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Abstract

Background
Endoscopic sphincterotomy (EST) can destroy sphincter of Oddi (SO) function and plays a role in
recurrent choledocholithiasis and cholangitis development. The purpose of this study was to assess the
feasibility of endoscopic endoclip papilloplasty (EEPP) in restoring SO function after EST.

Methods
Seven 26-week-old domestic pigs were divided into control and EEPP groups. Necropsy, hematoxylin-
eosin staining, anti-α-smooth muscle actin (α-SMA) staining of papilla and sphincter of Oddi manometry
(SOM) were conducted in animals at three independent time points.

Results
EST and EEPP were safely performed in all 7 pigs without serious adverse events. For primary outcome,
compared to the controls, EEPP generated smaller dilation with less in�ammation. Fibrous repair of the
papilla was observed at 24 weeks after EEPP. For secondary outcome, in the control group, SO basal
pressure (17.25 ± 18.14 to 5.50 ± 0.71 mmHg), SO contraction amplitude (46.00 ± 19.20 to 34.50 ± 
48.79 mmHg), peak (4.50 ± 4.04 to 1.50 ± 2.12) and frequency (3.05 ± 3.29 to 1.41 ± 2.19 /min) reduced
after EST. Further reductions to almost 0 were observed 3 weeks later, including common bile duct
pressure and SO contraction period. In contrast, in the EEPP group, these manometric data recovered to
pre-EST levels, such as CBD pressure (11.5 ± 7.31 vs 11 ± 2.16 mmHg), SO pressure (17.50 ± 17.75 vs
18.20 ± 21.39 mmHg) and SO contraction amplitude (53.67 ± 21.54 vs 60.00 ± 36.08 mmHg). However, no
signi�cant differences were observed by Student t-test.

Conclusions
In this porcine study, EEPP had accelerated and improved papillary healing after EST, and preserved SO
function.

Background
Since its �rst application for bile stone extraction in 1974 [1, 2], endoscopic sphincterotomy (EST) has
been widely practiced and become a standard therapy in managing choledocholithiasis. However, there
are short term and late complications of EST, such as recurrent choledocholithiasis with an incidence of
8.9%~12.3%[3-6]. Biliary bacteria re�ux, surgery or EST, abnormal biliary anatomy, periampullary
duodenum diverticulum, and chronic in�ammation were the well-established risk factors for recurrent
choledocholithiasis [7]. Sphincter of Oddi (SO) maintains the pressure gradient between the common bile
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duct (CBD) and the duodenal lumen, preventing duodenal �uid and bacterial re�ux into the bile duct[8].
Yang et.al have demonstrated that after EST, SO contraction amplitude and frequency reduced markedly,
and bacterial re�ux into the bile duct played a role in the development of recurrent choledocholithiasis [9].
Recently, we have reported a novel method to close patulous papilla after EST: endoscopic endoclip
papilloplasty (EEPP) [10]. The purpose of this animal study was to assess the feasibility of EEPP in
restoring SO function after EST and to demonstrate its histological and manometric evidence. The
authors compared the histological and manometric changes of papilla after EST or EEPP in a porcine
model.

Methods
All experimental procedures in this study were approved by the Ethical Committee of Laboratory Animals
of Peking University Third Medical School.

 

Animal preparations

Seven 26-week-old domestic pigs (Bama Minipigs; Beiqijia meile farm, Beijing, China) were used.
Randomly, animals were divided into 2 groups, 4 in EEPP group and 3 in control group. The pigs were
daily visual inspected during an acclimatization period of 7 days and fasted for 24 hours before the
procedures. These pigs had commercial semisolid swine feed (Beijing Keao Xieli Feed Co., Ltd., Beijing,
China). All animals underwent general endotracheal anesthesia, induced with sodium pentobarbital and
maintained with propofol. Base-line vital signs (pulse, respiratory rate, arterial blood pressure, O2

saturation) were monitored and recorded every 5 minutes during the procedure. Finally, all animals were
sacri�ced by overdose sodium pentobarbital intravenous injection as indicated below. The primary
experimental outcome was histological changes after operations. The secondary experimental outcome
was SO manometry changes 3 weeks after procedures.

