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Aim: to evaluate the possibilities of endoscopic ultrasonography in the diagnosis of benign stenosis of the major du-
odenal papilla and improve its results, including by identifying and objectifying the criteria of the disease.

Materials and methods. The results of the examination and treatment of 2146 patients treated at the Kursk Re-
gional Multidisciplinary Clinical Hospital in the period from 2015 to 2022, who underwent transpapillary interventions
and/or endoscopic ultrasonography on the basis of the endoscopy department, are presented. A therapeutic and
diagnostic algorithm for the management of patients with dilation of the common bile duct has been introduced into
clinical practice, based on the developed criteria for stenosis of the major duodenal papilla (MDP), for which endo-
scopic ultrasonography was used in combination with the methodology of synthesis of hybrid fuzzy decision rules.
The algorithm was implemented in a group of patients, which included 217 people.

Results. Using the developed endosonographic criteria for MDP stenosis and the methodology for the synthesis
of fuzzy decision rules, a production decision rule for the diagnosis of MDP stenosis was determined with a deci-
sion made according to a threshold set by experts at the level of 0.9. Guided by the selected information sources,
134 (61.7 %) patients with dilated common bile duct were diagnosed with MDP stenosis, requiring minimally invasive
treatment aimed at relief of biliary hypertension and indications for endoscopic papillosphincterotomy were deter-
mined. In 83 cases of MDP stenosis, it was decided to abandon transpapillary interventions with subsequent follow-up
of patients. Minimally invasive treatment using retrograde and antegrade techniques was performed in 134 patients.
Complications were noted in 6 (4.4 %) patients, which is comparable to the number of complications with transpap-
illary interventions performed in patients without MDP stenosis. When monitoring 54 patients for one to three years,
85.2 % of patients showed regression of clinical, laboratory and instrumental symptoms of biliary hypertension.
Conclusions. The combination of endoscopic ultrasonography with fuzzy logic technologies based on hybrid artifi-
cial intelligence made it possible to objectify the diagnosis of MDP stenosis and optimize indications for transpapil-
lary interventions.
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AunarHocTuka HeonyxoJsieBbiX CTEHO3UPYIOLLNX NOPaXKEeHUN
60bLUOro COCOYKa ABeHaALuaTUNEepPCTHOM KMLLUKU C NPUMEHEHNEM
3HA0CKONMYEeCKOon ynbTpacoHorpadpum
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Llenb: OLEHNTb BO3MOXHOCTW 3HOOCKOMNNYECKON YiibTpacoHorpadum B AuarHocTrke 0o6pokayecTBEHHOrO CTEHO-
3a 60/bLLOro coco4ka ABeHaALATUNEPCTHOM KULLKWU 1 YIYyYLIUTbL ee pedyJsibTaTbl, B TOM YMCIE 3a CHET onpeneneHns
1 00bEKTMBM3AUNN KPpUTEPUEB 3ab00NEeBaHUS.
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Martepuanbl 1 meToabl. [TpeacraBneHbl pe3ynbTatbl 06cnenoBaHNs U nedeHns 2146 naunmeHToB, NIeYMBLLUNXCS
B Kypckori 06nacTHON MHOronpo®uiibHOM KMHUYeckoin 6onbHunue B nepuog, ¢ 2015 no 2022 r., kotopbiM Ha 6a3e
OTAENEHNS 3HAOCKOMUN BbIMOJIHEHBI TPAHCMANUIISAPHLIE BMELLATENbCTBA U/UN 3HAOCKOMNUYECKas YbTPaCOHO-
rpadus. B KNMHMYECKYIO NPAKTUKY BHEAPEH NIEYEOHO-AMArHOCTUYECKUNIA anropuTM BEAEHNS MALMEHTOB C pacLum-
peHneM 06LLEro XENYHOro NPoToka, OCHOBOW KOTOPOro SIBUANCHL pa3paboTaHHble KpUTEPUM CTEHO3a BOSbLIOro
coco4ka gseHaauatunepctHon kuwkm (BC AK), ona onpeneneHmns KOTopbiX UCMNOJib30Banachk 9HAOCKONMYECKast
ynbTpacoHorpadus B COYETaHUN C METOLAONOMMEN CUHTE3A MMOPUAHBLIX HEYETKUX PeLLaloLmMX Npasus. Anroputm
peann3oBaH B rpynne nauMeHToB, KoTopas Bktoyana 217 4enoBex.

