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Abstract:

Objective Single-stage endoscopic stone removal for choledocholithiasis is an advantageous approach be-
cause it is associated with a shorter hospital stay; however, few studies have reported the incidence of com-
plications related to this procedure in detail. The aim of this study was to examine the incidence of complica-
tions and efficacy of this procedure.

Methods This retrospective study investigated the incidence of complications in 345 patients with naive pa-
pilla who underwent therapeutic endoscopic retrograde cholangiopancreatography (ERCP) for choledocholith-
iasis at three institutions between April 2014 and March 2016 by a propensity score analysis. The efficacy of
single-stage endoscopic stone removal was assessed based on a hospital stay of within 7 days and the number
of ERCP attempts.

Results Among 114 patients who underwent single-stage endoscopic stone removal, 15 patients (13.2%) ex-
perienced complications. Among the remaining 231 patients in the two-stage endoscopic stone removal
group, complications were observed in 17 patients (7.4%). The propensity score analysis, which was adjusted
for confounding factors, revealed that single-stage endoscopic stone removal was not a significant risk factor
for complications (p=0.52). In patients in whom >10 min was required for deep cannulation, single-stage en-
doscopic stone removal was not a significant risk factor for complications in the propensity score analysis
(p=0.37). In the single-stage group, the proportion of patients with a hospital stay of within 7 days was sig-
nificantly higher and the number of ERCP attempts was significantly lower in comparison to the two-stage
group (p <0.0001 and <0.0001, respectively).

Conclusion Single-stage endoscopic stone removal did not increase the incidence of complications associ-
ated with ERCP and was effective for reducing the hospital stay and the number of ERCP attempts.

Key words: single-stage endoscopic stone removal, common bile duct stones, complications, propensity score
analysis
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ing stone removal is associated with a high risk of compli-

Introduction cations such as pancreatitis, cholangitis, bleeding, and perfo-

ration (2). Endoscopic stone removal requires endoscopic

Endoscopic stone removal is the first choice of treatment sphincterotomy (EST) or endoscopic papillary balloon dila-
for choledocholithiasis (1); however, the performance of en- tion (EPBD). In approximately 90% of the cases, endo-
doscopic retrograde cholangiopancreatography (ERCP) dur- scopic stone removal is possible following EST and EPBD
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using a basket or balloon (3, 4). For large common bile duct
stones (CBDSs), endoscopic stone removal is achieved with
a mechanical lithotripter (5, 6) or endoscopic large balloon
dilation (EPLBD) (7). Thus, endoscopic stone removal is in-
creasingly used based on the high success rate. However,
because the calculus must be passed through the papilla, the
potential for major damage to the papilla and the increased
risk of complications are cause for concern.

In addition to EST and EPBD, the safe implementation of
single-stage endoscopic stone removal is potentially advanta-
geous as it has the potential to reduce the hospital stay and
the associated medical costs. With the exception of cases in-
volving moderate to severe cholangitis (8), single-stage en-
doscopic stone removal is generally recommended for chole-
docholithiasis; however, few studies have reported the inci-
dence of complications of single-stage endoscopic stone re-
moval in detail, and the decision to perform single-stage en-
doscopic stone removal remains at the discretion of the indi-
vidual endoscopist.

The aim of the present study was to compare the inci-
dence of complications in patients with naive papilla under-
going the removal of CBDSs via EST, EPBD or EPLBD by
single-stage endoscopy to the incidence in patients undergo-
ing two-stage endoscopic stone removal, with the aim of as-
sessing the efficacy of single-stage endoscopic stone re-
moval.

Materials and Methods

Study design

In this retrospective observational study, the medical re-
cords database of the patients with CBDSs who were treated
with ERCP between April 2014 and March 2016 at three
tertiary care centers, Kumamoto City Hospital, Saiseikai Ku-
mamoto Hospital, and Kumamoto Chuo Hospital, was re-
viewed. This study was approved by the institutional review
board of each participating institution.

