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ABTOM&TMBMPOB&HHbIﬁ AJITOPUTM AUArHOCTUKM Updiates
KpOBOTE‘IEHMﬁ U3 XXeNyao4HO-KULUEYHOro Tpakrta

A.B. byabikvHa

Poccuitckuit HaumoHanbHBIl UccneoBaTeNbCKU MeMUMHCKMIA yHuBepcuTeT uMenu H.W. Muporoea, Mocksa, Poccuitckas ®epepauuns

AHHOTALIMA

06ocHosaHue: xenyaouHo-kuieyHoe kpooTeueHne ((KKK) sBnsetcs ocnoHeHMeM MHOXecTBa 3aboneBaHuin eny-
L0YHO-KuLeyHoro TpakTa (KKT) (3po3uBHO-A3BEHHbIE NOpaXEHNS, COCYAUCTbIE ManbhopMaLmK, UBEpPTUKYbI, ONyXoeBble
3abonesanus 1 Ap.). B passutbix ctpaHax yposeHb netanbHoctn ot KK coctanset ot 5 po 15%, a B rpynne naumeHToB
C TAXKENBIM peLmanBMpYIOLLIMM KpoBoTedeHWeM pocturaet 30-40%.

Llens: co3paHne aBTOMaTU3MPOBAHHOTO aNifOPUTMa AMArHOCTUKU NALMEHTOB C JEeJTy04HO-KULIEYHBIMU KPOBOTEYEHNSAMM.

Memodbi: ¢ MOMOLLBI0 MHXEHEPUM 3HAHWUN U3BNEYEHBI TEDMUHBI U CBA3M MEXAY HAMU U3 HAy4HOW JUTepaTypbl Npes-
MeTHol obnact KK. Mocne cornacoBaHus ¢ aKcnepTamm UHGOpMaLUMs 0 AMarHOCTVKe U neveHuu naumeHToB ¢ KK yno-
psagoumnBanack B TabsmyHoM pepaktope MS Excel. [Ins noctpoeHus npasun no nokanusaumun KKK B uccnegoBanne o
AaHHble uctopuit bonesHeii 280 nauueHToB B Bo3pacte 2094 net (61 [44; 74]), 47,5% 13 KOTOPBIX KEHLLMHBI, OCTajlbHble —
MyXuuHbl. [laHHbIe NaumeHTbl Npoxoaunu auarHoctuky u nedenne B F'KB N® 31 3a nepuop 2008-2021 rogos. [ins nposepku
paboTbl anroputMa UCNOJb30BaHbl aHHbe UCTOpui bonesHen 514 naumentoB B Bo3pacte 20-96 net (62 [46; 74]), 57%
13 KOTOPbIX MYXUWHBI, OCTalNbHbIe — MeHLWMHbI. MccnesyeMble nauneHTbl NPOXOAWN AMarHocTuKy W nedvenue B KB N2 17
n TKb N2 31 B 2008-2022 ropax. Mo KaxaoMy 0b6beKTy uccnenoBaHUs UMEIOTCA AaHHble 0 37 npu3Hakax, 19 U3 KoTopbix
KnuHu4yeckue, 3 — nabopatopHble u 15 — aHpockonuueckue. CTaTMCTUYECKUIA aHANM3 AaHHbIX NPOBEAEH C UCMOSIb30BaHN-
€M MporpamMMHoro naketa Statistica 13, a3bika nporpamMmupoBatms R Project u oHnanH-Kanbkynstopa GraphPad. MNporpamm-
Has peanu3aums NosTy4eHHOro anropuTMa OCYLLECTBEHa C MOMOLLBIO A3bIKa MporpamMMupoBanus JavaScript.