PesynbraTthl uccnepoBanua. Vicnonb3ys paspaboTaHHble aHAOCOHOrpaduyeckne kputepumn creHo3a bC ANMK
1 METOLOJIOTMIO CMHTE3A HEYETKMX PELLAIOLLMX MPaBWJI, aBTOPbI ONPenENIM NPOAYKLUNOHHOE peLlatoLLee npaBu-
110 ons guarHoctukmn cteHoda BC ANNK ¢ npuHaTMemM peleHns no 3agaHHOMy SKcnepTamu nopory Ha yposHe 0,9.
Y 134 (61,7 %) nauMeHTOB C pacLuMpeHnem 06LLLErO XENYHOro NpPoToka AnarHoctuposanu cteHo3 BC ANK, Tpeby-
IOLLMI MaNIOMHBA3UBHOIO NIEYEHNS, HANPABJIEHHOIO Ha KYNMpOBaHWe BUAnapHo rmnepTeH3nn, 1 6bIIn onpeaene-
Hbl MOKa3aHUs K 9HA0CKoNuYeckon nanunnocouHkTepotomumn. B 83 cnyyasax cteHosa BC ANK npuHATO pelueHne
0TKa3aTbCs OT TPaHCNanWISPHbIX BMELLATENLCTB C MOCNEAYOLWLMM HabnoaeHNEM NauMeHToB. ManonHBa3BHOE
Jie4eHue ¢ UCMNob30BaHMEM pPeTporpagHbIX U aHTerpaaHbix MeToank 6bino nposeaeHo 134 nauyeHtam. OcnoxHe-
HUS OTMeYeHbI Y 6 (4,4 %) 60JIbHBIX, HTO COMOCTAaBUMO C KOJIMYECTBOM OCNTIOXHEHWNIA NPUY TPAHCNANUANSPHbIX BME-
LiaTenbCTBax, BbIMOJIHEHHbIX Yy MaumeHToB 6e3 cteHo3a BC AK. MNpu HabnoaeHnn 3a 54 naupeHTamm B TedeHne
OT OOHOro roga Ao Tpex neT y 85,2 % naunmeHToB OTMEeYascs PErPECC KINHNKO-1abopaTopHbIX U MHCTPYMEHTas b-
HbIX CUMMTOMOB >XENYHOW rMNEPTEH3NN.

BbiBogbl. CoyeTaHne 3HOOCKOMUYECKOM ynbTpacoHorpadum C TEXHONOrUSAMU HEYETKOW JIOTMKW, OCHOBAHHOM
Ha rM6pPUAHOM NCKYCCTBEHHOM WHTENEKTE, MO3BOINIO OOBEKTMBN3MPOBATL AnarHocTuky cteHo3a bC ANK v on-
TUMU3MPOBAThb Noka3aHus K TpPaHCNANUANSPHbIM BMELLATENbCTBAM.

KnioueBbie cnoBa: 9HA0CKOMNMYECcKas ynbTpacoHorpadus, HEYETKME peLLAIoLLME NpaBuia, CTEHO3 BOMbLLOIO Co-
CcoYKa ABEHaALLATUNEPCTHOM KULLKK, 9HAO0CKONUYEeckas nanniiocOuUHKTEPOTOMNS

KoH®NUKT nHTepecoB: aBTOPbI 3as9BNSIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

Ans umtupoBaHua: benosepos B.A., OxotHukoB O.U., KopeHescknii H.A., Mpokonos B.A., Npuropees C.H., LUlessknH C.M. dna-
FHOCTMKA HEOMYXONEBbIX CTEHO3UPYIOLLIMX MOPAXEHNN BOMBLLONO COCoYka ABEHAALATUMNEPCTHOM KULLKN C MPUMEHEHNEM SHAO-
CKOMNYECKOoM ynbTpacoHorpadum. POCCUNCKUIA XypHan racTpoOSHTEPONOrnK, renatonornu, kononpokrtonorun. 2024;34(3):78—
89. https://doi.org/10.22416/1382-4376-2024-34-3-78-89

Introduction

Obstruction of the extrahepatic bile ducts, ma-
jor duodenal papilla (MDP) is often accompanied
by biliary and pancreatic hypertension and is com-
plicated by mechanical jaundice, cholangitis, acute
pancreatitis. The most common etiology of obstruc-
tion is choledocholithiasis, after which, among the
benign causes leading to impaired patency of the
biliary ducts, the second place is occupied by MDP
stenosis [1, 2]. In patients with pathology of the
pancreatobiliary zone, the frequency of non-tumor
stenoses of MDP reaches 40 % [2—6]. To date, no
standardized approach to the diagnosis of MDP ste-
nosis has been developed in clinical practice, there
is no single diagnostic algorithm and informative
diagnostic criteria [7]. Diagnosis is mainly based
on the identification of secondary signs that are a
consequence of the pathological process, and the ap-
plied research methods are able to effectively iden-
tify the fact of obstruction, its level, and extent.
The main difficulty lies in determining the nature
of the pathological process, which is of fundamental
importance in choosing surgical tactics. Endoscopic
topical diagnosis, assessment of the severity of ste-
nosis and its extent is difficult, which explains the
difficulty in determining indications for endoscopic

papillosphincterotomy (EPST). The detection of
stenosing papillitis is complicated by the wide-
spread inflammatory changes in the MDP, which
are detected in most patients suffering from gall-
stone disease and pancreatitis. The true stenosis of
MDP is masked by the symptoms of these diseases,
which further complicates diagnosis.
Conventional diagnostic tools for periampular
obstruction include ultrasound, duodenoscopy,
computed tomography (CT), and magnetic res-
onance imaging (MRI). However, the extreme-
ly small size of the anatomical structures under
study, often the absence or minimum amount of
fluid in their lumen, and the air in the duodenum
create significant difficulties for radiation diag-
nostic methods. In this regard, the differentiation
of benign stenosis of MDP is often a difficult task
[2, 3, 5, 8 9]. Among modern methods of ra-
diation diagnostics, endoscopic ultrasonography
(EUS) occupies a special place, which allows you
to directly visualize the papillary zone of the du-
odenum and assess in detail not only the condi-
tion of the terminal part of the common bile duct
(CBD) and MDP, but also the entire periampular
region. According to various studies, the accuracy
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of endosonography in the diagnosis of MDP dis-
eases is 40—96 % [10, 11].