 

Study models (EEPP)

Endoscopic retrograde cholangiography was performed using a standard duodenoscope (ED-450XT,
Fuji�lm Medical Systems; Tokyo, Japan). The EEPP procedure was performed as described previously[10,
11]. Selective wire-guided (Jagwire, Boston Scienti�c, MA, U.S) biliary cannulation was achieved using a
standard sphincterotome (Autotome Rx, Boston Scienti�c). After a large size EST (>1 cm) and a plastic
biliary stent (Advanix, Boston Scienti�c) placement. The patulous papilla was zipper closed using Sure
clips (Rocc-D-26-195, Micro-Tech Co., Ltd., NanJing, China) in a vertically linearized manner (Figure 1).

 

Sphincter of Oddi Manometry (SOM)
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After successful wire-guided selective cannulation of bile duct, a manometric pressure recording catheter
(Cook Medical. Indiana, U.S.) was placed into the CBD and con�rmed on �uoroscopy. The external end of
the pressure catheter was attached to an analyzing machine (PC-Polygraf HR, CTD. SYNECTICS,
Sweden). Once deep cannulation was achieved, we �rst recorded the CBD pressure. Then the catheter
was withdrawn across the sphincter at 1-2 mm intervals by standard station pull-through technique until
a phasic high-pressure zone was located. Maintained the catheter at that place for at least 3-5 minutes,
then the high pressure zone was recorded as the basal pressure of SO. Meanwhile, we recorded the
amplitude, period, frequency and peaks of SO contractions. Then we pulled the pressure catheter into the
duodenal lumen and recorded the duodenal pressure.

 

Hematoxylin-eosin and Immunohistochemistry staining

Three weeks after EST±EEPP procedure, 6 pigs were sacri�ced by overdose sodium pentobarbital
intravenous injection, including 3 in the control group and 3 in the EEPP group. The papilla was removed
from euthanized animals for examination by staining with hematoxylin-eosin. Histological and
pathological evaluations were performed by two experienced pathologists separately.  Twenty-four weeks
after EEPP procedure, the last pig was euthanized by overdose sodium pentobarbital intravenous
injection. Besides hematoxylin-eosin staining, tissue sections from the removed papilla were stained with
a mouse monoclonal anti-α-smooth muscle actin (α-SMA) antibody (Invitrogen, Thermo Fisher scienti�c,
MA, U.S.) for 60 minutes.

 

Statistical analysis

Data obtained from 3 independent pigs were analyzed by Student t-test depending on the result of
Levine’s test for equality of variance. Value of p<0.05 was considered to indicated statistically signi�cant
differences. All statistical analyses were performed using SPSS 25.0 (IBM Corp, Armonk, NY).

Results
The safety of EST+EEPP was comparable with stand-alone EST

EST and EEPP were safely achieved in both control (n=3, underwent large EST only) and EEPP (n=4) pigs.
No serious adverse event was observed, such as obvious immediately bleeding, perforation, irritability or
death. The EEPP procedure time was about 40 to 80 minutes (Figure 1).

 

EEPP accelerated and improved wound healing after EST
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Endoscopic examination was performed 3 weeks after EST/EEPP. The control group showed signi�cant
papillary patulous opening and deformation as compared to normal untreated papilla. In contrast, the
EEPP group showed a smaller dilation and only mild deformation (Figure 2).

After endoscopic examination and SOM, animals were euthanized and examined for papilla histological
changes 3 weeks after procedures. For primary outcome, the control group displayed severe in�ammatory
responses, including abundant neutrophil and macrophage in�ltrations, hyperphlogosis, poor
angiogenesis, large in�ammatory area, severe hemorrhage, irregular wound surface and suboptimal
renovation (Figure 3, A-C). In contrast, the EEPP group demonstrated mild in�ammatory responses, such
as subtle neutrophil and macrophage in�ltrations, good angiogenesis, small in�ammatory area, mild
hemorrhage, tidy wound surface and optimal renovation (Figure 3, D-F). Furthermore, one pig in EEPP
group was euthanized and investigated for papilla histological changes until 24 weeks after procedure.
The hematoxylin-eosin staining showed repaired connective tissue in the wound surface, along with
hyperplastic �brous connective tissue and angiogenesis. By anti-α-SMA staining showed myo�broblasts
between the �brous connective tissue and vessels. All these �ndings indicate a �brous repair of the
papilla after EEPP.

