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JIbBiBCbKUI HaLiOHaIbHUI MeEANYHWI yHIBepcUTeT
imeHi flaHuna anvybkoro, M. JIbBiB, YKpaiHa

BpaxoBytoun WBMAKNIA NOCTYN PO3BUTKY Cy4acHOI HayKW, CbO-
rogHi K/JH4YOBE MiCcLe B MeAUYHIM OCBITIi HAaNeXuTb IHTErpaTUBHIN
disionorii, ska BMBYAE 3aKOHOMIPHOCTI (PYHKLIOHYBaHHS OpraHis-
MYy JIIOANHM LWOAO iHAMBIAYANTbHMX 0COBMMBOCTEN 3 OrNIsSAY Ha Aito
enireHeTUYHNX YNHHUKIB Ta eHAOMeHHI BNIMBU, SKi CIPUYNHIOTD
3MiHW Y KJIITUHHMX MeXaHi3max. Ha npuknaai 5-pidHoro pocsigy
BUKNagaHHSA disionorii y JIbBiBCbKOMY HaLUiOHa/lbHOMY Meau4YHOMY
yHiBepcuTeTi iMeHi JaHuna MNanuubkoro nogaHo 3HadeHHs iMnne-
MeHTaLii y HaBYaHHSA ManbyTHIX nikapiB NpuKNagHoOI iHTerpaTne-
HOT isionorii ansa TpakTyBaHHA i3ioNoriYHNUX SBULL, afaanTUBHMX
MeXaHi3MiB i pecypciB KOMMeHcauii B opraHiaMi nioanHuW. 3acTo-
CyBaHHS METOAIB OLiHIOBaHHA MYHKUIM oguHU Y peasibHOMY
yaci, sKi 'pyHTYOTbCSt Ha BMCOKOTOYHIM peecTpauii iHanBiayanb-
HMX DYHKUIOHANIbHMX 0COBNMBOCTAX i aaanTMBHMX (i3ionoriyHmx
MeXaHi3MiB i MalOTb BMCOKY AiarHOCTUYHY 3HaJyLWiCTb, AAa€E 3MOry
cdhopMyBaTM Yy ManbyTHIX NikapiB KNiHiYHI KOMNeTeHUji 3rigHo 3
Cy4YacHMMU 3acagaMm MeauU4yHOI HayKu, rnepcoHanisoBaHoi meam-
LUMHW Ta NPEBEHTMBHUX CTpaTErili 0300POBEHHS.

Knro4uoBi cnoBa: disionoris, iHTerpatueHa disionoris, MegMyHa ocBiTa, nmepcoHasnizoBaHa mean-
UMHa, MeToau AiarHOCTUKW B peasibHOMY 4aci.

* OnpuntogHeHo nig Yac "MoninweHHa SKocTi ocBiTK B YKpaiHi Ta EC" B ISMA Buwa wkona MeHeaAXMEHTY iHpopMaLuiiHNX
cuctem" (Jlateiicbka Pecny6nika), 21 yepBHsa - 31aunHsa 2021 p.
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Integrative Physiology as tool for medical
education transformation

Yaryna Pohoretska®, Iryna Kovalchuk, Iryna Muzyka,
Iryna Stryiska, Maryana Savytska,
Oksana Zayachkivska

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Given the rapid progress of modern science, integrative physi-
ology holds a key place in medical education, as it studies pat-
terns of human body functioning in terms of individual charac-
teristics, epigenetic factors and endogenous effects on cellular
mechanisms. Drawing on five years of experience in teaching
physiology at Danylo Halytsky Lviv National Medical University,
we highlight the importance of implementing applied integra-
tive physiology in the training of future doctors. We present
interpretation of physiological phenomena, adaptive mecha-
nisms and compensation resources in the human body. The
introduction of methods for assessing human functions in real
time based on high-precision registration of individual func-
tional characteristics and adaptive physiological mechanisms
with high diagnostic value, allows future doctors to develop
clinical competencies in modern principles of medical science,
personalized medicine, and preventive healthcare strategies.
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Bctyn

