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2. Mathematical and software support for neuromonitoring during thyroid surgery

Pedepar:

1. 1. Y npuceprauiiiHiil po60Ti po3B’s3aHO HAYKOBO-TEXHIUHE 3aBIaHHs PO3POOKMA MaTEeMaTUYHOIO Ta IPOTPaMHOr0O
3abe3neyeHHs iH(QOpMaLifHOI TEXHOJIOTII Ta MPOrpaMHO-anapaTHOrO KOMILJIEKCY [J1s HifTPUMKU
HEPOMOHITOPUHTY TIifi 4ac omneparii Ha IUTONOAiOHIi 321031, SIKi po3MMPIOI0Th PYHKII IPOrpaMHO-aNlapaTHOTO
KOMILJIEKCY J1J1s1 HaJIalITyBaHHS IIapaMeTpiB eJIeKTPUYHOrO CTPYMY, 3aJI€KHO Bif, e71eKTpodi3iooriyHux
BJIACTMBOCTE TKAaHVH 107151 XipypriuHOro BTPy4YaHHS KOHKPETHOTO MNallieHTa Ta 3a6€31e4yI0Tb KOHTPOJIb BifICTaHi
Bifl, TOUKU [IOAPa3HEHHS Ha NOJIi XipypriYyHOro BTPy4YaHHsI O IOBOPOTHOTO FOPTAHHOrO HepBa (aasi — [TH).
O6’eKTOM [OCIIIIPKEHHS € IPOLieCH iHTpaonepauiiiHoro Heiipomonitopunry [1I'H mnig yac xipypriuHoro BTpy4aHHS
Ha MUTOMNOiOHIM 3am03i. [IpenmeToM JOCTiIKeHHs € MaTeMaTU4YHe Ta IIporpaMHe 3abe3reyeHHs MPOorpamMHoO-
arnapaTHOro KOMIUIEKCY JJ1s1 iATPMMKU HEIPOMOHITOPUMHTY Iif 4ac omnepatii Ha IUTONOAi6HIN 3a7103i. Y Mexkax
IycepTaliiiHoI po60TH BIeplIe PO3PO6JIEHO iHTepBaIbHY MaTEMAaTU4YHY MO/I€JIb IIOMIUPEHHS €JIEKTPUYHOTO

MOTEHIIialy B TKAHWHAX ONEePaLifHOi paHu Mif, 4ac ix NoJgpa3sHEeHHS iMITyJIbCHAM €JIEKTPUYHUM CTPYMOM Ta



