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HIGHLIGHTS

e Failure to clear bile duct stones
in the index ERCP can be seen in
15-20% of cases, and identifying
the factors associated with failure is
important.

A prospective analysis was
conducted to identify and analyze
the factors that could predict the
failure of complete CBD clearance.

The present study reported a
successful clearance of CBD stones
during the index procedure in only
70% of patients.

A stone diameter >15 mm, location
of stones in hepatic ducts, presence
of stricture distal to stone, and
impacted stone were independent
predictors of failed bile duct
clearance.
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ABSTRACT - Background — Common bile duct (CBD) stones are known to

complicate 10-15% of gallstone diseases. Endoscopic retrograde cholan-
giopancreatography (ERCP) is the therapeutic modality of choice for bile
duct clearance in CBD stones but may fail to achieve stone clearance.
Objective — This prospective study was done to identify the predictors
of failure of CBD clearance with ERCP. Methods — All consecutive pa-
tients with bile duct stones undergoing ERCP at a tertiary care center
were prospectively included from October 2020 to October 2021. The
study’s primary outcome was to identify and analyze factors that could
predict the failure of complete CBD clearance. Results — A total of 120
patients (50.8% males, median age: 53.5 years) were included in the final
analysis. Successful clearance of CBD stones during the index procedure
was achieved in 70% of patients. At a cut-off stone diameter of >10.5
mm and CBD diameter of >12.5 mm, the AUC was 0.890 and 0.884, re-
spectively, to predict failed clearance of CBD. On multivariate analysis,
stone diameter =15 mm [odds ratio (OR) 16.97, 95% confidence interval
(CD: 1.629-176.785], location of stones in hepatic ducts (OR 7.74, 95%CI:
2.041-29.332), presence of stricture distal to stone (OR 6.99, 95%CI:
1.402-34.726) and impacted stone (OR 21.61, 95%CI: 1.84-253.058) were
independent predictors of failed bile duct clearance. Conclusion — Stone
size and location are independent predictors of failed bile duct clearance.
The endoscopist should consider these factors while subjecting a patient

to biliary ductal clearance to plan additional intervention.

Keywords: ERCP; CBD stone; gallstone disease; bile duct clearance; me-

chanical lithotripsy.
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INTRODUCTION

Common bile duct (CBD) stones complicate 10—
15% of gallstone diseases, the majority being choles-
terol gallstones™. In Indian studies, most CBD stones
are of cholesterol type in the North and pigmented
stones in the South®. Endoscopic retrograde cholan-
giopancreatography (ERCP) is the procedure of choi-
ce for the extraction of CBD stones, with a success
rate of 80-85% during index procedure®. However,
certain factors cause hindrance to CBD clearance du-
ring index procedure, resulting in repeated attempts
for clearance or surgical exploration.

These factors can be related to the stone itself,
like size, shape, location, or impaction, or the ana-
tomy of the biliary tract, like CBD stricture, distal
CBD angulation, stone/CBD ratio, or periampullary
diverticulum®. Identifying these factors before the
endoscopic intervention helps the team to allocate
additional resources and personnel for clearance of
‘difficult’ stones viz, mechanical lithotripsy, cholan-
gioscopy assisted lithotripsy, or ESWL®. It can also
help prognosticate the patients regarding the achie-
vement of CBD clearance, cost of treatment, and
need for surgical CBD exploration.

The present study aimed to prospectively evalu-
ate the factors that can predict the failure of index
ERCP in complete clearance of the biliary system in
patients presenting with symptomatic CBD stones.
The findings of this research can help gain a better
understanding of the risk factors associated with dif-
ficult CBD stone extraction and develop better future
strategies for managing such cases.

METHODS

Study design and patient selection

This was a single-center, prospective observatio-
nal study conducted at a tertiary health care center in
South India. All consecutive patients diagnosed with
bile duct stones from October 2020 to October 2021
and undergoing their index ERCP procedure were
recruited. The diagnosis of bile duct stone was based
on radiologic and endosonological findings. The stu-
dy was conducted as per the Declaration of Helsinki
after approval of the Institutional Ethical Committee
(EC/NIMS/2642/2020).
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Exclusion criteria

The following patients were excluded from the
study: (i) prior attempts of bile duct stone extraction
by ERCP, (ii) extracorporeal shock wave lithotripsy
(ESWL) prior to the procedure, (iii) failed cannula-
tion of CBD, (iv) uncorrected coagulopathy or pa-
tients on antithrombotics or anticoagulants within
previous five days, and (v) pregnant women.

