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Features of the heart rate variability at patients with acute disorder of cerebral circulation depending on the type of hemo-
dynamics were studied in acute period of disease and in a condition of relative functional rest. Surveyed men and women
(121 patients, 30-55 years old) were divided into 3 groups according to the type of hemodynamics that was defined at
the first day of their disease: the groups of patients with hyper-, hypo- and normodynamic types of hemodynamics were
selected. The integral rheography of the body was carried out again on the 7" day of hospitalization of the patients. And
according to the received data all examined individuals were divided into subgroups. The evaluation of indicators of the
heart rate variability at patients during acute period of disease showed the significant increase of activity of the sympathetic
link of regulation among people with hyperdynamic type of hemodynamics: the indices of tension and vegetative balance
also as the standard deviation of NN intervals (SDNN) were rather law. The same patients examined on the 7" day of their
disease demonstrated the reduction of the indices of tension and vegetative balance and the increase of the mean square
difference between the duration of adjacent R-R intervals (RMSSD). These changes were regarded as gradual weakening of
the sympathetic influences on cardio-vascular system in stabilization period. At examination of patients in a week from the
moment of their hospitalization transformation of the type of hemodynamics was revealed among many of the surveyed.
The indices of tension and vegetative balance were the lowest among patients with acute disorder of cerebral circulation
and initially hyperdynamic type of hemodynamics and newly formed hypodynamic type of blood circulation. While patients
with acute disorder of cerebral circulation and constantly hyperdynamic type of blood circulation showed the maximal
tension in operation of the regulatory systems.

Keywords: stress; adaptation; type of hemodynamics; acute violation of cerebral circulation; heart rate variability;
autonomic regulation.
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M3yyeHbl ocobeHHOCTU BapuabenbHocTu cepaeyHoro putma (BCP) y naumMeHTOB € OCTpbIM HapylleHMeM MO3roBOro Kpo-
Boobpawerna (OHMK) B 3aBMCMMOCTM OT TMNA reMOAMHAMMUKKM B 1-e CyTKM pa3BuTua 3aboneBaHMs M Ha 7-W LeHb no-
cne cocyaucToin katactpodbl. O6cnenyemble (121 maumeHT, My>XXUMHbI M XeHWMHbl, oT 30 go 55 neTt) npu moctynneHun
B CTaUMOHap Oblv pasaeneHbl HA 3 rpynnbl: naumMeHTol ¢ OHMK u runepanMHamMmnyeckum TMNoM KpoBoobpauieHus, ¢ OHMK
M HOPMOAMHAMMYECKMM TUMOM KpoBoobpalieHus 1 ¢ OHMK v runogMHamMuyeckuM TUMOM reMoAuHaMuku. Ha 7-i peHb
OT Hayana 3aboneBaHus BCEM NauMeHTaM Oblia MOBTOPHO NMPOBeAEHA MHTerpanbHas peorpadus Tena U B 3aBUCUMOCTH
OT BHOBb CPOPMMPOBAHHOIO TWMMA rEMOAMHAMMUKM MALMEHTbl KAaXXAOM rpynnbl Obliv pa3feneHbl Ha MOATPYNMbl: B Kax-
Lol rpynne 6biny BblAeNeHbl UCCeayeMble C rMnepaMHaMuyeckuMm, runoaAnHaMmMyeckuMm M1 HOpMOAMHAMUYECKUM TUNAMU
KpoBoobpaleHus. OueHka nokasatenev BCP B 1-e CyTKM HaxoXAeHMS MauMeHTa B CTaLMOHape BbISIBUIA CYLLECTBEHHOE
MOBbILEHWE AKTUBHOCTU CMMMATMYECKOro 3BeHa perynsuuu y 6onbHbix ¢ OHMK u runepaMHaMmMyeckum TUNOM KPOBO-
o6palleHns: HU3KMe 3HavyeHUs cTaHgapTHoro otkaoHeHus NN-mHTepsanos (SDNN), nHaekca HanpsXKeHUs perynsaTopHbixX
cuctem (MH) u nHpekca BeretatuBHoro paBHosecusi (MBP). Ha 7-i peHb npebbiBaHug B cTaumMoHape nauueHTsl ¢ OHMK
W TUNepaMHaMUMYecKUM TUMNOM KPOBOOOpaLLEHMS XapakTepM30BaMCb NOBbILIEHWEM NOKa3aTesiel cpefHeKBaApPaTUYHOrO
pa3nuung Mexay ANUTeNbHOCTbI0 coceaHnx R-R-nHtepeanos (RMSSD) u cHukennem MH un UBP. Mpu o6cnenoBanum naum-
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€HTOB Yepe3 HeJesto OT MOMEHTA roCNMUTaNM3aLMU Y MHOTUX U3 HUX BblN0 06HApyXXeHO U3MeHeHUe TUNa reMOAUHAMUKMU.
Y naumeHtoB ¢ OHMK 1 ucxoaHo runepaMHaMmMyeckum Tunom kposoobpauweHus MBP u UH 6binm Huxe, yeM y nauu-
€HTOB C BHOBb CHOPMMPOBAHHBLIM TMNOAMHAMUYECKUM TUNOM reMOAMHAMUKKU. YCTaHOBAEHO, 4TO Yy naumneHtoB ¢ OHMK
M CTabUNbHO TMNEpAMHAMUYECKUM TUMOM reMoAMHAMUKKU (M B 1-e CyTKM, u Ha 7-e CyTkM) HabnoaaeTcs MakcMManbHas

