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Abstract

BACKGROUND

Endoscopic retrograde cholangiopancreatography (ERCP) is the primary treatment for
removing common bile duct (CBD) stones. The risk factors for CBD stone recurrence
after ERCP have been discussed for many years. However, the influence of CBD

morphology has never been noticed.

AIM

To evaluate CBD morphology and other predictors affecting CBD stone recurrence in

average patients.

METHODS
A retrospective analysis of 502 CBD stone patients who underwent successful

therapeutic ERCP for stone extraction at our centre from February 2020 to January 2021
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was conducted. CBD morphology and other predictors affecting CBD stone recurrence

were examined by univariate analysis and multivariate logistic regression analysis.

RESULTS

CBD morphology (P < 0.01), CBD diameter 2 1.5 cm [odds ratio (OR) = 2.20, 95%ClI:
1.08-4.46, P = 0.03], and endoscopic biliary sphincterotomy with balloon dilation (ESBD)
(OR =035, 95%CI: 0.17-0.75, P < 0.01) are three independent risk factors for CBD stone
recwrrence. Furthermore, the recurrence rate of patients with the S type was 6.61-fold
that of patients with the straight type (OR = 6.61, 95%Cl: 2.61-16.77, P < 0.01). The
recuwrrence rate of patients with the polyline type was 2.45-fold that of patients with the
straight type (OR = 245, 95%CI: 1.14-5.26, P = 0.02). The recurrence rate of S type
patients was 2.70-fold that of patients with the polyline type (OR = 2.70, 95%CI: 1.08-
6.73, P = 0.03). Compared with no-ESBD, ESBD could decrease the risk of recurrence.

CONCLUSION

CBD diameter 2 1.5 cm and CBD morphology, especially S type and polyline type, were
associated with increased recurrence of CBD stones. In addition, ESBD was related to
decreased recurrence. Patients with these risk factors should undergo periodic

surveillance and standard prophylactic therapy.

INTRODUCTION

As a minimally invasive endoscopic procedure, endoscopic retrograde
cholangiopancreatography (ERCP) is widely performed to treat common bile duct
(CBD) stones. However, challenging problems, such as patients with gastrectomy who
require multiple procedures and post ERCP complications, are typically encounteredl].
Choledocholithiasis recurrence is a long-term complicationl®®l, and the recurrence rate
after therapeutic ERCP was 2%-22% in the literaturelé?). My previous studies reported

that CBD morphology in Billroth II anatomy patients is an independent risk factor for
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CBD stone recurrencell’l. Therefore, we also aim to investigate CBD morphology in
average patients with or without gastrectomy and clarify the association between CBD
morphology and stone recurrence.

To date, there are a wide range of risk factors for recurrent CBD stones, and the most
common predictors are operative related factors, such as agel'!l, periampullary
diverticulum (PAD)I'213, CBD diameter!#!15, CBD stone diameter[116], multiple CBD
stones(1217], endoscopic biliary sphincterotomy (EST)[111618], endoscopic papillary
balloon dilation (EPBD)!M, endoscopic papillary large balloon dilation (EPLBD)[1920],
EST with balloon dilation (ESBD)[1521.22], cholecystectomyl23], gastrectomy!2425], and CBD
angulation26-28]. However, there have been no reports concerning CBD morphology
before my previous study. This is also the first study to report the best evidence
regarding CBD morphology in average patients. In ﬁle present study, CBD morphology
was defined as cholangiogram morphology from the confluence of the left and right
hepatic ducts to the distal CBD entering the duodenum, including straight type, S type,
and polyline type (Figure 1)[10L.

MATERIALS AND METHODS

Patients

From February 2020 to January 2021, 790 patients underwent ERCP at the General
Hospital of Northern Theater Command, and 502 patients were included in this study.
The exclusion criteria were as follows: (1) patients with tumours of the duodenal
papilla, CBD, liver, or gallbladder; (2) patients without specific stones during ERCP; (3)
patients who had not removed their stones completely after the first ERCP; and (4)
patients with incomplete data. Stone recurrence was defined as the presence of CBD
stones at least 6 mo after previous CBD stones were completely removed by ERCP. At
least two stone recurrences were defined as multiple recurrences after the first ERCPI27].
Patients with CBD stones who visited our hospital were confirmed by abdominal

computed tomography and ERCP.
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ERCP procedure