CborogHi BaXxko ysiBUTU pob0Ty Cy4yacHoro ni-
Kaps 6e3 iHHOBaUiMHMX BMCOKOTEXHOJIOMYHUX
IHCTPYMEHTIB, SKi IPYHTYIOTbCA Ha nporpeci Ha-
YKOBOI AYMKW Ta iHHOBaLisax. BuMpas «wWTy4yHMi
IHTeNeKT oAsArHyB 6inni xanaT» BNYYHO AEMOH-
CTPYE aKTUBHE BUKOPUCTAHHS NiKapsMn aBTo-
MaTM30BaHMX | UMPPOBUX IHCTPYMEHTIB pee-
cTpauii isionoriyHnx aBuLl, NpoueciB Ta ixXHIX
BiAXuneHb y peanbHoMy 4aci [1, 2]. Cepen no-
KNIHIYHUX ANCUMNIIIH, SIKi € BaXX/TMBMM €TaroM y
nigrotosui MarnbyTHIX nikapiB i hOpMYyOTb He-
06XigHI MeanyHi KoMMeTeHLUji, NpaKTU4YHi HaBU-
UKW Ta KNiHIYHE MWUCNEHHS, LUeHTpasbHe Micue
HaNeXuTb AucuMniini «disionoris». TpuBanui
Yyac 3arasibHOMPUNHATUM Yy BUBYEHHI CTyaeHTa-
MW MeaMYHNX (DaKyNbTETIB TPaKTyBaHHS (DYHK-
Lin, disionoriyHMx npouecis, SKi BiAdyBalOTbCH
B OpPraHi3mi Jt0AMHU Ta iIXHIX napaMeTpiB, BUKO-
HyBann 3rigfHO 3 eMMipUYHOCTSIMM Ta [OrMamu
«HOpManbHOCTI». Hanpwuknaa, My 4yacto nons-
raEMo Ha <«aauHy 3 nigpyyHuka» (“textbook
person”) abo «TMNoBOro nawieHTa» 3i cneumdiy-
HMMMW TUNOBUMWN XapPaKTEPUCTUKAMMW: YOJIOBIK Bi-
KoM 21-25 pokiB, 70 Kr Barm, 06’eM LMpPKYIO0-
yoi KpoBi — 7%, XBUNUHHWUI 06'em cepusa — 5 J1/
XB Ta iHWWMM TUNOBMMK NapameTpamn. OTxe, 3
nornsay MambyTHIX NikapiB BUKNIOYAETbCS peLl-
Ta 99,5% m™arbyTHix nauieHTis [2, 3]. Ha aymky
BigoMoro nigepa disionorii David Paterson [4],
OJIHIEI0 3 CyYaCHUX CTpaTeri po3BUTKY @isiosno-
rii 3 ornsay Ha cydacHi rnobasnbHi 3MiHM ekonorii
Ta naHAeMmito Ma€e CTaTu aKTUBHE BMNpPOBaXKEH-
HS Cy4YacHMX HayKOBWX 3HaHb Ha nepegosy 60-
poTbOM 3 MOLUMPEHHSAM KOPOHAaBIpYyCHOI XBOpO6u
(COVID-19), onsa 0340pOBJIEHHS CyCnifibCTBa
Ta Yy KiHiYHY npakTtuky. CydacHa disionoris,
SIKOi HaB4YalOTb MaMByTHIX nikapiB 3 Mo3uuin
MYyAbTUAMCLUMNNIHAPHOCTI, Ma€E r'pyHTyBaTUCb
Ha BMBYEHHI (DYHKLOHYBaHHS OpraHiaMy soan-
HM y 300poB’T Ta niag yac aganTadii 40 BNAMBY
(hakTopiB WOAEHHOrO XMUTTSA. IHWMM BaXXIMBUM
acnekToM, Yy BIiAMOBIAHOCTI A0 Cy4YaCHOro piBHS
HayKOBUX AOCATHEHb, € PO3YMiHHSA MepeayMoB,
SKi CNpUSATMMYTb Di3ioNoriyHMM 3MiHaM i 9K Ue
MOXe BM/IMHYTU Ha MnosiBy xBopobu. Amxe 6e3
CYYaCHMX 3HaHb, SIKi YiTKO BM3HA4YalTb Ta ap-
NYMEHTYIOTb IXHE 3aCTOCYBaHHS B MPAKTUYHIl
KNiHiYHIN poboTi, He BiabyBcs 6 peBosOLINHNI
npopvB y crieumdiyHii npodinaktmui COVID-19,
AiarHoCTMUi M NiKyBaHHI cepueBO-CyANHHMX, ra-
CTPOEHTEPONIONYHMNX, MNYSIbMOHOMONMYHUX, He-
BPOJIOMYHMX, remMaTosIoriyHMX XBOpob, paky,
6e3nnigaa Ta 6araTtboXx iHWKMX HEeayr.
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MepcnekTUBHICTb iIHTErpaTMBHOI disiono-
rii Ta CcydacHi BUK/IMKM

Y Hal Yyac HayKoBe TpaKTyBaHHSA disionoriyHnx
ABMLW, | MexaHi3MiB X peanizauii onmpaeTbcs
Ha A0Ka3u, OTpUMaHi B eKCnepuMeHTaNIbHUX i
KMiHIYHKUX AoCnigaXeHHSaX (L0 BUKOHYOTbCS in
vitro, in vivo, in silico) 3a AONOMOrot KoMmn'to-
TEPHUX TEXHOJIONM Ta WTYYHOrO iHTENeKTY.
BpaxoByloun WBUAKUIA NOCTYMN PO3BUTKY HaykK
npo reHoMm, npoTteiHoMm [5], rnikom, MmeTareHoM
[6], po3BUTOK Cy4aCHWUX IHCTPYMEHTaNbHUX i
nabopaTopHMX METOAIB AOCNIAXEHHS, BK/OY-
HO 3 HeiHBa3mMBHMMK b6ioceHcopamMu, Meany-
HUMW rag)xetamu, ManbyTHiX nikapiB NOTpPiGHO
O3HaMOM/IOBATU 3 HUMU. ALXe, BUSIBIEHHS iH-
AuBiayanbHUx ocobnmBocTten (QyHKUIOHYBaH-
HS OpraHi3My NAWHU 3 OrNs4y Ha BMIMB eni-
reHeTUYHUX YMHHUKIB, BKJIHOYHO 3i 30BHILLHIM
cepefoBULLEM | CTUNEM XUTTS, Ta eHOOMeHHUX
MOJIEKYIAPHUX CUrHanis [7] € npeaMeToM iH-
TerpaTtmBHOI disionorii. MNpiopuTeTHe 3aBaaH-
HS Ui€l HAYyKM — MynbTuancuunaiHapHi aocni-
OXKEeHHS (PYHKUIOHaNbHMX CUCTEM OpraHiamy
JIOANHKN WOAO HENPO-FyMOpanbHUX, iMyHONO-
rYHUX | MONeKyNApHUX MexaHi3MiB. KpiM Toro,
BMKOPUCTAHHA HOBaTOPCbKUX iHCTPYMEHTIB
[A€E 3MOry MambyTHbOMY JfliKapto 3pO3yMiTu
JNIAHUIOXOK MOAiN MiX 340pOB’AM, MoOpyLleH-
HAM afJanTUBHUX MeXaHi3MiB, nepegyMoBaMu
pO3BUTKY XBOpobu, MeTogamMu npodinakTukm,
[IarHOCTUKM i NiKyBaHHSA 3axBOptoBaHb. Jlnwe
Taki daxiBui 34aTHI peanizyBaT B LLOAEHHIN
KNiHIYHIN 4K HayKOBiIN MeAM4Hin poboTi HO-
BiTHIO CTpaTerito OXOopoHu 3g0poB’s 4P (Bia
aHrn.: Predictive, Preventive, Personalized,
and Participatory - nporHosoBaHa, npesBeH-
TMBHa, NepcoHanizoBaHa Ta 3a ydacTio) [8].