 

EEPP restored the SO function after large EST

SOM was conducted at three time points: 1) immediately after CBD cannulation, before EST/EEPP
procedures, 2) after large EST, and 3) three weeks after EST/EEPP. For secondary outcome, in control
group, SO pressure(17.25±18.14 to 5.50±0.71 mmHg), SO contraction amplitude(46.00±19.20 to
34.50±48.79 mmHg), SO contraction peaks(4.50±4.04 to 1.50±2.12) and SO contraction
frequency(3.05±3.29 to 1.41±2.19 /min) reduced after EST. Similar results were observed in EEPP group,
including CBD pressure (11.00±2.16 to 8.50±5.65 mmHg) and SO contraction period (45.83±37.48 to
19.00±29.46 S). Three weeks after EST, the control group showed further reduced CBD pressure (0
mmHg), SO pressure (1.50±2.12 mmHg), SO contraction period (0 S), SO contraction peaks (0) and SO
contraction frequency(0/min), especially a signi�cant reduction of SO contraction amplitude(34.5±48.79
to 0 mmHg, P=0.033). In contrast, the EEPP groups displayed SO function restoration, with all SOM
parameters were comparable to those before the EST, including CBD pressure (11.5±7.31 vs 11±2.16
mmHg), SO pressure (17.50±17.75 vs 18.20±21.39 mmHg), SO contraction amplitude (53.67±21.54 vs
60.00±36.08 mmHg), SO contraction period (46.80±45.09 vs 45.83±37.48 S), SO contraction peaks
(4.20±3.27 vs 4.17±4.26)and SO contraction frequency (8.16±10.88 vs 3.05±3.29). These suggested that
EST destroyed the function of SO, while EEPP restored SO function after EST. 

Discussion
EST can damage the normal physiology of SO. The choledochoduodenal pressure gradient and SO basal
pressure were totally lost 15 to 17 years after EST, following with duodenobiliary re�ux[12]. The SO
hypoactivity in terms of frequency and amplitude relates to gallstone formation[13]. In managing large
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CBD stones (> 1cm diameter), generous EST (> 1cm) usually was performed. In order to reduce the long-
term risk of recurrent choledocholithiasis, endoscopic papillary balloon dilation (EPBD) or endoscopic
papillary large balloon dilation (EPLBD) was an alternative option for large EST, recommended by
European Society of Gastrointestinal Endoscopy guideline[14]. However, SO basal pressure was also
dramatically reduced after EPBD, from 13.6 mmHg to 6.3 mmHg[12] and 9 mmHg to 3.3 mmHg [15]
independently after 1 week. Even the SO basal pressure could recover to 9.3 mmHg (one month) and 4.2
mmHg (one year) after EPBD, it was signi�cantly lower than those before EPBD. For EPLBD, the SO basal
pressure was reduced from 30.4 mmHg to 6.4 mmHg one week after procedure, similar result was
observed one year after EPLBD [16]. Compared with EST, EPBD or EPLBD had similar CBD stones
recurrent rates [15, 16].

 

Bile culture and proximal CBD biopsy indicated that bacteria colonization and biliary duct chronic
in�ammation after SO dysfunction [12]. In Korea 46,181 patients with a history of CBD stones under
endoscopic extraction were followed-up for an average 4.2 years, 11.3% (5,228/46,181) had the �rst CBD
stone recurrence, 23.4% and 33.4% for the second and a third recurrence [17]. Although the exact etiology
of gallstone formation was still not clear, bacteria probably play an important role in the formation of
brown stones, which were usually found as recurrent CBD stones. By scanning electron microscopy and
bile culture, Kaufman et. al. indicated that bacteria were only found in brown pigment stones.
Furthermore, infected bile was found in 100% of those with recurrent choledocholithiasis[18]. Thus, how
to preserve the SO function, reduce bacteria re�ux and colonization in bile duct after CBD stone extraction
need to be explored.