Treatment protocol

Preprocedural work-up included complete blood
cell count, liver function tests, serum electrolytes, and
coagulation studies. After taking informed consent,
the procedure was performed with the patient in the
prone or left lateral position. All procedures were
done under moderate sedation or general anesthe-
sia, depending upon the patient’s general condition,
with continuous vital monitoring. ERCP was perfor-
med using a side-viewing duodenoscope (TJF-150,
Olympus Optical Co., Tokyo, Japan) by two endos-
copists with experience of at least 300 ERCPs prior
to these procedures. Guide-wire-assisted cannulation
of the common bile duct (CBD) was done, followed
by a contrast injection delineating the location of the
stone and associated strictures. Sphincterotomy was
performed after a cholangiogram. In case of failure
of cannulation using sphincterotome, needle knife
sphincterotomy was performed. Stones in the biliary
system were extracted with a 12-15 mm extraction
balloon after sphincterotomy. In case of any stricture
distal to the stone, balloon dilation with 6- or 8-mm
balloons was performed prior to extraction. In case
of stone extraction failure, sphincteroplasty was per-
formed with a CRE balloon ranging from a diameter
of 10 to 15 mm based on the size of the stone and
bile duct. After the failure of the above procedures,
a mechanical lithotripter was used to fragment the
stones into smaller pieces. Finally, the contrast was
injected into the CBD via the balloon catheter. The
balloon was pulled out of the CBD and into the duo-
denum to confirm biliary clearance. Double pigtail
plastic biliary stents of sizes ranging from 8.5 to 10 Fr.
and lengths ranging from 8 to 10 cm (Cook Medical,
USA) were placed based on cholangiogram findings.

Study outcomes and statistical analysis
The primary outcome of the study was complete
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CBD clearance, as visualized on the cholangiogram.
Secondary outcomes included analysis of predictors
of failure of stone clearance.

Continuous variables were expressed as mean (+
standard deviation) or median (range) based on the
normality test. Categorical variables were expressed
as numbers and percentages. Pearson’s chi-square
test was used to test the significance of factors affec-
ting the clearance of CBD. Factors found to be signi-
ficant in univariate analysis were entered into multi-
variate logistic regression analysis. A comparison of
the predictive ability of factors affecting the clearan-
ce of bile duct stones was made using the area under
the receiver operating characteristic (AUROC) curve.
SPSS statistical package, version 24.0 statistical soft-
ware, was used for statistical analyses.

RESULTS

Patient selection and baseline characteristics
Over the study period, a total of 156 cases un-
derwent ERCP for CBD stone extraction. FIGURE 1
shows the study flowchart for the patient selection
process. The present study comprised 120 subjects,
of which 61 were males, and 59 were females, with
a M:F ratio of ~1:1. The population’s median age was
53.5 years (range: 22-85). The median size of sto-
ne and CBD were 10 mm (range: 6-25) and 11 mm
(range: 6-28), respectively, with the number of sto-
nes ranging from 1 to 8. Ten percent (12/120) of the
patients had a prior cholecystectomy. Jaundice was
present in 30.8% (37/120) cases, and 17.5% (21/120)
presented with features of acute cholangitis.

Patients undergoing ERCP for
bile duct stone extraction
(n=156)

_[- Previously attempted (n = 25) ]

* Failed cannulation (n =11)

(n=120)

|
l l

Successful clearance Failed clearance
(n=84) (n=36)

FIGURE 1. Flowchart for recruitment of study participants.

