® B.M. Kynukos, A.B. Ky3sHeuoBa, 2013
YAK 612.1.062:612.223.11

B.MN. Kynukos, [1.B. Ky3HeuoBa

Peakumns MO3roBoro KpoBOTOKa U CUCTEMHOI0 apTepmnaabHOro
AaBJIeHNS Ha rTMNepKanHnio U r’unoKanHui y J04ei

lFocynapcTBeHHOe 6l0axeTHoe 06pa3oBaTesibHoe yupexaeHve BbicLero npodeccrnoHansHoro o6pasoBaHus
«ANTaNCKNIA roCYyAapCTBEHHbIN MEOUUUHCKNI YHUBEpcUTeT» MUHUCTEpCTBa 34paBooxpaHeHns Poccuiickoin depepaumm.
Poccusa, 656038, bapHayn, np. JleHnHa, 40

Y 11 sz0posvix a06posoavucs s sospacme 2133,7 20qa monumopuposaru moszosoii kposomox (MK) memogom
mparckparuarvroii gonnaepozpagpuu (TKAT) us cpearux moszosvix apmepuii u cpegree 2eMOJUHAMUYECKOE APMEPU-
anvroe gasaerue (cpAJ) memogom HenpepvlBHOZO HEUHBABUBHOZO USMEPCHUS «OM COKPAUIEHUS K COKPAWUCHUIO» NPU
HOPMOKANHUU, 2UNEPKANHUU U 2unokanHuu. lunepkanHuio cosgasairu MemoJom 8038pAMHMO20 ALIXAHUS, 2UNOKANHUIO
— memogom cnowmarnoii wnepsenmuaauuu. Iapuuaroroe gasaenue CO, 8 aavsecorsprom sosgyxe (PetCO;) mo-
HUMOPUPOBAAU ¢ NoMOWbI0 KanHozpaga, scmpoernozo 8 TKAT -anaausamop. Ipu 2unepxantuu cxopocmv MK u Pet-
CO; suauumo sospacmanu yxce na 10 ¢, umo 6vi10 cywecmserHo parvuie, uem sospacmarue cpAJ (30 c). Ilpu 2uno-
kannuu cxopocmv MK u PetCO; snauumo crumxcaruce max se na 10 ¢, a cpAJ ne usmensaoco. boin yemarosaen no-
poz PetCO, 42 (41; 44) mm pm.cm., g0 gocmudcerus komopozo ycuaeque MK npoucxozum npu nocmosnmom cpAJ
u xapaxmepusyem ucmurHyio uepebposackyaapuyio peakmusrocms Ha CO .
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The response of cerebral blood flow and systemic arterial blood pressure
to hypercapnia and hypocapnia in humans
Altay State Medical University, 40, Lenina str., Barnaul, 656038, Russia