Thus, the lack of clearly formulated criteria for
MDP stenosis and a unified strategy for its diagnosis
using EUS determines the relevance of the study.

Aim: to evaluate the possibilities of endoscopic
ultrasonography in the diagnosis of benign steno-
sis of the major duodenal papilla and improve its
results, including by identifying and objectifying
the criteria of the disease.

Materials and methods

The work is based on the results of examina-
tion and treatment of 2146 patients hospitalized in
the departments of general surgery, purulent sur-
gery and gastroenterology of the Kursk Regional
Multidisciplinary Clinical Hospital in the period
from 2015 to 2022. The criterion for inclusion in
the study was the fact that EUS and transpap-
illary interventions for biliary and/or pancreatic
hypertension were performed. The exclusion cri-
teria were diagnosed focal pathology of the pan-
creas, tumors of the pancreas, tumors of the MDP
and duodenum. Based on clinical, laboratory and
instrumental examination data of the general cohort
of patients, the signs of MDP stenosis and the di-
agnostic capabilities of EUS were studied. Based on
the results of observations, a therapeutic and diag-
nostic algorithm has been introduced into clinical
practice, based on the developed criteria for stenosis
of MDP. From the number of patients hospitalized
in 2018—2022, a group of patients with stenosis of
MDP of non-tumor etiology, including 217 people,
was identified. The age of the patients ranged from
34 to 72 years, the average age was 64 + 5.4 years.
The majority of patients were women — 353.1 %,
men made 44.8 %. Among this group of patients,
155 (71.4 %) people suffered from gallstone disease,
62 (27.7 %) of whom had previously had cholecys-
tectomy at various times, 62 (28.6 %) patients did
not have gallstone disease.

After a complex of clinical and laboratory stud-
ies with detailed anamnestic data, the method of
examination of the first level, due to accessibility,
non-invasiveness, and informativeness, was transcu-
taneous US. The sequence and set of therapeutic and
diagnostic manipulations in patients with suspect-
ed MDP stenosis varied depending on the results of
previously performed diagnostic studies, as well as
rationally combining diagnostic and therapeutic ma-
nipulations into one stage, in particular, EUS and
therapeutic transpapillary interventions. In patients
with biliary hypertension and the absence of a visi-
ble cause of obstruction, according to US data, en-
dosonography as a clarifying method was performed
already at the initial stage of the diagnostic search,

which allowed avoiding less informative methods
of radiation diagnosis, as well as diagnostic endo-
scopic retrograde pancreatocholangiography. EUS is
regarded as a second-line examination method af-
ter transcutaneous US for the diagnosis of gallstone
disease, unexplained pain syndrome in the right
hypochondrium and acute pancreatitis of unknown
etiology [12].

Endoscopic examinations, including transpapil-
lary interventions, were performed on the basis of
the endoscopy department with the Evis Exera II
video information system (Olympus, Japan), the
TJF-150 video duodenoscope and a set of endo-
scopic instruments from Olympus and Medi-Globe
(Germany). All transpapillary interventions were
performed in the X-ray operating room using a
mobile X-ray digital device with a C-shaped arc
GE OEC Brivo 785 (General Electric Healthcare,
USA). The EUS is performed with an EU-ME1
ultrasound processor (Olympus, Japan), endoso-
nography — with ultrasonic video gastroscopes
GF UM160 with a radial sensor and GF UC140P—
ALS5 with a convex sensor (Olympus, Japan). The
technique of endosonography corresponded to the
generally accepted endosonography of the pancre-
atobiliary zone.

Endosonography included the following stag-
es: visual examination of the MDP and parapap-
illary zone, instrumental palpation of the MDP,
detailed echo scanning of the organs of the hepa-
topancreatoduodenal zone with an emphasis on
the periampular region to exclude pathology of
adjacent organs, echo scanning of segments of the
terminal CBD. When determining indications for
duodenoscopy and transpapillary interventions ac-
cording to EUS data, the latter were performed
immediately, within the current study, combining
diagnostic manipulations with therapeutic ones.
At the same time, it became possible to use vari-
ous tools and conduct a trial cannulation of the
papilla mouth, obtaining additional information
about the nature of the pathological process of the
papilla to determine indications for EPST.