The study population included patients with naive papilla
who were treated with ERCP using EST, EPBD or EPLBD.
None of the patients had a history of abdominal surgery or
had undergone Billroth I gastrectomy in the past. The exclu-
sion criteria were as follows: [1] unsuccessful deep cannula-
tion in the first session, [2] moderate or severe cholangitis
because CBDS removal was recommended after biliary
drainage and for the improvement of the general condition
of these patients (8), [3] biliary pancreatitis meeting the cri-
teria of moderate or severe cholangitis, and [4] prior Billroth
II anastomosis or Roux-en-Y gastric reconstruction. After
applying the exclusion criteria, 345 patients were included
in the final analysis.

The endoscopists and the devices used for stone re-
moval

All ERCP procedures were conducted by 20 different en-

doscopists, these included trainees (n=8), as well as

intermediate-level (n=6) and expert (n=6) endoscopists. Ex-
pert endoscopists with advanced skills were those who were
capable of single-handedly completing procedures that cor-
responded to grade 3 in the ERCP grading scale that was re-
ported in the core curriculum published in 2016 (9);
intermediate-level endoscopists were capable of single-
handedly completing procedures that corresponded to grade
2. Trainee endoscopists were those capable of completing
procedures that corresponded to grade 1 or those who had
performed ERCP in <200 cases.

Side-viewing duodenoscopy (Olympus JF-260, TJF-260V;
Olympus Medical Systems, Tokyo, Japan) was performed in
all cases, and the CBDSs were removed via a basket and/or
balloon catheter and/or mechanical lithotripter.

Study definitions

The single-stage endoscopic stone removal and two-
stage endoscopic stone removal groups

Single-stage endoscopic stone removal was defined as
CBDS removal in addition to EST or EPBD.

Two-stage stone removal was defined as CBDS removal
in two stages. In the first stage, biliary drainage in addition
to EST or EPBD was performed. In the second stage (a few
days after the first stage), the CBDSs were removed.

Asymptomatic and symptomatic CBDSs

Asymptomatic CBDSs were defined by the absence of
symptoms and CBDS-associated blood test abnormalities at
the time of ERCP. Symptomatic CBDSs included cholangi-
tis, jaundice, biliary pancreatitis, calculus impaction, and
elevated liver enzyme levels.

Complications

Complications associated with ERCP were defined as any
complication occurring after the ERCP procedure that re-
quired more than one day of hospitalization. If a patient had
several complications, the most severe complication was se-
lected. In the present study, post-ERCP pancreatitis (PEP)
and bleeding and perforation were defined and graded based
on the consensus criteria established by Cotton et al. (10).
Cholangitis was diagnosed and graded based on the 2013
Tokyo Guidelines (8).

Post-ERCP pancreatitis

The criteria for the diagnosis of PEP included new or
worsening abdominal pain requiring hospitalization for one
or more nights beyond the planned admission, accompanied
by a serum amylase concentration 3 times above the upper
limit of normal at 24 h after ERCP. Mild and moderate PEP
were defined as hospitalization for 2-3 and 4-10 days, re-
spectively, whereas severe PEP was defined as PEP requir-
ing hospitalization for >10 days requiring percutaneous
drainage or surgery.

Bleeding

Bleeding was defined as procedure-related bleeding with
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melena, hematemesis, or a decrease in the hemoglobin con-
centration. Bleeding was graded as mild if the decrease in
hemoglobin was <30 g/L and no blood transfusion was re-
quired, moderate if up to 4 units of red blood cells were
transfused, and severe if blood transfusion of >5 units, sur-
gery, or angiography was required.

Perforation

The diagnosis of perforation was based on the presence of
air or contrast medium in the retroperitoneal space on ab-
dominal CT. Perforation was only graded as mild if the leak
of fluid or contrast medium was very slight and resolved
within < 3 days, whereas moderate perforation required
medical treatment for 4-10 days. Perforation was graded as
severe if medical treatment for >10 days, percutaneous
drainage, or surgery was necessary.

Cholangitis

For the definitive diagnosis of cholangitis, the presence of
at least one criterion from the systemic inflammation cate-
gory, one criterion from the cholestasis category, and one
criterion from the imaging category was required.