CTyaeHTiB MeauKiB 3 neplunx AHiB HaBYaHHS
noTpibHO O3HaloMNOBaTU 3 Cy4aCHMMW MeTO-
JaMU 0OCNIOKEHHS, SKi MPYHTYOTbCS Ha BUCO-
KOHAYKOBUX TEXHOOriAX, Hanpuknag, K 3Mmi-
HW B €éMOLiSIX MOXYTb BUKIMKATU BIAMIHHOCTI B
curHanax enektpoeHuedanorpadii (EEF) [9].
BUKOPUCTAHHA 4YUCNEHHUX NPUCTPOIB [0MOo-
Marae€, B pexuMi peanbHOro 4yacy 3apeecTpy-
BaTW BiKOBI, cTaTeBi BiAMIHHOCTI, 0CO6MBOCTI
BMJIMBY CTWIO XUTTS, HaBKOJIMWHbLOIO ce-
pefoBuLLa, HeMpo-rymopanbHoOi perynsauii Ta
iMYHHOI BignoBigi, € 0OCHOBOK AMCTaAHUINHOIO
MOHITOpMHry nauieHTiB [10]. Ocobnmeo ue
Habyno akTyanbHOCTI Yy 4ac naHaemii Kopo-
HaBipycHoi xBopobu (COVID-19), ska cnpu-
SI€ BUHUKHEHHIO i (POPMYyBaHHIO HOBMX 3HaHb
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Introduction

Today, one can hardly imagine the work of a
modern doctor without state-of-the-art tools
based on the progress of scientific thought and
innovation. The expression “artificial intelli-
gence puts on a white robe” aptly illustrates the
active use by doctors of automated and digital
tools for recording physiological phenomena,
processes and their deviations in real time [1,
2]. Among preclinical disciplines, which are an
important stage in the training of doctors and
shape their medical competencies, practical
skills and clinical thinking, “physiology” takes
up a central place. For a long time, the interpre-
tation of physiological processes taking place in
the human body and their parameters, general-
ly commonly learned by medical students, was
performed following empiricisms and the dog-
mas of “normality”. For instance, often there is
a “textbook person” or a “typical patient” with
specific typical characteristics: a man aged 21-
25, weighing 70 kg, circulating blood volume -
7%, cardiac output - 5 |/min and other typical
parameters. Thus, from the perspective of doc-
tors in training, 99.5% of future patients are ex-
cluded [3]. According to well-known leaders of
physiologists David Paterson [4] contemporary
scientific knowledge should be applied in com-
bating the spread of the coronavirus (COVID-19)
pandemic. This should be one of the modern
strategies to develop physiology in view of cur-
rent global environmental changes, the pan-
demic and for the purposes of public health and
good clinical practice. Modern physiology, which
is taught in a multidisciplinary approach, should
be based on the study of the healthy human
body functioning and during the adaptation to
daily life factors. Another important aspect is to
understand preconditions that will contribute to
physiological changes and how this may affect
the onset of the disease. After all, without mod-
ern knowledge that clearly defines and substan-
tiates their use in practical clinical work, there
would be no revolutionary breakthrough in the
specific prevention of, diagnosis and treatment
of COVID-19 infections, cardiovascular, gastro-
enterological, pulmonary, neurological, hema-
tological diseases, cancer, infertility, and other
diseases.

Prospects of integrative physiology and
modern challenges

The scientific interpretation of physiological
phenomena and mechanisms of their imple-
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mentation is based on evidence obtained in
experimental and clinical studies (performed
in vitro, in vivo, in silico) with the aid of com-
puter technology and artificial intelligence. The
rapid development of sciences of the genome,
proteome [5], glycome, metagenome [6],
modern instrumental and laboratory research
methods, including non-invasive biosensors,
medical gadgets, endures young medical stu-
dents to learn them. The subject of integrative
physiology is the identification of individual
characteristics of the human body, accounting
for the influence of epigenetic factors, includ-
ing the environment and lifestyle, as well as
endogenous molecular signals [7]. This sci-
ence is primarily tasked with multidisciplinary
studies of functional systems of the human
body against neuro-humoral, immunological
and molecular mechanisms. Furthermore, the
use of innovative tools helps the future doc-
tor understand the chain of events between
health, impaired adaptive mechanisms, pre-
conditions for disease development, methods
of disease prevention, diagnosis and treat-
ment. They must learn to implement the lat-
est 4P health strategy (Predictive, Preventive,
Personalized, and Participatory) in their daily
clinical or scientific medical work [8].

From the first days of study, medical students
must be introduced to modern research meth-
ods based on highly scientific technologies,
e.g., how changes in emotions can affect elec-
troencephalographic (EEG) signals [9]. The
use of numerous devices help register age
and gender differences, the impact of lifestyle,
environmental, neuro-humoral regulation and
immune response in real time; it is the basis
of remote patient monitoring [10]. This has
become especially relevant during the pan-
demic of coronavirus disease (COVID-19),
which contributes to the emergence and de-
velopment of new knowledge about our body’s
interactions with the environment. Numerous
research centers have been actively studying
the impact of this highly contagious infectious
disease not only in medical aspects but also
in general and individual responses in terms
of global and local manifestations associated
with many disorders of adaptive responses to
new stressors [11]. After all, modern condi-
tions clearly demonstrate that human health
is determined by unique physiological capa-
bilities of adaptive mechanisms and compen-
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npo criocobun B3aeMoAii opraHiaMy 3 30BHill-
HiM cepepoBuueM. YncneHHi HayKoBi gocnia-
HUUbKI LEeHTPM aKTUBHO BMBYAKOTb BMAMUB L€l
iHeKLUiMHOI BMCOKOKOHTAario3Hoi xBopobu He
Ve B MeANYHUX acrnekTax, a M y 3aranbHux
Ta iHAMBIAYaNbHUX peakuisax 3 nornsagy rno-
6anbHMX | NOKanbHUX MPOSABIB, AKi MOB'A3aHi
3 HU3KOW po3nafiB aganTMBHUX peakuin ao
HoBoro crtpecopa [11]. AmXe cy4yacHi yMmo-
BW YiTKO AEMOHCTPYHOTb, WO 340pOB'S ntoam-
HM 06yMOB/IEHO YHiKanbHUMK i3ioN0oriYHM-
MU  MOXJIMBOCTSIMM afanTUBHUX MeXaHi3MiB
i pecypciB KOMNeHcauii, sKi FpYHTYIOTbCS Ha
iHAMBIAYaNbHUX BNACTUBOCTAX (PYHKUiOHaNb-
HUX CUCTEM, IXHIX perynsaTopHuUxX MexaHiamax,
wo 3abe3neyyoTb peaKTUBHICTb OpraHiaMy Ta
KOMMEeHCATOpHY 34aTHICTb 3abe3neynTtu romMe-
OCTa3 Yy BiAMOBiAb Ha Ait0 CTpecoBMX dakTopis
pi3HOro reHesy.