All endoscopists performed the ERCP procedures with at least 500 cases of experience.
In our institution, prophylactic antibiotics are used in patients without evidence of
cholangitis before ERCP. Firstly, the patient was sedated in the left lateral decubitus
position. Endoscopists used a side-viewing duodenoscope or a forward-viewing
gastroscope (Olympus Medical, Tokyo, Japan) entering the stomach. The first step was to
perform the wire-guided biliary cannulation. Precut sphincterotomy or the double-wire
technique can be prepared after biliary cannulation failed. As selective biliary
cannulation was achieved, depending on CBD stones, the operator executed the
therapeutic intervention, which included EST, ESBD, EPBD, and EPLBD. After the
therapeutic intervention, the operator chose to remove stones with a retrieval balloon
and/or a retrieval basket with or without mechanical lithotripsy. After CBD stone
removal, an endoscopic nasobiliary drainage (ENBD) tube was placed in all patients to
determine the complete clearance of CBD stones. After 3-5 d of observation,
endoscopists confirmed that no residual stones were present and identified the CBD

morphology again by cholangiography.

Parameter measurements on cholangiograms

Assessed factors, such as the CBD morphology, the largest stone, and the diameter of
the CBD, were measured with the patient placed in the left lateral decubitus position
during the operation. Furthermore, cholangiography was performed to determine the
CBD morphology and the clearance of CBD stones through an ENBD tube before the
tube was removed. CBD morphology was identified by at least two experienced
endoscopists with operative and postoperative cholalgiograms. The definition of CBD
morphology was cholangiogram morphology from the confluence of the left and right
hepatic ducts to the distal CBD entering the duodenum. We classified the CBD
morphology as follows: straight type, the CBD was straight without bending; S type, the
CBD was S-shaped with two bends; and polyline type, the CBD had one bend.
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Statistical analysis

Statistical analyses were performed with SPSS 26.0. Univariate analysis was performed
using Student’s ¢ test, Fisher’s exact test and y? test. Independent risk factors were
analyzed by multivariate logistic regression analysis with a backwards likelihood ratio.

A value of P <0.05 was considered statistically significant.

RESULTS

Patient characteristics

A total of 502 patients with CBD stones were retrospectively identified from the
collected database. The average follow-up was 19 mo. Among the 502 patients,
recurrence was detected in 43 patients, and multiple recurrences were detected in 9
patients. The rates of recurrence and multiple recurrences were 8.6% (43/502) and 1.8%
(9/502), respectively. No statistically significant differences in patient characteristics,
such as sex, PAD, CBD diameter, largest CBD stone diameter 2 1.5 cm, CBD stone
number 2 2, muddy stones, initial ampullary intervention (EST), cholecystectomy, and
procedure time, were observed between the recurrence group and nonrecurrence

groups (Table 1 and Table 2).

Patient characteristics according to CBD morphology

As shown in Table 3, the presence of a CBD diameter 2 1.5 cm (P = 0.01) differed
significantly among different CBD morphologies and was detected in 96 (33.2%), 22
(48.9%), and 42 (25.0%) patients with straight type, S type, and polyline type,
respectively. The proportion of patients with a CBD diameter 2 1.5 cm in the straight
type group was the highest of all the groups. Other factors showed no significant

difference.

Patient characteristics according to multiple recurrences
Characteristics of patients with single recurrence and multiple recurrences are shown in

Table 4. All factors were not related to multiple recurrences given that significant
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differences were noted (P > 0.05). The results regarding PAD (P = 0.06) and ESBD (P =
0.07) were probably limited by the small sample size.

Risk factors for CBD stone recurrence
In univariate analysis, age = 70 years (P = 0.01), CBD diameter = 1.5 cm (P < 0.01),
EPBD/EPLBD (P < 0.01), ESBD (P < 0.01), gastrectomy (P = 0.03), and CBD morphology
(P <0.01) were significant factors for CBD stone recurrence.

Multicollinearity analysis showed all the results were VIF < 5, which represented no
relationship among age = 70 years, CBD diameter = 1.5 cm, EPBD/EPLBD, ESBD,
gastrectomy, and CBD morphology.

In multivariate analysis, CBD morphology (P < 0.01), CBD diameter = 1.5 cm [odds

tio (OR) = 2.20, 95%CI: 1.08-4.46, P = 0.03], and ESBD (OR = 0.35, 95%CI: 0.17-0.75, P <
0.01) were identified as independent risk factors. Moreover, the recurrence rate of
patients with the S_type was 6.61-fold that of patients with the straight type (OR = 6.61,
95%ClI: 2.61-16.77, P < 0.01). The recurrence rate of patients with the polyline type was
2.45-fold that of patients with the straight type (OR = 2.45, 95%CI: 1.14-5.26, P = 0.02),
and the recurrence rate of S type patients was 2.70-fold that of patients with the polyline
type (OR = 2.70, 95%CI: 1.08-6.73, P = 0.03) (Table 5).