In 11 healthy volunteers 21%3,7 years old was monitored cerebral blood flow (CBF ) by transcranial Doppler (TCD ) of
middle cerebral artery and mean hemodynamic arterial blood pressure (MAP) by continuous non-invasive measurement
«beat-to-beat» at normocapnia, hypercapnia and hypocapnia. Hypercapnia was creating by rebreathing, hypocapnia was creat-
ing by spontaneous hyperventilation. The partial pressure of CO; in alveolar air (PetCO;) was monitored by capnograph, em-
bedded in the TCD-analyzer. During hypercapnia the velocity of CBF and PetCO, were significantly increased already at 10 s,
which was considerably carlier than the increase in the MAP (30 s). During hypocapnia velocity CBF and PetCO, were sig-
nificantly decreased at 10 s, and MAP was not changed. We have installed the threshold PetCO; 42 (41; 44) mm Hg, below
which amplification CBF occurs at a constant MAP and reflects the true cerebrovascular reactivity to CO,.
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B peryauposanuu mosrosoro kposotoka (MK) Bax-
HYIO POAb HTpaeT HarpszKeHHe YTAeKHCAOTO rasa B apTe-
puarbHoit kposu (PaCO;) [5]. Yseamuwenue PaCO,
(runepKanHMs) NPUBOAMT K PACIIHPEHHIO MO3TOBbIX apTe-
PHOA U TIPEKANTMAAIPHBIX CUHKTEPOB ([pe3HCTHBHBIX CO-
cyaoB), B To Bpems Kak cHuzenne PaCQO; (runoxarmum)
TMPUBOJUT K HMX CY:KEHHIO C TOCAEZAYIOIIHM CHHKEHHEM
MK [10, 21]. YBeauuenye ckopocTH MO3rOBOro KPOBOTO-
Ka TP THIEepKAITHUM XapaKTepusyeT lepe6poBacKyAsp-
HYIO peakTHBHOCTb Ha yraekucAbid ras (LIBPCO,), mu-
POKO TIPUMEHSIEMYIO B TIOCAEHEE BPEMsI TIPH JIHArHOCTHKE
HapymeHui 1epebparbaoi remoaunamuru [1, 17, 18].
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B To e Bpems, ruIepKamnHus MPUBOJMT K CY2KEHHIO
TnepU(PEepPUIECKHX COCYZ0B U MOBbIIEHHIO CUCTEMHOTO ap-
tepuanbHoro gasaenusa (A/]) yepes crumyasmio xeMope-
IIENTOPOB KaPOTHAHBIX U A0PTAAbHDBIX TEAell. Y BeAHUeHHe
cucremuoro A/l MozseT BecTH K MOBbIIIEHHIO 1Iepe6paAb-
HOTO Mep(y3HOHHOTO JIABAEHHUs U, B COOTBETCTBHH C 3aKO-
nom [ lyasefirs, yseanuenmo ckopoctu MK. B ycropusax
H3MeHeHHs] Tep(y3HOHHOro ZaBAeHusi noctosHetso MK
06€CIeYHBalOT MEXaHH3Mbl ayTOperyAsuuH. KoHuerms
ayToperyAsiuu 6blAa BriepBble TpearozkeHa J\acceHoM
[12] u sakArouaeTcs B moazep:KaHUM ONTHMAABHOTO 06be-
Ma KPOBOTOKa B ycAoBusix usmenenust A/l myrem peryau-
poBaHMs cocyzucToro cornportuaenus [15].

YcromusieT 3TH TOHKHE MeXaHHU3MbI PEryAHPOBaHHs
MK To, 4To B ycAOBMAX TMIepKANHHH ayTOPETyASIHs
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cranosutcst HeappextusHoi [2, 16], u BbsBanHOE rHMIEp-
KarHuel yseaudenue cucremuoro A/l moxker ycuausath
MK wnapsizy ¢ npsambiv BasoauAaTHPYIOIMM 3(QPEKTOM
O,, uro sarpyausier ouenky ucrunnont [[BPCO,.

Lenv uccregosarus — usyueHue peakiM{ MOSIOBO-
ro KPOBOTOKA M apTepPHAAbHOTO JaBAEHHS Ha U3MEHEHHe
PaCO; B aprepuarbHO# KPOBH M OLIEHKA BO3MOKHOCTH
uccaegosanus uctuanod [IBPCO,, we saBucumoii or
usmeHenus: cucremuoro A/l