AocBiA BUKOPUCTaHHSA iHTerpaTuBHOI i-
3ionorii B ocBiTi MabyTHIX nikapis

Yyactb y npoekTi «Globalization in Medical
education» Big nporpamn US Fulbright 2016/7
CTasnia NpoAOBXEHHSM iMMNIeMeHTauUil y NiagroTos-
Ky MalbyTHix nikapis y JIbBiBCbKOMY HaLliOHa/b-
HOMY MeAUYHOro yHiBepcuTeTi iMeHi JaHuna lMa-
nnubkoro (JIHMY) pocsigy CBIiTOBOI MeaM4HOI
OCBiTW, SIKy po3nodanu 20 pokie Tomy [12]. ¥
2002 poui ykpaiHCbKi CTyAeHTWU MeauKW OTpu-
Manu 4fs KOPUCTYBaHHS NepLlinii yKpaiHCbKUI
nepeknag 20-ro BMaaHHA BCECBITHbOBILAOMOIO
6a30B0Oro NiapyYHUKa 4751 MeanvyHuX yHiBepcu-
TeTiB npodecopa KanihopHincbkoro yHisepcu-
TeTy Binbsima ®peHcica MaHoHr'a (William Francis
Ganong) Review of Medical Physiology. 20th
ed. (2001) BnpasHuuTBa Lange Medical Books/
McGraw-Hill [13]. BunaaHHa KHUruM diHaHCyBaB
MeueHaT "puropin MannHoBcbkuii (3 [eiTponTy,
MuunraH, CLLUA). Bnepwe ManbyTHi yKpaiHCbKi
nikapi Manu 3Mory 3po3yMiTu UBMHHI 3B'A3-
Kn isionorii 3 HaMHOBIWUMMK BIiAKPUTTAMM Ta
3006yTKamm 6ioxiMmii, mopdonorii, reHeTUKN Ta
MosiekynspHoi 6ionorii. Ocobnuey yBary B nig-
PYYHUKY NpUAINeHO AOCNIOKEHHAM MOMEKYSap-
HUX | FEHETUYHNX MeXaHi3MiB. PaHile IXHE 3Ha-
UEHHS Y BITUM3HAHUX MigPYYHUKaX HiKOW He
BUKOPUCTOBYBANM ANS TPaKTyBaHHS yHOAAMEH-
TaJIbHUX NUTaHb peryntoBaHHS MYHKUIOHANbHMX
CUCTEM OpraHiaMy Ta iXHbOrO 3HAYEHHS B PO3-
BUTKY 3axBoploBaHb. Yepe3 15 pokiB y4dacTb y
MpoeKTi, NPUCBAYEHOMY MUTaHHAM rnobanizauii
MeJMYHOI OCBITW, Masia Ha MeTi iIMNJIEMEHTYBaTH
CyYacHi HaB4YanbHi iIHCTPYMEHTU, SAKi BUKOPUCTO-
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BYIOTb Yy CBITOBOMY HaB4asibHOMY MpPOCTOpi AN
BUBYEHHS iHTerpaTmBHOI @isionorii. Cepen HMX
MK obpanu Tpu HanpsMu: 1) MeToan aKTUBHO-
ro HaB4YaHHS, WO rPYHTYIOTLCA Ha iHTEpaKTUB-
HOMY BMKOPWUCTaHHI TpaauuinHmx i umdpoBmx
TEXHOJIOriM ANa AOCNIAXKEHHS Y peasibHOMY Yaci
dyHKLiOHaNbHNX BicLlepanbHUX CUCTEM AN MO-
PiBHSAHHS TpaKTyBaHHA izionoriyHmx ssuLl; 2)
O3HANOMJIEHHS 3 MOTEHLia/IoM Cy4YacHMX HayKo-
BUX 3HaHb i 3HAYEHHSAM iHOBATUBHUX METOAIB,
SKi MaloTb NepCneKkTUBHICTb AN iHTerpaTUBHOI
dizionorii; 3) BUKOpPUCTaHHS MeToAy KOHKpEeT-
HMX cuTyauin (case study), wo nogatoTb isi-
O/IOriYHUI PeHOMeH YuM oKpeMi NaHku disiono-
ryHOro MexaHiaMmy 3 nornsay peasibHUX nogin
abo B peanbHOMYy 4aci. Taki NOTYXHi iHCTpyMeH-
TN HaBYaHHSA gornoMaratoTb chopMyBaTh y Man-
6yTHIX nikapiB HeObXiAHI NPaKTUYHI HABUYKKM Ta
MeAMYHi KoMMeTeHUil Ans ManbyTHbOI KNiHIYHOI
MPaKTUYHOI AiNbHOCTI BiANOBIAHO A0 Cy4YacHUX
3HaHb 3 isionorii Woao BiKOBMX 3MiH, cTaTe-
BUX BigMiHHOCTeNM, MeTaboniyHnx ocobnumeocTen
i PO3YyMiHHSA MpPEeBEeHTUBHUX MNepCOoHasni3oBaHuX
cTpaTterin  0340poBNeHHs. BukopuctaHHa 3a-
BYaCHO nMiArOTOB/IEHOr0 HaB4yasibHOrO MaTepi-
any, SIKMM BigobpaXka€ KOHKPeTHy npobnemy,
[A€E 3MOry MpointocTpyBatn MankbyTHbOMY Jli-
Kapto 3MiHM disionoriyHnx npouecis, sKi Bigdy-
BalOTbCS Ha PiBHI KNITUHW | B LIJIOMY OpraHi3mi
OAHOYacHO. BunKOpUCTOBYBaHHSA MalLUMHHEBOrO
HaBuyaHHs (machine learning) gonomarae Biag-
Pi3HUTK AMNATaLUiHY KapaiomionarTito Big iwe-
MiYHOI KapaioMionarTii, Wo BaXJMBOe AJ1 TOY-
HOi MeauumHu [14]. 3acTocyBaHHS TEXHONOTIN
LWUTYYHOrO iHTENEeKTY B MOHITOPUHIY nioja € Ko-
PUCHUM AN PaHHBbOIO BUSABJIEHHS PaHHIX Mopy-
LWeHb naTonoriyHoro craHy rsoga [15].