Pe3ynbmamei: ¢ NOMOLLBIO MOMHOMUHANBHON NOTUCTUYECKON Perpeccun cosgaH anroput™ auddepeHumnansHoi ana-
rHocTuku KKK no npengaputenbHoii NoKanm3auum UCTOYHUKA KpoBoTedeHus. MMes flaHHble BOCbMM KIIMHUKO-NabopaTop-
HbIX NOKa3aTenen ¢ BEPOATHOCTLH), MOXHO OMPeAENUTL NPeABapUTENbHYIO0 JIOKANM3aLMI0 UCTOYHUKA KPOBOTEUEHMS: BEPOSIT-
HOCTb JIOKanM3aumn KpoBoTedeHus B BepxHUX otaenax KT coctaenset 84%, 95% moseputesibHbi MHTepBan (AU) [78%;
89%], B cpepHux otnenax KT — 84%, 95% [N [74%; 91%] n BeposTHOCTL JIOKaNM3aLMM KPOBOTEYEHMS B HUMKHMX OTAENaX
KT — 75%, 95% 0N [69%; 80%]. PaspaboTaH 1 peanusoBaH B BUe web-cepBuca UTOMOBbIN anropuT™ NOAAEPHKN NPUHATUS
KIIMHUYECKMX peLueHni npv BeaeHun naumenTos ¢ KK (sergisa.smrtp.ru/medical/edit.html), pabotatowmii ¢ apderTMBHOCTBI
92,2%. MocnepoBaTenbHOCTbL AeMCTBUIA paboTbl anropuTMa auarHocTukK kposoTeuenuid u3 KT cnepyrowwas.
1. MonyyeHune KNMHUKO-NabopaTopHbIX MPU3HAKOB MauueHTa ¢ nogo3peqneM Ha KK.
2. OnpepneneHue xapakTepa KpoBoTeYeHUSA (ABHOE / CKPBITOE) HA OCHOBE [aHHbIX IUTEPaTypbl, ONpeAeneHne CTeneHu Ta-
JKECTM KpoBOMoTepu (nérkas / cpenHss / TAxeEnan) Ha ocHose Knaccudmkaumm AN, Topbaluko, onpeeneque npeaBapu-
TeNbHOM JIOKanu3auum kposoTedeHus (BepxHuii otaen KT / cpeHUi / HUKHWIA) Ha OCHOBE PErpeccoHHOr0 YPaBHEHMS.
PekoMenzaumm no Bbibopy MeToAa UCCe0BaHUA HA OCHOBE MPOAYKLMOHHBIX NPABU U SKCNEPTHBIX MHEHUH.
Monyd4eHne 3HAOCKOMMYECKUX NPU3HAKOB.
OnpepeneHue NIOKanM3aLUMm U UCTOYHMKA KPOBOTEYEHWS HA OCHOBE MPOAYKLUMOHHBIX NPaBuI.
PekomeHpaumm no octaHoBke / npodunaktuke KK Ha ocHoBe AaHHbIX IMTEpaTypbl M 3KCNEPTHBIX MHEHUN.
3aknoyenue: Bnepsble B Poccuitckoit Defepaumm paspaboTaH anroputM Mo AepHKW NPUHSTUS KIIMHUYECKUX PeLLeHUid
ans sefequs naumenTtoB ¢ KK ¢ yuéToM xapakTepa KIMHUYECKUX MPOSBEHMIA, CTEMNEHN TAXKECTU KPOBOMOTEPU U MPUYMHBI
KPOBOTEYEHWS, OCHOBAHHbINA Ha 3KCMEPTHBIX MHEHUAX, NPOAYKLMOHHBIX MPaBUNax M C UCTONb30BaHWEM MOIMHOMUHANBHOM
NOTUCTMYECKON perpeccuu. [laHHbIN anropuT™ No3BosSeT Npesnonaratb NpeLBapuTesIbHY NOKaIN3aLmMio UCTOYHUKA KpoBO-
TEYEHMs, peann3oBaH Kak web-cepBUC U MOXET ObiTb BCTPOEH B MeMLIMHCKYI0 MH(OPMALMOHHYI0 CUCTEMY Ha aBTOMATU3U-
poBaHHoe pabouee MecTo (APM) Bpaua-xupypra, APM Bpaya-3Hpockonucta u APM Bpaya-racTposHTeponora Ans NoLAepx-
KM NPUHATUA KIIMHUYECKUX peLleHnin npu BeaeHumn naumeHTos ¢ HKK.