Mertoauxa

B uccaegopanyu npunsau yuactie 11 nexypsimux u me
TPUHUMAIOILMX AeKapCTBEHHbIX CPEACTB 06poBoAbleB (6
Myzxuun). Bce ucnibiryembie He npeabsiBAsAM KaKHX-AH60
2Kan06 CO CTOPOHDI JIbIXaTEABHOH U CEPZEYHO-COCYIUCTON
cucTeMbl, UMeAn HopMmaAbHoe A/l :xeHumubl He TpUHU-
Maau oparbHbie kouTpauenTusbl. Cpeanuil Bospacr, pocr,
BeC M HHAEKC Maccbl Teaa coctaBurad 21+3,7 roaa,
1,74+0,09 m, 66+14,2 xr u 21,7+3,3 kr/m? coorsetct-
BenHo. J[o6poBOABIIbI 6bIAM TIPOMH(OPMHPOBAHBI O MPO-
TOKOAE HCCAEJI0BAHHSI H HCIIOAb3YeMbIX TPU60pax U JaAd
corAacHe Ha y4acTHe B HCCAeZioBaHHH. Bce ucrbrTyembie
TMOAYYHMAH yKasaHHe BO3/JEp:KATbCsl OT YHOTPeOGAEHHS KO-
(peuHa M aAKOTOAbHbIX HANHTKOB B TedyeHHe MHHHMYM 12
4, a TaKkzke OT NpHUeMa IHIIU U BbITOAHEHHS] KaKOH-AH60
AKTUBHOH /IESITEAbHOCTH B TedyeHHe MUHUMyM 4 4 mepez
HCCAE/IOBaHHEM.

Bo Bpemsi uccaesoBanusi ucIbITyeMmble HaXOAMAMCh B
TIOAOKEHUH Aezka Ha CITMHE C Y/ZI0OHbIM BAAHKOM 107, TOAO-
BOl U HazeTol Mackoi. Macka 6bira coeauHena mocpezact-
BOM TPy6KH A5t 3a60pa BO3ZyXa C KaITHOMETPOM, BCTPOEH-
HbIM B KOMIIAEKC MOHHTOPHHTa MO3IOBOIO KPOBOOOpAIle-
st (Anrnoaun-Yuusepcar, BUOCC, Poccus). Takum
06pasoM, OCYIIECTBASAACD KAITHOMETPHsl BbLIbIXAeMOro
BO3/IyXa C TOCTPOEHHEM KAITHOTPAMMbI U OLIEHKOH MaplIH-
arbHoro zasienusi yraekucaoro rasa (CO;) B mocaeaneit
nopumu Boizbixaemoro Bosayxa (PetCO,, mum pr.ct.). Pet-
CO; oramuaercst or PaCO; Beero na 1—2 mm pr.ct. u
aZIeKBaTHO OTpaxsaeT ero sHadenue [9].

CxopocTb MO3rOBOro KPOBOTOKA OLIEHMBAAH ITyTeM H3Me-
PEHus cpeJIHe 10 BPEMEHH MAKCUMAAbHOH CKOPOCTH KPOBO-
toka (TAMX, cM/c) B cpeaHux MOSIOBBIX apTepusx
(CMA) c obeux cropon. Zlas storo ucroabsoBaru 6uaate-
PaAbHbIH TPAHCKPAHUAABHBIH JIOTIIAEPOTPAPHUECKAN
(TKAD") moumropunr (Anruogms-Ymusepcaa, bBIMOCC,
Poccus) ¢ 2-MI'y uMITyAbCHO-BOAHOBBIMH  30HZAMH, 3a-
KPETAEHHbIMH B 0OAACTH CPEJIHHX TEMIOPAABHBIX aKyCTHYE-
CKMX OKOH C TMOMOIIbIO CIEMAAbHOTO TOAOBHOTO IHIAEMA.

Cpeanee reMogMHAMHYECKOE apTePHAADHOE JlaBAEHHE
(cpAJl) peructpupoBarn METOZOM MaAbLIEBOH (POTOMAE-
TUBMOrpaUM, HCIOAb3YSl HelpepblBHOE HEHHBa3HBHOE
usMepeHHe «OT cokpamenusi K cokpamenuo» (CNAP
Monitor 500, CNSystems, Ascrpusi), Ha cpeanem u
yKasaTeAbHOM MaAblle AeBOH PYKH.