The main tasks of visual examination of the
papillary region of the duodenum included assess-
ment of the shape of the duodenum, the condition
of its mucous membrane, localization of MDP, its
size, shape, relief of the mucosa, assessment of the
condition of the mouth, the presence of neoplasms,
morphological verification of detected changes,
instrumental palpation of the papilla, identifi-
cation of concomitant pathology of the papillary
zone. Echo scanning with visual inspection and
the possibility of collecting material for morpho-
logical examination is one of the decisive advan-
tages of EUS. It was considered possible to in-
spect the MDP and the parapapillary zone with an
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echoendoscope without first performing duodenos-
copy. In the vast majority of cases (in 192 (88.5 %)
patients), the anatomical structures of the papillary
region were examined in detail. In other cases, the
examination of the papillary zone was carried out
with devices with lateral optics, including within
the same stage, replacing the echoendoscope with a
duodenoscope. The examination was performed both
as standard on the “short loop” of the endoscope
and on the “long loop” for inflammatory changes in
the duodenum with a sharp thickening and swelling
of the folds of the mucous membrane in 7 patients,
with a low location of MDP — in 6 patients, de-
formity of the duodenum — in 5 cases, very small
papilla — in 4 cases, parapapillary diverticulum of
large sizes — in 3 patients.

When echo-scanning the MDP area, attention
was focused on the size of the papilla and lon-
gitudinal fold, segments of the terminal CBD,
the structure of the duodenal wall, echogenici-
ty of MDP tissues were visualized in detail, the
state of the main pancreatic and extrahepatic bile
ducts, the state of pancreas and regional lymph
nodes were ascertained. In all cases, a complete
examination of the pancreatobiliary zone was per-
formed from all standard positions of the echoen-
doscope. The periampular area was examined from
the bulb of the duodenum and the second part of
the duodenum, often with repeated insertion and
removal of an echoendoscope, while keeping the
sonographic visualization of CBD and MDP in
the field of view, repeatedly changing the scan-
ning planes between the transverse and longitu-
dinal visualization of these structures. Particular
attention was paid to the nature of duct expansion
and the detail of the stenosis zone itself relative
to the muscular layer of the duodenal wall, with
an assessment of its level, extent, nature of nar-
rowing, the structure of the walls of the terminal
CBD in the narrowing zone, and the contents of
the bile ducts. To improve the sonographic visu-
alization of the stenosis zone, the contact of the
ultrasonic sensor with the wall of the duodenum
and MDP was provided by the introduction of
liquid into the intestinal lumen, replacing the
balloon technique, which was especially effective
for visualizing small anatomical structures of the
papillary region. In the presence of choledocheal
drains, they were used to fill the bile ducts with
fluid. All this made it possible to improve the
visualization of the papilla area in a physiological
state, without compression with a balloon.

Results

In all 217 patients, the papillary zone was ex-
amined in detail and MDP and longitudinal fold

were visualized. Upon visual examination, no
papilla changes were detected in 112 (51.6 %) pa-
tients. MDP was defined as an oval flattened or
cone-shaped elevation near the longitudinal and
covering transverse fold on the posteromedial wall
of the second part of the duodenum. When de-
scribing the MDP form, we used a classification
that, from our point of view, is the most practical
in terms of the technical features of performing
transpapillary interventions. Hemispherical (most
common), flattened, cone-shaped and dot-shaped
MDP were distinguished [7, 9]. Although there is
a much greater variety of forms in the literature:
up to eight or more when describing the papilla
[8, 13, 14].

According to our data, the flat and cone-shaped
forms of MDP prevailed — 77 (35.5 %) and 68
(31.3 %) patients, respectively. The hemispheri-
cal shape accounted for 60 (27.6 %) patients. The
remaining 12 patients had a dot-shaped form of
MDP. These indicators differ from the average
prevalence of MDP forms in the population, which
is logical for the pathology under study. The av-
erage length of the longitudinal fold according to
visual inspection was 8.1 + 4.2 mm.

There is no uniform terminology of surgical
anatomy of the terminal department of CBD in
the literature [15]. Based on endosonographic, ra-
diological, and endoscopic data obtained from the
examination of patients in the study group, in or-
der to implement the concept of a differentiated
approach to the construction of a therapeutic and
diagnostic algorithm for MDP stenosis and a clear
definition of indications for minimally invasive
intervention, as well as to determine the nature
of the intervention, it was considered rational to
divide the terminal CBD department into the fol-
lowing segments: ampullary (intraampular, papil-
lary) — the segment corresponding to the section
of the bile duct from the mouth of the MDP to the
muscular layer of the wall of the duodenum; intra-
mural segment, corresponding to the part of CBD
at its junction with the muscular layer of the du-
odenal wall; intrapancreatic segment — a section
of CBD before perforation of the duodenal wall,
adjacent or partially covered by pancreas tissue,
depending on anatomical features. The segmental
structure of the terminal department of CBD is
shown in Figure 1.