dbopmyBaHHS peaklii Ha MoApPa3HEeHHs TOJI0COBUX 3B'SI30K Y BUIJIAi aKyCTUYHOTO CUTHAJY, 5IKa, Ha BiTMiHY Bif
iCHYI04YMX, MOJIE€JIIO€ iHTEpBAJIbHY BiICTaHb BiJ] TOYKU Nofpa3dHeHHs 1o [1I'H 3anexXHo Bif aMIIIiTyau akyCTUYHOTO
CHTHaJIy Ta aMIUITyAU Oro TOJIOBHOI CIIEKTPaJIbHOI CKJIAIOBOI i 3a0e3I1euye 3HKEHHST PU3UKY noukoakeHHs [TT'H
B IIPOLIECi XipyprivHOro BTPy4aHHs Ha WUTONOAI6HIN 3a7103i. Ha ocHOBI Liei Mozesi po3po61eHO Ta O6IPYHTOBAHO
meToy inenTudikauii iHTepBasbHOI MATEMAaTUYHOI MOIEJIi MOIMPEHHS eJIEeKTPUYHOIO IIOTEHI[ialy B TKAHWHAX
ornepalifiHoi paHu Ta pOpMyBaHHS peakliii Ha o pa3HeHHs F'OJIOCOBUX 3B'$130K y BUIJISI aKyCTUYHOTO CUTHAITY,
SIKWH, Ha BiIMiHY BiJ] iCHYIOUMX, I'PYHTY€ETLCS Ha MTOE€AHAHHI aHaJli3y iIHTEPBAJIbHUX JAHKUX Ta OHTOJIOTIYHOMY
mizxoi, Mo y CyKyNHOCTI 3HIKY€ Yac HaJIalITyBaHHS MOJIeJli MMifl 0COGIMBOCTI TKAHMH OllepaliiiHOi paHu NalieHTa i
3abe3rnevyye BUKOPUCTAHHS Liiei MOJieli B IPOrpaMHO-aNapaTHOMY KOMILIEKCI 1151 3HUKEHHSI pU3UKY
nomkomxeHHs1 [II'H. 3anponoHoBaHo Ta OGI'PYHTOBAHO METOJ], Ta aJITOPUTM IIPOrPaMHOTO HajlalITyBaHHS 4aCTOTH
CJIiIyBaHHS iMITYJIbCIB €JIEKTPUYHOTO CTPYMY, SIKUM MOAPA3HIOIOTh TKAHWHU I10J1S1 XipypriYHOrO BTPY4YaHHSI, KU,
Ha BiZIMiHYy Bifl iCHyIOUMX, aJjaniTye YaCTOTY iMITyJIbCHOTO CTPYMY IIifi €J1eKTPOdi3iooriuHi XxapaKTepUCTUKN TKAaHUH
I10J1s1 XipypriyHOro BTpy4YaHHs NalieHTa, 1110 3abe3eyye MifBUILEeHHS YyTAUBOCTI TKAHUH [I0 IOJpa3HeHHs i B
1IiJIOMy 3HWKEHHS pU3UKy nomkoaxeHHs [1IT'H. YaockoHaneHo apxiTeKTypy IPOrpaMHOro Ta aliapaTHOro
3a6e3reyeHHs IPUCTPOIO MiATPUMKY iHTpaonepauiiiHoro monitopury [1I'H, sxkuii, Ha BiAMiHy Bif iCHyIOuMX,
3abe3rnedye aJanTUBHE Ta [IPOrpaMHe HaJjalITyBaHHS YaCTOTH iMITyJIbCHOTO CTPYMY [IJIs1 IO pa3HeHHsI TKAaHWH I10J15
XipypriyHoro BTpy4aHHsI Ta 0OYMCIIEHHS BifiCTaHi BiJ Touky nopapasHeHHs 1o [1I'H Ha ocHOBi maTeMaTHyHOi Mogei
MOIIMPEHHS €JIEKTPUYHOrO NOTEHIialy B TKAHWHAX IM0JIs1 XipypriYHOro BTpy4YaHHs Ta (GOPMYBaHHS aKyCTUYHOTO
CHTHAJY, IO y CYKYITHOCTI 3abe3mnevye MifBUILeHHs TOYHOCTI kKiacudikalii TKaHVH Ta 3HUKEHHS PUBUKY
nowmkomxenHs [II'H. Takox y Mexxax IucepTaliiiHoi po60TH YI0CKOHAIEHO iHPOpMaliiiHy TEXHOJIOri0
inTpaonepauiiinoro moHitopunry I1I'H, sxa, Ha BinMiHy Bif, iCHyIOUNX, 1I00yZ0OBaHa Ha IPOrpaMHO-anlapaTHOMY
KOMIIJIEKCi 3 QYHKLISIMU HaslalITyBaHHS 4YaCTOTU iMIYJIbCHOTO CTPYMY JJIs TOJpa3sHEHHS TKAHUH T10J1s
XipyprivHoro BTpy4aHHsI Ta 06YMCII€HHS BiflCTaHi BiJi TOUKY nofpasHeHHs 1o [1T'H, mo y cyKyImHOCTI 3HUXY€E pU3KK
nowmkomxenHs I1I'H nin yac onepatii Ha muTonoAi6HiIN 3a103i. Ha ocHOBI i€l MoJiesli po3p0o06siIeHO Ta OO PYHTOBAHO
MeToJ inenTudikauii i1 aIrOpuTM aAANTUBHOTO IPOTPaMHOr0 HaJalITyBaHHS YaCTOTY iMITyJIbCHOTO €JIEKTPUYHOTO
CTPYMY 3 ypaxyBaHHSIM €JIEKTPOQi3ioIoriyHNX XapaKTepUCTUK TKAaHUH MallieHTa, a TAaKOX YI0CKOHATIEHO
apXiTeKTypy IIporpaMHO-anapaTHoOro 3abes3nedyeHHs Ta iHpopMaLiliHy TeXHOJIOri0 iHTpaonepaliiiHoro
MoHitTopuHry I1I'H, mo 3a6e3nedyioTs NiABUIEHHS YYTJAMBOCTI TKAHUH [0 [10JPa3HEHHs, TOYHOCTI ix kiacudikarii
Ta 3HWKEHHS pu3uKy nomkomkeHHs [1T'H. [TpakTryHe 3HaYeHHSI OTPUMaHUX Pe3YJIbTaTiB NOJISTa€ Y CTBOPEHHI
[IPOrPaMHO arapaTHUX 3aco0iB A ineHTrdikalii 3BOpOTHOrO rOPTAaHHOTO HEPBA, SIKi IIPeJCTABJIEHO Y BUTJTIAL]
€JIMHOTO NPOrpaMHO-arapaTHOr0 KOMIUIEKCY IIPULATHOTO AJIs1 BUKOPUCTAHHS B PEXXUMI PEasIbHOTO 4Yacy y Mpoueci
XipypriyHoro BTpy4aHHs Ha UTOMNOLiOHIN 3a7103i. Po3po6seHnii npucTpiil anpo60BaHO B IPOLEC] MPOBEIEHHS
XipypriyHux onepariiii Ha IMUTONOiOHIN 3a103i B TepHOMiNbCHKIN MiCbKill KOMyHaJIbHIl JliKapHi IBUAKO]
IOTIOMOTH. 3aCTOCYBaHHS IPUCTPOIO Ta IPOTPAMHOTr0 3a6e31eYeHHs 1aJ10 MOKJIMBICTh 3HU3UTHU PU3UK
ITOLIKOJI’)KEHHS 3BOPOTHOI'O TOPTAaHHOTO HEPBA, 3MEHIIWTY TPUBAJIICTh XipypridHoi onepaii Ta nigBummuT

(PYHKLiOHAIBHICTb 3aCO0iB MOHITOPUHTIY 3BOPOTHOI'O FOPTAHHOTO HEPBA.

