papillary balloon dilation (EPBD)
successfully. Since then, many authors published
reports on the benefits of EPBD and their outcome
were almost comparable to EST. Compared with EST,
EPBD was easier to operate and of less incidence
of bleeding and perforation. Most of all, it might
preserve the function of the Oddi sphincter. But soon
the high incidence of post ERCP pancreatitis (PEP)
reported by DiSario et a'"! and his colleagues after a
series of multicenter studies questioned the value of
this technique. Their results showed that 15%-20%
patients developed PEP after EPBD and 2 patients
died of severe pancreatitis and EPBD was the only
reason for PEP. Incomplete dilation of the papilla, intra-
mucosal bleeding and local edema were thought to
be the main causes. Due to the high risk of PEP, most
of the endoscopists in North America abandoned this
method. But EPBD was still used in Europe and East
Asia. Recently some authors report that with large
balloon (= 10 mm) and long term (3 to 5 min) could
prominently decreased the incidence of PEP after
EPBD compared to the traditional small balloon and
short term (< 1 min) procedure. More recent reports
recommend the combination of limited EST + EPBD
and it seems to be a more reasonable technique.

A WIDE OPENING IS CRUCIAL FOR A
SUCCESSFUL STONE EXTRACTION

The treatment of a large bile duct stone (> 10 mm)
or multiple stones sometimes appears to be a difficult
experience for endoscopists. How to get the opening
as wide as possible is the key factor for a successful
treatment. To understand the difference between these
3 techniques, some further understanding should be
made on the anatomy of the Oddi sphincter. It is a
very complicated muscle structure which is composed
of sphincter choledochus, sphincter pancreaticus,
sphincter ampullae and some longitudinal bundles.
In most human beings, the muscle fibers around the
orifice of the papilla and the one passing through the
duodenum wall are dense and thick. They are the main
barrier for stone extraction like two dense rings in the
papilla (Figure 1).

It is usually defined that the tunnel starts from
the distal portion of the bile duct to the orifice of the
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papilla as the stone extraction tunnel (SET). Based
upon the anatomy described above, we divide the
tunnel into two segments: the distal bile duct and the
intra-mural portion of the Oddi sphincter constitute the
proximal segment, which contains the proximal ring,
and the intra-duodenal portion of the papilla forms the
distal segment which contains the distal ring around
the orifice (Figure 1). EST, EPBD and limited EST +
EPBD have different effects on that tunnel. Traditional
EST cuts almost the entire distal segment from the
orifice up close to the duodenal wall. EPBD dilates the
total SET. Limited EST opens the distal portion of the
intraluminal papilla and at the same time EPBD dilates
the rest portion. Analyzing based on our “2-ring”
theory, EST opens the distal ring, shortens SET while
does nothing on the proximal ring. EPBD dilates
the entire SET including 2 rings but keep the whole
structure intact. Limited EST + EPBD cut the distal ring
to shorten SET and dilate the proximal ring as well. So
the combination procedure may be better to access a
wide opening of SET from the anatomical view.

Poincloux et al’”! studied 64 cases of limited EST +
EPBD for difficult bile duct stones retrospectively. The
successful rate in the first attempt was 95.3% without
the use of mechanical lithotripsy (ML). Stefanidis et
al® did a prospective study on EST + EPBD and EST
+ ML for the treatment of large stones (> 12 mm).
There was no difference between the two groups
of the successful rate in the first attempt (97.7%
vs 91.1%, P > 0.05). It was concluded that EST +
EPBD decreased the frequency of ML usage. Another
RCT study™ shows that there’s no difference on the
successful rate between limited EST+EPBD and EST
group. However, the frequency of ML usage is much
lower in the former group (28.8% vs 46.2%, P = 0.028)
and the difference becomes more prominent when the
diameter of the stones are beyond 15 mm (58.1% vs
90.9%, P = 0.002).

Reviewing the recent 5-year reports on simple
EPBD in treating difficult bile duct stones, the
successful rate in the first attempt was 65.8%-92.7%
and ML was frequently used™®, which indicates the
effects are not as good as EST and EST + EPBD.

MORE PATENT THE PANCREATIC
OUTFLOW, LESS POST-ERCP

PANCREATITIS

Although most of post-ERCP pancreatitis (PEP) cases
are mild, it is a common early complication after
ERCP intervention. Studies on early EPBD treatment
showed a higher incidence of PEP when compared
with EST, especially for the severe PEP. Obstruction
of the outflow of pancreas aroused by intra-mucosa
bleeding and/or local edema after EPBD is assumed to
be the main cause. But some authors think that the
procedures before EPBD, such as difficult cannulation,
guidewire runing into the pancreatic duct repeatedly,
opacification of the pancreatic duct or even ML are the
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Figure 1 The anatomy of Oddi sphincter and stone extraction tunnel.

key factors for PEP. To prove this hypothesis, Seo et
al®! designed an interesting study. Fifty-six antegrade
balloon dilation of the papilla through the PTCD
method were done for the treatment of common bile
duct stones. Two hundred and eight cases of EPBD
of the same period were put into the control group.
Except for 4 cases of hyperamylasemia, there was no
pancreatitis in the experimental group, but the PEP and
hyperamylasemia rate was 6.7% (including 1 severe
type) and 29.8% respectively in control group. But this
hypothesis can’t explain why there is a lower incidence
of PEP in the EST group when the similar pre-EPBD
procedures exists. Reviewing some early reports on
EPBD, we can find that the incidence of PEP was as
high as 15%-20%. Most of these studies utilized short-
term (< 1 min) dilation of the Oddi sphincter with
small diameter balloons. Incomplete dilations brought
difficulties in stone extraction and resulted in high
incidence of ML usage. The subsequent intra-mucosa
bleeding and/or local edema around the pancreatic
orifice became the main cause of pancreatic outflow
obstruction and thus PEP. Comparing to the incomplete
short-term dilation with small balloons, EST shortens
SET and makes a wider opening which facilitates
stone extraction. Therefore, it leads to less edema and
eventually a lower incidence of PEP.