[Ona aKTMBHOIO HaBYaHHS KPUTUYHO BaXXJIMBUM
i BYACHUM € O3HAMOMJIEHHSI CTYAEHTIB MeauKiB
3 [OCBiIOM BUMKOPUCTAHHSA HaMCy4acHilInx Mme-
TOAiB AOCNIMXEHHS Yy BicuepanbHin isionorii,
SKi 3a6e3nevyloTb OTPUMaHHS MOKa3HUKIB 3
BMCOKOK AiarHOCTUYHOI TOYHICTIO Ta Y AOBro-
TPMBaJZIOMy CMOCTEpPEXeHHi. Ona HabnnXeHHs
HaBYaHHs isionorii 3riaHo 3 3acagamu rnoba-
nisauii MegM4HOI OCBiTM BMKIagadi kadeapwu
HopManbHOi @isionorii JIHMY nigrotyBanu cy-
YacHy cepito CTYAEHCbKNX HaBYasiIbHUX MaTepia-
niB, Hanpuknag, 3 cepueBo-CyauHHOI disionorii
[16] Ta disionorii HMpok [17]. Ha npakTU4HMX
3aHATTAX, afanTMBHI MOXJIMBOCTI perynsarop-
HUX CUCTEM OpraHiaMy y AMHaMiuli 3MiH Ta iH-
Terpauii  MOXHa AOCMiAXyBaTM 3a A0MNOMO-
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satory resources, based on individual pecu-
liarities of functional systems, their regulatory
mechanisms that ensure the body’s response
and compensatory ability to ensure homeo-
stasis in response to various stressors.

The experience of using integrative phys-
iology in the education of future doctors
The participation in the US Fulbright 2016/7
program “Globalization in Medical education”
project has resulted in the implementation
of global medical education in the training
of doctors at Danylo Halytsky Lviv National
Medical University (LNMU). As a prelude, in
2002, Ukrainian medical students received
the first Ukrainian translation [12] of the 20th
edition of the world-renowned basic textbook
for medical universities by William Francis Ga-
nong, Professor of the University of Califor-
nia, Review of Medical Physiology. 20th ed.
(2001) published by Lange Medical Books /
McGraw-Hill [13]. The publication of this book
was funded by the philanthropist Hryhoriy
Malynovskyi (from Detroit, Michigan, USA).
For the first time, Ukrainian doctors had an
opportunity to understand profound connec-
tions between physiology and the latest dis-
coveries and achievements in biochemistry,
morphology, genetics and molecular biology.
The textbook especially focused on the study
of molecular and genetic mechanisms. Prior to
this introduction of a western text, domestic
textbooks never emphasized the importance
of interpreting fundamental issues of regulat-
ing functional systems of the body and in the
development of diseases, which is the basis
of integrative physiology. Fifteen years later,
participation in this project, focused on the
globalization of medical education, aimed to
implement modern educational tools used in
the global educational space to study inte-
grative physiology.Three areaswere selected:
1) methods of active learning based on the
interactive use of traditional and digital tech-
nologies for real-time study of functional vis-
ceral systems to compare the interpretation
of physiological phenomena; 2) review of the
potential of modern scientific knowledge and
the importance of innovative methods with
prospects for integrative physiology; 3) the
use of the case study method, which pres-
ents a physiological phenomenon or individual
parts of the physiological mechanism in terms
of real events or in real time. Such powerful
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learning tools help future doctors develop the
required practical skills and medical compe-
tencies for clinical practice, modern knowl-
edge of physiology in terms of age changes,
gender differences, metabolic characteristics
and understanding of preventive personalized
recovery strategies. The use of training ma-
terial prepared in advance, which reflects a
specific problem, allows illustrating changes in
physiological processes that occur at the cel-
lular level and in the entire body at the same
time. As an example, machine learning helps
distinguish dilated cardiomyopathy from isch-
emic cardiomyopathy, which is important for
precise medicine [14]. Artificial intelligence
technologies in fetal monitoring are useful for
detecting early fetal disorders [15].