2. 2. In the dissertation, the scientific and technical task of developing mathematical and software support for the
information technology and hardware-software complex for intraoperative neuromonitoring during thyroid
surgery was addressed. This development expands the functions of the hardware-software complex to adjust the
parameters of the electric current according to the electrophysiological properties of the tissues in the surgical
field of a specific patient and ensures control over the distance from the stimulation point in the surgical field to
the recurrent laryngeal nerve (hereinafter - RLN). The object of the study is the processes of intraoperative RLN
neuromonitoring during thyroid surgery. The subject of the study is the mathematical and software support of the
hardware-software complex for intraoperative neuromonitoring during thyroid surgery. Within the framework of
the dissertation, an interval mathematical model of the propagation of electric potential in the tissues of the
surgical wound during their stimulation by pulsed electric current and the formation of a response of the vocal
cords in the form of an acoustic signal was developed for the first time. Unlike existing models, it simulates the
interval distance from the stimulation point to the RLN depending on the amplitude of the acoustic signal and the



amplitude of its main spectral component, which ensures a reduction in the risk of RLN injury during thyroid
surgery. Based on this model, a method for identifying the interval mathematical model of electric potential
propagation in the tissues of the surgical wound and for forming the vocal cord response as an acoustic signal was
developed and justified. Unlike existing methods, it is based on a combination of interval data analysis and an
ontological approach, which together reduce the time required to adjust the model to the specific tissue
characteristics of the patient’s surgical wound and enable the use of this model in the hardware-software complex
to reduce the risk of RLN injury. A method and algorithm for software adjustment of the frequency of pulsed
electric current used to stimulate the tissues of the surgical field were proposed and justified. Unlike existing
methods, it adapts the pulse frequency to the electrophysiological characteristics of the tissues in the patient’s
surgical field, which increases tissue sensitivity to stimulation and, overall, reduces the risk of RLN injury. The
architecture of the hardware and software of the intraoperative RLN monitoring device was improved. Unlike
existing devices, it provides adaptive software adjustment of the pulse frequency for stimulation of the tissues in
the surgical field and calculates the distance from the stimulation point to the RLN based on the mathematical
model of electric potential propagation in the tissues and the formation of an acoustic signal, which collectively
ensures higher accuracy in tissue classification and reduces the risk of RLN injury. Additionally, the information
technology for intraoperative RLN monitoring was improved. Unlike existing solutions, it is built on a hardware-
software complex with functions for adjusting the pulse frequency for tissue stimulation and calculating the
distance from the stimulation point to the RLN, which together reduce the risk of RLN injury during thyroid
surgery. Based on this model, a method and algorithm for adaptive software adjustment of the pulse frequency,
taking into account the electrophysiological characteristics of the patient’s tissues, were developed and justified,
along with the improvement of the hardware-software architecture and information technology for intraoperative
RLN monitoring. These improvements enhance tissue sensitivity to stimulation, accuracy of tissue classification,
and reduce the risk of RLN injury. The practical significance of the obtained results lies in the creation of
hardware-software tools for identification of the recurrent laryngeal nerve, presented as a unified hardware-
software complex suitable for real-time use during thyroid surgery. The developed device was tested during
thyroid surgeries at the Ternopil City Emergency Hospital. The use of the device and software reduced the risk of
recurrent laryngeal nerve injury, shortened the duration of surgery, and improved the functionality of RLN
monitoring tools. Theoretical and applied results of the dissertation were utilized at the Ternopil City Emergency
Hospital and the medical center «Vita Sana» during thyroid surgeries for intraoperative RLN monitoring, and were
also implemented in the educational process and research activities of the Department of Computer Science at the
West Ukrainian National University.
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VIII. 3aKkJII04Hi BiZOMOCTi
Biiacue HpiBBHme Im'st IT0-6aTBKORBI Cauenko AHarouiii OjsieKciioBUY

TOJIOBH pagu

Biiacue IlpisBume Im's ITo-6aThKOBI Cavenko Anarosiii OyieKCiioBUY

rOJIOBYIOYOTO Ha 3aciJaHHi
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OisIIBHOCTI

Cupoposuu Onena IOpiiBHa

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