Recently, there has been a great development in
the EPBD therapy. Long term (3-5 min) dilation with
large balloon (12-20 mm) is replacing the old method.
Complete dilation results in a total paralysis of the
sphincter. It not only makes the extraction easier, but
also guarantees a patent bilio-pancreatic outflow for
a period of time. Limited EST with long-term large
balloon dilation is more widely accepted now, especially
in East Asia. This operation is recommended for that it
not only opens the distal ring to shorten SET, but also
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dilates the proximal ring. The bilio-pancreatic outflow
is more patent than that made by EST because EST
has done nothing to the proximal ring. Although it is
called “limited”, the cutting edge can usually reach or
even exceed the pancreatic orifice. So the subsequent
balloon stress maybe only focused on the proximal
ring, which may alleviate the extent of edema around
the pancreatic orifice.

The recent reports on large balloon and long-term
EPBD with or without EST indicate that the incidence
of PEP is 5% and there’s no significant difference when
compares to EST. Park et ai™® published a multicenter
retrospective studying which EPBD with or without
limited EST were used to treat 964 cases of large (> 10
mm) common bile duct stones. Their result confirms
that the incidence of PEP has an inverse correlation to
the diameter of the balloon. We don't agree that “the
bigger, the better” can be the principle for choosing
a balloon caliber. The common consensus is that the
adequate diameter of a balloon should at least be
equal to that of the biggest stone. Furthermore, EPBD
is not recommended for the patients without bile duct
dilation and those with distal bile duct stricture™,

LESS CUTTING, LESS BLEEDING AND

LESS PERFORATION

The incidence of bleeding after EST is about 0.8%-2%.
Radiologic intervention or surgery may be necessary
when massive bleeding occurs. Cirrhosis, coagulopathy
and anti-coagulant taking are the contraindications for
EST. The early purpose of replacing EST with EPBD is
to avoid bleeding and perforation. In Japan, Takahara
et al''"! reported a 37-case group of bile duct stone
patients who were undertaking hemodialysis. Only 2
(5.4%) patients developed bleeding after EPBD. When
reviewing the recent Meta-analysis comparing EST and
EPBD, it is showed that EST has a higher incidence of
bleeding.

According to the anatomy of vessel distribution
around Oddi sphincter, the small vessels are usually
located at the roof of the papilla just close to the
duodenal wall. The territory from 11 o’clock to 1 o’
clock direction is recommended for a safe EST. In
order to get a large outlet for stone extraction, total
EST is recommended to extend the incision up close
to the duodenal wall, as a result bleeding cannot be
totally avoided. Limited EST only cut the distal ring and
leave the proximal portion intact to keep a distance
from these vessels, so bleeding is rare. Park’s et af*”
study demonstrated this hypothesis. They found that
complete EST or limited EST is the independent factor
that influences the incidence of post-operative bleeding
(OR 6.22, P < 0.001).

Although the incidence of bleeding after EPBD or
limited EST + EPBD is low, the result is unacceptable.
Excessive cutting, distal bile duct stricture or
inadequate use of a large balloon are the main factors
for tearing the mucosa of the lower bile duct apart.
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Because the location of the bleeding vessels is very
high as described, the uncut structure after EPBD or
limited EST + EPBD prevent the endoscopists from
visualizing the bleeding point directly under the scope.
And finally, there may be multiple bleeding exists when
the mucosa is torn apart. These factors make the
diagnosis and treatment much challenging. Recurrent
hemorrhage is common after radiologic intervention or
even surgery. Fully covered metal stent maybe useful
in this situation.

IS ODDI SPHINCTER
WORTH PROTECTING IN
CHOLEDOCHOLITHIASIS?

Besides the advantages for less bleeding and less
perforation, preserving the function of Oddi sphincter
is another goal of EPBD. According to Kojima’s!*!
excellent manometry study on patients’ sphincter
before and after EPBD, he concluded that 70% of the
sphincter function was preserved after EPBD.

Changes of bile composition and bacterial infection
are well-known causes for bile duct stone formation.
But little is known in present about the role of
biliary dynamics. We believe that it takes great part
in the pathogenesis of choledocholithiasis or even
cholecystolithiasis.

The normal functions of Oddi sphincter are: (1) to
provide a patent pathway for bile excretion; and (2) to
prevent bowel reflux. Either disorder in these 2 aspects
may result in stone formation. If the etiology is due to
an inadequate patency, EST maybe the correct choice;
while if bowel reflux is the main problem, such as the
para-papilla diverticulum, it may be more reasonable
to do EPBD. Some further evidence-based studies
was needed on these interesting topics. But above all,
development in atraumatic and repeatable diagnostic
methods to evaluate the status of Oddi sphincter was
looking forward.

CONCLUSION

In summary, EST + EPBD is a reasonable procedure
for difficult bile duct stones. It makes a wide opening
of the Oddi sphincter to ensure a high success rate of
stone extraction with lower incidence of PEP, bleeding
and perforation. The long-term results need further
researches on the dynamics study of the biliary tract,
especially the Oddi sphincter.
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