The review of the experience of using the lat-
est research methods in visceral physiology,
which ensure that indicators with high diag-
nostic accuracy and long-term follow-up are
obtained, is critical for medical students’ ac-
tive learning. To bring the teaching of physi-
ology closer to the principles of globalization
of medical education at the Department of
Normal Physiology at LNMU, a modern series
of student teaching materials was prepared,
such as resources on cardiovascular physi-
ology [16], kidney physiology [17]. During
practical classes, students can explore the
adaptive capabilities of the body’s regulatory
systems in the dynamics of change and inte-
gration using RHEO-TEST software (Kharkiy,
Ukraine). This allows non-invasive registra-
tion of rheoencephalography, rheovasography,
rheohepatography, rheopulmonography and
rheocardiography simultaneously with heart
rate variability (HRV). Integrating the results
of regional cerebral, pulmonary, hepatic, cor-
onary and main vessels with HRV, which re-
flects regulatory effects of the autonomic
nervous system and humoral factors, helps
determine the impact of regulatory mech-
anisms on the cardiovascular system in real
time (Fig. 1). Having learned such research
methods, doctors to be will better understand
interrelated aspects of the cardiovascular sys-
tem functioning and develop competencies
for the autonomous regulation of cardiac ac-
tivity according to individual characteristics
(weight, sympathetic, normotony) in healthy
people with different levels of physical activi-
ty, differences in cellular metabolism. Accord-
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rol KOMM'IOTEPHOr0 MPOrpaMHOro KOMIMEKCY
«RHEO-TEST» (XapkiB, YKkpaiHa). Lle aae 3mory
HeiHBa3MBHO 3apeecTpyBaTh peoeHuedanorpa-
dito, peoBasorpadito, peorenatorpadito, pe-
onynbMaHorpadito Ta peokapaiorpadito y cuH-
XPOHi3aUii 3 BapiabenbHICTIO CEpPLEBOro puUTMY
(BCP). IHTerpauis pe3ynbTaTiB perioHanbHOro
MO3KOBOI0, JIereHeBoro, Ne4viHKoBoro, BiHLEBO-
ro Ta MarictpanbHux cyanH 3 BCP, wo Bigobpa-
YKa€ perynsatopHi BNiIMBM aBTOHOMHOI HEpBOBOI
CUCTEMWN Ta NyMOpasibHMX YMHHUKIB, AonoMarae
3'CyBaTV BMJIMB PErynsTopHMX MexaHi3MiB Ha

Current news

CepueBO-CYANHHY CUCTEMY 3arasioM y pexuMi
peanbHoro 4yacy (puc. 1). O3HaoMMBLUUCL 3
TaKMMW MeTodaMu AOCNiAXeHb, ManbyTHi nika-
pi Kpalle 3po3yMiloTb B3aEMOMNOB’sI3aHi acnekTu
YHKLIiOHYBaHHS cepLeBO-CyAMHHOI CUCTEMU Ta
chopMyIOTb KOMMETEHLII LWoA0 aBTOHOMHOI pe-
rynsauii cepueBoi AistNbHOCTI 3rigHO 3 iHAMBIAY-
anbHMMKM ocobnmBocTaMn (Baro-, CMMNATUKO-,
HOPMOTOHIS1) Y NPAKTUYHO 340POBUX JIOAEN, AKi
MatoTb Pi3HY (Pi3NYHY aKTMBHICTb, BiAMIHHOCTI Y
KNiTMHHOMY MeTaboni3mi. 3a napametpamn BCP
i peorpadi€lo MOXHa OLHUTX TUN aBTOHOMHOI
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PucyHok 1. Mpuknag 3anucy ocobnmBocTelt KpoBoobiry 3 amMnniTy4HO-4aCOBUMW XapaKTepUCTMKaMM Ta aBTOMATUYHUM
OMUCOM 3 ypaxyBaHHSM BiKOBMX HOPM nig 4ac peoeHuedanorpadiyHoro (A), peorenatorpadiyHoro (B) i TpaHcTopa-
KanbHOro TeTpanonsipHoro peokapaionoriyHoro (C) AocnifXXeHHs 3a AONOMOrot KOMMN'tOTEPHOrO MPOrpaMHOro KOMIMIeKCcy
«RHEO-TEST» (XapkiB, YkpaiHa) y 340pOBOi XIiHKW FOHaLbKOro BiKy 6€3 WKiaAINBMX 3BUYOK 3 iIHTEHCUMBHOK (hi3MYHOK aK-
TuBHiIcTIO (A-C - B CNOPTCMEHKW eNiTHOro Knacy 3 ypaxyBaHHSIM Baro-3poCTOBMX MOKA3HUKIB. Y CMOPTCMEHKW 3apeecTpo-
BaHO BMCOKIi 3HauYeHHs1 yaapHoro o6’emy kposi (YOK), o acouitoeTbecs 3i 3Ha4YHMMM pe3epBaMu 36inblUEHHS XBUIIMHHOIO
06’emy kpoBi (XOK, Cardiac output), Wo XxapakTepusye nepeBa>KxHUiA iIHOTPOMHUI BMIMB Ha poboTy cepus. Bucokmin XOK
€ iHTerpanbHMM MOKa3HWKOM CTaHy CepLeBO-CYANHHOI CUCTEMM | XapaKTepu3ye piBeHb KPOBOMOCTAYaHHA TKaHWH Ta op-
raHis, WO MoB’sA3aHe 3 KNCHEBWUM 3anuToM. po ue ceigumTb 36inbwennin yaapHuii inagekc (YI) ao 58 (npu HopMi 30-44),
SKWIi BKa3y€e Ha eyKiHETUUHUIA TUN reMoAVHaMIKK. Moro TpakTyoTh, SK HalbiNbll eKOHOMIUHWIA, L0 € BaXIMBUM AS OLLiH-
KW piBHIB HaBaHTaXX€HHS Ta € NMOKA3HWKOM TPEHOBAHOCTI opraHiaMy. MNigBuLLEHHS NOKa3HWKa 3araabHOro nepudgepinHoro
onopy (3M0), wo € dhyHKLUiE apTepion i penpeseHTyE 0CO6MBOCTI HEMPO-TyMopasibHOI perynsauii KpoBOMANHY B OpraHi3Mi
i okpeMnx opraHax ansa 3abesneyeHHs ONTMMasbHOrO PiBHS apTepianbHOr0 TUCKY, BKa3ye 3a YMOB 36i/blUEHHI0O KPOBO-
06iry Ha piBHi KaninspiB Ta NPUCKOPEHHS TOKY KPOBi MO BE/IMKUM CyAMHaM, sike BUHMKAE 3a 36inblueHHs MeTaboniyHmx
notpeb akTMBHO Mpauymx M'a3iB. O4HOYACHO 3apPEECTPOBAHO HU3bKUIN MOKa3HUK NMUTOMUI nepudepiriHniA onip cyauH
(NMNOC, specific peripheral vascular resistance), Wo XxapakTepusye TOHIYHE HaMNpPy>XeHHs CyAWH pi3HOro AiameTpy i oAa-
HOYaCHEe CTBOPEHHS CNpUSaTIMBUX YMOB Ans 3poctaHHs YI (SVI) cepusi. 3HMXeHHS 06’eMHOI WwBmMaKocTi BUrHaHHsa (OLLB)
CBiAYNTb BMCOKY edeKTUBHICTb poboTn cepueBOoro M’s3a Ta afanToBaHOCTI cepus A0 di3MYHOro HaBaHTaXeHHs. BkasaHi
0cob6MBOCTI KpoB0OOGIry Bigo6paXatoTb EKOHOMIYHICTb (i3ioNoriYHMX YHKLUIA Ta 3pOCTaHHS MOTEHUINHUX MOXMBOCTEN
LN BUKOHAHHS (i3UYHMX HaBaHTaXeHb
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ing to HRV parameters and rheography, it is
possible to assess the type of autonomic reg-
ulation, identify preconditions for disorders,
early signs of changes in visceral systems, di-
agnose stress levels, the degree of regulatory
system stress, monitor the functional state of
the body during normal exercise or system-
ic functional disorders. Short-term and daily
registration of cardio intervals allows conduct-