DISCUSSION

ERCP remains the primary choice to extract CBD stones given its minimally invasive
nature. However, risk factors for recurrent CBD stones have not been thoroughly
defined. In our previous study, we hypothesized that the altered anatomy that resulted
from gastrectomy could affect the shape of the CBD. Therefore, we classified the CBD
morphology into straight type, S type, and polyline type. The results showed that CBD
morphology was related to CBD stone recurrence in gastrectomy patients/'?l. As the
present study shows, CBD morphology was also related to recurrence in patients
without gastrectomy. This clinical observation assumed that the biliary system could

undergo anatomic variations as it developed from the primitive midgut and was further
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changed by surgery, such as gastrectomy. The complexity of CBD development
potentially influences its normal function(2?301,

The incidence of CBD stone recurrence in this study was 8.6% with a median 19-
month follow-up, which is compatible with previous studies. In multivariate analysis,
CBD morphology, CBD diameter > 1.5 ¢ nd ESBD represent three independent risk
factors. More specifically, the recurrence rate of patients with the S type was greater
than that of patients with other types. As reported, bile stasis, duodenal-biliary reflux,
and bacterial infection are essential factors in the pathogenesis of CBD stone
recurrencel3.32l. Given the pathophysiology and the clinical significance of CBD
morphology, we can assume the mechanism of recurrence caused by the S type and
polyline type. First, a curved CBD is prone to bile stasis, which also predisposes
patients to bacterial infection. Second, different shapes of the CBD enter the duodenum
at different angles. S-type and polyline-type CBDs enter the duodenum at angles close
to a right angle and are prone to intestinal fluid reflux. Duodenal-biliary reflux may
cause changes in the bile duct loop and bacterial infectionl®1.

Our study demonstrated that a CBD diameter > 1.5 cm was an independent risk
factor for recurrence. However, the mechanism of CBD dilation is unclear. Some studies
assumed that CBD dilation could lead to CBD stone formation®-%l The decreased
hydrostatic force of bile and loss of normal CBD functional movement may predispose
patients to stone reformation/37..

Some studies have shown that age > 70 years is clinically significant for CBD stone
recurrencel338l. However, this facto was significant in univariate analysis and
insignificant in multivariate analysis in our study. Park et alP? reported that
cholecystectomy could be routinely recommended to prevent newly developed
gallstones, but it should be considered carefully in patients = 70 of age due to high
surgical comorbidity. However, the differences in cholecystectomy were not statistically
significant in our study, which was probably limited by the small sample size. Patients
aged 2 70 years and without cholecystectomy were suggested to undergo careful

follow-up for CBD stone recurrence.
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Several studies have proposed that gastrectomy patients have an increased risk of
cholelithiasis, and the incidence of CBD stones is 10%-25%[2440-42] However,
gastrectomy did not reach a significant difference due to the small sample size in
multivariate analysis. Sugiyama et all#3l. reported that patients with CBD stone
recurrence were prone to subsequent recurrence. Our study showed that the
subsequent recurrence rate in patients with recurrent CBD stones was greater than the
CBD stone recurrence rate (20.9% vs 8.6%). However, significant differences between
single recurrence and multiple recurrences were not observed in our study.

EST, EPLBD, EPBD, and ESBD are important ERCP techniques for stone removal.
Dong et al¥l conducted a meta-analysis to demonstrate that ESBD exhibited better
efficacy and fewer early complications than EST. Another network meta-analysis
showed that pancreatitis among ESBD, EPBD and EST did not reach a statistically
significant difference. The risk of bleeding in ESBD and EST was higher than that in
EPBDI%l. However, neither of them investigated the influence of initial ampullary
interventions on recurrent CBD stones. Furthermore, several studies reported that
different interventions were unrelated to CBD stone recurrencel34647] However, our
study presented the result that ESBD was an independent risk factor for stone
recurrence. Compared with no-ESBD, ESBD decreased the risk of recurrence.

In some studies, the potential contributors influencing ERCP technical difficulty have
included the size and number of CBD stones, tapering distal CBD, and the distal CBD
arm and angulationt$3]. However, CBD morphology has never been defined as an
independent risk factor for technical difficulty. Prospective and multicentric clinical
trials should be conducted to explore the influence of CBD morphology on the ERCP
process. Information on CBD morphology should be reported by endoscopists to
predict the efficacy of certain devices and therapeutic interventions for CBD stone
removal by ERCP and to achieve complete stone clearance.

