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This review synthesizes current evidence to identify unresolved challenges in the diagnosis, treatment, risk
prediction, and prevention of complications and recurrence of choledocholithiasis, and to outline priority ar-
eas for future research.

Choledocholithiasis occur in approximately 30 % of patients with gallstone disease, with recurrence rates av-
eraging 12.6 %. Magnetic resonance cholangiopancreatography (MRCP) remains the non-invasive diagnostic
gold standard; however, its widespread adoption is constrained by high cost and limited accessibility. Machine
learning-based risk stratification models represent a promising strategy to optimize patient selection for
MRCP and reduce unnecessary procedures.

Among the endoscopic transpapillary treatment methods for choledocholithiasis, endoscopic sphincterotomy
plus balloon dilation is the most effective and safe approach. Contact lithotripsy guided by peroral transpapil-
lary cholangioscopy has been shown to have the highest efficacy for stones larger than 15 mm. In surgical
management, there is growing interest in single-stage laparoendoscopic rendezvous procedures combining
cholecystectomy with endoscopic transpapillary intervention. Although randomized trials have demonstrated
their efficacy, broad implementation is hindered by the requirement for hybrid operating suites and the ab-
sence of validated patient selection criteria.

Effective prevention of postoperative complications and stone recurrence hinges on the early identification
and modifiable risk factors. Existing predictive data remain fragmented, and the development of unified mod-
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els is challenged by complex, non-linear interactions among multiple variables. Machine learning algorithms
offer a robust framework to overcome these limitations, with their clinical applicability expanding rapidly due
to advances in digital health technologies.

Priority directions for future research in choledocholithiasis management include: personalization of diagnos-
tic and therapeutic algorithms through integration of novel surgical techniques and optimized perioperative
care; validation of machine learning-driven predictive models for individualized risk stratification and preven-
tion of complications and recurrence.

Keywords. Choledocholithiasis, endoscopic retrograde cholangiopancreatography, rendezvous technique,
biliary stent, machine learning, risk prediction.

O6001IIEHb UMEIOMKUECA B TUTEPATYPE JAHHBIE O KIIOYEBBIX HEPEMEHHDIX POONEMAX JUATHOCTHKY, JIede-
HYsL, IPOTHO3UPOBAHKA ¥ NPO(PUIAKTUKA OCIOKHEHHI M PELIUIUBOB XOJIEA0XONMUTHA3A.

Cpeay ayeHTOoB C JKETYHOKAMEHHOH OO0E3HBIO XONEAOXO0NUTHA3 BCTPEUAETCA B CpeaHeM B 30 % CIydaes,
YaCTOTA DEmUAMBOB jgocTuraer 12,6 %. «300THIM CTAHAAPTOM» JMATHOCTMKA TPU3HAHA MATHHTHO-
pesoHancHas xonanruonankpearorpadua (MPXIID). OfHAKO IMPOKOMY BHEAPEHHIO METOAA HPEMATCTBYIOT
€r0 BBICOKAA CEOECTOMMOCTb M OIPAHUYEHHAS JOCTYIHOCTD. B 3TOM IUIaHE NEPCIEKTUBHBIM HAIPABICHUEM
ABJAETCA NPUMEHEHUE TEXHOJIOTUI MAIIMHHOIO OOyYeHUA AN CTPATHU(UKALIMM MALUEHTOB IO IPYIIIAM
PUCKa U BBIOOPY OOBEKTUBHBIX MOKa3aHMH i1 MPXIIT.

Cpeay 3HIOCKOINYECKUX TPAHCIAIWUIAPHBIX METOOB JIEYEHNA XONEAOXONUTHA3a Haubonee 3 QeKTus-
HBIM U OE30IACHBIM HOAXOJOM ABJAETCS 3HAOCKONMYECKAA MAMMUIOC(UHKTEPOTOMUSA B COYETAHUY C 6
JIOHHOM Juaranyeil. KOHTaKTHAsA JIa3epHad JUTOTPUIICHS 107 KOHTPOJIEM IIEPOPAIbHON TPaHCIAIMIIIAD-
HOH XOJNaHTMOCKOINY MOKA34/Id HAMOOBIIYIO APPEKTUBHOCTb PU KOHKPEMEHTAX PAa3MepoM 15 MM U 60-
nee. B XupyprugeckoM JIEYEHNH XOJMEIUCTOXONEAOXOMUTHA3A HAOMOAAETCA NHTEPEC K OAHOMOMEHTHOMY
HOAXOY — ONEPALMAM IO METOUKE rendez-vous, MPEANOIAralomyM BHIIOTHEHUE XONEUUCTIKTOMUN U SH-
JOCKOIMYECKUX TPAHCIAMMUIAPHBIX BMEINATENBCTE B PAMKAX OZHOM onepauyy. X0OTd PaHJAOMU3UPOBAHHbIE
UCCIENOBAHMA TOATBEPAWIN MX 3((PEKTUBHOCTD, MMUPOKOE BHEAPEHHE OTrPAHUYEHO HEOOXOZUMOCTBIO
HA/INYXA TMOPUIHBIX ONEPALMOHHBIX U OTCYTCTBUEM YETKUX KPUTEPHUEB OTOOPA IALUEHTOB.

JU1 IPOTHO3MPOBAHKA ¥ MPOPUIAKTUKY NOCIECONEPALMOHHBIX OCIOKHEHUI U PELUAUBOB KIIOUEBOE 3HA-
YEHHE UMECT PAHHEE BBIABJICHHUE IIPEAMKTOPOB M X CBOEBPEMEHHAA KOPPEKLMA. VIMEIOmuecs JaHHbIE HOCAT
(bparMeHTapHBIA XAPAKTED, 4 YHU(PULIUPOBAHHBIE MOZE/IN TPEOYIOT IPEOAOICHUA OIPAHUYCHUH, CBA3AHHBIX
CO CJIOKHOCTBIO BBIABICHMSA KOMIUIEKCHBIX NIPEAUKTOPOB ¥ UX CKPBITHIX HETMHEHHBIX B3aUMOCBs3EH. Perme-
HUEM ABJACTCA MHTEIPALMA METOLOB MAUIMHHOIO OOYYEHHS, IPIMEHEHNE KOTOPBIX B KIMHUYECKON IIPAK-
TUKE PaCIIAPAETCA O1arofaps NPoOrpeccy B 00MACTH LU(PPOBLIX TEXHOIOTHUIL

TIpHOPUTETHEIMU HANPABICHIAMY JAIBHEHIIMX UCCIEI0BAHMI B XMUPYPIUU XOJEA0XONUTHA3A ABIIOTCS: IIEPCO-
HATU3ALMA JUATHOCTHYECKIX 1 JIEYEOHBIX /ITOPUTMOB, BHEAPEHNE HOBBIX TEXHONOTUI XUPYPIUIECKOIO JIEUCHHA
U ONTUMU3ALUN NEPUONEPALUOHHOIO BEACHNA MALMEHTOB; BAIALIA IPOTHOCTUYECKIX MOJENEH HA OCHOBE
MAaIIMHHOTO OOYYEHHA /Y11 IPOTHO3UPOBAHUA ¥ NPO(IIAKTUKY OCTIOKHEHUI U PELIUBOB.

Kirogessie €10Ba. XONEIOXONUTHA3, SHAOCKOIMYECKAA PETPOrPajiHAA XONAHTUOIAHKPEATOIPA(Us, «paH-
JEBY», SHAOCKONNYECKOE OWIMAPHOE CTEHTUPOBAHKE, MAIIMHHOE O0YYEHHE, IPOTHO3UPOBAHUE PUCKOB.

INTRODUCTION talizations [2; 3]. The Russian Federation also

demonstrates a persistently high incidence

The global prevalence of gallstone disease  rate, with acute cholecystitis occurring

is 6.1 %, which corresponds to a cumulative  at a frequency of 136 cases per 100,000 adult
incidence of 047 new cases per 100 person-  population [4]. The clinical significance

years of follow-up [1]. Annually, gallstone dis-
ease is diagnosed in 6.3 million men and
14.2 million women, with its most common
complication, acute calculous cholecystitis,
accounting for approximately 200,000 hospi-
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of this issue is underscored by the fact that in
16 % of patients with gallstone disease, chole-
cystectomy is associated with technical
difficulties and a high rate of intraoperative
complications [2; 5].
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The high prevalence of gallstone disease in
the general population also contributes to a
substantial incidence of its complications,
among which choledocholithiasis (CDL) plays a
prominent role, with a reported frequency
reaching 30 % [6]. The importance of this pa-
thology is highlighted by its leading position in
the etiological structure of acute pancreatitis;
the biliary form, associated with CDL, accounts
for up to 42 % of all cases worldwide [7]. A sepa-
rate unresolved issue is the management of pa-
tients with obstructive jaundice, with CDL being
the etiological cause in 50-60 % of these cases
[8; 9]. In patients with acute cholecystitis, the
combined incidence of CDL complicated by
obstructive jaundice reaches 13.7 % [10].

Key directions in contemporary research
include the refinement of diagnostic and treat-
ment algorithms, and the development of per-
sonalized approaches for predicting and pre-
venting complications and recurrences based
on the identification of individual predictors in
patients with CDL. A particularly promising av-
enue is the integration of artificial intelligence
technologies, which could enhance diagnostic
accuracy and reduce the number of unnecessary
invasive interventions [11-14].