Current news

exposure. Changes in circadian rhythms of the
cardiovascular system can be recorded, which
is crucial for timely diagnosis and adequate
treatment of patients, evaluation of treatment
effectiveness, and a group of patients at high
risk of sudden death may be identified.

The learning of innovative non-invasive meth-
ods of radiological diagnostics in the study of

physiology helps medical students to under-

ing a rapid assessment of cardiac activity un-
stand individual peculiarities of changes in the

der the conditions of functional tests and drug
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Figure 1. The sample recording of blood circulation peculiarities with amplitude-time characteristics and automatic description
considering age norms during rheoencephalographic (A), rheohepatographic (B) and transthoracic tetrapolar rheocardiological
(C) research using RHEO-TEST computer software complex (Kharkiv, Ukraine) in healthy young female without harmful habits
and with high intensive physical activity (A-C), as in the elite class athlete, taking into account their weight and age. Athlete’s
registered high values of stroke volume (SV), which is associated with significant reserves of increased cardiac output, which
characterizes the predominant inotropic effect on the heart. High cardiac output is an integral indicator of the state of the
cardiovascular system and characterizes the level of blood supply to tissues and organs, which is associated with the demand
for oxygen. This is evidenced by the increase in stroke volume index (SVI) to 58 (normal - 30-44), which indicates the
eukinetic type of hemodynamics. It is interpreted as the most economical, which is essential for assessing load levels and is an
indicator of body fitness. The increase in systemic vascular resistance (SVR), which is an arteriole function and represents the
peculiarities of neuro-humoral regulation of blood flow in the body and individual organs to ensure optimal blood pressure, in
case of increased blood flow, indicates the capillary level and acceleration of blood flow in large vessels, which occurs with the
increased metabolic needs of active muscles. At the same time, a low specific peripheral vascular resistance was registered,
which characterizes the tonic contraction of vessels of different diameters and the simultaneous creation of favorable conditions
for heart SVI growth. The decreased volumetric velocity of ejected blood indicates high efficiency of the heart muscle and
adaptation of the heart to exercise. These peculiarities of blood circulation reflect the efficiency of physiological functions and
the growth of potential opportunities for exercise. The athlete was diagnosed with a slightly reduced left ventricular stroke
power and a reduced rate of stroke volume expulsion, moderate bradycardia. At the same time, an increased rate of stroke
volume index was recorded, which can be considered as a constriction of the myocardium’s compensatory capacity and the
development of adaptive mechanisms caused by exercise. This tension of functional adaptation systems is a consequence of
the formed relationship of neuro-humoral mechanisms and revealed reserve capacities of the cardiovascular system to the load.
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perynsuii, BASBUTU NepesyMoBu Ans NosiBM MNo-
pYyLWeHb, IXHi paHHi 03HaKM WOAO0 3MiH YyHKLi-
OHYBaHHS BicLepasibHUX CUCTeM, AiarHOCTyBaTn
piBeHb CTpecy, CTynNiHb HANpPY>XeHHS perynsaTtop-
HUX CUCTEM, KOHTPO/OBATU (YHKLiOHANbHWI
CTaH OpraHiamMy 3a YMOB HOPMOBaHUX (Pi3NUHMX
HaBaHTaXeHb abo CUCTEMHUX YHKLIOHANbHMX
po3nagis. MOX/IMBICTb KOPOTKOCTPOKOBOI Ta A0-
60BOi peecTpauii KapaioiHTepBaniBs [a€ 3Mory
NMPOBeCTU SK eKCrnpec-ouiHKy cepueBoi Aisfnb-
HOCTi 3a yMOB (yHKLUiOHanbHMX Npob i Meanka-
MEHTO3HOro BNAnBYy. MoxHa 3adikcyBaTh 3MiHU
umMpKagiasnbHUX pUTMIB CTaHy cepueBOo-CYANHHOI
AiSiNbHOCTI, WO BKpal Ba)J/IMBO A1 CBOEYACHOI
AiarHOCTUKM M afeKBaTHOMO NiKyBaHHSA Maui€H-
TiB, OLiHIOBaHHSA e(DeKTUBHOCTI NiKyBaHHS, a Ta-
KOX BUSIBUTU rpyny NaUi€HTIB 3 BUCOKUM pU3n-
KOM panToBOi CMepTi.