1) Systematic inflammation:

* Fever >38°C and/or shaking chills

* Evidence of an inflammatory response based on the
following laboratory data: white blood cell (WBC) count, <
4.0x10°/L or >10x10°/L and C-reactive protein (CRP), >9.52
nmol/L

2) Cholestasis:

+ Jaundice: total bilirubin >34.2 umol/L

+ Abnormal liver function tests: alanine aminotransferase
>1.5x upper limit of normal value (ULN), aspartate
aminotransferase >1.5x ULN, 7y-glutamyl transferase >1.5x
ULN, and alkaline phosphatase >1.5x ULN

3) Imaging:

* Biliary dilatation

* Evidence of etiology on imaging

Severe acute cholangitis was diagnosed in cases that ful-
filled at least one of the following criteria: hypotension re-
quiring dopamine >5 pg/kg/min or any dose of norepineph-
rine, altered consciousness, partial pressure of arterial oxy-
gen (Pa0,)/FiO, ratio <300, oliguria or serum creatinine
>176.8 pumol/L, prothrombin time/international normalized
ratio >1.5, platelet count <100x10°/L. Moderate acute cho-
langitis was diagnosed in cases that met any two of the fol-
lowing conditions: WBC count >12x10%/L or <4x10°/L, fe-
ver 239°C, age > 75 years, hyperbilirubinemia (total biliru-
bin >85.5 pmol/L), hypoalbuminemia (<standard x7 g/L).
Cases that did not meet the criteria of severe or moderate
acute cholangitis were diagnosed with mild cholangitis.

Statistical analysis

The association between complications and single-stage
endoscopic stone removal were investigated in two stages.
We first evaluated the association between the complication
status and each risk factor separately, and then factors with

p values <0.2 were entered into a multivariate logistic re-
gression model. In the second stage, we examined the asso-
ciation between the single-stage endoscopic stone removal
status and risk factors that were identified in the first stage.
Risk factors with p values of <0.10 that were found to be
associated with both complications and single-stage endo-
scopic stone removal in the univariate analysis were identi-
fied as potential confounders (shown as propensity score
group 1). In addition, risk factors that were known as
procedure-related risk factors and patient-related risk factors
were listed as other potential confounders (shown as propen-
sity score group 2 and propensity score group 3, respec-
tively). Before examining the effect of single-stage endo-
scopic stone removal on the occurrence of complications,
these three groups of confounding factors were converted to
propensity scores based on a logistic regression analysis,
and adjusted odds ratios (ORs) between single-stage endo-
scopic stone removal and complications were calculated.

The chi-squared test or Fisher’s exact test were performed
in the univariate analyses, and p values of <0.05 were con-
sidered to indicate statistical significance. All statistical
analyses were performed using the JMP® Pro software pro-
gram (version 12, SAS Institute, Cary, USA).

Results

The rate of successful deep cannulation in the first
session

Among a total of 356 patients who met inclusion criteria
of this study, deep cannulation was successfully performed
in the first session in 345 (96.9%) patients; deep cannulation
in the first session failed in the remaining 11 (3.1%) patients
who were therefore excluded from the subsequent analysis.
Thus, 345 patients were included in the final analysis.

Indications for ERCP

The indications for ERCP included asymptomatic CBDSs
(n=64; 18.6%) and symptomatic CBDSs (n=281; 81.4%) pa-
tients. The causes of symptomatic CBDSs included mild
cholangitis (n=130; 37.7%), biliary pancreatitis (n=39;
11.3%), calculus impaction (n=15; 4.3%), jaundice (n=46;
13.3%), and elevated liver enzyme levels (n=49; 14.2%).

The incidence of ERCP-related complications

Among the 345 patients, 114 (33.0%) patients underwent
single-stage endoscopic stone removal. A total of 32 (9.3%)
patients in the entire analysis cohort (n=345) experienced
complications including pancreatitis (n=16; 4.6%), cholangi-
tis (n=6; 1.7%), perforation (n=4; 1.2%), and hemorrhage
(n=6; 1.7%). The complications were mild in 13 cases
(40.6%) and moderate or severe in 19 cases (59.4%).
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Table 1.

The Demographics and Characteristics of the Patients in Single-stage Endo-

scopic Stone Removal and Two-stage Endoscopic Stone Removal Groups.