Bce mnapamerpbl perucTpupoBarM Ha MPOTSZKEHHH
Tpex aTanoB uccaenoBanus. | lepsbiit aTan — Hopmo-
KaIHusl, TIPH 3TOM UCIIbITYeMbI€e ZbIIIAAd BO3/LyXOM B T10-
KOe B TeYeHHe IATH MUH. 3aTeM CAeJ0BaA JTarl TUIep-
KarHUYeCKOH THIIOKCHH, KOTOpasl cO3/aBaAach METOZOM
Bo3BpaTHOro abixanus. Jlas aToro k macke mpucoezu-
HSIACSL /IbIXaTeAbHbIH KOHTYp (ZbIXaTeAbHbIH KOHTYp
«Kapbonuk», OO0 HIIK «Kap6ouux», Poccus) c
YCTaHOBAEHHDBIM ZIOTIOAHHUTEABHbIM O06HEMOM MEepPTBOTO
npoctpanctea (JAOMIT) 1000 ma nmocpeacTsom apixa-
TEAbHOH TPYGKH M HCIIbITYeMble /blIIaAH Yepe3 HEro B
teuenue 10 munyT. Tpetuit atan — runokanuus — co-
3/1aBaACSI METOZOM CIIOHTAHHOH TMIIEPBEHUASLMU B Tede-
HHe 2 MUH. OTaIlbl THIIEPKAITHUYECKOH THIIOKCHH H THIIO-
KanHuu ObIAM Pa3/eA€Hbl ATUMUHHBIM OTZBIXOM.

Jaa kazkgoro sTama MccAeZOBaHMS (DPMKCHPOBAAHMCH
napamerpbl (TAMX mnpasoit CMA, TAMX aepoii
CMA, PetCO;, cp.All) xaxapie 10 c. 3arem TAMX
npasoii u Aeoiit CMA Bo Bpemst runepkanHuM ¥ rro-
KanHud OblAM NpeoOpasoBaHbl B MPOLIEHTHOE H3MEHEeHHe
OT CpeHero 3Ha4yeHusl, HAOAK/IAEMOTO MPH HOPMOKAITHHH
(% TAMX ae. CMA u % TAMX np. CMA).

O6paboTka AaHHBIX MPOBOAHAACH C HCIOAb3OBAHHEM
MaKeTa CcTaTHCTHYecKHX mnporpamm Statistica 6.0. Ilpu
aHaAu3e pesyAbTaToB paccuntbiBaru Meauany (Me) u 25
u 75 npouenturu. JlocToBepHOCTb pasAMuMM CpegHHX
3HAYEHHH OTPE/IEAAACh C TIOMOIIIbIO HEMTaPaMETPHIECKOTO
KpuTepust YuAkokcoHa. /JIAs BbIsIBA€HHS B3aMMOCBSI3H
Me2K/ly TOKA3aTeAIMU HCIIOAb30BaAH KOD((MULIMEHT paH-
rosoii koppersumu Crimpmena. Zlas Bcex Tectos craTu-
CTHYECKH JIOCTOBEPHBIMU CUMTAAMCh PABAHYMS, yPOBEHb
3HAYHMMOCTH KOTOPbIX oTBedar ycaosuio p<(,05.

PesyabraTpl u o6cy:xaenue

Bce ucnbityemble 3aBepimAn 3Tarbl HOPMO-, THIIEP-
M TUIOKAarmHUH. Y ozHoro A06poBoAbla 3anuch | AMX
us CMA 6bina moAydeHa TOABKO C OZHOH CTOPOHBI
H3-3a [IAOXOTO aKyCTHYECKOTO OKHa.

3a mepwos HOPMOKATIHHH GbIAM Hal/IEHbl CpeZHHe
seanuunbl (M+SD) PetCO,, cpAl, TAMX repoit u
npasoit CMA aaa kazzaoro ucnbrryemoro. Jlaree Bbi-
ancaennl cpeaune sHasennst (Me (25; 75%)) arst Beeit
Bbibopkn. Cpeanee PetCO; cocrasuro 33 (31,6;
35,1) MM pT.CT., YTO HECKOABKO MeEHbIIE KAACCHYECKHX
npeactaBAeHui o HopMokanuuu (35—45 mm pr. crT.).
ITO MOKHO O6DICHUTb OCOGEHHOCTSIMU JIbIXaHHUsI COBPE-
MEHHbIX AIOZiell: B HACTOsIIIee BPeMsl 0OHAPYKEHO yBEAU-
YeHHe MHHHOTO OObeMa AbIXaHHS «370POBbIX» AOZEH
[4, 19]. Cpeanee AJ cocrasuro 93,4 (84,4;
96,3) MM pT.CT. H COOTBETCTBOBAAO HOPMAAbHbIM 3Haue-
uusiM. Cpeanne TAMX aesoit u npasoit CMA Taxzke
HAXOZHAHMCh B TpeZieAaX BO3PACTHOH HOPMbI H COCTABAS -
am 66,8 (56,8; 71,3) u 67,2 (59,1; 74,2) cm/c coot-

