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Choledocholithiasis; Introduction and aim: The diagnostic yield of the current criteria for assigning the risk of chole-
Logistic regression; docholithiasis (CL) is inaccurate. The aim of our work was to develop a logistic regression model
Intermediate risk for predicting CL diagnosis in patients catalogued as either intermediate or high risk for CL,

according to the criteria of the American Society for Gastrointestinal Endoscopy (ASGE).
Material and methods: We conducted an analytic, observational, cross-sectional study for eval-
uating the diagnostic yield of a logistic regression model in adults with intermediate or high risk
for CL. A receiver operating characteristic (ROC) curve analysis was done to determine the best
cutoff point for predicting the diagnosis of CL. Endoscopic retrograde cholangiopancreatography
(ERCP) was utilized as the gold standard for diagnosing CL.

Results: A total of 148 patients suspected of presenting with CL were studied. In our cohort, 71
had immediate risk and 77 had high risk. CL diagnosis was confirmed in 102 patients (69%). Our
model showed an area under the curve (AUC) of 0.68. In patients with an intermediate risk for
CL, the AUC value was 0.72 and the positive predictive value (PPV) was 70%. In patients with a
high risk for CL, the AUC value was 0.78 and the PPV was 89%.

Conclusion: Our model appears to better predict the diagnosis of CL than the ASGE criteria for
patients with an intermediate or high risk for the disease. Our model can guide clinical decisions
in patients with suspected CL.
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PALABRAS CLAVE
Coledocolitiasis;
Regresion logistica;
Riesgo intermedio

Un modelo tipo App que utiliza un algoritmo de regresion logistica para predecir
coledocolitiasis. Un ensayo clinico prospectivo

Resumen

Introduccion y objetivo: El rendimiento diagndstico de los criterios actuales para asignar el
riesgo de coledocolitiasis (CL) es impreciso. El objetivo de nuestro trabajo fue desarrollar un
modelo de regresion logistica para predecir el diagnostico de CL en pacientes catalogados como
riesgo intermedio y alto de CL, segun los criterios de la Sociedad Americana de Endoscopia
Gastrointestinal (ASGE).

Material y métodos: Realizamos un estudio transversal, observacional y analitico para evaluar
el rendimiento diagndstico de un modelo de regresion logistica en adultos con riesgo intermedio
y alto de CL. Se realiz6 un analisis de curva caracteristica operativa del receptor (COR) para
determinar el mejor punto de corte para predecir el diagndstico de CL. Se utilizd la colan-
giopancreatografia retrograda endoscopica (CPRE) como estandar de oro para el diagnodstico de
CL.

Resultados: Se estudiaron 148 pacientes con sospecha de CL. En nuestra cohorte, 71 presen-
taron riesgo intermedio y 77 riesgo alto. El diagnostico de CL se confirmé en 102 pacientes
(69%). En la cohorte, nuestro modelo mostrd un area bajo la curva (ABC) de 0.68. En pacientes
con riesgo intermedio de CL, el valor de ABC fue de 0.72 y el valor predictivo positivo (VPP) fue
del 70%. En pacientes con riesgo alto de CL, el valor de ABC fue de 0.78 y el VPP de 89%.
Conclusion: Nuestro modelo parece predecir mejor el diagndstico de CL que los criterios de la
ASGE para pacientes de riesgo intermedio y alto. Nuestro modelo puede orientar las decisiones
clinicas en pacientes con sospecha de CL.

© 2024 Asociacion Mexicana de Gastroenterologia. Publicado por Masson Doyma México S.A. Este
es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction and aim

Choledocholithiasis (CL) is a frequent cause of extrahepatic
bile duct obstruction that can be diagnosed in up to 15% of
patients with cholecystolithiasis.”? Given that there can be
complications due to the presence of CL (acute cholangitis,
acute pancreatitis), its early diagnosis and treatment is of
vital importance. Diagnosis is currently based on clinical,
radiologic, and laboratory parameters. Considering body
mass index, age, sex, the presence of bile duct dilation,
and liver function tests, the American Society for Gas-
trointestinal Endoscopy (ASGE) and the European Society
for Gastrointestinal Endoscopy (ESGE) developed predictive
scales for CL.23