CONTEMPORARY DIAGNOSTIC MODALITIES
FOR CHOLEDOCHOLITHIASIS

Preoperative transabdominal ultrasound
remains the primary initial diagnostic modality
for CDL in the majority of patients [15; 16).
However, its diagnostic value is highly depend-
ent on the skill of the ultrasound specialist, re-
sulting in a substantial rate of false-negative
findings in the detection of CDL. Multidetector
computed tomography (MDCT) also has a sig-
nificant limitation, as it cannot reliably visualize
radiolucent calculi, thereby reducing its efficacy
in this patient population. For intraoperative
verification of bile duct stones during cholecys-
tectomy, intraoperative cholangiography is em-
ployed, while endoscopic retrograde cholangi-
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opancreatography (ERCP) is used during endo-
scopic transpapillary interventions [17]. Never-
theless, intraoperative cholangiography signifi-
cantly prolongs operative time (by an average
of 22.6 minutes) and is associated with a high
frequency of technical difficulties during the
procedure [18]. ERCP, in turn, serves as a risk
factor for the development of post-ERCP pan-
creatitis (PEP) [19].

Currently, magnetic resonance cholangi-
opancreatography (MRCP) is recognized as the
non-invasive diagnostic gold standard [20; 21].
Indications for its use include the presence of
specific findings on ultrasound or MDCT: com-
mon bile duct dilation exceeding 6 mm, ob-
structive jaundice, elevated transaminase levels
on biochemical blood analysis, or a history of
acute pancreatitis of biliary etiology [22]. MRCP
enables comprehensive assessment of the biliary
tract, allowing determination of the level and
etiology of ductal obstruction, detailed charac-
terization of individual anatomical variants,
evaluation of the severity of inflammatory
changes, and differential diagnosis from neo-
plastic processes [23]. Routine preoperative
MRCP in patients with acute calculous cholecys-
titis significantly increases the detection rate of
concomitant CDL (20.7 % vs. 99 % with ultra-
sound) as well as anatomical variations of the
bile ducts. This facilitates a reduction in the risk
of perioperative specific complications, includ-
ing intraoperative bile duct injury, PEP, and re-
sidual CDL [12]. However, the widespread adop-
tion of MRCP is hindered by its high cost and
limited accessibility, which may lead to delays in
surgical intervention, prolonged hospital stays,
and increased healthcare expenditures [24].

Endoscopic ultrasound (EUS) also demon-
strates high diagnostic accuracy in detecting
CDL, with a sensitivity reaching 89.5 %, speci-
ficity of 96.5 %, and positive and negative pre-
dictive values of 91.9 % and 95.3 %, respectively.
During surgical intervention, the absence of
CDL on EUS can obviate the need for invasive
ERCP, thereby reducing the incidence of PEP,
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particularly in patients with an intermediate risk
of CDL [25]. The primary drawbacks of this mo-
dality also remain its high cost and relative
technical complexity.

Based on the probability of CDL, patients
with gallstone disease are stratified into three
risk categories. The high-risk category includes
patients presenting with at least one of the fol-
lowing criteria: visualization of a bile duct stone
on ultrasound or MDCT, clinical manifestations
of cholangitis, or the combination of bile duct
dilation and hyperbilirubinemia. ERCP is indi-
cated for this patient group. Intermediate risk is
defined by the presence of any of the following:
hyperfermentemia (elevated liver enzymes),
patient age over 55 years, ot bile duct dilation in
the absence of hyperbilirubinemia. For patients
in this category, additional confirmatory inves-
tigations are recommended preoperatively, such
as EUS or MRCP, or intraoperative diagnostic
modalities including laparoscopic intraopera-
tive cholangiography or intraoperative ultra-
sound. The low-risk category comprises patients
without any of the aforementioned clinical, la-
boratory, or imaging findings. In these patients,
cholecystectomy may be performed without
further investigation to exclude CDL. This algo-
rithm optimizes the diagnostic process, avoid-
ing unnecessary invasive procedures in low-risk
patients while ensuring timely diagnosis in in-
termediate- and high-risk groups [26]. It is
crucial to note, however, that these criteria
were developed for the general population
with gallstone disease and may exhibit low
specificity in patients with acute calculous
cholecystitis [24].

A promising avenue in the diagnosis of
CDL and patient risk stratification involves the
application of machine learning techniques.
Scales developed using random forest algo-
rithms and ensemble models have demonstrat-
ed superior performance for this purpose, sur-
passing the high-risk criteria outlined in the
American Society for Gastrointestinal Endosco-
py clinical guidelines in terms of accuracy and
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specificity. Key predictive variables for high risk
of CDL in patients with acute cholecystitis in-
clude common bile duct diameter, lipase levels,
ultrasound/MDCT evidence of cholelithiasis and
CDL, and elevated levels of gamma-glutamyl
transferase and alanine aminotransferase [24].
Another machine learning model for CDL diag-
nosis proposed a simplified version incorporat-
ing only three parameters: aspartate ami-
notransferase equal to or greater than 115 U/L,
alkaline phosphatase equal to or greater than
165 U/L, and common bile duct diameter great-
er than 6 mm [27]. Both models exhibited high
discriminatory power. Consequently, the appli-
cation of machine learning algorithms repre-
sents a promising direction for enhancing diag-
nostic accuracy in CDL and refining patient risk
stratification. A significant potential advantage
is the ability to reduce the number of unneces-
sary, costly investigations (such as MRCP and
EUS) through more precise patient selection.
However, further research involving large pa-
tient cohorts is required to confirm the efficacy
and facilitate the widespread clinical implemen-
tation of these models, as such studies are cur-
rently limited in the available literature.

CURRENT SURGICAL TREATMENT STRATEGIES
FOR CHOLEDOCHOLITHIASIS

Since the 1980s, ERCP with endoscopic
papillary sphincterotomy (EPST) and stone ex-
traction has been the standard treatment mo-
dality for patients with CDL [28; 29]. An alterna-
tive to EPST is endoscopic papillary balloon di-
lation (EPBD). This technique allows for stone
extraction with less damage to the sphincter of
Oddi and, consequently, a lower risk of specific
postoperative complications, particularly PEP
[30]. However, this method is only indicated as
an alternative for bile duct stones smaller than
10 mm [31; 32]. In other cases, a combined
technique — endoscopic sphincterotomy plus
balloon dilation (ESBD) - is widely used. This
approach is superior to isolated EPST in terms



MepMCK1A MeLULIMHCKNIA XYpHan

of successful bile duct clearance and, in some
instances, eliminates the need for lithotripsy to
remove large stones, without a significant in-
crease in the risk of PEP or bleeding from the
major duodenal papilla [30; 33]. A randomized
controlled trial (RCT) has also demonstrated
the efficacy of this method in patients with CDL
and juxtapapillary diverticula. Furthermore, the
ESBD technique results in shorter operative
times compared to either EPST or EPBD [34].
The optimal duration of dilation remains a sub-
ject of investigation. A recent Bayesian network
meta-analysis of RCTs demonstrated that 180
seconds is the optimal duration for both meth-
ods, associated with the highest rate of success-
ful bile duct clearance and the lowest risk of
PEP [35]. A promising development is the use of
innovative devices combining a sphincterotome
and a balloon in a single instrument, enabling
the combined procedure without instrument
exchange, thereby reducing operative time [30].

An important aspect of balloon dilation's
efficacy is its impact on the risk of recurrent
CDL, which is directly related to the degree of
sphincter of Oddi injury. Meta-analytic evidence
indicates that EPBD is associated with a lower
risk of recurrence compared to isolated EPST,
particularly in the subgroup of patients who
have undergone cholecystectomy. However, the
functional advantage of preserving the sphinc-
ter of Oddi is negated when large balloons
(equal to or greater than 12 mm) are used [30].
Therefore, ESBD is considered a rational com-
promise.

Isolated EPST or ESBD achieves effective
and complete bile duct stone clearance in 85—
90 % of patients with CDL [37]. However, in 10—
15 % of cases, complete stone extraction during
the initial endoscopic transpapillary interven-
tion is not feasible due to «difficult> CDL. This
term encompasses a wide range of clinical sce-
narios, including: stones larger than 15 mm in
diameter, multiple stones, atypical stone shapes
(e.g, barrel-shaped), intrahepatic stone location,
Mirizzi syndrome, distal bile duct stricture or
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tortuosity (oblique, S-shaped, etc.), the presence
of juxtapapillary diverticula, and a history of
reconstructive surgical procedures [38-40].

For large and hard stones that cannot be
extracted after EPST and/or balloon dilation,
stone fragmentation is crucial. Such situations
occur in approximately 169 % of patients [8].
Mechanical lithotripsy has long been the prima-
ry method for fragmenting large bile duct
stones. Its overall success rate ranges from 76 %
to 91 %, but during initial interventions, success
is achieved in only 50-70 % of cases. Addition-
ally, the risk of lithotripsy-specific complica-
tions (such as basket impaction or breakage)
reaches 3.6 % [38].

Recent advances in intracorporeal litho-
tripsy techniques, particularly laser and electro-
hydraulic lithotripsy guided by peroral transpa-
pillary cholangioscopy (PTCS), have significant-
ly improved outcomes for difficult CDL [41-43].
The overall efficacy of contact lithotripsy meth-
ods is 90 %. Laser techniques show comparable
results: overall fragmentation success with hol-
mium laser is 93.3 %, and with thulium laser,
90 %. Complete bile duct clearance in a single
session is achieved in 92.9 % of cases with hol-
mium laser and 88.9 % with thulium laser. Elec-
trohydraulic lithotripsy demonstrates somewhat
lower efficacy, with an overall success rate of
86.7 % and a first-procedure success rate of only
01.5 % [44]. Another study reported that PTCS
with thulium laser lithotripsy achieved an over-
all efficacy of 93 % with no observed complica-
tions [45]. A comparative study evaluating the
SpyGlass system (Boston Scientific, USA) com-
bined with holmium laser versus standard me-
chanical lithotripsy confirmed the superiority of
high-tech contact methods: mechanical litho-
tripsy was 72 % effective, whereas contact laser
lithotripsy was successful in all cases [40].