Al

Kniouesbie cnosa: KT; enynouHo-kuweuHbiii TpakT; HKK; enynouHo-KuweyHoe KpOBOTEYEHME; NOrMCTMYECKAN
perpeccus; aBToMaTU3MpoBaHHbIi anroputM; CINMKP; cucteMa nogAepiKKuU NPUHATUA KIMHUYECKUX PELLIEHNA.
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Automated algorithm for diagnosing gastrointestinal
bleeding

Anna V. Budykina

N.I. Pirogov Russian National Research Medical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Gastrointestinal bleeding (GIB) is a complication of many diseases of the gastrointestinal tract (GIT),
including erosive and ulcerative lesions, vascular malformations, diverticula, and tumors. In developed countries, the GIB
mortality rate ranges from 5% to 15%, reaching 30%-40% in the group of patients with severe recurrent bleeding.

AIM: The study aimed to develop an automated diagnostic algorithm for patients with GIB.

METHODS: Knowledge engineering is used to extract terms and their relationships from the scientific literature related to
the GIT. After agreement with the experts, information on the diagnosis and treatment of patients with GIB was arranged using
a MS Excel spreadsheet editor. For building GIB localization rules, the study included data from histories of 280 patients aged
20-94 years (61 [44; 74]); of these, 47.5% were women, while all others were men. The patients were diagnosed and treated
at the Municipal Clinical Hospital No. 31 between 2008 and 2021. For testing the algorithm, data from histories of 514 patients
aged 20-96 years (62 [46; 74]) were used; of these, 57% were men, while the rest were women. The patients under study were
diagnosed and treated at the Municipal Clinical Hospital No. 17 and the Municipal Clinical Hospital No. 31 between 2008 and
2022. For each study subject, data were available on 37 signs, including 19 clinical, 3 laboratory, and 15 endoscopic signs.
Statistical data analysis was performed using the Statistica 13 software package, R Project programming language, and
GraphPad online calculator. The software implementation of the algorithm was performed using the JavaScript programming
language.

RESULTS: Using polynomial logistic regression, an algorithm for differential diagnosis of GIB according to the preliminary
localization of the bleeding source was developed. Having the data from 8 clinical and laboratory parameters with probability,
a preliminary localization of the bleeding source may be determined. Thus, the probability of bleeding localization in the
upper, middle, and lower GIT accounts for 84% (95% Cl [78%; 89%I), 84% (95% ClI [74%; 91%]), and 75% (95% CI [69%; 80%]),
respectively. A final algorithm to support clinical decision-making in the management of patients with GIB (sergisa.smrtp.ru/
medical/edit.html) was developed and implemented as a web-service, working with 92.2% efficiency.
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The sequence of operations of the algorithm for diagnosing GIB is as follows:

1. Obtaining clinical and laboratory signs of a patient with suspected GIB.

2. Determining the nature of bleeding (overt/occult) using literature data, assessing the severity of bleeding (mild/medium/
severe) based on Gorbashko classification, and detecting the preliminary localization of bleeding (upper/middle/lower GIT)
by regression equation.

Providing recommendations for selecting a research method based on production rules and expert opinions.

Obtaining endoscopic signs.

Determining the localization and source of bleeding using the production rules.

Providing recommendations for stopping/preventing GIB based on literature and expert opinions.

CONCLUSIONS: An algorithm to support clinical decision-making for the management of patients with GIB, considering the
nature of clinical manifestations and the severity and the cause of bleeding based on expert opinions, production rules, and
polynomial logistic regression, which allows to assume a preliminary localization of the source of bleeding, was developed
for the first time in the Russian Federation. The developed algorithm is implemented as a web-service and may be integrated
into the medical information system at the automated workstation of a surgeon, an endoscopist, and a gastroenterologist to
support clinical decision-making in the management of patients with GIB.

Al LI

Keywords: GIT; gastrointestinal tract; GIB; gastrointestinal bleeding; logistic regression; automated algorithm; CDSS; clinical
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