This approach is rational for the interpretation
of EUS data, which allows you to visualize the de-
scribed segments in detail within their boundaries,
focusing on the hypoechoic muscular layer of the
duodenal wall, and, accordingly, determine the
location and extent of pathological changes. The
described classification does not contradict the lit-
erature data [16]. This division is also reflected
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Figure 1. Segmental structure of the terminal part of the common bile duct: A — a scheme; B — endosonogram
(1 — ampullary section, 2 — intramural section, 3 — intrapancreatic section)

Pucynox 1. Cermenraproe crpoerne tepmunanbaoro oraena OKII: A — cxema; B — sugoconorpamma (1 — am-
HyJAAPHBII oTen, 2 — MHTpaMypabHblii oTAea, 3 — HHTpanaHKpeaTudecKuii oraen)

in the methodological recommendations on endo-
scopic sphincterotomy developed by the Japanese
Society of Gastroenterological Endoscopy (JGES),
where the phrase “bile duct at the major papilla”
is used, the correct translation of which means
the intrapapillary part of the bile duct, i.e. the
intraampular part is isolated from the intramu-
ral part. However, there is another point of view,
which consists in the absence of sufficient grounds
for revising the generally accepted classification
of anatomical fragments of CBD. The authors
adhere to the generally accepted classification,
which provides for the allocation of supra-, retro-
duodenal, intrapancreatic and intramural depart-
ments of the choledochus without accentualization
to the ampullary segment [6, 17]. Although the
same authors describe the terminal section with
the identification of not only the intramural sec-
tion (duodenal part), but also, in fact, the MDP
[6, 15], which suggests the presence of a section
of the intraampullary duct in it.

Visually pathological changes in MDP were
detected in 105 (48.4 %) patients. Among them,
in the majority of cases, pathological reduction
in the size of MDP prevailed with various vari-
ants of deformation of the longitudinal fold, the
papilla itself, and poor visualization of the mouth
or its visual absence — 52 (49.5 %) patients.
Benign single or multiple polypoid formations in
the mouth area were in second place in frequen-
cy — 30 (28.6 %) patients. In 21 (20.0 %) cas-
es, a pathological increase in papilla size of more
than 1 cm was noted. In 11 (10.5 %) patients, the

phenomena of papillitis with edema and hyper-
emia of the mucous membrane were detected, and
in some cases, the mucous membrane of the pap-
illary zone of the duodenum was also hyperemic
and edematous.

A biopsy was performed in 72 (33.2 %) patients
with MDP stenosis. At the same time, 96.1 % of
biopsies were informative, which is explained by
the priority of material collection after EPST, if
it was performed. At the same time, a targeted bi-
opsy from the mouth of the MDP was performed
in 34 (47.2 %) patients, in 38 (52.8 %) from the
ampullary part of the MDP after EPST. The ad-
enomatous form of chronic papillitis was detected
in 14 (19.4 %) patients, adenomyomatous — in 1
(1.4 %), atrophic-sclerotic — in 10 (13.9 %). The
most common morphological conclusion was pap-
illomatosis MDP, which is hypertrophy of the vil-
li of the mucous membrane at the mouth of the
papilla, resulting from chronic inflammation (22
(30.5 %) patients). Chronic inflammatory changes
of varying severity were detected in 14 (19.4 %)
patients. Among other histological findings, hy-
perplastic polyp, scar tissue, inflammatory gran-
ulations, tubular, papillary and villous adenomas
were established.

The next step in performing EUS was a de-
tailed ultrasound imaging of all anatomical struc-
tures of this area, confirming the absence of other
obstructive pathology of the pancreas, terminal
CBD, duodenum [18].

AT the same time, EUS makes it possible not
to resort to performing other imaging research
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methods (CT, MRI), which avoids unjustifiably
complicating the diagnostic algorithm. Thus, in the
Roman criteria of functional pathology of the gas-
trointestinal tract, one of the criteria for diagnosing
a functional disorder of the sphincter of the pancre-
atic type Oddi is “negative EUS”, which indicates
its high diagnostic effectiveness [19].

Diagnostic criteria for MDP stenosis are not
clearly formulated [5]. The differential diagno-
sis of diseases that can lead to cicatricial stenosis
of MDP (parapapillary diverticula, MDP polyps,
choledocholithiasis, papillitis) and functional dis-
orders of the Oddi sphincter is based on an inte-
grated approach that should include clinical, lab-
oratory and instrumental methods of examination
of patients [20]. The main criterion for bile duct
obstruction at the MDP level is the expansion of
CBD. At the same time, the question arises about
the size of the boundary diameter of the CBD,
indicating a violation of the bile outflow [20]. It
is reported that even a slight expansion of CBD is
still not a variant of the norm but may be a symp-
tom of the disease — MDP stenosis [7]. There are
also alternative judgments indicating dilation of
the bile ducts due to dysfunction of the biliary
system during inflammation and loss of reservoir
function of the gallbladder [21]. The diameter of
the bile duct depends on age, body mass index,
medication intake and diseases of the pancreato-
biliary zone [22]. The diagnosis of papillostenosis
is established “by contradiction”: only complete
confidence in the absence of another obstructive
pathology of MDP makes papillostenosis a valid
diagnosis [8].