A recent systematic review and network
meta-analysis of treatment outcomes in over
two thousand patients with large bile duct
stones compared five therapeutic approaches:
isolated EPST, EPBD, ESBD, mechanical litho-
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tripsy, and PTCS-guided contact lithotripsy. The
results demonstrated that all modalities except
mechanical lithotripsy were more effective than
isolated EPST. PTCS-guided contact lithotripsy
showed the highest efficacy, particularly for
stones larger than 15 mm. ESBD ranked second,
offering lower costs and greater accessibility in
clinical practice. No statistically significant dif-
ferences were found in the rates of intra- or
postoperative complications among the evalu-
ated techniques [47].

According to the European Society of Gas-
trointestinal Endoscopy clinical guidelines, if
complete stone extraction is not possible dur-
ing the initial endoscopic transpapillary inter-
vention or if the aforementioned methods are
unavailable, endoscopic biliary stenting with
deferred stone extraction is recommended [29].
This strategy reduces the risk of cholangitis and
PEP and may also facilitate stone size reduction
through friction against the stent, thereby in-
creasing the success of subsequent interven-
tions. Endoscopic stenting is effective in the
majority of such cases. Successful complete bile
duct clearance after stenting upon repeat inter-
vention is 79 %, reaching 82 % with the addition
of ursodeoxycholic acid therapy [37]. Similar
results were obtained in domestic studies ana-
lyzing the appropriateness of complete bile duct
clearance for «difficult> CDL. An approach in-
volving EPST with stone extraction, and litho-
tripsy/balloon dilatation, if necessary, demon-
strated 86.8 % efficacy with a 4.4 % complica-
tion rate. A strategy of primary stenting with
deferred stone extraction after 1.5-3 months
showed 96.4 % efficacy with a 2.4 % complica-
tion risk [48].

However, comparative morphological
analysis has revealed that the type of pathologi-
cal changes in the bile duct wall depends on the
stent type. Plastic stents have been shown to
induce marked fibrosis and atrophy of all wall
layers, as well as significant damage to the ultra-
structure of cells regulating ductal motility. An-
other study demonstrated that repeated and
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prolonged stenting for CDL causes progressive
structural changes in the liver, ranging from
ductal hyperplasia and cholestasis to the for-
mation of portoseptal septa and the develop-
ment of severe cholangiohepatitis consistent
with secondary biliary cirrhosis [49; 50]. Thus,
biliary stenting induces irreversible morpholog-
ical changes both locally (in the duct wall) and
systemically (in the liver parenchyma). The na-
ture and severity of these changes depend on
the stent material, the duration of stenting, and
the number of procedures. This underscores the
necessity of limiting stenting duration and care-
fully selecting the stent type, especially when
radical treatment is an option.

STAGING OF SURGICAL INTERVENTIONS
FOR CHOLEDOCHOLITHIASIS COMBINED
WITH CALCULOUS CHOLECYSTITIS

The current standard of care for patients
with calculous cholecystitis and CDL is a two-
stage approach, which involves performing en-
doscopic transpapillary intervention with stone
extraction as the first stage, followed by laparo-
scopic cholecystectomy (LC) as the second
stage. Concurrently, there is growing interest
within the surgical community in a single-stage
approach — procedures using the "rendez-vous"
technique — which combines LC and bile duct
stone clearance within a single operative ses-
sion under one anesthetic. This technique has
been successfully investigated in large-scale
RCTs. However, the results of these studies vary
considerably: some reported only a significant
reduction in hospital stay, others demonstrated
a decrease in the rate of postoperative compli-
cations, and still others found reduced treat-
ment costs [51-60]. Based on recent meta-
analyses of RCTs conducted on this topic, it can
be stated that a sufficiently robust evidence base
has now been established, demonstrating the
advantages of the single-stage approach com-
pared to traditional two-stage treatment [61-



MepMCK1A MeLULIMHCKNIA XYpHan

060]. The most significant benefit is the im-
proved efficacy of complete bile duct stone
clearance [06]. Furthermore, meta-analyses
unanimously confirm a reduction in the rate of
specific postoperative complications with the
single-stage approach [62; 64; 65]. Additionally,
a notable decrease in the incidence of PEP has
been observed [62; 63]. Another significant ad-
vantage of the one-step strategy is a marked
reduction in the length of hospital stay [63; 64;
06]. This is achieved by performing both inter-
ventions under a single anesthetic, eliminating
the interval between stages. It is noted, howev-
er, that the total operative time for the single-
stage approach tends to be longer, attributable
to the need for coordination between two sur-
gical teams and the performance of two proce-
dures in one operative session [63]. The clinical
guidelines of the Russian Society of Surgeons
"Cholecystitis" permit the performance of sin-
gle-stage operations using the rendez-vous
technique.

It is important to note that the concept of
single-stage operations for cholecystochole-
docholithiasis encompasses two methods: LC
combined with laparoscopic bile duct clear-
ance, and LC combined with intraoperative en-
doscopic transpapillary intervention. However,
based on the overall balance of safety and effi-
cacy (rates of complications and successful bile
duct clearance), the single-stage approach in-
corporating LC and intraoperative ERCP is con-
sidered optimal [65].

To date, this technique has not gained
widespread adoption and its use is largely con-
fined to specialized clinical centers. This is be-
cause the successful implementation of a single-
stage strategy in broad clinical practice requires
the availability of a hybrid operating room and
appropriately specialized personnel within the

‘Ministry of Health of the Russian Federation. Clini-
cal guidelines: Cholecystitis [Internet]. Moscow: Ministry of
Health of the Russian Federation; 2024-2025-2026 [cited
2026 Feb 12]. Approved 2024 Nov 22, available at:
https://cr.minzdrav.gov.ru/preview-cr/819 1
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healthcare facility [67). Furthermore, wide-
spread implementation is hindered by the chal-
lenge of timely preoperative diagnosis of com-
mon bile duct stones, related to the limited ac-
cessibility of MRCP. Nevertheless, the single-
stage approach represents a promising direc-
tion, offering the potential to reduce postopera-
tive complications and hospital stays [65; 66).
Future research should focus on optimizing pa-
tient selection criteria for each approach and
evaluating long-term outcomes, including the
rate of recurrent CDL.

PREDICTION AND PREVENTION OF SPECIFIC
COMPLICATIONS AFTER ENDOSCOPIC
TRANSPAPILLARY INTERVENTIONS

The most frequent and clinically significant
specific complication of endoscopic transpapil-
lary interventions is the development of PEP
[68; 69]. According to a large meta-analysis of
145 RCTs, summarizing treatment outcomes for
19,000 patients from 1977 to 2022, the overall
incidence of PEP is 10.2 %, increasing to 14.1 %
in high-risk patient groups. Notably, these fig-
ures, as well as the rate of severe forms (0.5 % in
the general population) and associated mortali-
ty risk (0.2 %), have remained stable for over
four decades of observation [70]. Other specific
complications of endoscopic transpapillary in-
terventions occur less frequently: bleeding from
the major duodenal papilla is observed in ap-
proximately 1.5 % of cases, cholangitis in 2.5 %,
cholecystitis in 0.8 %, and perforation with bili-
ary peritonitis in 0.5 % [71].

Therefore, despite the variety of potential
risks, PEP maintains a leading position both in
terms of incidence and impact on clinical out-
comes. Risk factors for developing PEP during
endoscopic transpapillary interventions include
patient age under 50 years, female sex, obesity,
absence of bile duct dilation, normal bilirubin
levels at the time of the procedure, Haraldsson
macroscopic type I, IIIb, or IV of the major du-
odenal papilla, intradiverticular location of the
papillary orifice, bile duct stone diameter great-
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er than 1.0 cm, the use of intraductal lithotripsy,
the use of precut technique following unsuc-
cessful  standard ductal cannulation for
5 minutes, unintended pancreatic duct cannula-
tion, and contrast injection into the pancreatic
duct [72].

Identifying the optimal strategy for PEP
prevention remains a relevant challenge in con-
temporary surgery. A comparative evaluation of
primary prophylactic methods, conducted in a
network meta-analysis of 42 RCTs, showed that
for intermediate-risk patients, the perioperative
administration of a combination of rectal in-
domethacin and aggressive hydration is most
effective. For the high-risk group, the best out-
comes were demonstrated by the combination
of rectal indomethacin and prophylactic pan-
creatic duct stenting, as well as diclofenac mon-
otherapy [19]. However, conclusions regarding
the efficacy of stenting are inconsistent; another
meta-analysis based on individual patient data
confirmed a significant protective effect of non-
steroidal anti-inflammatory drug therapy and
hydration but did not find such an effect for
prophylactic pancreatic duct stenting [73]. The
prophylactic efficacy of rectal NSAIDs, particu-
larly diclofenac, is also supported by other re-
searchers, who additionally emphasize the im-
portance of a multimodal approach [74].

A key research direction is the develop-
ment of tools for personalizing the prevention
of specific post-ERCP complications. For in-
stance, machine learning methods have been
used to create models identifying independent
predictors of PEP, such as female sex, arterial
hypertension, a history of pancreatitis, and
technical difficulties during the procedure [69).
Concurrently, practical scoring systems are be-
ing developed that integrate clinical and in-
traoperative parameters to stratify patients into
low, moderate, and high-risk groups [72]. Addi-
tional data are emerging from studies analyzing
risk factors for various complications. One such
study, while confirming known predictors of
pancreatitis, identified novel risk factors for
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hyperamylasemia, cholangitis, acute cholecysti-
tis, and perforations. Interestingly, in this study,
prophylactic pancreatic stenting was associated
with increased risk, and traditional factors like
younger age and female sex showed no signifi-
cant association [68]. Another study identified
female sex, younger age, the presence of calcu-
lous cholecystitis, as well as balloon dilation and
nasobiliary drainage, as independent risk fac-
tors. Protective factors identified included pan-
creatic duct stenting and thoracic epidural an-
algesia [75]. Thus, contemporary research not
only compares the efficacy of preventive strate-
gies but also actively develops methods for pre-
cise individual risk assessment, which forms the
basis for selecting targeted prophylaxis. Howev-
er, existing data on reliable predictors remain
fragmentary, and the creation of unified models
requires overcoming limitations associated with
the complexity of identifying complex and non-
obvious predictors and their hidden non-linear
interrelationships.