BETCTBEHHO.
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Puc. 1. JuHamuka PetCO,, ckopoctn MK 1 cpeaHero AL npw runepkan-
HWUK B CpaBHeHUN ¢ HopmokanHmen (00:00 muH)

[lpu Bossparnom apixanuu PetCO; snaunmo mnosbi-
IIaAOCh TIO CPABHEHMIO ¢ HopMoKamuueH B nepsble 10 ¢
(p<0,01) u npozorzkaro pesko yBeamuusaTbes zo 60-i
CeKyHZbl. 3aTeM HaXOZHAOCh B COCTOSHHHM IAATO C He-
sHauuTeAbHbIMH KoAebanusmu (puc. 1). Makcumarbubrit
IPUPOCT 110 OTHOLIEHMIO K HOPMOKAIIHHM COCTABHA
43,4% B xoHue STama BO3BPATHOIO JbIXAHHS.

Cropoctb MK caeBa u cripaBa npu runepkanuum Tax-
»K€ 3HAYMMO YBEAMYHMBAAACh TI0 OTHOLIEHHIO K HOPMOKAIl-
mau B nepsbie 10 ¢ (p<<0,01), npupoct PetCO; B ToT MoO-
menT coctaBur 3,2 (3,7; 6) mm pr.ct. Cropoctb MK mpo-
ZI0A?KaAa Pe3KO YBEAMHHBATbCs 10 MPHPOCTA MPAKTHYECKHU
8 40% (a0 60-ii c) ¢ obenx cTopoH, 3aTeM OCTABAAACh OT-
HocureabHo moctosHHOH (puc. 1). Makcumarbupiii mpu-
poct ckopoctt MK caeBa u cnpasa cocrabun 42,3 u
49,4% cooTBeTCTBEHHO B KOHLE STala IMIIEPKAIIHHM.

Cpeanee A/l npu Bo3BpaTHOM JbIXaHHH YBEAHYHBA-
Aoch snauumo Ha 30-i ¢ (p<0,05), npupoct PetCO; B
toT momeHT coctasur 8,7 (7,3; 10,9) mm pr.ct., ero a6-
coatotHoe 3Hauenue — 42 (41; 44) mm pr.cr. (puc. 2).
Makcumabubii npupoct cpAJl cocrasun 12,4% B ce-
peauHe 3Tama BosBpaTHOro abixanus (puc. 1).

[1pu cnonrannoit runepsenturauun PetCO, snaun-
Mo cumzkaroch (Ha 4,1 (3,5; 5,7) MM pr.cT.) B mepsbie
10 ¢ (p<0,01), mMakcuMaAbHOE CHHKEHHE COCTAaBASIAO
42,8% B konue srana runepsentunsiman (puc. 3). Cko-
poctp B CMA cnpaBa u caeBa Takzke CHHM2KaAaCh 3HAUM-
mo (p<0,01 u p<0,05 coorserctBenno) B nepsbie 10 c.
Takum o6pasom, cuummenne PetCO; yxe na 4,1 (3,5;
5,7) mm pr.cT. Beser k cumzenuto ckopoctu VIK. MK
npogorxan pesko cHmatbest B Tedenne 20—30 ¢ (zo
30% ot HcX0AHOro 1IPH HOPMOKAIIHUK C 0GEHX CTOPOH),
3aTeM MEJAEHHO MOHHKAACS B TeYeHHe BCEro dTara TH-
nepsentursiun  (puc. 3). MaxcumanbHoe cHuseHMe
MK cocrasuro 46,9% caesa u 42,3% cnpasa. O6ua-
py:KeHa CHAbHas ToAozsuTeAbHass koppersuus PetCO,
u ckopoctu MK caeBa u cnpasa (r=0,89; p<0,01 u
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Puc. 3. AuHamuka PetCO,, ckopoct MK 1 cpeaHero AZL npu runokan-
HWK B cpaBHeHUN ¢ HopmokanHuel (00:00 MuH)
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1=0,94; p<0,01 coorsercrenno). CpA/l npu rumnoxan-
HHH 3HAYHMO He CHHKAAOCD.