The ASGE criteria classify patients into low risk, inter-
mediate risk, and high risk for CL, with a probability of 10%,
10-50%, and >50%, respectively. However, accuracy varies
from 40% to 85% for high risk and 30%-40% for intermediate
risk.Z Due to the wide variability in the diagnostic yield of the
abovementioned criteria in clinical practice, other methods
utilized for predicting CL diagnosis, such as logistic regres-
sion and symbolic regression, have been implemented.*

The gold standard for diagnosing CL is endoscopic
retrograde cholangiopancreatography (ERCP), with 94% sen-
sitivity and 100% specificity, but this method is not exempt
from serious complications and should be performed mainly
in the context of therapeutic indications.®

Therefore, we evaluated the diagnostic accuracy of our
application through a logistic regression model utilized in
patients with an intermediate or high risk for CL.

23

Material and methods

An analytic, observational, cross-sectional study was con-
ducted at a single center within the time frame of February
1, 2022, and February 1, 2023. As background in 2021,
a logistic regression model was obtained through artificial
intelligence for predicting the diagnosis of CL. Initially, the
model was validated in a retrospective cohort of patients
diagnosed with intermediate or high risk for CL that under-
went ERCP during 2020 at the gastroenterology service of
our hospital. From that precedent, the model was prospec-
tively applied to hospitalized patients with intermediate
or high risk for CL, to evaluate its diagnostic yield. Only
patients with the presence of a stone during ERCP were con-
sidered to have a definitive diagnosis of CL. The model was
developed by one of the authors (LM T-T), who is a Doc-
tor in Artificial Intelligence. An established cutoff point of
>0.6 for discerning whether the model predicted a positive
result (the presence of a stone in ERCP) or a negative cut-
off point <0.6 (no stone in ERCP) was determined. The App
model was applied at the bedside of 148 patients admitted
to our hospital. Inclusion criteria were patients >18 years
of age, with clinical suspicion, and with intermediate or
high risk of CL through laboratory or imaging tests. Exclu-
sion criteria were patients at low risk for CL by the ASGE
classification (considering that those patients did not require
invasive studies before cholecystectomy), patients with pre-
vious cholecystectomy, previous ERCP or biliary surgery,
pregnant women, patients with cirrhosis of the liver, clin-
ical suspicion of cholangitis, ASA Ill, and patients that did
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Sex (1
for M; Time CBD
2 for | (0,24,48) Total Direct diameter CBD stone CBD stone ERCP results
Age F) hours AST ALT bilirubin | bilirubin ALP (mm) (probability) | (optimized) | (gold standard)
55 1 0 306 112 21.1 12.8 282 2 1.05% NO NO
39 2 0 107 137 12.8 7.7 281 14 52.83% NO NO
24 2 0 28 162 1.2 1 284 9 95.86% YES NO
34 2 0 1099 648 4.5 3.4 204 10 86.12% YES YES
74 2 0 36 39 29 1.7 154 1 38.67% NO YES
30 2 0 91 97 26.8 17.3 280 18 18.82% NO YES
27 1 0 120 221 10.9 6.8 183 17 63.02% NO YES
84 2 0 291 143 2 1.2 449 19 47.12% NO YES
85 2 0 137 146 7.9 5.2 756 19 43.63% NO YES
28 2 0 356 430 5.3 3.4 185 11 95.46% YES YES
55 2 0 70 93 1.2 0.8 443 7 75.82% NO YES
36 2 0 19 13 5.5 3.1 207 7 62.07% NO NO
37 2 0 72 120 21.8 16.4 277 1 45.88% NO YES
25 2 0 319 689 4.9 3.2 242 7 99.48% YES YES
37 2 0 733 510 3.6 2.7 249 11 90.63% YES NO
85 2 0 153 176 2 1.2 256 1 47.78% NO YES
25 2 0 242 226 7.1 4.8 555 12 87.84% YES YES
51 1 0 392 642 13.3 8 268 11 73.54% NO YES
74 2 0 77 36 1.7 1 505 18 57.51% NO YES
36 1 0 216 496 5.8 4 250 8 93.17% YES NO
42 1 0 144 293 8.6 5.3 168 13 65.11% NO YES
32 2 0 104 235 1 0.4 173 3 93.27% YES YES
73 1 0 83 158 7 4.5 172 1 19.49% NO NO
67 1 0 170 156 13.2 10.7 698 14 31.90% NO YES
Figure 1  Logistic regression model used to evaluate the clinical, laboratory, and imaging characteristics of 148 patients with