PREDICTORS OF CHOLEDOCHOLITHIASIS
RECURRENCE AFTER SURGICAL TREATMENT

According to a recent meta-analysis, the
cumulative incidence of recurrent CDL after
endoscopic transpapillary interventions averag-
es 12,6 % [76]. Effective prevention of recur-
rence is impossible without identifying key pre-
dictors and developing measures to eliminate or
minimize their impact. Pathophysiologically, the
occurrence of recurrent CDL is generally divid-
ed into two main mechanisms. The primary
mechanism is associated with factors such as
sphincter of Oddi dysfunction, duodenobiliary
reflux, and migration of intestinal microbiota
into the bile ducts. The secondary mechanism is
attributable to stone migration from the
gallbladder in the presence of concomitant cal-
culous cholecystitis [77]. Migrating intestinal
microbiota, particularly enterococci, fusobacte-
ria, and Neisseria species identified as significant
markers in recurrent CDL, can substantially
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modify the biliary environment. These microor-
ganisms, possessing resistance to the bactericid-
al action of bile acids, can initiate and sustain
local inflammation, promote bilirubin deconju-
gation and precipitation of its salts, and alter
cholesterol metabolism. An important aspect is
the formation of specific dysbiosis, character-
ized not only by an increased proportion of
opportunistic taxa but also by a reduction or
absence of protective representatives such as
lactobacilli, disrupting microbial homeostasis.
Functional metagenomic analysis indicates con-
comitant changes in the metabolic pathways of
the microbial community, including activation
of glycan synthesis and disruption of amino acid
metabolism, creating additional lithogenic po-
tential. Thus, duodenobiliary reflux acts not on-
ly as a mechanical factor but also as a route for
the translocation of a complex of intestinal mi-
croorganisms, whose subsequent proliferation
and altered functional activity in the context of
sphincter of Oddi dysfunction become a key
element in the pathogenesis of primary recur-
rent CDL [78; 79].

Results from various clinical studies
demonstrate considerable heterogeneity, both
in recurrence rates (ranging from 2.8 % to 20 %)
and in the spectrum of identified risk factors. In
a long-term prospective study by an Italian au-
thor group, the recurrence rate of CDL over
5 years of follow-up was 2.8 %. A common bile
duct diameter of 22 mm or greater was identi-
fied as the sole significant predictor of recur-
rence [80]. A larger retrospective analysis from
Japan with a median follow-up of 3.9 years re-
ported a recurrence rate of 11.3 %. The authors
identified a different set of significant predic-
tors: a history of cholecystectomy or current
calculous cholecystitis, performance of mechan-
ical lithotripsy, and the presence of postopera-
tive pneumobilia [81]. In a study from the China,
the recurrence rate was 6.9 %. Independent
predictors included comorbid conditions (dia-
betes mellitus, fatty liver disease, cirrhosis),
smoking, presence of intrahepatic stones, endo-
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biliary stenting, and balloon dilation of the bile
duct orifice [82]. However, another study from
China demonstrated a high CDL recurrence risk
of 15.2 %. Significant predictors identified were:
advanced age, common bile duct diameter of
15mm or greater, presence of two or more
stones, juxtapapillary diverticula, prior biliary
tract surgery, and strictures of the common bile
duct or major duodenal papilla [83]. The im-
portance of age as a factor was also confirmed
in a study from Israel, where recurrence devel-
oped in 20 % of elderly patients compared to
only 4 % in a younger cohort [84]. The variabil-
ity in findings across different studies is at-
tributable to population characteristics, differ-
ences in study design, clinical profiles of includ-
ed patients, and lengths of follow-up.

The size of the EPST performed deserves
particular attention as a risk factor for CDL re-
currence. A study employing propensity score
matching (PSM) demonstrated a statistically
significant difference in recurrence rates: in the
group with a small incision, recurrences devel-
oped in 17.0 % of cases, compared to 6.4 % in
the group with a medium-sized incision. Multi-
variate analysis confirmed that a medium-sized
EPST is an independent protective factor
against CDL recurrence [77].

Studies focusing on laparoscopic common
bile duct exploration report substantially lower
recurrence rates compared to endoscopic tech-
niques. The cumulative incidence of recurrence
after this approach is 1.34 %, 4.36 %, and 7.14 %
at 1, 3, and 5 years, respectively. Significant pre-
dictors of recurrence included age, T-tube
drainage, hepatic steatosis, urolithiasis, post-
cholecystectomy state, and importantly, prior
EPST. This latter factor points to the key role of
sphincter of Oddi dysfunction in the pathogen-
esis of recurrence [85]. A thirty-year prospective
study demonstrated an overall recurrence rate
after laparoscopic common bile duct explora-
tion of 3.8 %. Independent predictors of recur-
rence were identified as choledochotomy ac-
cess, use of a T-tube, and again, prior EPST. The
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authors conclude that strategies preserving the
functional integrity of the sphincter of Oddi are
advantageous [80].

Contemporary international research ex-
pands the understanding of CDL recurrence
pathogenesis by incorporating the additional
role of systemic homeostatic disturbances.
A multicenter study using PSM identified a sig-
nificant association between high recurrence
risk and levels of total cholesterol and glycated
hemoglobin [87]. Another study, among other
factors, identified hypoproteinemia as an inde-
pendent predictor of recurrence [88]. Further-
more, the influence of concomitant obesity on
the risk of CDL recurrence has been demon-
strated [89]. Additional risk factors recognized
include a sedentary lifestyle, high-fat diet, alco-
hol consumption, and low vegetable intake in
the postoperative period, underscoring the im-
portance of lifestyle modification [90]. Among
protective factors, the efficacy of ursodeoxy-
cholic acid therapy [91], as well as statins and
aspirin, has been demonstrated, pointing to po-
tential avenues for pharmacological prevention
of CDL recurrence [87].

To systematize the accumulated heteroge-
neous data on predictors of CDL recurrence, a
large-scale meta-analysis was conducted by a
research group from the China. This resulted in
a proposed classification of predictors by level
of evidence. Strong risk factors identified in-
cluded a common bile duct diameter of 15 mm
or greater, an acute bile duct angulation, the
need for repeat endoscopic transpapillary inter-
ventions to achieve complete stone clearance,
the presence of postoperative pneumobilia, pri-
or biliary tract surgery, and endobiliary stenting.
The category of moderate predictors comprised
a dilated (but less thanl5 mm) common bile
duct diameter, presence of a juxtapapillary di-
verticulum, mechanical lithotripsy, and per-
formed cholecystectomy [92].

Thus, current evidence indicates a multi-
factorial nature of CDL recurrence, contributed
to by local anatomical and functional changes
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in the biliary tract, systemic metabolic disturb-
ances, and technical aspects of the performed
endoscopic transpapillary intervention. Howev-
er, as presented above, existing data on reliable
predictors remain fragmentary. In this context,
the implementation of machine learning algo-
rithms offers new opportunities for identifying
complex, non-linear relationships among mul-
tiple variables [93; 94]. Currently, despite active
investigation into the application of machine
learning for CDL diagnosis and bile composition
analysis [24; 95-97], validated models for pre-
dicting individual risk of CDL recurrence after
surgical treatment are scarce in the available
literature. Models based on the random forest
algorithm have demonstrated the highest effi-
cacy. Using SHAP (Shapley Additive exPlana-
tions) analysis, three key predictors of recur-
rence were identified: stone size greater than 15
mm, common bile duct diameter greater than
15 mm, and direct bilirubin level [98]. There-
fore, further development of such prognostic
tools based on machine learning technologies
represents a relevant and promising direction
for improving the prevention of CDL recur-
rence [99]. Future research should focus on in-
tegrating disparate risk factors into unified
prognostic algorithms, including through the
application of machine learning, to personalize
preventive measures.

CONCLUSION

The present analysis of contemporary da-
ta demonstrates that, despite significant pro-
gress in the diagnosis and treatment of CDL, a
number of unresolved issues persist, necessitat-
ing targeted further research. Key directions
include the development and validation of
integrated, personalized algorithms to opti-
mize diagnostic workup and treatment strate-
gies based on accurate stratification of individ-
ual risks for complications and recurrence. In-
depth investigation of the pathogenetic mech-
anisms of recurrence, including the role of du-
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odenobiliary reflux, the biliary microbiome,
and systemic metabolic disturbances, appears
promising for the creation of targeted preven-
tive strategies. A comprehensive evaluation of
the efficacy and safety of new technologies,
such as single-stage simultaneous operations,
contact lithotripsy under cholangioscopic
guidance, and stents with intrinsic antimicro-
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bial properties, warrants particular attention.
Furthermore, the implementation and clinical
validation of prognostic models based on arti-
ficial intelligence, capable of identifying com-
plex nonlinear relationships among multiple
factors, is a necessary condition for transition-
ing to personalized medicine and improving
long-term outcomes for patients with CDL.

BUBJIMOTPA®@UYECKHN CITUCOK / REFERENCES

1. Wang X, Yu W., Jiang G., Li H., Li S., Xie L., Bai X., Cui P., Chen Q., Lou Y., Zou L., Li §.,
Zhou Z., Zhang C., Sun P., Mao M. Global epidemiology of gallstones in the 21st century: a systema-
tic review and meta-analysis. Clin Gastroenterol Hepatol. 2024; 22 (8): 1586-1595.
DOI: 10.1016/j.cgh.2024.01.051

2. Ukbanov A.P., Zakharov D.V. Laparoscopic subtotal cholecystectomy for severe cholecys-
titis. Pirogov Russian Journal of Surgery 2025; (7): 67-73. DOL 10.17116/hirurgia202507167
(in Russian).