[ Patients included in the study ]

Predictors of incomplete biliary clearance on
index ERCP

Successful clearance of CBD stones during the
index procedure was achieved in 70% of patients.
TABLE 1 compares the difference in parameters be-
tween patients with and without bile duct clearan-
ce at index ERCP. Proportions of patients with stone
diameter =15 mm, CBD diameter =15 mm, location
of stones in hepatic ducts, presence of stricture distal
to stone, and impacted stone were higher in patients
who failed biliary clearance.

TABLE 1. Comparison of factors affecting clearance of bile duct
stone during index ERCP.

CBD Failure
Factor affecting clearance  ofCBD .o
clearance of CBD achieved clearance

(n=36)

Age 0.771
21-40 years 20 (23.8%) 8(22.2%)
41-60 years 37 (44.0%) 14 (38.9%)
61-90 years 27 (32.1%) 14 (38.9%)
Male gender 43 (51.2%) 18(50.0%) 0.905
Stone diameter 0.001
<15 mm 76 (90.5%) 13 (36.1%)

>15 mm 8(9.5%) 23 (63.9%)

CBD diameter 0.001

<15 mm 73(86.9%) 12(33.3%)
>15 mm 11 (13.1%) 24 (66.7%)
Number of stones 0.066
Less than 4 67 (79.8%) 23 (63.9%)
4 or more 17 (20.2%) 13 (36.1%)
Shape of stones 0.629
Faceted 7 (8.3%) 4 (11.1%)
Rounded 77 (91.6%) 32(88.9%)
Location of stone 0.001

Isolated CBD stone
Hepatic duct + CBD

71(84.5%) 20 (55.5%)
13 (15.5%) 16 (44.4%)

Presence of stricture - s 0.019
distal to stone SHLL TRl 0T R
Presence of 0.763
periampullary 11 (18.1%) 4 (11.1%)
diverticulum

Impacted stone 1(1.2%) 10(27.8%) 0.001
Presence of Mirizzi’s 4(4.8%) 4(11.1%) 0.201
syndrome

Prior cholecystectomy 7(83%) 5(13.9%) 0.353

Presence of cholangitis 13 (15.5%) 8(22.2%) 0.373

Use of mechanical 0.241

lithotripsy

Use of EPLBD 12 (14.3%) 8(22.2%)  0.285

CBD: Common bile duct; EPLBD: Endoscopic papillary large balloon
dilatation. Bold values indicate statistical significance.

6(7.1%)  5(13.9%)
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For stone diameter, AUC was 0.890 (0.831-0.950)
at a cut-off of >10.5 mm with a sensitivity of 88.9%
and specificity of 76.2% to predict failed clearance
of CBD. Similarly, for CBD diameter, AUC was 0.884
(0.825-0.943) at a cut-off of >12.5 mm with a sensiti-
vity of 86.1% and specificity of 77.4% to predict failed
clearance of CBD (FIGURE 2).

ROC Curve

Source of the
Curve

Stone size(mm)
— CBD size(mm)
~— Reference Line

Sensitivity

02

00 02 04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

FIGURE 2. Receiver operating characteristic curve for stone diameter
and bile duct diameter in predicting failure of stone clearance during
ERCP.

A multivariable model was generated to analyze
factors affecting the clearance of CBD during index
ERCP. The model included stone diameter =15 mm,
CBD diameter =15 mm, location of stones in hepatic
ducts, presence of stricture distal to stone, and im-
pacted stone (TABLE 2). Among these parameters,
except for CBD diameter, all the above were signifi-
cant factors that negatively impacted the clearance of
bile duct stones during index ERCP.

DISCUSSION

Endoscopic management of bile duct stones aims
to achieve complete CBD clearance. However, this
may not be achieved in all cases, requiring additio-
nal interventional techniques such as endoscopic
papillary large balloon dilatation (EPLBD), mecha-
nical lithotripsy, and cholangioscopy-assisted litho-
tripsy. Multiple factors can help predict the failure of
ERCP in clearing bile duct stones. The present study
comprised 120 subjects undergoing their first ERCP
procedure for bile duct stones, achieving successful
clearance in 70% of cases. Significant factors that ne-
gatively impacted the success of ERCP in clearing
bile duct stones during index procedure were stone
diameter =15 mm, CBD diameter =15 mm, location
of stones in hepatic ducts, presence of stricture distal
to stone, and impacted stone on univariate analysis.
On a multivariate logistic regression analysis, except
for CBD diameter, all the above were significant fac-
tors that negatively impacted the clearance of bile
duct stones during index ERCP.