Visual signs of MDP stenosis in the study group
were the following: abnormal increase or decrease
in the size of the papilla; deformation of the lon-
gitudinal fold; complete absence or low severity of
the longitudinal fold; absence of a clearly defined
mouth of MDP; epithelial growths in the mouth
area. During instrumental palpation and trial can-
nulation with various instruments, signs of steno-
sis were considered: increased papilla density and
“slipping” of instruments, difficulty in cannulating
the mouth, lack of free mobility of the papillo-
tome string during mouth cannulation in the case
of duodenoscopy.

Informative ultrasound criteria for MDP ste-
nosis are shown in the Table. When performing
endosonography, the following results were ob-
tained. The diameter of CBD in the study group
varied within 13.2 + 4.2 mm. Choledocholithiasis
was detected in 41 (18.9 %) cases in patients suf-
fering from gallstone disease. Loose concretions
and biliary sludge were found in another 34 (15.7
%) patients, taking into account all diagnosed hy-
perechogenic inclusions of the common bile duct,

including those whose dimensions were no more
than 2 mm, the proportion of patients with hetero-
geneous contents of the bile ducts reached 46.0 %.
This is confirmed by the literature data indicating
the high sensitivity of EUS in the diagnosis of
choledocholithiasis [5], high resolution in some
cases makes it possible to visualize even individual
bile acid crystals [23, 24]. A hyperplastic variant
of stenosing papillitis with an increase in MDP
in size was detected in 20 (9.2 %) cases. Direct
endosonographic criteria for sclerosing papillitis —
a narrowed segment of the terminal choledochus;
thickened MDP walls (emphasized layering with
a predominance of hyperechoic signals) — were
detected in 41 (18.9 %) patients.

The elasticity of the terminal CBD was assessed
by its contractile activity. In the literature, this
phenomenon is described as a “game of the sphinc-
ter apparatus” [16] or contractility in the area of
the closing terminal sphincters [25]. In the fibrot-
ic-sclerotic process, contractility is preserved, but
significantly reduced. In EUS, multiple active
changes in the diameter and shape of the lumen
of the terminal choledochus are visualized at the
level of interest to the researcher, while the object
of comparison was duodenal peristalsis. Changes
in the diameter and shape of the lumen of the
terminal section can be most clearly traced when
using a convex sensor during transverse scanning
in the position of the distal end of the echoendo-
scope in the second part of the duodenum at the
MDP level (Fig. 2).

The work of the sphincter apparatus was vi-
sualized in the majority of patients in the study
group — 163 (75.1 %), and a decrease or absence
of contractility of the terminal choledochus at the
level of the stenosed segment was confidently stat-
ed in 72 (44.2 %) patients.

When performing EPST, well-known anatomi-
cal landmarks regulating the length of the incision
are the shape of the MDP and the size of the lon-
gitudinal fold, as well as the localization of the
transverse fold [6, 16, 26]. However, the forma-
tion of a longitudinal fold may be caused not only
by the terminal department of the CBD, but also
by lymph nodes [6]. At the same time, it should
be borne in mind that the upper boundary of the
longitudinal fold may not always be a reliable ana-
tomical reference point for determining the length
of the papillary segment and the length of the
papillotomic incision [27]. In connection with the
above, clarifying the boundaries and length of the
segments of the terminal part of the common bile
duct during endosonography, as well as compar-
ing them with endoscopic landmarks, is of great
practical importance for accurate topical diagnosis
of MDP pathology, predicting the length of the
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Figure 2. Assessment of the elasticity of the terminal portion of the common bile duct: on a series of endosono-
grams, the ampullary segment of the terminal portion of the common bile duct (indicated by arrows) is visualized
with multiple changes in the diameter and shape of the lumen

Pucynox 2. OneHka ssacTuuHocTH TepMUHanbHOro otfena OJKII: Ha cepuu 3HJIOCOHOTPAMM BU3YyasU3UPYeTCs
aMITyJIAPHBIIT CErMEHT TEPMHUHAJIBHOTO oT/ea Xosen0xa (0603HaueH CTpelKaMi) ¢ MHOTOKPATHBIM U3MEHEHUEM [ha-

MeTpa u pOPMBI ITPOCBETA

A

Figure 3. Assessment of the length of the ampullary segment of the terminal part of the common bile duct:
A — longitudinal scan; B — transverse scan (1 — arrows indicate the length of the ampullary segment)

Pucynox 3. OueHka IPOTSKEHHOCTH aMIyJISPHOTO CerMeHTa TePMHUHAJIBHOTO OT/esa OO6IIero sKeaUHOTO MPOTO-
Ka: A — TPOJOJIbHBI ckaH; B — monepeunbrii ckan (1 — crpeiikaMu 0603HaueHa IPOTSIKEHHOCTh aMITyJISIPHOTO

cerMeHTa)

incision during papillotomy and determining op-
tions for minimally invasive interventions. For an
accurate topical diagnosis, it is important to:

— perform a study using intravenous sedation;

— the use of an echoendoscope with a convex sen-
sor, which allows to obtain a detailed joint visual-
ization of the segments of the terminal department
and the muscular layer of the duodenum in one scan;

— combination of balloon endosonography tech-
nique and duodenal filling technique with liquid;

— assessment of the length of the ampullary
segment of the terminal CBD in longitudinal and
transverse scans, the results of which should be
comparable (Fig. 3).