3. Wadbwa V., Jobanputra Y., Garg S.K., Patwardhan S., Mebta D., Sanaka M.R. Nationwide
trends of hospital admissions for acute cholecystitis in the United States. Gastroenterol Rep (Oxj).
2017; 5 (1): 36-42. DOL 10.1093 /gastro/gow015

4. Revishvili A.S.H., Olovyannyj V.E., Gogiya B.S.H., Ruchkin D.V., Markov P.V., Gurmikov
B.N., Mamoshin A.V., Chichilov A.M., Kuznecov A.V., Shelina N.V. Hirurgicheskaya pomoshch' v Ros-
sijskoj Federacii. Moscow 2025 (in Russian).

5. Revishvili A.Sh., Olovyanniy V.E., Markov P.V., Gurmikov B.N., Trifonov S.A. Bile duct inju-
ries following cholecystectomy: current situation in the Russian Federation. Pirogov Russian Journal
of Surgery 2026; (1): 6-13. DOL 10.17116/hirurgia20260116 (in Russian).

0. Cianci P., Restini E. Management of cholelithiasis with choledocholithiasis: Endoscopic and
surgical approaches. WJG 2021; 27 (28): 4536-4554.

7. Zilio M.B., Ey[f T'F., Azeredo-Da-Silva A.L.F., Bersch V.P., Osvaldt A.B. A systematic review
and meta-analysis of the aetiology of acute pancreatitis. HPB 2019; 21 (3): 259-267. DOL
0.1016/j.hpb.2018.08.003

8. Petrikov 8.S., Kiselev E.A., Yartsev P.A., Novikov S.V., Rogal M.L., Shadiev A.M., Teterin Yu.S.
Treatment of patients with obstructive jaundice in the flagship center. Pirogov Russian Journal of
Surgery 2025; (5): 5-12. DOL 10.17116/hirurgia20250515 (in Russian)

9. Bhutia K.D., Lachungpa T., Lamtha S.C. Etiology of obstructive jaundice and its correlation
with the ethnic population of Sikkim. / Family Med Prim Care. 2021; 10 (11): 4189-4192. DOL
10,4103 /jfmpc.jfmpc_1034 21

10. Chen H., Jorissen R., Walcott ]., Nikfarjam M. Incidence and predictors of common bile
duct stones in patients with acute cholecystitis: a systematic literature review and meta-analysis.
ANZ ] Surg. 2020, 90 (9): 1598-1603.

11. Li 8., Guizzetti L., Ma C., Shaheen A.A., Dixon E., Ball C., Wani S., Forbes N. Epidemiology
and outcomes of choledocholithiasis and cholangitis in the United States: trends and urban-rural
variations. BMC Gastroenterol. 2023; 23 (1): 254. DOL 10.1186/s12876-023-02868-3

25



OB30P JINTEPATYPbI

12. Chen G., Sha Y., Wang K., Tang R., Zhai 7., Wang Z., Chen Y. Advancements in managing
choledocholithiasis and acute cholangitis in the elderly: a comprehensive review. Cureus. 2025;
17 (2): €78492. DOL: 10.7759 /cureus.78492

13. Liu Q., Zbheng L., Wang Y., Huang Z., Zbu J., Fang M., Xie L., Ding C., Gu'Y., Xu D., Jin H.,
Yang J., Zhang X., Shen H. Primary choledocholithiasis occurrence and recurrence is synergetcally
modulated by the bile microbiome and metabolome alternations. Life Sci. 2023; 331: 122073.
DOL 10.1016/j1£5.2023.122073

14. Fujita N., Yasuda I, Endo L, Isayama H., Iwashita T., Ueki T., Uemura K., Umezawa A.,
Katanuma A., Katayose Y., Suzuki Y., Shoda J., Tsuyuguchi T., Wakai T, Inui K., Unno M., Takeya-
ma Y., Itoi T., Koike K., Mochida S. Evidence-based clinical practice guidelines for cholelithiasis
2021.] Gastroenterol. 2023; 58 (9): 801-833. DOL 10.1007/s00535-023-02014-6

15. Hashimoto S., Nakaoka K., Kawabe N., Kuzuya T., Funasaka K., Nagasaka M., Nakaga-
wa Y., Miyabara R., Shibata T., Hirooka Y. The role of endoscopic ultrasound in the diagnosis of
gallbladder lesions. Diagnostics (Basel) 2021; 11 (10): 1789. DOI: 10.3390/diagnostics11101789

16. Guitt C., Schidfer S., Lammert F. The treatment of gallstone disease. Dsch Arztebl Int. 2020;
117 (9): 148-158. DOL: 10.3238 /arztebl.2020.0148

17. Guo X, Fan Q., Guo'Y., Li X., Hu J., Wang Z., Wang J., Li K., Zbang N., Amin B., Zbu B. Clin-
ical study on the necessity and feasibility of routine MRCP in patients with cholecystolithiasis before
LC. BMC Gastroenterol. 2024; 24 (1): 28. DOL 10.1186/s12876-023-03117-3

18. Hong J., Kumar S., Akram L, Kban S.R., Cetrulo L.N., Ignacio R., Chiu J., Davis B.,
McDonald M., Ayloo S., Kchaou A., Overby D., Shebata D.G., Moreno-Paquentin E., Slater B,J.,
Miraflor E. Intraoperative imaging of the common bile duct: a systematic review. Surg Endosc.
2025; 39 (8): 4716-4751. DOL 10.1007 /s00464-025-11898-9

19. Arabpour E., Azarboo A., Pouladi A., Mozafari Komesh-Tape P., Eshlaghi F.M., Golmora-
di H., Ghaseminejad-Raeini A., Sadeghi A., Zali M.R. A network meta-analysis of optimal strategies
for preventing post-endoscopic retrograde cholangiopancreatography pancreatitis. Sci Rep. 2025;
15 (1): 13702. DOL: 10.1038/541598-025-98969-y

20. Itani M., Lalwani N., Anderson M.A., Arif-Tiwari H., Paspulati R.M., Shetty A.S. Magnetic
resonance cholangiopancreatography: pitfalls in interpretation. Abdom Radiol (NY). 2023; 48 (1):
91-105. DOL 10.1007/500261-021-03323-1

21. Suzuki M., Sekino Y., Hosono K., Yamamoto K., Kawana K., Nagase H., Kubota K., Nakaji-
ma A. Endoscopic ultrasound versus magnetic resonance cholangiopancreatography for the diag-
nosis of computed tomography-negative common bile duct stone: Prospective randomized con-
trolled trial. Dig Endosc. 2022; 34 (5): 1052-1059. DOL 10.1111/den.14193

22. Kobga A., Suzuki K., Okumura T., Yamashita K., Isogaki J., Kawabe A., Kimura T. Does
preoperative MRCP imaging predict risk for conversion to subtotal cholecystectomy in patients with
acute cholecystitis? Surg Endosc. 2021; 35 (12): 6717-6723. DOL 10.1007 /s00464-020-08175-2

23. Sarawagi R., Sundar S., Raghuvanshi S., Gupta S.K., Jayaraman G. Common and uncom-
mon anatomical variants of intrahepatic bile ducts in magnetic resonance cholangiopancreatog-
raphy and its clinical implication. Pol ] Radiol. 2016; 81: 250-255. DOL: 10.12659/PJR.895827

24. Blum J., Hunn S., Smith J., Chan F.Y., Turner R. Using artificial intelligence to predict cho-
ledocholithiasis: can machine learning models abate the use of MRCP in patients with biliary dys-
function? ANZ ] Surg. 2024; 94 (7-8): 1260-1265. DOL 10.1111/ans.18950

25. Anwer M., Asghar M.S., Rabman S., Kadir S., Yasmin F., Mobsin D., Jawed R., Memon G.M.,
Rasheed U., Hassan M. Diagnostic accuracy of endoscopic ultrasonography versus the gold standard

26



MepMCK1A MeLULIMHCKNIA XYpHan 2026 Tom XLII Ne 2

endoscopic retrograde cholangiopancreatography in detecting common bile duct stones. Cureus.
2020; 12 (12): €12162. DOL 10.7759/cureus.12162

26. ASGE Standards of Practice Committee; Buxbaum J.L., Abbas Febmi S.M., Sultan S., Fish-
man D.S., Qumseya B.J., Cortessis V.K., Schilperoort H., Kysh L., Matsuoka L., Yachimski P.,
Agrawal D., Gurudu S.R., Jamil LH., Jue T.L., Kbashab M.A., Law |.K., Lee ]K., Naveed M.,
Sawbney M.S., Thosani N., Yang J., Wani S.B. ASGE guideline on the role of endoscopy in the
evaluation and management of choledocholithiasis. Gastrointest Endosc. 2019; 89 (6): 1075-
1105.e15. DOL: 10.1016/j.gie.2018.10.001

27. van Maasakkers M.H.G., Merks MM.T., Viiex |., Goense L., Weijs T.J., van Braak W.G.,
Verdonk R.C., Boerma D. Optimising the management of patients with cholecystitis and suspected
common bile duct stones: an external validation of current prediction models. Surg Endosc. 2020,
40 (1): 491-501. DOL: 10.1007 /s00464-025-12299-8

28. ASGE Standards of Practice Committee; Chandrasekbara V., Chathadi K.V., Acosta R.D.,
Decker G.A., Early D.S., Eloubeidi M.A., Evans |.A., Faulx A.L., Fanelli R.D., Fisher D.A., Foley K.,
Fonkalsrud L., Hwang J.H., Jue T.L., Kbashab M.A., Lightdale |.R., Muthusamy V.R., Pasha S.F.,
Saltzman J.R., Sharaf R., Shaukat A., Shergill A.K., Wang A., Cash B.D., DeWitt ].M. The role of en-
doscopy in benign pancreatic disease. Gastrointest Endosc. 2015; 82 (2): 203-214.
DOL 10.1016/j.gie.2015.04.022