HaNpaXXeHHOCTb paﬁOTbI perynaTopHbiX CUCTEM.

KnioueBble cnoBa: CTpecc; afaanTalms; TUMbl FEMOAMHAMMUKM; OCTPOE HapyLIEHME MO3rOBOro KpOBOOBpalLeHus; Bapuabesb-

HOCTb CepAevYHOro pMTMa, BeretatuBHaa perynaumsa.

Current ideas on the mechanisms of acute cere-
brovascular accident (ACVA) are closely linked to
the concept of emotional stress, which is considered
as one of the most significant risk factors for the de-
velopment of vascular pathology, especially in young
people [2, 8]. In cases of cerebral hemodynamics
disorder, over-tension and regulation failure occur at
both central and peripheral levels, as well as disco-
ordination of stress-implementing and stress-limiting
systems that leads to damage development [3, 6].
The severity of the vegetative component of stress
response in ACVA development is of great impor-
tance in the course of the disease, which enables
the use of assessing heart rate variability (HRV)
to predict the risks of possible complications and
adverse outcomes [7]. Thus, the risk of ischemic
brain damage is known to be higher in patients with
low activity of the parasympathetic segment of the
autonomic nervous system [1, 5].

The characteristics of systemic hemodynamics as
a reflection of the central influences on the effec-
tor systems of the body should also be taken into
account when assessing the severity of damage in
ACVA development, making predictions for the pa-
tient and development of preventive measures aimed
at prevention of this disease [4]. However, the rela-
tionship between the mechanisms of hemodynamics,
the aspects of its regulation in the acute and subacute
periods of vascular disorders, and the nature of brain
damage in patients with cerebrovascular accident is
not fully understood.

This study aimed to establish the dynamics of
changes in the type of blood circulation in ACVA
development and to determine its role in damage
formation.

We examined 121 patients aged 30 to 55 years
(31.8% of women, 68.2% of men). Body integral
rheography (BIRG) was performed using a com-
plex of cardiorespiratory system and tissue hydra-
tion KM-AROI-Diamant, and HRV was evaluated
using the CardioKit software package (Gosstandart
certificate of the Russian Federation No. 2335 and
certificate of the Ministry of Health of the Rus-
sian Federation No. ROSS RU IM02.A03991). Pa-
tients were examined at day 1 after ACVA and day
7 after hospitalization. Statistical data processing

was performed using parametric (Student’s t-test)
and nonparametric (Wilcoxon-White, Shapiro-Wilk)
methods.

Upon admission to the hospital, all patients were
divided into 3 groups according to the type of he-
modynamics, namely, 76 ACVA patients with hyper-
dynamic circulation, 28 patients with normodynamic
circulation, and 17 patients with hypodynamic cir-
culation.