 

In�ammation, tissue formation and tissue remodeling were three phases of wound healing. The
in�ammatory phase involves recruitment of neutrophils, macrophages, in�ammatory cells, chemotaxis
and endothelial cells. Angiogenesis is a key player in the second proliferative phage, delayed or defective
angiogenesis is implicated in healing impairment[19]. Local connective tissue �broblasts at the wound
edge are the major source of myo�broblasts, participated in tissue repair [20]. Compared with the EST
control group, EEPP appeared to generate less neutrophils and macrophages in�ltration, better
angiogenesis and �broblast proliferation. Based on the histological results, EEPP improved papillary
healing after EST. Myo�broblasts is important in maintaining skin homeostasis and orchestrating tissue
repair, which is characterized by expression of α-SMA [21]. Thus α-SMA expression is usually used as a
marker of �broblast differentiation, which is critical for tissue formation in the wound healing process.
Half year after EEPP, α-SMA was highly expressed in the papilla wound surface, indicated a well healing
process and scarring of papilla after EST.  
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The SO is an important neuromuscular complex that located at the duodenum, and it controlled the
volume of bile and pancreatic juice. It is believed that the long-term complications of EST are due to
anatomic and physiologic disruption of SO. Up to now, SOM has been the best endoscopic method to
identify the function of SO. Guelrud et al. have reported that the normal values for SOM as follows, CBD
pressure was 6.8 ±1.7 mm Hg with a range of 4-10 mm Hg, SO basal pressure 14.8±6.3 mm Hg with a
range of 4-30 mm Hg, SO amplitude 119.7 ± 32.6 mm Hg with a range of 76-180 mm Hg, SO frequency
5.7 ± 1.2 contractions/min with a range of 3-10 contractions/min[22]. Similar results were obtained in
both EST control and EEPP groups before any treatment. After EST, both SO basal pressure and CBD
pressure dramatically reduced, but EEPP restored the SO pressure 3 weeks later.

 

For SO phasic contraction, amplitude, peak and period showed similar pattern with basal and CBD
pressure. The decreasing SO myoelectric activity such as amplitude and frequency is related to the
formation of gallstone formation[13]. Since EEPP restores SO contraction, EEPP may reduce the risk of
recurrent choledocholithiasis. Moreover, SO contraction frequency even further increased in some
animals. Whether EEPP can affect recurrent bile duct stone or other complications of EST, need to be
further identi�ed. Anatomically, pigs were different with human, with the biliary duct and pancreatic duct
open separately at the duodenal bulb. Thus, post-EST pancreatitis was not observed in this study.
However, due to small sample size and observation period limitations, whether the long-term
complications of EST, especially recurrent choledocholithiasis could be reduced by EEPP need to be
further investigated.

Conclusions
In conclusion, EEPP had accelerated and improved the papillary healing after EST, and preserved the SO
physiological function. The importance of this report is that EEPP may be a safe and effective procedure
for clinical use to reduce complications of EST.

List Of Abbreviations
endoscopic sphincterotomy, EST; endoscopic endoclip papilloplasty, EEPP; common bile duct, CBD;
Sphincter of Oddi Manometry, SOM; smooth muscle actin, SMA; endoscopic papillary balloon dilation,
EPBD; endoscopic papillary large balloon dilation, EPLBD.
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Figure 1

Endoclips endoscopic endoclip papilloplasty (EEPP) procedure. A) a untreated papilla. B) after a large
biliary sphincterotomy (>1cm). C) placement of 7F plastic biliary stent. D) Zipper closure of the patulous
papilla with MicroTech endoclips.
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Figure 2

Endoscopic observation of the papilla. A) a untreated normal papilla. B) three weeks after endoscopic
sphincterotomy. C) three weeks after endoscopic endoclip papilloplasty.

Figure 3

The histological changes of papillae, 3 weeks after EST/EEPP. A-C) 3 weeks after EST, hematoxylin-eosin
staining of papilla. D-F) 3 weeks after EEPP, hematoxylin-eosin staining of papilla. Arrow indicates the
wound after EST/EEPP. CBD, common bile duct. EST endoscopic sphincterotomy, EEPP, endoscopic
endoclip papilloplasty.
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Figure 4

The histological changes of papilla, 24 weeks after EEPP. A-B) hematoxylin-eosin staining of papilla. C-D)
immunohistochemistry staining of anti-α-SMA antibody. EEPP, endoscopic endoclip papilloplasty; α-SMA,
smooth muscle actin.
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Figure 5

SOM results of control and EEPP groups at different time-points: at baseline, immediately after EST, and
3 weeks after procedure. A, CBD pressure. B, SO pressure. C, SO contraction amplitude. D, SO contraction
period. E, SO contraction peaks. F. SO contraction frequency. SOM, sphincter of Oddi manometry; EEPP,
endoscopic endoclip papilloplasty; EST endoscopic sphincterotomy; CBD, common bile duct; SO,
sphincter of Oddi.
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