Ando et all!l and Cheon ef all51l recommended specific periodic follow-up after
therapeutic ERCP, but these authors were not focused on CBD morphology. The

exploration of CBD morphology leads to an accurate understanding of potential
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contributors to recurrent CBD stones. Comprehensive risk factors and a model could
provide specific guidance for endoscopists and patients.

To date, our research is the first to evaluate CBD morphology as a risk factor for CBD
stone recurrence in average patients. By comparing operative cholangiograms and
postoperative ENBD cholangiograms, our study implied that pulling the duodenoscope
during the operation could affect CBD angulation and CBD morphology. Therefore, we
identified CBD morphology using postoperative ENBD cholangiograms to eliminate
bias. During cholangiography, patients were all placed in the left lateral decubitus
position. Postoperative cholangiography with ENBD could improve the accuracy of
CBD morphology assessment and determine the clearance of CBD stones.

There are several limitations to this study. First, this study was retrospective. Second,
we did not evaluate stone components, and this information might have clinical
significance for stone recurrence. Third, the follow-up period was short, and a
prospective study with a long follow-up could be performed to explore CBD stone

recurrence in the future.

CONCLUSION

In conclusion, CBD morphology was a unique risk factor, and CBD morphology, CBD
diameter 2 1.5 cm, and ESBD represent three independent risk factors. Further study is
needed to reveal the mechanism, predict the procedure difficulty, and instruct the

postoperative follow-up.
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Figure Legends

Figure 1 Comunon bile duct morphology on cholangiograms. A, B: Straight type; C, D:
S type; E, F: Polyline type.
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Table 1 Patient characteristics

Characteristics n (%)
Patients 502
Recurrence 43 (8.6)
Multiple recurrences 9 (1.8)
Male 287 (57.2)
Age (mean + SD, yr) 652 +15.6
Age>70vyr 201 (40.0)
PAD 243 (48.4)
CBD diameter (mean + SD, cm) 1.3+0.7
CBD diameter = 1.5 cm 160 (31.9)
Largest CBD stone diameter > 1.5 cm 83 (16.3)
CBD stone number > 2 189 (37.6)
Muddy stones 131 (26.1)
Initial ampullary intervention

EST 141 (28.1)
EPBD/EPLBD 31(6.2)
ESBD 315 (62.7)
CBD morphology

Straight type 289 (57.6)
S type 45 (9.0)
Polyline type 168 (33.5)
Cholecystectomy 26 (5.2)
Gastrectomy 9 (1.8)
Procedure time (mean + SD, min) 200+13.7

1

PAD: Periampullary diverticulum; CBD: Common bile duct; EST: Endoscopic biliary

sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic

papillary large balloon dilation; ESBD: Endoscopic biliary sphincterotomy with balloon

dilation.
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Table 2 Patient characteristics of patients with and without common bile duct stone

recurrence, n (%)

Characteristics Recurrence Nonrecurrence P value
(n=43) (n =459)
Sex (male/female) 23/20 264/195 0.61
Age=270yr 25 (58.1) 176 (38.3) 0.01
D 23 (53.5) 220 (47.9) 0.49
CBD diameter (mean + SD, cm) 1.5+05 1.3+07 0.06
CBD diameter > 1.5 cm 23 (53.5) 137 (29.8) <0.01
Largest CBD stone diameter = 1.5 cm 11 (25.6) 71 (15.5) 0.09
CBD stone number = 2 15 (34.9) 174 (37.9) 0.70
Muddy stones 12 (27.9) 119 (25.9) 0.78
Initial ampullary intervention
EST 13 (30.2) 128 (27.9) 0.74
EPBD/EPLBD 9 (20.9) 22 (4.8) <0.01
ESBD 17 (39.5) 298 (64.9) <0.01
CBD morphology <0.01
Straight type 14 (32.6) 275 (59.9)
S type 11 (25.6) 34(7.4)
Polyline type 18 (41.9) 150 (32.7)
Cholecystectomy 5(11.6) 21 (4.6) 0.06
Procedure time (mean + SD, min) 19.3+14.2 20.1+13.6 0.71
Gastrectomy 3(7.0) 6 (1.3) 0.03