Assessment of HRV indices revealed a signifi-
cant increase in activity of the sympathetic regula-
tion link among ACVA patients with hyperdynamic
circulation, as evidenced by a 50% decrease in the
standard deviation of NN intervals (SDNN) com-
pared with standardized general population indi-
cators. The values of the mean-square difference
between the duration of adjacent R-R intervals
(RMSSD) in this group of patients were below nor-
mal and did not exceed 16 (11; 35) ms (Figure 1).
In ACVA patients with normo- and hypodynamic
circulation, RMSSD did not exceed normal values
and was equal to an average of 20 ms. In the group
of patients with hypodynamic type of blood cir-
culation, SDNN was significantly higher than in
groups with hyper- and normodynamic circulation
at 41 (16; 82) ms, which suggests intensification
of the parasympathetic regulation link, resulting in
a hypodynamic circulation.

The activation of the sympathetic regulatory link
in ACVA patients with hyperdynamic circulation was
confirmed by high values of the strain index (SI)
of regulatory systems and the autonomic balance
index (ABI) of 286.5 (153.5; 532) and 431.5 (228;
805) c. u., respectively. Among ACVA patients with
hypodynamic circulation, these indicators were lower
than in other study groups (ABI was 262 [84; 776]
c. u., and SI was 154 [87; 554] c. u.) (Figure 2).

Analysis of HRV data in ACVA patients, obtained
at day 7 after a vascular accident, revealed an in-
crease in SDNN and RMSSD values (by 33% and
31%, respectively) and a decrease in SI (by 15%)
and ABI (by 18%) in ACVA patients with hyper-
dynamic circulation. High values of these indica-
tors in such patients during hospitalization and the
decrease in the above indices at day 7 of hospital-
ization indicate a pronounced activity of the sym-
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Fig. 1. Indicators of SDNN and RMSSD in patients with acute cerebrovascular accidents and different types of haemodynam-
ics in the first days after vascular catastrophe. * - reliably when comparing indicators of the groups of hyperdynamic
and normodynamic types of blood circulation, p < 0.05; ** - reliably when comparing indicators of the groups of
hyperdynamic and hypodynamic types of blood circulation, p < 0.05

Puc. 1. 3HaueHus nokasareneit SDNN u RMSSD y naumMeHTOB € OCTPbIM HapylueHUEM MO3rOBOro KpoBOOGpaLLeHUs U pasHbIMU
TUNaMU KpoBoOGpaleHns B 1-e CyTKM nocsie COCyAUCTOM KaTacTpodbl. * — AOCTOBEPHO NMPKU CPAaBHEHMMU MOKasaTesei
rpynnbl runep- ¥ HOPMOAMHAMUUECKOro TMNa KpoBoo6pauieHus, p < 0,05; ** — pocTtoBepHO npu cpaBHeHUM MoOKasa-
Tenei rpynnbl runep- U rMNOAMHaAMMUYECKOro TMna KposoobpauieHus, p < 0,05

Index of the auto- 262*
matic balance / VIBP

Strain Index / UH 154*
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Fig. 2. Indicators of the autonomic balance and strain index in patients with acute cerebrovascular accidents and different types
of haemodynamics in the first days after vascular catastrophe. * - reliably when comparing indicators of the groups of
hyperdynamic and normodynamic types of blood circulation, p < 0.05; ** - reliably when comparing indicators of the
groups of hyperdynamic and hypodynamic types of blood circulation, p < 0.05

Puc. 2. MNokasarenu nHpekca BeretatTuBHoro pasHoBecus (MBP) u nHpekca HanpsykeHus perynstopHbix cuctem (MH) y naum-
€HTOB C OCTPbIM HapyLUEHWEM MO3roBOro KpoBOOGpalLeHUs M pa3HbIMU €ro Tunamu B 1l-e CyTKM nocne cocyaucToi
KaTacTpodbl. * — [OCTOBEPHO NMpU CPAaBHEHUM MOKasaTenei rpynnbl runep- U1 HOPMOAUHAMUYECKOTO TUMOB KPOBO-
o6paieHus, p < 0,05; ** — noOCTOBEepHO NpM CpaBHEHUM MOKasaTesieil rpynnbl rMnep- U rMNOAUHAMMUYECKOTO TUMOB
KpoBooGpauieHus, p < 0,05
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pathetic regulation department in the acute period
and a gradual decrease in the sympathetic effects
on the cardiovascular system while stabilizing the
patients’ condition.