Single-stage endoscopic

Two-stage endoscopic

stone removal stone removal p value
Significant in the univariate analysis
Biliary stent placement 63 (18.3%)/51 (14.8%) 225 (65.2%)/6 (1.7%) <0.0001
(Yes/no)
Indication for ERCP 35(10.1%)/79 (22.9%) 29 (8.4%)/202 (58.6%) 0.0001
(Asymptomatic/symptomatic)
Serum bilirubin 64 (18.6%)/50 (14.5%) 81 (23.5%)/150 (43.5%) 0.0003
(Normal/elevated)
Pancreatic stent placement 3(0.87%)/111 (32.8%) 45 (13.0%)/186 (53.9%) <0.0001
(Yes/no)
Time of deep cannulation 87(25.2%)1277(7.8%) 149(43.2%)/82(23.8%) 0.027
(<10 min/>10 min)
Endoscopist’s experience 42(12.2%)/38(11.0%)/ 126 (36.5%)/55(15.9%)/ 0.0083
(Expert/intermediate/trainee) 34 (9.9%) 50 (14.5%)
Antibiotics 64 (18.6%)/50 (14.5%) 174 (50.4%)/57 (16.5%) 0.0005
(Yes/no)
Pancreatic injection 45 (13.0%)/69 (20.0%) 131 (38.0%)/100 (29.0%)  0.0029
(Yes/no)
Stone size (<10 mm/>10 mm) 97 (28.1%)/17 (4.9%) 169 (49.0%)/62 (18.0%) 0.014
Diameter of common bile duct 65 (18.8%)/49 (14.2%) 89 (25.8%)/142 (41.2%) 0.0013
(<10 mm/>10 mm)
Not significant
Age (<75 yr/275 yr) 67 (19.4%)/47 (13.6%) 115 (33.3%)/116 (33.6%) 0.14
Gender(M/F) 64 (18.6%)/50 (14.5%) 129 (37.4%)/102 (29.6%) 1.0
History of abdominal surgery 113 (32.8%)/1 (0.29%) 227 (65.8%)/4 (1.2%) 1.0
(No surgery/Billroth I)
Coexisting illness (Yes/no) 47 (13.6%)/67 (19.4%) 114 (33.0%)/117 (33.9%) 0.17
Antithrombotic drug (Yes/no) 28 (8.1%)/86 (24.9%) 53 (15.4%)/178 (51.6%) 0.79
Chemoprevention (Yes/no) 40 (11.6%)/74 (21.5%) 72 (20.9%)/159 (46.1%) 0.47
Sphincterotomy technique 102 (29.6%)/12 3.5%) 211 (61.2%)/20 (5.8%) 0.56
(EST =+ precut)/EPBD
Stone number (<1/>2) 73 (21.2%)/41 (11.9%) 160 (46.4%)/71 (20.6%) 0.33
Gallstones (Absence/presence) 39 (11.3%)/75(21.7%) 85 (24.6%)/146(42.3%) 0.72
Gallbladder 10 (2.9%)/104(30.1%) 25 (7.3%)/206(59.7%) 0.71

(Post-cholecystecomy/presence)

ERCP: endoscopic retrograde cholangiopancreatography, EST: endoscopic sphincterotomy, EPBD: endoscopic

papillary balloon dilation

The demographics and characteristics of the pa-
tients in the single-stage and two-stage endoscopic
stone removal groups

The details of the demographics and characteristics of the
patients in both groups are shown in Table 1. Few patients
underwent precut sphincterotomy and were thus included in
the EST group. EPLBD was included as EPBD because
only two patients underwent the procedure. Ten factors were
found to be significant in the univariate analysis: biliary
stent placement, indication for ERCP, serum bilirubin, pan-
creatic stent placement, time of deep cannulation, the endo-
scopist’s experience, antibiotics, pancreatic injection, stone
size, and the diameter of common bile duct.

The risk factors for ERCP-related complications

The results of the univariate and multivariate analyses of
the risk factors for ERCP-related complications are shown in

Tables 2 and 3. Among the 114 patients who underwent
single-stage endoscopic stone removal, 15 patients (13.2%)
experienced complications, which included pancreatitis (n=
10; 8.8%), cholangitis (n=3; 2.6%), bleeding (n=1; 0.88%),
and perforation (n=1; 0.88%). Among the 231 patients who
underwent two-stage endoscopic stone removal, 17 patients
(7.4%) had complications. Single-stage endoscopic stone re-
moval was not found to be a significant risk factor by either
the univariate or multivariate analyses (p=0.11 and p=0.69,
respectively). The results of the propensity score analysis are
shown in Table 4. Single-stage endoscopic stone removal
was not significantly associated with ERCP-related compli-
cations after adjusting for confounding factors (odds for
complication =1.4, p=0.52, 95% CI=0.52-3.5).