1
PAD: Periampullary diverticulum; CBD: Common bile duct; EST: Endoscopic biliary

sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic

papillary large balloon dilation; ESBD: Endoscopic biliary sphincterotomy with balloon

dilation.
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Table 3 Patient characteristics of patients with different common bile duct

morphologies, n (%)

Straight
S type (n Polyline type P
Characteristics type (n =
= 45) (n = 168) value
289)
Sex (male/female) 166,/123 30/15 91/77 0.32
Age270yr 104 (36.0) 20(444) 77 (45.8) 0.10
D 136 (47.1) 20 (444) 87(51.8) 0.53
CBD diameter (mean + SD, cm) 1.3+04 15205 1.4+09 0.14
CBD diameter > 1.5 cm 96 (33.2) 22(48.9) 42(25.0) 0.01
Largest CBD stone diameter = 1.5
42 (14.5) 8(17.8)  32(19.0) 0.44
cm
CBD stone number > 2 105 (36.3) 17 (37.8) 67 (39.9) 0.75
Muddy stones 78 (27.0) 11 (244) 42(25.0) 0.87
Initial ampullary intervention
EST 84 (29.1) 11 (24.4) 46 (27.4) 0.79
EPBD/EPLBD 18 (6.2) 3(6.7) 10 (6.0) 0.98
ESBD 180 (62.3) 30(66.7) 105 (62.5) 0.85
Cholecystectomy 19 (6.6) 2(4.4) 5 (3.0 0.24
197 ¢
Procedure time (mean + SD, min) 198 +11.7 20.6 £16.7 0.81
131
Gastrectomy (1.7) 0 (0.0 4(24) 0.38

PAD: Periampullary diverticulum; CBD: Common bile duct; EST: Endoscopic biliary
sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic
papillary large balloon dilation; ESBD: Endoscopic biliary sphincterotomy with balloon

dilation.
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Table 4 Characteristics of patients with single recurrence and multiple recurrences, n

%)
Single
Characteristics recurrence (n Multiple P value
recurrences (1 =9)
=34)

Sex (male/female) 19/15 4/5 0.71
Age (mean + SD, yr) 71.3+13.7 68.6 £12.2 0.59
Age=>270yr 21 (61.8) 4 (44.4) 0.46

D 21 (61.8) 2(22.2) 0.06
CBD diameter (mean + SD, cm) 1.5+0.5 1.61+0.6 0.43
CBD diameter =2 1.5 cm 18 (52.9) 5 (55.6) 1.00
Largest CBD stone diameter = 1.5 cm 10 (29.4) 1(11.1) 0.41
CBD stone number > 2 12 (35.3) 3 (33.3) 1.00
Muddy stones 10 (29.4) 2(222) 1.00
Initial ampullary intervention
EST 10 (29.4) 3 (33.3) 1.00
EPBD/EPLBD 6 (17.6) 3 (33.3) 0.37
ESBD 16 (47.1) 1(11.1) 0.07
CBD morphology 0.22
straight type 12 (35.3) 2(222)
S type 10 (29.4) 1(11.1)
polyline type 12 (35.3) 6 (66.7)
Cholecystectomy 5(14.7) 0 (0.0 0.57
Gastrectomy 3(8.8) 0 (0.0 1.00
Procedure time (mean + SD, min) 19.9+15.7 17.0+6.3 0.60

1

PAD: Periampullary diverticulum; CBD: Common bile duct; EST: Endoscopic biliary

sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic

papillary large balloon dilation; ESBD: Endoscopic biliary sphincterotomy with balloon

dilation.
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Table 5 Risk factors for common bile duct stone recurrence

Factor B OR (95% CI) Pvalue B OR (95% CI) P value

Age = 70yr 0.69 1.99(0.99-4.00) 0.06

CBD diameter21.5cm 0.79 2.20 (1.08-4.46) 0.03

EPBD/EPLBD 092 251 (0.89-7.06) 0.08

ESBD -1.04 0.35(0.17-0.75) < 0.01

Gastrectomy 146 4.29(0.84-21.83) 0.08

CBD morphology <0.01 <0.01

Straight type Reference -0.90 0.41 (0.19-0.88) 0.02

S type 189 6.61(2.61-16.77) <0.01 099 2.70(1.08-6.73) 0.03
olyline type 090 245 (1.14-5.26) 0.02 Reference

CBD: Common bile duct; EPBD: Endoscopic papillary balloon dilation; EPLBD:

Endoscopic papillary large balloon dilation; ESBD: Endoscopic biliary sphincterotomy

with balloon dilation; OR: Odds ratio.
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