In ACVA patients with normodynamic circu-
lation, there was a slight increase in SDNN and
RMSSD values and a pronounced decrease in ABI
(by 22%) and SI (by 35%) compared with similar
values (Table 1).

In an HRV study conducted at day 7 of hospital-
ization, it was found that SDNN was 35% higher in
ACVA patients with hypodynamic circulation than
in ACVA patients with normodynamic circulation

and more than 70% higher than in ACVA patients
with hyperdynamic circulation. RMSSD values in
ACVA patients with hypodynamic circulation were 2
or more times higher than RMSSD values in ACVA
patients with normo- and hyperdynamic circulation.
This dynamics can be regarded as a progressive in-
crease in the activity of the parasympathetic regula-
tory segment in ACVA patients with hypodynamic
circulation.

After 7 days of admission to the inpatient facility,
all groups of ACVA patients were divided into sub-
groups taking into account the newly formed types
of hemodynamics. Hence, out of 76 ACVA patients

Table 1 / Tabnuya 1

Changes in HRV in patients with acute cerebrovascular accidents depending on the type of haemodynamics
M3mMeHeHWs nokaszaTtenei BapuMabenbHOCTU CEPAEYHOrO PUTMA Y MALLMEHTOB C OCTPbIM HapYLUEHMEM MO3rOBOro KpoBOObOpalLLe-

HNA B 3aBUCMMOCTU OT TUNA KpOBOO6paLLI,EHl/IFI

Type of haemodynamics / Tum kpoBooOparieHus
hyperdynamic / normodynamic / hypodynamic /
Index / Tlokasarens rUnepaIuHaMUUYecKui HOPMOJMHAMHUYECKU I TUTIOITMHAMUYECKU I
(n=176) (n=128) n=17)
It day / 7" day / 1*t day / 7" day / It day / 7" day /
1-it neup 7-i1 1eHb 1-i1 nenp 7-#1 1eHb 1-# neHp 7-ii 1eHb
SDNN, ms / mc 21 [13; 51] 28 [19; 49] 35 [19; 77] 36 [21; 42] 41 [16; 82] 48 [43; 86]
p 0.29 0.070 0.91
RMSSD, ms / mc 16 [11; 35] | 21 [14; 38] 20 [14; 51] | 24 [16; 36] 20 [10; 40] | 47 [26; 51]
)4 0.11 0.66 0.74
balance, comventional unts / 459 295 333 262 262 174
’ [130; 974] [173; 681] [97; 793] [176; 703] [84; 776] [66; 212]
VBP, y. e.
p 0.013 0.92 0.26
Index of the autonomic rhythm, 9.63 7.52 8.28 5.92 5.95 5.25
conventional units / BIIP, y. e. [4.56; 19.42] [4.66; 11.92] [2.82; 14.80] [4.13; 10.85] [2.93; 18.80] [2.24; 6.04]
P <0.001 0.35 0.15
ltion processen,comentional | ¥ 8s 78 64 50 45
units / TTATIP, v, . [52; 111] [50; 108] [40; 92] [48; 93] [47; 95] [37; 77]
P 0.87 0.60 0.48
Strain index, conventional 330 229 211 163 154 102
units / UH, y. e. [82; 722] [97; 457] [47; 521] [102; 429] [53; 554] [36; 152]
p 0.0066 0.58 0.28
of regultony systems, comen- | <7 s 6 4 s 4
tional units / ITAPC, y. e. [5: 0] 13; 6] [5: 01 [2: 5] [4 0] [2; 3]
p <0.001 <0.001 0.0035

Note. p — significance of differences in comparison of indicators in patients on the 1* and 7" day when performing the Wilcoxon test
(for related samples). Ilpumeuanue: p — 3HAYMMOCTD PA3IUYU MPU CPABHCHHUH MOKa3aTelNiell y ManueHToB Ha 1-if u 7-ii neHb mpu
BBITIOJIHEHUH TecTa BuikokcoHa (s cBsi3aHHBIX BBIOOpOK). UBP — mHnekc BeretatruBHOro paBHOBecus, BIIP — BereratuBHbI
nokasatenb putMma, IIAIIP — nokasarens agexkBaTHOCTH mpoueccoB perynsuuu, MH — nnnexc Hanpsikenus, IIAPC — nokasa-

TE€Jb aKTUBHOCTHU PETYIIATOPHBIX CUCTEM.
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Table 2 / Tabauya 2