When determining the localization of MDP ste-
nosis, we focused on direct sonographic signs, the
level of expansion of the bile ducts, contractile
activity of the terminal CBD, visual endoscopic
signs, and the results of instrumental “palpation”.
In the majority of cases, 133 (61.3 %) patients
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Table. Informative criteria for MDP stenosis with diagnostic confidence coefficients
Ta6auua. Nudopmarusubie kputepuu crenoza bC /IIIK ¢ auarnocruueckumu koadgduimeHramu

YBEPEHHOCTHU
o Confidence
Feature Description of the feature coefficient
IIpusnax Onucanue npusnaxa Koagppuuuenm
yeepennocmu

< Expansion of the common bile duct over 12 mm 0.6
Pacwupenue obwezo xenunozo npomoka ceviuie 12 mm '
Expansion of the common bile duct over 9 mm

X2 0.55
Pacwupenue obwezo xeaunozo npomokd 0o 9 mm
Visualization of threadlike segments of the terminal part of the common bile
duct following suprastenotic expansion

X3 0.75
Busyaausayus Humesuonvlx cezmenmos mepmMunaibHozo omoead oou,ezo
JKEJUH020 NPOMOKA, CAeOYIOUUX 3d CYNPACINEHOMUYECKUM PACULUDEHUEM
Segmental thickening of the walls of the ampullary part of the MDP
with the formation of an accentuated layered structure of mixed echogenicity
or with the predominance of hyperechoic signals

X4 0.75
Cezmenmapnoe ymoauenue Cmenox AmMnyisapHozo omdena BC JIIIK
¢ Ghopmuposanuen noauepxugmod CAOUCTNOU CIPYKIMYPL CMEUAHHOU
IXOZEHHOCINU UAU C NPE0ONA0AHUEM 2UNEPIXOZEHHBIY CUZHAILO8

< Decreased elasticity of the terminal part of the common bile duct 0.65
CHUeHUe SNACTUYHOCINU TNEPMUHAILHOZ0 0MOeNId 00Ue20 JKeAUH020 NPOMOKA .

<6 Smooth contour of the narrowing of the duct to the stenosis zone .
I11asnvitl KOHMYP CYKeHusk NPOMOKA K 30He CMEHO3A '
Pathological reduction in the size of the MDP with various variants
of deformation of the longitudinal fold

X7 0.45
Ilamonozuueckoe ymenvuienue gawvzepos bC JIIK ¢ pasauunvimu
sapuanmam. 0ehpopmayuy npoodosbHOU CKAAOKU
Homogeneous hypoechoic enlarged MDP, the dimensions of which do not
exceed 1 cm

X8 0.35
O0dnopodnwviil eunoaxozennviii yeeauvennoii bC JIIK, pasmepvl komopozo
He npesviuaiom 1 cm
Presence of biliary sludge

X9 0.30
Hanuuue bunuapnozo cradxa
Polypoid formations in the mouth area

X10 0.35
Hoaunosudnvie 06pasosanus 6 06.1AcmMu ycmos
Papillitis without changing the size of MDP

X11 0.25
Hanunrnum 6e3 usmenenus pasmepos bC JITK

Note: MDP — major duodenal papilla.

ITpumeuanue: bC [IIIK — G6oubliioit cocouek /IBEHA/IATUIIEPCTHON KUIITKU.

had local stenosis within the ampullary segment,
while the mouth of the MDP remained free. At
the same time, the CBD was expanded to the in-
tramural department. Sonographically, there were
no changes in the intramural department, the
contractile activity of the intramural department
was preserved. Local ampullary stenosis spread-
ing from the mouth of the MDP occurred in 20
(9.2 %) patients. At the same time, the mouth
could not be cannulated, and in 12 patients it did
not differentiate. Extensive ampullary stenosis ex-
tending to the intramural department was found

in 18 (8.3 %) cases. At the same time, in addition
to visualization of direct signs of stenosis, there
was a decrease or absence of contractility in the
intramural region of the CBD. MDP stenosis with
the spread of stricture to the intrapancreatic de-
partment was detected in 21 (9.7 %) patients. Its
main feature was a cone-shaped stricture visible in
EUS with suprastenotic expansion. In 25 (11.5 %)
patients, it was not possible to convincingly de-
termine the localization and extent, mainly due to
the small size of the MDP and longitudinal fold,
pronounced peristalsis, fuzzy visualization of the
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papillary zone due to edematous changes in the
duodenal wall, etc.