intermediate or high risk of choledocholithiasis and to predict the diagnosis of choledocholithiasis.
ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CBD: common bile duct; F: female; M:

male.

not complete their follow-up at our hospital. Laboratory
tests were carried out at hospital admission and at 24 and
48 h after hospitalization. The laboratory tests performed
upon hospital admission were utilized to classify patients
according to the ASGE criteria.

Logistic regression model

Our logistic regression model included age, sex, time of ERCP
to hospital admission, AST, ALT, alkaline phosphatase, total
bilirubin, and the diameter of the common bile duct mea-
sured by abdominal ultrasound, for their analysis (Fig. 1).
Through the logistic regression model, the contribution of
each variable in predicting CL was evaluated and utilized
for the control of other confounding factors.

Three experienced endoscopists carried out all the ERCPs
in our study. The results of the model were not taken into
consideration for making medical decisions.

Statistical analysis

Frequencies (%), medians (q25-q75), or means + stan-
dard deviation were reported in the descriptive analysis. A
receiver operating characteristic (ROC) curve analysis was
done to establish the best cutoff point for predicting the
diagnosis of CL. Model sensitivity, specificity, negative pre-
dictive value (NPV), and positive predictive value (PPV) were

reported. The Python program was utilized for the statistical
analysis.

Ethical considerations

The protocol was reviewed and approved by the ethics com-
mittee of our institution (GA22-00005). Written statements
of informed consent were obtained before participation in
the study.

Results

A total of 148 patients with either intermediate or high
risk for CL were recruited. Median age was 43 years
(range:16—85) and 110 (74%) of the patients were women.
As mean values, AST was 214.37 + 184.25 U/l, ALT 288.13
+ 228.17 U/l, alkaline phosphatase 290.49 + 174.57 U/l,
total bilirubin 6.87 + 5.13 mg/dl, and the diameter of the
common bile duct 9.2 + 5.4 mm. In our cohort, 71 (48%)
patients were classified as having an intermediate risk for
CL and 77 (52%) as having a high risk for CL. Table 1 shows
all laboratory test results. ERCP was performed on 125 (85%)
patients >48 h from hospital admission. CL diagnosis through
the identification of a stone by ERCP was made in 102 (69%)
patients. ECRP demonstrated the presence of a stone in the
common bile duct in 26 (36.6%) patients at intermediate risk
for CL and in 41 (53.2%) patients at high risk for CL.
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Table 1 Clinical and laboratory characteristics of 148 patients with clinical suspicion of choledocholithiasis upon their admission
to the Hospital Universitario ‘‘Dr. José Eleuterio Gonzdlez’’.
Number of patients 148
Age (years) 43 (16—85)
Sex (n, %) 148
Male 38 (26)
Female 110 (74)
Time of ERCP performance with respect to
hospital admission
<48h 23 (16)
>48 h 125 (85)
AST (1U/1) 214.37 +184.25
ALT (IU/1) 288.13 +228.17

Total bilirubin (mg/dl)
Direct bilirubin (mg/dl)
Alkaline phosphatase (1U/1)
Common bile duct (mm)
Probability according to ASGE criteria
High risk
Intermediate risk
Choledocholithiasis present in the prediction model (n, %)
Yes
No
ERCP-confirmed
choledocholithiasis (n, %)
Yes
No

6.87+5.13
4.43 £+ 3.51
290.49 +£174.57
9.28+5.4

77 (52)
71 (48)
148

81 (55)
67 (45)

148
102 (69)
46 (31)

ALT: alanine aminotransferase; ASGE: American Society for Gastrointestinal Endoscopy; ST: aspartate aminotransferase; ERCP: endoscopic

retrograde cholangiopancreatography.