IMnnemeHTauis y BuWBYeHHS disionorii o03Ha-
MNOM/IEeHHS 3 IHOBAaTUBHUMU HEIHBAa3NUBHUMU Me-
TOAAMWU TMPOMEHEBOI AiarHOCTUKKM AornoMmarae
CTyAeHTaM MeauKaM 3po3yMiTW iHAMBIAYaSbHI
0Ccob6MBOCTI 3MiH HarHiTanbHOI YHKUIT cepus
NIOAVHU 3 ypaxyBaHHSAM BiKy, CTaTi, 3MiHU pe-
aryBaHHs 3a fAii cTpecoBux (akTopiB pi3HOro
reHesy, copMyBaTh NPaKTUYHI HABUYKMK LLOAO
nepcoHasizoBaHUX TpaKTyBaHb AiarHOCTUYHUX
napameTpiB. AK npuknag, aHanis aprepianb-
HOI bopMK XBWNi 3 apTepin 3 BUKOPUCTAHHSAM
HEMPOHHUX MepeXx A03BONSE WBUAKO Ta TOYHO
BU3HAYUTU 3HMXKEHHS TUCKY B aopTi Mig Yac Ko-
poHaporpadii [18]. Mnnboke MalMHHE HaBYaH-
HS Ba)XJIMBe AN CTBOPEHHS HOBWUX rinoTes npo
npupoay 6ionorito rinepToHii [19].

Oco6MBOCTi aKTUBHOCTI pPerynsaTtopHUX CUCTEM
BicLuepanbHUX dYHKUIM  HecneundidHi, Tomy
ANa BMBYEHHS isionorii TpaBneHHs BaX/MBO

Current news

O3HANOMUTM MaMByTHIX fikapiB 3 MeTogaMu Bi-
3yanizauii TpaBHOI CUCTEM Yy peanbHOMY 4aci,
SAKi FPYHTYIOTbCSI Ha eHAOCKOMiYHUX MeToAax
pocnigkeHb. NS uboro NpMroToBfeHo nocibHMK
«®izionoria cucremm TpaBneHHs» [20]. Taki me-
TOOM AOCNIOKEHHS MaktTb BUCOKY [OKa30BiCTb
OUiHIOBaHHA A1 (YHKUIOHaNbHMX | OpraHiy-
HMX nopyweHb. CneundiyHo, WTYYHUIA iHTeNneKT
TOYHO BUSBSAE 3MO0SKICHI YpaXKeHHSb BepXHiX
BiAAINIB LUNYHKOBO-KMULWKOBOro TpakTty [21], €
OCHOBOI PO3YMiHHS MOSIBU po3/ajiB cekpeTop-
HOI Ta pyXOBOI AisiSIbHOCTI TpaBHOI CUCTEMU | AN
pO3pobKM MpodiNnakTUUYHO-NIKYBanbHMX 3ax0A4iB
racTpOEeHTEepPOsIOriYHMX 3aXBOpPtOBaHb [22].

CninbHO 3 KypcoM 3a BMbopom «MonekynsapHa
disionoria Ta 6ioTexHonorii» cTyaeHTiB Meau-
KiB 3any4aloTb A0 AOAATKOBOI No3aayanTop-
HOI AiSNIbHOCTI, Ky 3A4icHI0E ocepenok disi-
onoriyHoro ToBapuctea BenukobpuTtanii (The
Physiological Society) y JIHMY (2015-2021).
ToBapucCTBO MpoBaguTb LWOPIYHI HAayKOBi ce-
MiHapn DSS (2016-2021). YneHn nikapcbkoi
KoMicii HaykoBoro ToBapucTtea iMeHi LLleBueH-
Ka, NpoBiBWMX MiXXHapoAHi cuMmnosiymm SMART
LION (2017-2021) [23-25], ponomaratoTb
ManbyTHiM nikapsm cdopMmyBaTM HeobXxigHi
KOMMNEeTeHUii Ta NpakTUYHi HaBUYKU, KIiHiIYHE
MUC/EeHHS WOoA0 BUMOI CbOroAeHHs Ta cTpaTe-
rii pO3BUTKY OXOpPOHM 340p0B’s 4P.

MiacymMoByOUM, MOXEMO CTBEpAXYyBaTW Mpo
BaX/IMBICTb iMNAeMeHTauil 3acaj iHTerpaTme-
HOI isionorii y HaB4YaHHA ManbyTHiX nikapis,
a TakoX nosaayauTtopHa poboTa Lo Aa€ 3Mory
Kpalle 3p03yMiTU 3aKOHOMIPHOCTI XUTTERIANb-
HOCTi OopraHiamy noanHn Ta copMyBaTU He-
06xigHi MeaW4yHi KOMMEeTEeHTHOCTI BiAMoBiAHO
00 BUKJ/IMKIB Yacy.
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person’s cardiac output considering their age,
sex, changes in responses to various stress-
ors, to develop practical skills for personalized
interpretations of diagnostic parameters. For
example, the analysis of the shape of the wave
of arteries using neural networks quickly and
accurately determines a drop in aortic pressure
during coronary angiography [18]. Deep learn-
ing is important for creating new hypotheses
about the nature of hypertension [19].

Peculiarities of the activity of regulatory sys-
tems of visceral functions are non-specific,
so to study the physiology of digestion, it is
important that doctors be taught methods for
visualizing the digestive system in real time,
based on endoscopic research methods. Of
great importance is to have the proper text-
books, such as the “Physiology of the digestive
system” [20]. Such research methods have
high evidence of evaluation for functional and
organic disorders. Artificial intelligence accu-
rately detects malignant lesions of the upper
gastrointestinal tract [21], it is the basis for
understanding disorders of secretory and mo-
tor activity of the digestive system and for the

Current news

development of measures to prevent and treat
gastrointestinal diseases [22].

Along with the elective course “Molecular Phys-
iology and Biotechnology”, medical students
are involved in additional extracurricular activi-
ties carried out by the local branch of the Phys-
iological Society of Great Britain at the LNMU
(2015-2021) [23-25]. The Society conducts
annual DSS scientific seminars (2016-2021).
Having held SMART LION international sym-
posia (2017-2021), members of the Medical
Commission of the Shevchenko Scientific So-
ciety help future doctors develop necessary
competencies and practical skills, clinical think-
ing on current requirements and 4P health care
development strategy.

To conclude, we can assert the importance
of implementing the principles of integrative
physiology in the educational programs of fu-
ture doctors, as well as extracurricular work
which allows us to better understand the laws
of the human body and develop the required
medical competencies in accordance with the
challenges of the time.
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