Risk factors for PEP

In an analysis limited to the incidence of PEP, antibiotics
and antithrombotic drug were excluded from the risk factors
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Table 2. Univariate Analyses of Risk Factors for ERCP-related Complications.

With complications Without complications p value
Significant by univariate analysis
Indication of ERCP 14 (4.1%)/18 (5.2%) 267 (77.4%)/46 (13.3%) <0.0001
(Symptomatic/asymptomatic)
Time of deep cannulation 15 (4.4%)/17 (4.9%) 221 (64.1%)/92 (26.7%) 0.0088
(<10 min/>10 min)
Serum bilirubin 21 (6.1%)/11 (3.2%) 124 (35.9%)/189 (54.8%) 0.0076
(Normal/elevated)
Biliary stent placement 20 (5.8%)/12 (3.5%) 268 (77.7%)/45 (13.0%) 0.0022
(Yes/no)
Antibiotics (Yes/no) 17 (4.9%)/15 (4.4%) 221 (64.1%)/92 (26.7%) 0.047
Not significant
Single-stage endoscopic stone removal 15 (4.4%)/17 (4.9%) 99 (28.7%)/214 (62.0%) 0.11
(Yes/no)
Age (<75 yr/275 yr) 13 (3.8%)/19(5.5%) 169 (49.0%)/144(41.7%)  0.19
Gender (M/F) 18 (5.2%)/14(4.1%) 175 (50.7%)/138(40.0%)  1.00
Endoscopist’s experience 15 (4.6%)/92.6%)/ 153 (44.4%)/84 (24.4%)/ 0.98
(Expert/intermediate/trainee) 8 (2.3%) 76 (22.0%)
History of abdominal surgery 32 (9.3%)/0 (0%) 308 (89.3%)/5 (1.5%) 1.0
(No surgery/Billroth I)
Coexisting illness (Yes/No) 16 (4.6%)/16(4.6%) 145 (42.0%)/168 (48.7%) 0.71
Antithrombotic drug (Yes/no) 8 (2.3%)/24 (7.0%) 73 (21.2%)/240 (69.6%) 0.83
Chemoprevention (Yes/no) 6 (1.7%)/26 (7.5%) 106 (30.7%)/207 (60.0%)  0.11
Sphincterotomy technique 28 (8.1%)/4 (1.2%) 285 (82.6%)/28 (8.1%) 0.52
(EST = precut/EPBD)
Pancreatic injection (Yes/no) 19 (5.5%)/13(3.8%) 157 (45.5%)/156 (45.2%) 0.36
Pancreatic stent placement (Yes/no) 7 (2.0%)/25 (7.3%) 41 (11.9%)/272 (78.8%) 0.18
Stone number (<1/>2) 26 (7.5%)/6 (1.7%) 207 (60.0%)/106 (30.7%)  0.11
Stone size (<10 mm/>10 mm) 25 (7.3%)/7 (2.0%) 241 (69.9%)/72 (20.9%) 1.0
Diameter of common bile duct 17 (4.9%)/15 (4.4%) 137 (39.7%)/176 (51.0%) 0.35
(<10 mm/>10 mm)
Gallstones (absence/presence) 12 (3.5%)/20 (5.8%) 112 (32.5%)/201 (58.3%) 0.85
Gallbladder 4 (1.2%)/28 (8.1%) 31 (9.0%)/282 (81.7%) 0.55

(Post-cholecystecomy/presence)

ERCP: endoscopic retrograde cholangiopancreatography, EST: endoscopic sphincterotomy, EPBD: endoscopic pap-
illary balloon dilation

Table 3. Multivariate Analysis of Risk Factors for ERCP-related Com-

plications.