29. Manes G., Paspatis G., Aabakken L., Anderloni A., Arvanitakis M., Ab-Soune P., Barthet M.,
Domagk D., Dumonceau J.M., Gigot J.F., Hritz I, Karamanolis G., Laghi A., Mariani A., Paraskeva
K., Pobl]., Ponchon T., Swabn F., Ter Steege RW.F., Tringali A., Vezakis A., Williams E.J., van Hooft
J.E. Endoscopic management of common bile duct stones: European Society of Gastrointestinal En-
doscopy (ESGE) guideline. Endoscopy 2019; 51 (5): 472-491. DOIL 10.1055/2-0862-0346

30. Yang Y., Zbao Z., Wu ., Yao D. Structural or functional abnormality of sphincter of Oddi:
an important factor for the recurrence of choledocholithiasis after endoscopic treatment. Ann Med.
2025; 57 (1): 2440119. DOIL 10.1080/07853890.2024.2440119

31. Shen J., Wang X., Zbang L., Cheng F. Efficacy of endoscopic isolated papillary small
balloon dilation for treating choledocholithiasis. /SLS 2025; 29 (4): €2025.00078. DOL:
10.4293/JSLS.2025.00078

32.Ye Q., Zhang ], Yao J., Zhan Q., Tao L., Xu X., Qiu X, Chen T., Ni J., Ma J., Jiang L.,
Zhang G., Zbu H., Xu §. Efficacy and safety of three methods of endoscopic retrograde cholangi-
opancreatography in removing small common bile duct stones: a prospective multicenter random-
ized controlled study. Surg Endosc. 2025; 39 (12): 8472-8479. DOL: 10.1007 /s00464-025-12135-z

33. Wang ., Cao L., Cong Y., Huang Y., Wang L., Wang W., Xue K., Mao Q., Qi P., Ju H., He B.,
Cao B. Comparative efficacy and safety of 3 endoscopic techniques for the treatment of large com-
mon bile duct stones (=15 mm): long-term follow-up. Gastrointest Endosc. 2025; 102 (1):
47-55.e1. DOL 10.1016/j.gie.2024.12.025

34. Qiong G., Zbengle Z., Yigian H., Xu H., Wei Z., Hanjun L., Zbongyin Z., Jing T.,
Zhongchao Z. Endoscopic sphincterotomy with balloon dilation vs. monotherapy for chole-
docholithiasis in periampullary diverticulum: a randomized trial. Sci Rep. 2025; 15 (1): 34357.
DOIL 10.1038/541598-025-16918-1

35. Yang L., Zhang X., Yu J., Qin Z., Yue P., Tian J., Ren Y., Lin Y., Meng W. Comparative efficacy
of balloon dilatation duration on patients with choledocholithiasis: a Bayesian network meta-analysis
and systematic review. Surg Endosc. 2025; 39 (10): 6383-6392. DOL 10.1007/s00464-025-12168-4

36. Hanatani ]I, Kitagawa K., Asada S., Motokawa Y., Osaki Y., Iwata T., Fujinaga Y., Nishi-
mura N., Kaji K., Sato S., Namisaki T., Mitoro A., Yoshiji H. Efficacy of an endoscopic device inte-

27



OB30P JINTEPATYPbI

grating a sphincterotome and a dilation balloon catheter for the treatment of choledocholithiasis
(with video). ] Clin Med. 2025; 14 (17): 5930. DOL: 10.3390/jcm 14175930

37. Valvano M., Vinci A., Antonini F., Montale A., Capannolo A., Fabiani §., Stefanelli G.,
Magistroni M., Mosca M., Faenza S., Ingravalle F., Campanale M., Massimo M., Latella G. Effectiveness
of plastic stent for the treatment of incomplete clearance of common bile duct stone: a systematic
review and meta-analysis. / Gastrointestin Liver Dis. 2025; 34 (2): 232-240. DOL 10.15403 /jgld-5964

38. Troncone E., Mossa M., De Vico P., Monteleone G., Del Vecchio Blanco G. Difficult biliary
stones: a comprehensive review of new and old lithotripsy techniques. Medicina (Kaunas) 2022; 58
(1): 120. DOIL 10.3390/medicina58010120

39. Yasuda L, Itoi T. Recent advances in endoscopic management of difficult bile duct stones.
Dig Endosc. 2013; 25 (4): 376-385.DOL 10.1111/den.12118

40. Anderloni A. Difficult common bile duct stones: still "difficult" or just.. "different"?
Endoscopy 2020, 52 (6): 429-430. DOL 10.1055/2-1151-8793

41. Bang J.Y., Sutton B., Navaneethan U., Hawes R., Varadarajulu S. Efficacy of single-operator
cholangioscopy-guided lithotripsy compared with large balloon sphincteroplasty in management of
difficult bile duct stones in a randomized trial. Clin Gastroenterol Hepatol. 2020; 18 (10): 2349-
2356.e3. DOL: 10.1016/j.cgh.2020.02.003

42. Li G., Pang Q., Zhai H., Zhang X., Dong Y., Li ., Jia X. SpyGlass-guided laser lithotripsy ver-
sus laparoscopic common bile duct exploration for large common bile duct stones: a non-
inferiority trial. Surg Endosc. 2021; 35 (7): 3723-3731. DOL 10.1007/500464-020-07862-4

43. Tseimakb A.E., Kurtukov V.A., Teplubin V.N., Shoikbet Y.N. Endoscopic retrograde contact
electro-impulse lithotripsy and lithotomy. Annaly kbirurgicheskoy gepatologii = Annals of HPB Sur-
gery 2023; 28 (1): 104-108 DOL 10.16931/1995-5464.2023-1-104-108 (in Russian).

44. Budzinsky S.A., Anishchenko M.A., Shapovalyants S.G., Vorobyova E.A., Platonova E.N.,
Fedorov E.D., Melnikova A.S. Potential of intraductal contact lithotripsy with oral cholangioscopy in
the treatment of "complex" choledocholithiasis. Annaly kbirurgicheskoy gepatologii = Annals of HPB
Surgery 2024; 29 (1): 30-38. DOL: 10.16931/1995-5464.2024-1-30-38 (in Russian).

45. Smirnov A.V., Akbmedyanov A.R., Sazonov D.V., Zlobin A.L, Stankevich V.R., lvanov
Yu.V. Peroral cholangioscopy with thulium laser lithotripsy in complicated choledocholithiasis.
Annaly  kbirurgicheskoy gepatologii = Annals of HPB Surgery 2025; 30 (2): 50-56.
DOIL 10.16931/1995-5404.2025-2-50-56 (in Russian).

46. Generdukayev LL., Teterin Yu.S., Yartsev P.A., Blagovestnov D.A., Dzbagraev KR,
Baskhanov Sh.A., Eleiskaya E.S. Peroral contact lithotripsy in the treatment of large common bile
duct stones. Russian Journal of Evidence-Based Gastroenterology 2022; 11 (4): 41-45. DOL
10.17116/dokgastr020221104141 (in Russian).

47. Facciorusso A., Gkolfakis P., Ramai D., Tziatzios G., Lester |., Crino S.F., Frazzoni L., Papani-
kolaou LS., Arvanitakis M., Blero D., Lemmers A., Eisendrath P., Fuccio L., Triantafyllou K., Gabbrielli A.,
Deviere J. Endoscopic treatment of large bile duct stones: a systematic review and network meta-
analysis. Clin Gastroenterol Hepatol. 2023; 21 (1): 33-44.9. DOL: 10.1016/j.cgh.2021.10.013

48. Zhdanov A.V., Korymasov E.A., Barilko E.V., Blashenceva A.D. The feasibility of a staged
treatment strategy for patients with “complex” choledocholithiasis. Endoscopic Surgery 2024;
30 (5): 30-38. DOL 10.17116/endoskop20243005130 (in Russian).

49. Petukbova G.A., Outlev KM., Kruchinin E.V., Petrov LM., Zaitsev E.Yu., Fedorova E.E.,
Bykov E.A., Mamedov S.F., Mamedov S.F. Multiple stenting in complex choledocholithiasis as a
cause of severe morphological changes in the liver. Annaly kbirurgicheskoy gepatologii = Annals of
HPB Surgery 2025; 30 (1): 39-47. DOL 10.16931/1995-5464.2025-1-39-47 (in Russian).

28



MepMCK1A MeLULIMHCKNIA XYpHan 2026 Tom XLII Ne 2

50. Shabunin A.V., Lebedev S.S., Chekmareva 1.A., Paklina O.A., Tavobilov M.M., Karpov A.A.,
Drozdov P.A., Gordienko E.N. Morphological and ultrastructural changes in the common bile duct
wall in stenting. Annaly kbirurgicheskoy gepatologii = Annals of HPB Surgery 2023; 28 (2): 79-87.
DOI: 10.16931/1995-5464.2023-2-79-87 (in Russian).

51. Farid M., Baz A., Ramadan A., Elborbity M., Amer A., Arafa A. Two institutes' experience in
laparoendoscopic "rendezvous" technique for patients undergoing laparoscopic cholecystectomy
for stones in the gallbladder and bile duct: a prospective randomized comparative clinical trial.
Updates Surg. 2024; 76 (6): 2237-2245. DOL 10.1007 /s13304-024-01973-6

52. Mubammedoglu B., Kale 1.T. Comparison of the safety and efficacy of single-stage endo-
scopic retrograde cholangiopancreatography plus laparoscopic cholecystectomy versus two-stage
ERCP followed by laparoscopic cholecystectomy six-to-eight weeks later: A randomized controlled
trial. Int ] Surg. 2020; 76: 37-44. DOL 10.1016/.4j5u.2020.02.021

53. Liu 7., Zhang L., Lin Y., Gu Y., Sun T. Efficiency and safety of one-step procedure combined
laparoscopic cholecystectomy and eretrograde cholangiopancreatography for treatment of cholecys-
to-choledocholithiasis: a randomized controlled trial. Am Surg. 2017; 83 (11): 1263-1267.