Prediction of choledocholithiasis made by our
logistic regression model

The analysis of our model in the cohort revealed an area
under the ROC curve (AUC) value of 0.68, indicating mod-
erate predictive capaciVty. The AUC value for patients with
intermediate risk was 0.72, with 65% sensitivity, 65% speci-
ficity, 70% PPV, 59% NPV, and 71% accuracy. In high-risk

patients, the AUC value was 0.78, with 66% sensitivity, 67%
specificity, 89% PPV, 32% NPV, and 89% accuracy (Fig. 2).

Discussion

The development of different noninvasive, economic tools
(neural networks, machine learning) for predicting the pres-
ence of CL is vitally important, given that current methods

/J—
ROC rj ROC /
AUC 0.78 i AUC 0.72 o
/,/ f
2 > P
= - -
= £
& &
N ,5a N pa
=
-
00 0.2 04 ; 4
1-Specificity 1-Specificity
Figure 2 ROC curve analysis to predict the definitive diagnosis of choledocholithiasis, in high and intermediate-risk patients,

respectively.
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Table 2 Comparison of the diagnostic yield of our logistic regression model and the different statistical models presented in

the literature, in patients at high risk for choledocholithiasis.

Sensitivity Specificity PPV NPV
Our predictive model (logistic regression) 66% 67% 89% 32%
Narvaez et al.” (ASGE criteria) 86% 24% 60% 56%
Dalai et al.? (mechanized learning) 91% 25% 87% 33%
He et al.' (ASGE criteria) 70% 74% 64% 79%
Jagtap et al."" (ASGE criteria) 75% 97% 90% 91%
Herrera et al.'? (symbolic regression) 61% 85% 87% 57%
Ovalle et al." (ASGE criteria) 69% 52% 79% 38%

NPV: negative predictive value; PPV: positive predictive value.

Table 3 Comparison of diagnostic yield of our logistic regression model and the different statistical models presented in the

literature in patients at intermediate risk for choledocholithiasis.

Sensitivity Specificity PPV NPV
Our predictive model (logistic regression) 65% 65% 70% 59%
Narvaez et al.” (ASGE criteria) 14% 76% 44% 40%
Jagtap et al."" (ASGE criteria) 24% 20% 10% 42%
Herrera et al.'? (symbolic regression) 73% 77% 55% 88%

NPV: negative predictive value; PPV: positive predictive value.

Table 4 Classification criteria for the risk of choledocholithiasis, according to the American Society for Gastrointestinal

Endoscopy (ASGE) and its suggested treatment.'

Risk classification Clinical criteria

Treatment

High risk

Choledocholithiasis present in a noninvasive imaging

ERCP

study or cholangitis or total bilirubin >4 and dilated

common bile duct
Intermediate risk

Low risk

Altered liver function tests or age >55 years or dilated
common bile duct (> 6 mm with gallbladder in situ)

None of the above (symptomatic cholecystolithiasis with
none of the abovementioned factors)

Magnetic resonance
cholangiopancreatography
or endoscopic ultrasound
Cholecystectomy

Source: this table is based on the guideline by Buxbaum et al.?
ERCP: endoscopic retrograde cholangiopancreatography.

(magnetic resonance imaging, ERCP) for its diagnosis are
costly, not exempt from risks for the patient, and not always
widely available. Unfortunately, the development of CL pre-
diction tools continues to produce heterogeneous results.

Currently, the ASGE criteria define patients as having low,
intermediate, and high risks for CL, but when applied to
different populations, these definitions vary greatly. Matt
Ridley expressed this concept in his book, The Agile Gene.®
He wrote that persons are similar because they are different
and different because they are similar. In such a context,
the applicability of any score or criterion becomes quite
difficult.