Oddsratio  95% CI  p value
Single-stage endoscopic stone removal (Yes) 1.2 0.36-4.2 0.69
Indication for ERCP (Asymptomatic CBDSs) 6.8 2.4-20.3  0.0003
Time of deep cannulation (>10 min) 23 0.99-5.5  0.053
Serum bilirubin (Normal) 0.95 0.34-2.6 0.93
Biliary stent placement (No) 2.3 0.70-8.0 0.17
Aantibiotics (No) 0.65 0.22-1.8 0.40
Pancreatic stent placement (Yes) 2.0 0.62-6.2 0.24
Age (275 yr) 2.0 0.87-4.8 0.11
Chemoprebentation (No) 2.0 0.76-6.3 0.16
Stone number (<1) 2.4 0.92-7.2 0.075

ERCP: endoscopic retrograde cholangiopancreatography, CBDSs: common bile duct stones,
CI: confidence interval

because these factors are not risk factors for PEP. Among the 231 patients who underwent two-stage endoscopic stone
the 114 patients who underwent single-stage endoscopic removal, 6 patients (2.6%) developed PEP. Six risk factors
stone removal, 10 patients (8.8%) developed PEP. Among were found to be significant in the univariate analysis:
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Table 4. Effect of Single-stage Endoscopic Stone Removal on
Complications after Controlling for Confounding Factors.

Odds ratio  p value/(95% CI)
Single-stage endoscopic stone removal 1.4 0.52/(0.52-3.5)
Propensity score groupl# 0.010
Propensity score group2$ 0.16
Propensity score group3™ 0.69

CI: confidence interval

#Risk factors that were associated with both complications and single-stage endo-
scopic stone removal in univariate analysis: indication for ERCP, time of deep can-
nulation, serum bilirubin, biliary stent placement, and antibiotics were included.
SProcedure-related risk factors associated with complications in previous studies:
endoscopist’s experience, sphincterotomy technique, pancreatic injection, chemo-
prevention, and pancreatic stent placement were included.

**Patient-related risk factors associated with complications in previous studies: age,
sex, coexisting illness, antithrombotic drug, diameter of common bile duct, stone
size, stone number, gallstones, and gallbladder were included.

Table 5. Effect of single-stage endoscopic stone removal on com-
plications after controlling for confounding factors in patients re-
quiring more than 10 minutes for deep cannulation.

Odds ratio  p value/(95% CI)
Single-stage endoscopic stone removal 22 0.37/(0.39-12.8)
Propensity score groupl# 0.0011
Propensity score group2$ 0.26
Propensity score group3** 0.056

CI: Confidence interval

Risk factors that were associated with both complications and single-stage endo-
scopic stone removal in univariate analysis: indication for ERCP and biliary stent
placement were included.

SProcedure-related risk factors associated with complications in previous studies:
endoscopist’s experience, sphincterotomy technique, pancreatic injection, chemo-
prevention, pancreatic stent placement, and antibiotics were included.
**Patient-related risk factors associated with complications in previous studies: age,
sex, coexisting illness, serum bilirubin, diameter of common bile duct, stone size,

stone number, gallstones, and gallbladder were included.

single-stage endoscopic stone removal, indication for ERCP,
pancreatic injection, time of deep cannulation, serum biliru-
bin, and biliary stent placement. Sphincterotomy technique
and pancreatic stent placement showed a tendency towards a
significant association (p=0.0501 and p=0.056, respectively).
The p values of the other factors were >0.20. Although
single-stage endoscopic stone removal was found to be a
significant risk factor for PEP in the univariate analysis (p=
0.014), it was not significant in the multivariate analysis (p=
0.10). The propensity score analysis also showed that this
procedure was not a significant risk factor for PEP (p=
0.088).

The incidence of complications associated with a
longer deep cannulation time

We next determined whether the deep cannulation time
during single-stage endoscopic stone removal was a signifi-
cant risk factor for complications. Among the 27 patients
who underwent single-stage endoscopic stone removal, 8 pa-

tients (29.6%) had complications. Among the 82 patients
who underwent two-stage endoscopic stone removal, 9 pa-
tients (11.0%) had complications. Among the patients in
whom >10 min was required for deep cannulation, three sig-
nificant factors were identified by the univariate analysis:
single-stage endoscopic stone removal, indication for ERCP,
and biliary stent placement. The p values for serum bilirubin
and pancreatic injection were p=0.18 and p=0.12, respec-
tively. All other factors had p values of >0.20. In the multi-
variate analysis, single-stage endoscopic stone removal was
not a significant risk factor for complications (p=0.70). The
propensity score analysis revealed that single-stage endo-
scopic stone removal was not a significant risk factor in pa-
tients in whom >10 min was required for deep cannulation
(Table 5).