54. Barreras Gonzdlez J.E., Torres Peiia R., Ruiz Torres J., Martinez Alfonso M.A., Brizuela
Quintanilla R., Morera Pérez M. Endoscopic versus laparoscopic treatment for choledocholithiasis:
a prospective randomized controlled trial. Endosc Int Open. 2016; 4 (11): E1188-E1193. DOL
10.1055/5-0042-116144

55. Sabhoo M.R., Kumar A.T., Patnaik A. Randomised study on single stage laparo-endoscopic
rendezvous (intra-operative ERCP) procedure versus two stage approach (Pre-operative ERCP fol-
lowed by laparoscopic cholecystectomy) for the management of cholelithiasis with choledocho-
lithiasis. ] Minim Access Surg. 2014; 10 (3): 139-143. DOL 104103/0972-9941.134877

56. Tzovaras G., Baloyiannis L, Zachari E., Symeonidis D., Zacharoulis D., Kapsoritakis A.,
Paroutoglou G., Potamianos S. Laparoendoscopic rendezvous versus preoperative ERCP and laparo-
scopic cholecystectomy for the management of cholecysto-choledocholithiasis: interim analysis of a
controlled randomized trial. Ann Surg. 2012; 255 (3): 435-439. DOL: 10.1097/SLA.0b013€3182456€c0

57. ElGeidie A.A., ElEbidy G.K., Naeem Y. Preoperative versus intraoperative endoscopic
sphincterotomy for management of common bile duct stones. Surg Endosc. 2011; 25 (4): 1230-1237.
DOL: 10.1007/500464-010-1348-8

58. Rabago L.R., Vicente C., Soler F., Delgado M., Moral 1., Guerra L., Castro J.L., Quintanilla E.,
Romeo |., Llorente R., Vazquez Echarri]., Martinez-Veiga J.L., Gea F. Two-stage treatment with pre-
operative endoscopic retrograde cholangiopancreatography (ERCP) compared with single-stage
treatment with intraoperative ERCP for patients with symptomatic cholelithiasis with possible cho-
ledocholithiasis. Endoscopy 2006; 38 (8): 779-786. DOL 10.1055/s-2006-944617

59. Morino M., Baracchi F., Miglietta C., Furlan N., Ragona R., Garbarini A. Preoperative endo-
scopic sphincterotomy versus laparoendoscopic rendezvous in patients with gallbladder and bile
duct stones. Ann Surg. 2006; 244 (6): 889-893. DOL 10.1097/01.512.0000246913.74870.fc

00. Lella F., Bagnolo F., Rebuffat C., Scalambra M., Bonassi U., Colombo E. Use of the laparo-
scopic-endoscopic approach, the so-called "rendezvous" technique, in cholecystocholedocholithia-
sis: a valid method in cases with patient-related risk factors for post-ERCP pancreatitis. Surg
Endosc. 2006; 20 (3): 419-423. DOL 10.1007 /s00464-005-0356-6

01. Samartcev V.A., Parshakov A.A., Domrachev A.A., Golovikbin I.A. Comparative analysis of
the efficacy and safety of one-step simultaneous surgical interventions using the “rendezvous” tech-
nique in patients with cholecystocholangiolithiasis: a meta-analysis. Pirogov Russian Journal of Sur-
gery 2026; (1): 76-84. DOL 10.17116/hirurgia202601176 (in Russian)

29



OB30P JINTEPATYPbI

02. Liao Y., Cai Q., Zhang X., Li F. Single-stage intraoperative ERCP combined with laparoscop-
ic cholecystectomy versus preoperative ERCP Followed by laparoscopic cholecystectomy in the
management of cholecystocholedocholithiasis: A meta-analysis of randomized trials. Medicine
(Baltimore) 2022; 101 (10): €29002. DOL 10.1097/MD.0000000000029002

03. Lin'Y.,, Su'Y., Yan J., Li X. Laparoendoscopic rendezvous versus ERCP followed by laparo-
scopic cholecystectomy in the management of cholecystocholedocholithiasis: a systemic review and
meta-analysis. Surg Endosc. 2020; 34 (9): 4214-4224. DOIL 10.1007/500464-020-07698-y

04. Makhsosi B.R., Ghobadi P., Shariati H., Mebrazin O., Tarighinia A. Laparoscopic one-stage
(intraoperative-cholangiopancreatography / laparoscopic cholecystectomy or laparoscopic com-
mon bile duct exploration / laparoscopic cholecystectomy) vs. two-stage (pre-op cholangiopancre-
atography — laparoscopic cholecystectomy) for choledocholithiasis: a systematic review and meta-
analysis. BMC Surg. 2020; 26 (1): 101. DOL 10.1186/512893-025-03460-0

05. Ricci C., Pagano N., Taffurelli G., Pacilio C.A., Migliori M., Bazzoli F., Casadei R., Minni F.
Comparison of efficacy and safety of 4 combinations of laparoscopic and intraoperative techniques
for management of gallstone disease with biliary duct calculi: a systematic review and network me-
ta-analysis. JAMA Surg. 2018; 153 (7): €181167. DOL: 10.1001 /jamasurg.2018.1167

06. Zhang D., Dai Z., Sun Y., Sun G., Luo H., Guo X., Gu J., Yang Z. One-stage intraoperative
ercp combined with laparoscopic cholecystectomy versus two-stage preoperative ercp followed by
laparoscopic cholecystectomy in the management of gallbladder with common bile duct stones: a meta-
analysis. Adv Ther. 2024; 41 (10): 3792-3806. DOL 10.1007 /s12325-024-02949-7

67. Tarasenko S.V., Zaitsev O.V., Kopeikin A.A., Dyachkov A.E., Koshkina A.V. Personalized ap-
proach in the treatment of cholecystocholedocholithiasis. Clinical and Experimental Surgery. Pe-
trovsky Journal 2025; 13 (4): 16-23. DOIL 10.33029/2308-1198-2025-13-4-16-23 (in Russian).

08. Eletskaia E.S., Kokov LS., Yartsev P.A., Kisselevskaya-Babinina V.Y, Teterin Yu.S., Bayramov R.S.,
Hamidova L.T. Risk factors of post-ERCP complications: a single-center retrospective study. Pirogov Rus-
sian Journal of Surgery 2025; (8): 15-22. DOL 10.17116/hirurgia202508115 (in Russian).

09. Yan C., Zheng J., Tang H., Fang C., Zbu ]., Feng H., Huang H., Su'Y., Wang G., Wang C. Pre-
diction for post-ERCP pancreatitis in non-elderly patients with common bile duct stones: a cross-
sectional study at a major Chinese tertiary hospital (2015-2023). BMC Med Inform Decis Mak. 2024;
24 (1): 143. DOL: 10.1186/512911-024-02541-z

70. Akshintala V.S., Kanthasamy K., Bbhullar F.A., Sperna Weiland C.J., Kamal A., Kochar B.,
Gurakar M., Ngamruengphong S., Kumbbari V., Brewer-Gutierrez O.1, Kalloo A.N., Khashab M.A.,
van Geenen E.M., Singb V.K. Incidence, severity, and mortality of post-ERCP pancreatitis: an updated
systematic review and meta-analysis of 145 randomized controlled trials. Gastrointest Endosc. 2023;
98 (1): 1-6.12. DOL: 10.1016/j.gie.2023.03.023

71. Bishay K., Meng ZW., Kban R., Gupta M., Ruan Y., Vaska M., lanmuzzi |., OSullivan D.E., Mab B.,
Partridge A.C.R., Henderson A.M., Guo H., Samnani S., DeMarco M., Yuan Y., Elmunzer B.J., Keswani
RN., Wani S., Smith Z.L., Bridges R J., Heitman S.J., Hilsden R.J., Brenner D.R., Leontiadis G.1., Forbes N.
Adverse events associated with endoscopic retrograde cholangiopancreatography: systematic review and
meta-analysis. Gastroenterology 2025; 168 (3): 568-586. DOL 10.1053/j.gastr0.2024.10.033

72. Sigua B.V., Levchenko E.IL, Mavidi I.P., Semenova E.A., Orlov O.Yu., Zemlyanoy V.P. Objec-
tive assessment of the risk of developing acute post-manipulation pancreatitis after endoscopic in-
terventions in patients with choledocholithiasis. Endoscopic Surgery 2025; 31 (2): 26-34. DOL
10.17116/endoskop20253102126 (in Russian).

73. Sperna Weiland C.J., Akshintala V.S., Singb A., Buxbaum ]., Choi J.H., Elmunzer B].,
Fogel E.S., Lai |.H., Levenick |.M., Gardner T.B., Lua G.W., Luo H., de Jong M., Mok S.R.S., Phillip V.,

30



MepMCK1A MeLULIMHCKNIA XYpHan 2026 Tom XLII Ne 2

Singb V., Siersema P.D., Drenth |.P.H., van Geenen EJ.M. Preventive measures and risk factors for
post-ercp pancreatitis: a systematic review and individual patient data meta-analysis. Dig Dis Sci.
2024, 69 (12): 4476-4488. DOL: 10.1007 /s10620-024-08693-2

74. Dynko V.Yu., Mamishev A.K., Gabriel S.A., Kulagin V.V., Gritsay A.D. Efficacy of non-
steroidal anti-inflammatory drugs in transpapillary interventions: a single-center cohort study.
Annaly kbirurgicheskoy gepatologii = Annals of HPB Surgery 2024; 29 (4): 115-121. DOL
10.16931/1995-5404.2024-4-115-121 (in Russian).