Number of patients with acute cerebrovascular accidents in the 15t and 7" days of the study
KonnyecTBO MauMeHTOB C OCTPbIM HapyllEHMEeM MO3roBOr0 KpOBOOOPpALLEHMS M pa3HbIMM TUMAMU KPOBOOOpalLeHUs

B 1-e n 7-e CyTKM UcCnenoBaHUS

Type of haemodynamics on the 1* day
of study / Tun xpoBooOpamenns

Type of haemodynamics on the 7 day of study /
Tun xpoBooOpaleHus Ha 7-i 1eHb

General result /
OO0wut uror

1-# - . .
B AcHp hyperdynamic / normodynamic / hypodynamic /
TUICPIMHAMUYCCKUIT | HOPMOJMHAMHYCCKHUI | THIIOAMHAMHYCCK U
Hyperdynamic / 'mnepauaaMudeckuit 50 11 15 76
Normodynamic / HopmMonnnamMmuueckuit 4 19 5 28
Hypodynamic / I'mnogmaaMndeckuit 2 2 13 17
General result / O6mmuii utor 56 32 33 121

Table 3 / Tabauya 3

Changes in HRV in patients with acute cerebrovascular accidents and initially hyperdynamic type of haemodynamics
depending on the newly formed (on the 7*" day) type of blood circulation Me [Q,; Q,]

M3meHeHMe nokasaTenen Bapma6eanocm cepaoeyHoro pyutMa 'y naumMeHToB C OCTPbIM HapyLweHUeEM MO3roeoro KpOBOO6paLI.I,EHM9I
M U3HaYaslbHO rmnepagnHaMmyeckmm TMnom reMoanMHaMmK B 3aBMCMMOCTH OT BHOBb CCbOpMVIpOBaHHOFO Ha 7-e CYTKM OT Ha4ana

3abonesaHna Tmna Kposoobpaluenna Me [Q,; O.]

Type of haemodynamics / Day / SDNN, RMSSD, Index of the autor.lomlc Strain index, conven-
Tun kpoBOOOpaIICHUS CyTku ms / Mc ms / Mc balance, conventional tional units / UH, y. e
P pam y units / BP, y. e. Y&
Initially hyperdynamic / It day / 20.5 16 431.5 286.5
VcxonHo runepauHaMUYCKUH 1-e cyTkH [13; 51] [11; 35] [228; 805] [153.5; 532]
The newly hyper- / 7" day / 41.18 27.98 493.2 335.58
formed types / TUIEep- 7-e cyTKH [28.17; 54.18] | [21.30; 34.65] [382.4; 603.9] [251.57;419.58]
BHroBb cdopmu- normo- / 7" day / 41.72 31.63 485.09 302.9
pOBaHHBIEC THUIIBI HOPMO- 7-e cytku | [23.45; 59.99] | [12.55; 50.71] [202.84; 767.33] [124.4; 481.32]
kpoBooGpame- hypo- / 7% day / 43.57 29.64 34471 211.5
HHA rHIo- 7-e cytkn | [31.95; 55.19] | [21.88; 37.4] [205.27; 84.15]* [121.75; 301.24]*

Note. * The relative significance of differences in inter-group comparison in groups with the newly formed types of haemodynamics,
p <0.05. Ilpumeuanue. * OTHOCUTENBHASI JOCTOBEPHOCTH PA3IIMUUN IPU MEKXTPYTTIOBOM CPaBHEHUH B T'PyNIax ¢ BHOBb CHOPMHUPO-
BaHHBIMH THIIAMH KpoBooOpamieHus, p < 0,05, UBP — unanekc BereratuBHOro paBHOBecus, MH — WHIEKC HampsOKeHHS.

with hyperdynamic circulation at day 1 after a vas-
cular accident, only 50 patients had the same type
of hemodynamics a week later. The type of blood
circulation changed to normodynamic in 11 patients
and hypodynamic in 15 patients.

Out of 28 ACVA patients with normodynamic
circulation admitted to the hospital, 19 patients did
not change the type of hemodynamics after a week,
and 5 patients formed a hyperdynamic type.

Among 17 ACVA patients with hypodynamic cir-
culation, at day 1 after a vascular accident, 13 pa-
tients remained hypodynamic, 2 patients changed to
hyperdynamic, and 2 patients changed to normody-
namic (Table 2).