The incidence of PEP associated with a longer deep
cannulation time

Among the patients in whom >10 min was required for
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Table 6. The Number of ERCP Attempts between Single-stage Endoscopic Stone
Removal and Two-stage Endoscopic Stone Removal.

Single-stage endoscopic

Two-stage endoscopic

Number of ERCP attempts p value
stone removal stone removal
1 80/114 (70.2%) 15/231 (6.5%)
2 30/114 (26.3%) 183/231 (79.2%)
3 4/114 (3.5%) 28/231 (12.1%)
4 0/114 (0%) 4/231 (1.7%)
5 0/114 (0%) 1/231 (0.43%)
<0.0001

ERCP: endoscopic retrograde cholangiopancreatography

Table 7. The Hospital Stay between Single-stage Endoscopic Stone

Removal and Two-stage Endoscopic Stone Removal.

Single-stage endoscopic

Two-stage endoscopic

Hospital stay stone removal stone removal p value
<7 days 61/108 (56.5%) 31/223 (13.9%)
> 8 days 47/108 (43.5%) 192/223 (86.1%)
<0.0001
deep cannulation, 8 of the 27 patients (29.6%) who under- sessed.
went single-stage endoscopic stone removal had PEP.
Among the 82 patients with two-stage endoscopic stone re- Discussion

moval, 4 patients (4.9%) had PEP. Three factors were found
to be significant in the univariate analysis: single-stage en-
doscopic stone removal, indication for ERCP, and biliary
stent placement. Serum bilirubin and sex showed p values of
0.065 and 0.13, respectively; the other factors had p values
of >0.20. Although single-stage endoscopic stone removal
was a significant risk factor for PEP in the univariate analy-
sis (p=0.0014). This procedure did not remain a significant
risk factor for PEP in the multivariate analysis (p=0.34).
However, the propensity score analysis revealed that single-
stage endoscopic stone removal was a significant risk factor
for PEP (odds ratio =9.9, p=0.024, 95% CI= 1.3-114.3).

The efficacy of single-stage stone endoscopic stone
removal

Stone removal was successful in all patients in both
single-stage endoscopic stone removal and two-stage endo-
scopic stone removal groups. The numbers of ERCP at-
tempts in the single-stage endoscopic stone removal and
two-stage endoscopic stone removal groups are shown in Ta-
ble 6. The number of ERCP attempts in the single-stage en-
doscopic stone removal group was significantly lower than
that in the two-stage endoscopic stone removal group. In the
single-stage endoscopic stone removal group, the proportion
of patients with a hospital stay of within 7 days was signifi-
cantly higher than that in the two-stage endoscopic stone re-
moval group (Table 7). Regarding the analysis of the hospi-
tal stay, the cases in which ERCP was performed because
choledocholithiasis was observed during hospitalization for
other diseases were excluded because the length of hospital
stay in association with choledocholithiasis could not be as-

In the present study, we retrospectively examined the inci-
dence of complications for single-stage endoscopic stone re-
moval, with adjustment for confounding factors using a pro-
pensity score analysis. Our results indicated that single-stage
endoscopic stone removal was not a risk factor for overall
complications, even in patients in whom >10 min was re-
quired for deep cannulation.

Several previous studies describing the risk factors and
complications associated with ERCP reported that the inci-
dence of complications ranged from 5% to 10%, with PEP,
which occurred in 2-7% of the patients, being the most
common complication (11-17). In the guidelines published
by the American society for gastrointestinal endoscopy in
2017 (2) and by the European society of gastrointestinal en-
doscopy in 2014 (18), single-stage endoscopic stone removal
is not listed as a procedure-related risk factor for complica-
tions such as PEP, cholangitis, bleeding, and perforation.
Thus, single-stage endoscopic stone removal is generally
recommended, as shown in the standard framework of
ERCP by the ERCP Working Party of the British Society of
Gastroenterology.

However, few reports have examined in detail whether
single-stage endoscopic stone removal is a risk factor for
complications in patients with naive papilla. In a retrospec-
tive trial of 11,497 patients (17) and a prospective trial of
1,177 patients (16), endoscopic stone removal was not found
to be a risk factor for complications in ERCP. However,
these studies included not only patients with naive papilla
but also those with a history of ERCP; thus, the risk of
single-stage endoscopic stone removal in patients with naive
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papilla could not be accurately evaluated.