In 2017, Narvaez et al. applied the ASGE criteria to
patients at the Hospital Universitario ‘‘Dr. José Eleuterio
Gonzdlez’’. Those authors reported a diagnostic accuracy of
CL in the high-risk patients of 59%, with 85% sensitivity and
24% specificity. In the intermediate-risk patients, accuracy

was 41%, with 14% sensitivity and 75% specificity, indicating
unnecessary ERCP in almost half the patients.” With those
data in mind, we developed a logistic regression model to
be prospectively applied as an App at the bedside of the
patient suspected of presenting with CL. In our model, the
PPV was 89% and accuracy was 89% for high-risk patients.
Our results were similar to those reported by Dalai et al.,
who analyzed 270 patients at high risk for CL, utilizing arti-
ficial intelligence. Those authors described 91% sensitivity,
25% specificity, 87% PPV, 33% NPV, and 81% accuracy.® Addi-
tionally, in 2014, a published prospective study by Jovanovic
et al. utilized an artificial neuronal network to determine
the risk for ERCP indication in patients with suspected CL.
The AUC value was 0.88 (95% CI 83-93%), significantly higher
than that of our model, but showed a similar PPV of 92% in
patients at high risk of CL. That model correctly classified
92% of patients who needed an ERCP.°

26



Revista de Gastroenterologia de México 90 (2025) 22-28

A study by Steinway et al., utilizing a machine learning-
based method for predicting CL in 1,378 patients, compared
the diagnostic accuracy of the gradient boosting machine-
learning method versus the 2019 ASGE and ESGE criteria,
finding accuracy of 71%, 62%, and 62%, respectively, results
not significantly different from ours.*

In a study on 1,171 patients, He et al. reported that the
specificity of the ASGE criteria for CL in high-risk patients
was 74% (95% Cl 72-77%) and the PPV was 64% (95% Cl
61-675). Even though the high-risk criteria demonstrated
a probability above 50% of presenting with CL, more than
one-third of the patients underwent diagnostic ERCP.'? In
a retrospective article by Jagtap et al. that compared the
ASGE and ESGE criteria for CL in high-risk patients, a higher
PPV was obtained with the ESGE criteria.""

Table 2 shows the results of a group of studies on patients
at high risk of CL, describing sensitivity from 61% to 91%.
In addition, specificity varied from 24% to 97%. All studies
were conducted on populations with a different prevalence
of choledocholithiasis.” 81013

Our predictive model applied to the patients with inter-
mediate risk for CL had 65% sensitivity, 65% specificity, 70%
PPV, 59% NPV, and 71% accuracy for CL diagnosis. Our results
are similar to those reported in the literature (Table 3).7 "2

Most of the prediction models reviewed in the literature
have good diagnostic yield in patients at high risk for CL.
These data can help confirm the indication for therapeutic
ERCP or the necessity for bile duct examination (Table 4).

Nevertheless, the medical decision in patients in the
intermediate-risk group continues to be a theme of interest
because the PPV of our model in that group of patients was
70%, which was a marginal value, similar to that of several
other studies. Therefore, an additional imaging study, such
as magnetic resonance imaging or endoscopic ultrasound, is
still necessary for confirming the diagnosis of CL."

It should be highlighted that our logistic regression model
showed improvement in diagnostic accuracy, with respect
to the ASGE criteria. However, evaluating its performance
in a different population is necessary because of the high
prevalence variability of bile duct stones.

The limitations of our study include the fact that it was
conducted at a single center, ERCP was performed > 48h
from hospital admission, we did not have laboratory test
data from the same day as the ERCP, the majority of our
patients were young women with a mean age under 40 years,
and our sample size was based on consecutive sampling of
patients with intermediate or high risk of CL during one
year. Most likely, the diagnostic yield of our model would
be more statistically robust if the 3 CL risk groups had
been evaluated. Nevertheless, we only selected patients
at intermediate or high risk for CL, because in low-risk
patients ERCP is not needed and cholecystectomy is indi-
cated.

The strong point of our article is that the model
was developed utilizing adequate methodology and it was
prospectively applied for diagnosing CL. All ERCPs were per-
formed by expert endoscopists, and the model was applied
at the patient’s bedside.

Conclusion

Our logistic expression model showed an improvement in
diagnostic accuracy, with respect to the ASGE criteria. We
believe our findings can be useful for guiding the physician in
his/her clinical decision-making in patients with suspected
choledocholithiasis.
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