In literature, ERCP with stone extraction has
80-85% success rates in treating CBD stones. Howe-
ver, in the study by Sabbah et al., CBD clearance by
first-line techniques was achieved in 61.9% of the
cases®. In the present study, only 70% of the pa-
tients could achieve CBD clearance. The low success
rate in our study can be explained by the fact that
our center, a tertiary care hospital, is a referral center
for complex stone cases from primary and secondary
care centers. Hence, Also, the lack of cholangiosco-
py-assisted lithotripsy may have led to a lower clea-
rance rate.

TABLE 2. Significance of factors affecting clearance of CBD during index ERCP on multivariate analysis.

Factors affecting biliary clearance Odds ratio 95%CI Standard error

Stone diameter >15 mm 16.97 1.629-176.785 20.29 2.37 0.018
CBD diameter >15 mm 1.56 0.171-14.297 1.77 0.4 0.69
Location of stone 7.74 2.041-29.332 5.26 3.01 0.003
Stricture distal to stone 6.99 1.402-34.726 5.71 2.37 0.018
Impacted stone 21.61 1.84-253.058 27.13 2.45 0.014

CBD: Common bile duct; Cl: Confidence interval
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According to previous studies®™? the patient’s age
was considered a significant factor affecting the clea-
rance of CBD stones during ERCP, and older patients
had increased failure rates. In contrast to the previous
studies, the age (P=0.771) and sex (P=0.905) of the
patients had no significant effect on the clearance of
bile duct stones during ERCP in our study.

In a previous study by Garcia et al., a CBD diame-
ter =15 mm was a significant predictor of failure of
CBD clearance at index ERCP"". Subsequently, two
other studies reported CBD diameter as a significant
predictor®, In the present study, a CBD diameter of
>12.5 mm was associated with a sensitivity and specifi-
city of 86.1% and 77.4%, respectively, to predict failed
clearance of CBD. However, CBD diameter did not re-
ach statistical significance in a multivariate analysis in
the present study. Hence, it was not an independent
predictor of bile duct clearance but was considered
secondary to the presence of large CBD stones.

Limited sphincterotomy combined with endos-
copic papillary large-balloon dilation (EPLBD) is the
first-line approach for removing difficult common
bile duct stones“?. Mechanical lithotripsy (ML) is
the simplest method for fragmenting large CBD sto-
nes™®. Both are additional intervention techniques
for managing difficult CBD stones. In the present
study, the use of these additional interventional tech-
niques did not significantly affect the clearance of di-
fficult stones (P=0.241 for ML and 0.285 for EPLBD).
Balloon and basket catheters are comparable in effi-
cacy and safety for common bile duct stone removal.
Two multicenter RCTs have compared the efficacy of
balloon vs basket catheters for extracting CBD stones
sized =10 mm or <11 mm after endoscopic sphincte-
rotomy*>_ In one RCT of 158 patients, the balloon
catheter achieved a higher clearance rate than the
basket catheter (92.3% vs 80.0%)"%. The other RCT
of 184 patients reported similar efficacies for basket
and balloon catheters for stone extraction, but a sto-
ne diameter of <6 mm was independently associated
with failed stone removal within 10 minutes using a
basket catheter because of the inability to grasp the
stone with the basket™. In the present study, the use
of either balloon or basket catheters was comparable
in extracting bile duct stones, and there was no sta-
tistically significant difference affecting the clearance
of bile duct stones (P=0.178).

Two studies reported the presence of periam-
pullary diverticulum as a significant factor contribu-
ting to failed ERCP on univariate analysis but not
on multivariate analysis®'?. In the study by Sabbah
et al., the presence of a periampullary diverticulum
was a significant factor affecting the clearance of
CBD in both univariate and multivariate analysis®.
However, our study did not find any statistical sig-
nificance between the presence of a periampulla-
ry diverticulum and the failure of CBD clearance
(P-value=0.673). Hence, the presence of a periam-
pullary diverticulum may be considered a difficult
factor in the cannulation of CBD rather than stone
extraction.