B auanasone or runokanHuM A0 rUrMepKanHAN BbISB-
AeHa cuAbHas monoxuTeAbHass koppeasuusa PetCO; u
TAMX nrepoit u mpasoii CMA (=0,84; p<0,01 u
=0,81; p<0,01 coorserctBenno). Obuapy:xena curmo-
unarbuas cesasb PetCO; or runokanHuu 70 runepkar-
uuun u ckopoctd MK (puc. 4), uto cxogurcs ¢ pesyab-
taramu apyrux astopos [0, 20]. Curmongarbhas cBsisb
MO:KeT ObITb O6YCAOBAEGHAa OTpaHHYEHHEM /MarasoHa
ckopoctu MK npeseramu usmenenuss amamerpa 1epe6-
PaAbHBIX PE3HCTHUBHBIX cocyzaos [3].

['unepxammua npuBoauT k yBeArmuenuto ckopocta MK,
TUIOKAIIHUsA, B CBOIO Ouepelb, — K CHuzseHHIo. Peakius
ckopoctu MK na PaCO; obycroBreHa nsmenenuem co-
TIPOTHBAGHHS 11epe6PaAbHBIX PEe3HCTHBHBIX COCYZIOB, MeXa-
HHM3M KOTOPOTO H3y4eH He TIOAHOCTbI0. Basozuaataius npu
THITepKAITHUM BO3MOZKHA 3a CUET HAKOILAEHHsI TIPOTOHOB BO-
asopoga (H') u axmusampm K'-kamaros B cocyamernix
FAAZIKOMBIIIEYHbIX KAETKAX C JAAbHEHIIEH COCYAUCTOH pe-
raxcanyedt [7, 11, 14]. Cnopubiv ocTaetcst Borpoc 0 poau
B yeurennn MK okenza asora (NO) u npocranmxavma,
BbIZIEASIEMbIX 3HOTEAMOLIMTaMU TIPH Ba3OJMAATAlMH, 06Yy-
cAoBAeHHOH runepkaruued [8, 13].

['unepkarmus Taxzse nopbumaer cpAJl, yto Mozer Bectn
K YBEAUHEHHIO Mep@ysHOHHOIO /JaBAEHHSI Ha (DOHE CPbIBA
ayToperyAsiu ¥ Bauath Ha ckopoctb MK, Oanaxo ars
yBenmuenust cpA/] HeobxoauMO 60Aee POTSIKEHHOE TI0 Bpe-
MEHH BO3BPAaTHOE JbIXaHHe, YeMy COOTBETCTBYeT GOABIIMI
npupoct PetCO,, yem ars yeunenmst ckopoctu MK.

Takum o6pasom, 6bin BbIIBAeH TOpOr PetCO;,
(42 (41; 44) mm pr.cT.), 20 ZOCTHAEHHS] KOTOPOTO YCH-
aenne MK orpaxaer ucrunnyro [IIBPCO,, ne saBucu-
Mylo oT usMeHenusi cuctemuoro A/Jl, a mocae momer
6bITh 06YCAOBAEHO HE TOABKO BasOJHAATHPYIOIIMM (-
dpexrom CO3y, Ho U yBeAHyeHHEM Mepdy3HOHHOTO AaBAe-
Hust ipu pocte cuctemuoro A,
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