75. Vedenin Yul, Turovets MI, Mandrikov VV, Mikbailichenko GV. Personalized prediction of
acute pancreatitis after endoscopic transpapillary interventions. Pirogov Russian Journal of Surgery
2025; (1): 29-36. DOL 10.17116/hirurgia202501129 (in Russian).

76. Kozyk M., Giri S., Harindranath S., Trivedi M., Strubchevska K., Barik R.K., Sundaram S.
Recurrence of common bile duct stones after endoscopic clearance and its predictors: A systematic
review. DEN Open. 2023; 4 (1): €294. DOIL 10.1002/de02.294

77. Takimoto Y., Irisawa A., Hoshi K., Yamamiya A., Nagashima K., Minaguchi T., Yamabe A.,
Izawa N., Haruyama Y., Tominaga K. The impact of endoscopic sphincterotomy incision size on
common bile duct stone recurrence: A propensity score matching analysis. | Hepatobiliary Pancreat
Sci. 2022; 29 (12): 1274-1282. DOI: 10.1002/jhbp.1083

78. Li Y., Tan W.H., Wu J.C., Huang Z.X., Shang Y.Y., Liang B., Chen J.H., Pang R., Xie X.Q.,
Zhang .M., Ding Y., Xue L., Chen M.T., Wang J., Wu Q.P. Microbiologic risk factors of recurrent cho-
ledocholithiasis  post-endoscopic ~ sphincterotomy. World | Gastroenterol.  2022; 28 (12):
1257-1271. DOL: 10.3748 /wjgv28.i12.1257

79. Lee J., Park |.S., Bae ]., Lee S., Hwang Y. Bile microbiome in patients with recurrent com-
mon bile duct stones and correlation with the duodenal microbiome. Life (Basel) 2022; 12 (10):
1540. DOL: 10.3390/life12101540

80. Costamagna G., Tringali A., Shab S.K., Mutignani M., Zuccala G., Perri V. Long-term fol-
low-up of patients after endoscopic sphincterotomy for choledocholithiasis, and risk factors for
recurrence. Endoscopy 2002; 34 (4): 273-279. DOL 10.1055/s-2002-23632

81. Ando T., Tsuyuguchi T., Okugawa T., Saito M., Ishibara T., Yamaguchi T., Saisho H. Risk
factors for recurrent bile duct stones after endoscopic papillotomy. Gut 2003; 52 (1): 116-121.
DOIL 10.1136/gut.52.1.116

82. Li L., Wang J., Tong C.C., He C.Y. Risk factors of recurrent choledocholithiasis following
therapeutic endoscopic retrograde cholangiopancreatography. Hepatobiliary Pancreat Dis Int.
2023; 22 (3): 282-287. DOI: 10.1016/j.hbpd.2022.02.010

83.Dai T., Qiu S., Qian J. Risk factors for recurrent common bile duct stones after
endoscopic retrograde cholangiopancreatography. Indian ] Surg. 2023; 85: 83-89. DOL
10.1007/s12262-022-03400-9

84. Keizman D., Ish Shalom M., Konikoff F.M. Recurrent symptomatic common bile duct
stones after endoscopic stone extraction in elderly patients. Gastrointest Endosc. 2006; 64 (1): 60—
065. DOI: 10.1016/j.gie.2006.01.022

85. Xie W., Yang T., Zhou X., Ma Z., Yu W., Song G., Hu Z., GongJ., Wang Y., Song Z. A nomogram
for predicting stones recurrence in patients with bile duct stones undergoing laparoscopic common
bile duct exploration. Ann Gastroenterol Surg. 2022; 6 (4): 543-554. DOIL 10.1002/ags3.12550

86. Nassar A.H.M., Elzanati H.I, Khan K.S., Hayyawi LH., Yebia A.M., Omran A.H. Recurrent
choledocholithiasis after laparoscopic bile duct exploration: incidence, risk factors, and manage-
ment strategies. Surg Endosc. 2026. DOIL 10.1007/s00464-026-12605-y

31



OB30P JINTEPATYPbI

87. Wang S.F., Wu C.H., Sung K.F., Tsou Y.K, Lin C.H., Lee M.H., Lee C.W., Liu N.J., Cheng K.
Multi-center study of the association between serum lipid levels and recurrent common bile duct
stone after endoscopic retrograde cholangiopancreatography with propensity score matching anal-
ysis. Dig Dis Sci. 2025. DOL 10.1007 /s10620-025-09622-7

88. Qiu J. A clinical predictive model for recurrence after endoscopic retrograde cholangi-
opancreatography for choledocholithiasis: Construction, validation and study of its value for clinical
application. Medicine (Baitimore) 2025; 104 (37): €44381. DOIL 10.1097/MD.0000000000044381

89. Liu J., Wei XJ., Yang Z.L., Liao X.Y., Wu L.H., Zbeng Y.P., Zheng J.H., Hu Y.Q., Zheng X.L.
Risk factors of common bile duct stones recurrence and nomogram for predicting recurrence after
endoscopic retrograde cholangiopancreatography: a dual-center retrospective cohort study. Eur Rev
Med Pharmacol Sci. 2023; 27 (6): 2504-2513. DOL 10.26355 /eurrev_202303 31784

90. WuY., Zhang Y., Jiang X.M., Xu C.J., Wang Y.Y., Gu J.Y., Li Y., Xu S.F. Risk factors for single
and multiple recurrences for endoscopic retrograde cholangiopancreatography and open chole-
dochotomy in treating choledocholithiasis. Gastroenterol Res Pract. 2023; 2023: 4738985.
DOL 10.1155/2023 /4738985

91. Yuan W.H., Zbang Z., Pan Q., Mao B.N., Yuan T. Risk factors for recurrence of common
bile duct stones after surgical treatment and effect of ursodeoxycholic acid intervention. World |
Gastrointest Surg. 2024; 16 (1): 103-112. DOL 10.4240/wijgs.v16.i1.103

92. Wen N., Wang Y., Cai Y., Nie G., Yang S., Wang S., Xiong X., Li B., Lu J., Cheng N. Risk fac-
tors for recurrent common bile duct stones: a systematic review and meta-analysis. Expert Rev Gas-
troenterol Hepatol. 2023; 17 (9): 937-947. DOIL: 10.1080/17474124.2023.2242784

93. Vargbese C., Harrison EM., O'Grady G., Topol EJ. Artificial intelligence in surgery. Nat Med.
2024; 30 (5): 1257-1268. DOL 10.1038/541591-024-02970-3

94. Hung A.J., Chen J., Gill LS. Automated performance metrics and machine learning algo-
rithms to measure surgeon performance and anticipate clinical outcomes in robotic surgery.
JAMA Surg. 2018; 153 (8): 770-771. DOI: 10.1001 /jamasurg.2018.1512

95. Zbang H., Gao J., Sun Z., Zbang Q., Qi B., Jiang X, Li S., Shang D. Diagnostic accuracy of updated
risk assessment criteria and development of novel computational prediction models for patients with sus-
pected choledocholithiasis. Surg Endosc. 2023; 37 (9): 7348-7357. DOL 10.1007 /s00464-023-10087-w

96. Zhou S., Ye L., Huang Y., Valsecchi C., Liu Y., Shao L., Liu J., He T., Liu L., Fan M. Rapid di-
agnosis and recurrence prediction of choledocholithiasis disease using raw bile with machine learn-
ing assisted SERS. Talanta. 2025; 282: 126979. DOL: 10.1016/j.talanta.2024.126979

97. Sun K., Li M., Shi Y., He H., Li Y., Sun L., Wang H., Jin C., Chen M., Li L. Convolutional neu-
ral network for identifying common bile duct stones based on magnetic resonance cholangiopan-
creatography. Clin Radiol. 2024; 79 (7): 553-558. DOL 10.1016/j.crad.2024.02.018

98. Cao Y., Hu X., Guo J., Fang T. Machine learning-based prediction of recurrent extra-
hepatic bile duct stones after common bile duct exploration: a comparative study of models
and SHAP-driven interpretability analysis. Front Med (Lausanne) 2025; 12: 1691519. DOLI:
10.3389/fmed.2025.1691519

99. Tranter-Entwistle 1., Wang H., Daly K., Maxwell S., Connor S. The challenges of imple-
menting artificial intelligence into surgical practice. World J Surg. 2021; 45 (2): 420-428.
DOI: 10.1007/500268-020-05820-8

32



MepMCK1A MeLULIMHCKNIA XYpHan 2026 Tom XLII Ne 2

Funding. The study had no external funding.

Conflict of interest. The authors declare no conflict of interest.

Author contributions:

Samartsev V.A. — concept and design of the study, approval of the final text of the article.

Parshakov A.A. — concept and design of the study, writing the article, editing.

All authors have approved the manuscript (version for publication) and also agree to be ac-
countable for all aspects of this work, guarantee that questions related to the accuracy and integrity
of any part of it will be appropriately reviewed and resolved.

ocrymmna: 02.03.2026
Ono6pena: 20.03.2026
[pursira K nyomukarmm: 27.03.2026

[TIpocsba CCBUIATHCH HA 3Ty CTATHIO B PYCCKOA3BIYHBIX MCTOUHUMKAX CIEAYIOMMM 06pa3oM: Samartsev, V.A.
Choledocholithiasis: modern approaches to diagnosis, treatment, and prevention of complications and recur-
rence: a narrative review / V.A. Samartsev, A.A. Parshakov // TlepmcKuit MeMIIHCKII sKypHAL — 2026, — T. 43,
Ne 2. - C.15-33.DOL 10.17816/pmj43215-33

Please cite this article in English as: Samartsev V.A, Parshakov A.A. Choledocholithiasis: modern ap-
proaches to diagnosis, treatment, and prevention of complications and recurrence: a narrative review. Perm
Medical Journal, 2026, vol. 43, no. 2, pp. 15-33. DOL 10.17816/pmj43215-33

33



	Untitled