Multiple stone-related factors have been evalua-
ted previously for predicting failed biliary clearance.
Faceted stones are difficult to clear from CBD. Accor-
ding to previous studies, the number of stones in the
bile ducts was considered a significant factor affec-
ting the success of ERCP71*19. Also, the location of
stones in the intrahepatic ducts poses technical chal-
lenges in achieving ERCP success'”. In the present
study, neither the number of stones nor their shape
predicted the success of ERCP. However, stones lo-
cated in the common hepatic or intrahepatic ducts
significantly affected the clearance of bile ducts on
both univariate and multivariate analysis (OR=7.74,
95%CI: 2.041-29.332). Thus, size and location are the
two most important stone-related factors for predic-
ting failed biliary clearance.

To the best of our knowledge, this is the first stu-
dy from India on the technical challenges encoun-
tered with the endoscopic removal of CBD stones.
Despite this, there were multiple limitations to the
present study. The study’s major limitation was that
patients not achieving clearance of bile duct stones
during index ERCP were not subsequently followed
to assess the clearance rate in subsequent procedu-
res. Cholangioscopy-assisted lithotripsy was not used
for managing difficult CBD stones

To conclude, stone diameter =15 mm, intrahepa-
tic location, presence of distal stricture, and impacted
stone are independent predictors of failure of ERCP
clearing bile duct stones during the index procedure.
For patients at high risk of failure of CBD clearance
during index ERCP, the treating team and the patient
should be prepared for second-line interventions like
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EPLBD or mechanical lithotripsy. Conversely, such
patients can be referred to centers with facilities for
cholangioscopy-assisted lithotripsy to avoid repeated
endoscopic sessions.
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endoscopica na limpeza de cilculos do ducto biliar durante o procedimento inicial — Um estudo prospectivo. Arq gastroenterol.
2024:61:€23112.
RESUMO - Contexto — Calculos do ducto biliar comum (CDC) sio conhecidos por complicar 10-15% das doencas de célculos biliares.

A colangiopancreatografia retrograda endoscopica (CPRE) € a modalidade terapéutica de escolha para a limpeza do CDC, mas
pode falhar na sua remocio. Objetivo — Este estudo prospectivo foi realizado para identificar os previsores de falha na limpeza do
CDC com CPRE. Métodos — Pacientes consecutivos com cdlculos no ducto biliar submetidos a CPRE em um centro de atendimento
terciario foram incluidos prospectivamente de outubro de 2020 a outubro de 2021. O principal resultado do estudo foi identificar e
analisar fatores que poderiam prever a falha na limpeza completa do CDC. Resultados — Um total de 120 pacientes (50,8% homens,
idade média: 53,5 anos) foram incluidos na andlise final. A limpeza bem-sucedida dos cilculos de CDC durante o procedimento
inicial foi alcancada em 70% dos pacientes. Com um didmetro de corte de cilculos >10,5 mm e de didmetro de CDC de >12,5 mm,
a AUC foi de 0,890 e 0,884, respectivamente, para prever a falha na limpeza do CDC. Na andlise multivariada, didmetro da calculos
=15 mm [razdo de chances (OR) 16,97, intervalo de confianca de 95% (IC): 1,629-176,785], localizacao dos calculos nos ductos
hepaticos (OR 7,74, IC95%: 2,041-29,332), presenca de estreitamento distal ao calculo (OR 6,99, 1C95%: 1,402-34,726) e calculo
impactado (OR 21,61, 1C95%: 1,84-253,058) foram previsores independentes de falha na limpeza do ducto biliar. Conclusdao — O
tamanho e a localizacdo dos cilculos sio previsores independentes de falha na limpeza do ducto biliar. O endoscopista deve con-
siderar esses fatores ao submeter um paciente a limpeza ductal biliar para planejar intervencido adicional.

Palavras-chave — CPRE; cilculo de ducto biliar comum; doenca de calculos biliares; limpeza do ducto biliar; litotripsia mecanica.
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