A repeated (day 7) examination of HRV indices in
ACVA patients with hyperdynamic circulation upon
admission revealed a tendency to increase in SDNN
and RMSSD in all patients.

It was revealed that in ACVA patients with the ini-
tially hyperdynamic circulation, ABI was lower in pa-
tients with the newly formed hypodynamic circulation,
so that it was 28% less compared with patients with
the newly formed normodynamic circulation and 30%
less than in patients with newly formed hyperdynamic
circulation. SI was also lower (by 30%) in patients with
the newly formed hypodynamic circulation (Table 3).

Among ACVA patients with normodynamic circu-
lation at day 1 after a vascular accident, differences
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Table 4 / Tabauuya 4
Changes in HRV in patients with acute cerebrovascular accidents and initially normodynamic type of haemodynamics
depending on the newly formed (on the 7™ day) type of blood circulation Me [Q,; O.]
M3MeHeHne nokasartenel BapuabenbHOCTM CepAeYyHOro puMTMa y NauMeHTOB C OCTPbIM HapyLeHWEM MO3roBOro KpOBO-
obpalleHns M M3HAYaNbHO HOPMOAMHAMMYECKMM TUMOM FeMOAMHAMMKM B 3aBUCMMOCTM OT BHOBb CHOPMMPOBAHHOIO

Ha 7-e CyTKM OT Ha4Yana 3abonesanus Tuna kposoobpaueHnsa Me [Q,; O,]
. Index of the autonomic .
Type of haemodynamics / Day / SDNN, RMSSD, balance. conventional Strain index, conven-
Tun kpoBooOpaleHus CyTku ms / Mc ms / Mc units’/ VIBP, y. ¢ tional units / UH, y. e.

Initially hyperdynamic / I*t day / 345 20 333 250
HcxonHo runepauHaMuyuCcKui I-e cyTku [18.5; 77] [14; 51] [96.5; 793] [62; 521]
The newly hyper- / 7t day / 30.0 23.25 392.0 239.75
formed runep- 7-e cytku | [20.01; 39.98] | [9.06; 37.43] [146.8; 637.1] [65.18; 414.31]
Z}é)p:'s M/ HBi‘_’B" normo- / 7% day / 4021 29.31 316.47 196.10

PMHP HOPMO- 7-¢ cytku | [25.75; 54.66] | [16.1; 42.52] [218.42; 414.52] [128.67; 263.53]
BaHHBIE TUIIBI
KpoBoOOpa- hypo-/ 7™ day / 45.25 31.25 299.5 154.75
HICHU ST THIIO- 7-e cytku | [20.07; 70.42]* | [20.34; 2.15]* [104.89; 94.107* [118.32; 327.82]*

Note. *The relative significance of differences in inter-group comparison in groups with the newly formed types of haemodynamics,
p <0.05. Ilpumeuanue. * OTHOCUTENbHAS JOCTOBEPHOCTD PA3THUYHM MPU MEKTPYIIIOBOM CPAaBHEHHH B IPYNIAx ¢ BHOBb cHOPMU-

POBaHHBIMH THIIAMH KpoBooOpareHus, p < 0,05.

were also found in subgroups formed according to
the types of blood circulation formed at day 7 of
hospitalization. Thus, patients with newly formed
hypodynamic circulation were characterized by high-
er values of SDNN (higher by 50.8%) and RMSSD
(higher by 34.3%) compared with those whose type
of hemodynamics changed to hyperdynamic. Com-
pared with these patients, the patients with newly
formed hypodynamic circulation had lower ABI
(23.6%) and SI (35%) (Table 4).

Changes in HRV indices at day 7 in ACVA pa-
tients with initial hypodynamic circulation were not
evaluated due to the small number of patients in the
newly formed groups and also due to the difficulty
of statistical processing of the small sample data.

CONCLUSION

The most effective regulation of effector systems
functioning was noted in ACVA patients with normo-
and hypodynamic types of blood circulation, which
were constant throughout the study period. The
greatest tension in the work of regulatory systems
was registered in ACVA patients with hyperdynamic
type of blood circulation, especially in those whose
type of hemodynamics did not change during the
subsequent 7 days.
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