First, we considered that calculus must be passed through
the papilla for its successful endoscopic removal, and that
unavoidable mechanical irritation of the papilla with a
single-stage procedure might exacerbate papillary edema,
leading to increased overall complications and PEP. How-
ever, in the present study, the propensity score analysis re-
vealed that single-stage endoscopic stone removal was not a
significant risk factor for overall complications or PEP in
patients with naive papilla.

Second, we hypothesized that single-stage endoscopic
stone removal may be a risk factor for complications, spe-
cifically PEP, in cases of difficult deep cannulation. One of
the initial events during pancreatitis involves the blockage of
digestive enzyme secretion from pancreatic acinar cells and
activation of trypsinogen (19). Clinically, patients undergo-
ing EST or EPBD and those with difficult deep cannulation
were found to have a high risk of PEP due to papillary
edema (2, 20). In addition to EST and EPBD, many patients
in whom >10 min is required to perform deep cannulation
may have already developed papillary edema, which could
be exacerbated by endoscopic stone removal. Based on a
previous study, which reported that patients in whom 10 min
was required for deep cannulation had a significantly higher
risk of PEP (20), we used 10 min as the cutoff for the dura-
tion of deep cannulation in our analyses. After adjustment
for confounding factors in the multivariate analysis using
propensity scores, it was found that single-stage endoscopic
stone removal was not a significant risk factor for overall
complications. The propensity score analysis revealed that
single-stage endoscopic stone removal was a significant risk
factor for PEP in the patients in whom >10 min was re-
quired for deep cannulation. However, the analysis of the re-
sults on PEP in cases in which >10 min was required for
deep cannulation was problematic because only 12 patients
suffered from PEP among the 109 patients in whom >10
min was required for deep cannulation. As a result of the
small sample size, the 95% CI was very wide.

Although EPLBD was performed recently for patients
with large CBDSs, the present study only included 3 pa-
tients who underwent EPLBD. Some previous studies re-
ported that EPLBD with EST for large CBDSs was associ-
ated with an equal number (or fewer) ERCP-related compli-
cations to EST alone (7, 21). Based on these previous stud-
ies, single-stage endoscopic stone removal with EPLBD may
be a safe procedure for the removal of large CBDSs.

While the safe implementation of single-stage endoscopic
stone removal is potentially advantageous due to the associ-
ated reductions in medical costs and hospital stay, potential
ERCP-associated complications will inadvertently lead to
extended hospital stays and increased medical costs, in addi-
tion to the increased mental and physical burden on the pa-
tients. Furthermore, this negative impact will undoubtedly be
exacerbated in cases of severe complications, such as severe
PEP. The findings of the present study of patients with naive
papilla show that single-stage endoscopic stone removal is

not a significant risk factor for overall complications. Re-
garding the incidence of PEP, it was not clear whether
single-stage endoscopic stone removal was a risk factor of
PEP in patients with naive papilla who underwent EST or
EPBD because of the small number of patients who suffered
from PEP. Single-stage endoscopic stone removal contrib-
uted to a reduction in the number of ERCP attempts and a
shorter hospital stay.

The present study is associated with several limitations.
First, despite adjusting for confounding factors using pro-
pensity scores, it is possible that certain confounders con-
tributed to the outcomes as not all potential factors were
measured or included in the present study. Second, the
analysis of the incidence of PEP in single-stage endoscopic
stone removal and two-stage endoscopic stone removal was
insufficient because only 16 patients suffered from PEP. Fu-
ture studies, including randomized controlled trials, should
be performed to compare the incidence of complications be-
tween single-stage and two-single-stage endoscopic stone re-
moval.

In summary, we conducted a multivariate analysis using
propensity scores to examine the risk of complications asso-
ciated with single-stage endoscopic stone removal and found
that single-stage endoscopic stone removal was not a risk
factor for complications in patients with naive papilla who
underwent EST, EPBD, or EPLBD. Furthermore, single-
stage endoscopic stone removal contributed to a reduction in
the number of ERCP attempts and a shorter hospital stay.
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