Analysis of the signs of MDP stenosis showed
that they are characterized by a heterogeneous de-
scription. A reliable diagnosis is established only
by a set of signs, for each of which it is individ-
ually impossible to establish reliable links with
papillostenosis. In accordance with the recommen-
dations of [28—30], to obtain a diagnostic decision
rule, it is advisable to use a methodology for the
synthesis of hybrid fuzzy decision rules, accord-
ing to which, for the resulting data structure, the
basic element of diagnostic models are confidence
coefficients in the diagnosis of “MDP stenosis”
obtained by expert evaluation for each informa-
tive feature. The Table shows informative fea-
tures with corresponding confidence coefficients
obtained using the methodology of synthesis of
hybrid fuzzy decision rules when working with ex-
perts using the Delphi method.

Direct signs of MDP stenosis (X3, X4) are
shown in Figures 4 and 5.

Considering the need to pre-exclude a number
of diagnoses and properties of selected informative
features, a fuzzy production diagnostic rule is obtained:

IF [NOTQ1 ORNOTQ2 OR, ..., ORNOTOQn]
THEN {SGi + 1) = S(i) + KUG + 1) [1 — S}
OTHERWISE (S = 0),

where Q1, Q2, ..., On are excluded diagnoses;
S(i) — the confidence in the stenosis of the MDP
at the i-step of calculation; KUG + 1) — the
confidence coefficient in the desired diagnosis
for an informative feature with the number i + 1;
S(1) = KU(1).

Excluded diagnoses include pathology of
periampular localization, causing CBD obstruction:
Q1 — pancreatic tumors; Q2 — focal forms of
chronic pancreatitis; Q3 — CBD tumors; Q4 —
benign CBD strictures; Q5 — extracholedocheal
obstructive pathology (retroperitoneal tumors,
lymph nodes, cysts, etc.); Q6 — MDP tumors;
Q7 — parapapillary diverticulum; Q8 — duodenal
tumors; Q9 — duodenal deformity (ulcerative,
postoperative, etc.).

In mathematical modeling, for the obtained
partial confidence coefficients at their maximum
values, the confidence in the correct classification
according to the class “MDP stenosis” exceeds 0.99,
and for the most common values of informative
signs — 0.92.

According to the most common values of
informative signs, confidence in the correct
classification according to the MDP stenosis
class exceeds 0.90. This value was considered
the threshold for triggering the decisive rule.
Indications for minimally invasive treatment
were determined for all patients included in the

Figure 4. Threadlike segment of the terminal part
of the common bile duct, following the suprastenotic
dilatation (X3): 7 — threadlike segment, 2 — supraste-
notic dilatation of the common bile duct

Pucynox 4. HureBupHbIll CerMeHT TePMUHAJIbHOTO OT-
Jiesia o61Iero KeJTYHOro IIPOTOKA, CJEAYIONHii 3a cympa-
creHoTuyeckuM pactiupenneM (npusnak X3): 1 — Hure-
BU/IHBII cerMeHT, 2 — CyIpacTeHOTHYeCKOe paclliupeHne
X0JIe/10Xa

Figure 5. Segmental thickening of the walls of the am-
pullary portion of the major duodenal papilla with the
formation of an accentuated layered structure of mixed
echogenicity or with a predominance of hyperechoic sig-
nals (X4): 1 — major duodenal papilla, 2 — muscular
layer of the duodenum, 3 — duodenal lumen

Pucynox 5. CerMmentapHoe yTOJIIEHHE CTEHOK AaMILy-
agpuoro otaena bBC JIIK ¢ ¢opmupoBanueM mogdepk-
HYTOH CJIOUCTOI CTPYKTYypbl CMEHIAHHOI 35XOreHHOCTU
Wi ¢ npeobaalaHueM THIePIXOreHHbIX curHanos (ipu-
sHak X4): 1 — BC AIIK, 2 — wmbriueunstit caoit JIIK,
3 — mpocser [AIIK

Poc ypH racTposuTepoJ rematon koaonpokros 2024; 34(3) / Rus J Gastroenterol Hepatol Coloproctol 2024; 34(3)



www.gastro-j.ru

Original articles / OpurnHasbHbIE TCCTEIOBAHNS

group with reliable criteria for MDP stenosis and a
threshold for triggering the decisive rule above 0.90.
Transpapillary interventions were performed
in 134 (61.7 %) patients with MDP stenosis.
The results of retrograde and antegrade
cholangiography, EPST, instrumental revision of
the bile ducts, and morphological examination of
biopsy material were considered to confirm the
correctness of the diagnosis of MDP stenosis. The
main ultrasound sign of successful resolution of
stenosis was considered to be a decrease in the
diameter of CBD by at least 20—30 % in the
control study starting from the third day after
the intervention. There were no fundamental
contradictions and discrepancies between the
EUS data and the results of minimally invasive
treatment. Complications were noted in 6 (4.4 %)
patients, which is comparable to the number of
complications with transpapillary interventions
performed in patients without MDP stenosis.
In one case, retroduodenal perforation of the
duodenum was detected, in two cases — bleeding
from a papillotomy wound, which required the
use of repeated endoscopic hemostasis, in three
cases — acute pancreatitis of varying severity.
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