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Dopplerographic features of patients
with onset of acute cerebral stroke
in different periods of the day

Abstract. Background. The question of a connection of pathological changes in the hemodynamic parameters of cerebral
circulation with a time of a stroke onset in the literature is not considered well, that determines the relevance of the study of
this problem. The purpose of our study was to evaluate the state of cerebral hemodynamics and the nature of hemodynamic
disorders in patients depending on the period of an ischemic cerebral stroke onset. Materials and methods. For achieving our
goals we have performed clinical and magnetic resonance fomography examination for 300 patients who suffered from an
acute ischemic stroke (men — 196, women — 104) aged 42 to 84 years (average age 65.2 + 8.7 years). To optimize the analysis
of the obtfained data, all patients were divided info 4 groups according fo the period of the day when an ischemic stroke
occurred: group 1 — patients suffering from cerebral ischemia in the affernoon (8.00-14.59); group 2 — patients with stroke
occuredin the evening (156.00-21.59),; group 3 — patients which had an ischemic stroke at night (22.00-7.59). Results. Indicators
of cerebral hemodynamics in patients affer a «daytime» cerebral stroke had a higher incidence of pronounced vascular
stenosis (18.4 %). However, after the «evening stroke», patients had a higher incidence of all hemodynamically significant
stenosis in general (90.7 %) and a more pronounced pathological pattern than among patients in the group of «nocturnal
stroke» (29.7 %), that may be explained by the prevalence among the patients in the second groups of such risk factors as
obesity, hypercholesterolemia and decreased physical activity, that contributed fo the increased systemic narrowing of
vascular lumen due to chronic progressive atherosclerosis and, as a consequence, the formation of chronic cerebral ischemia.
Conclusions. The study of cerebral hemodynamic disorders in patients with different time of stroke onset has revealed that
parameters of cerebral hemodynamics in patients affer a «daytime» and «night» sfroke had a less pathological character than
among the patients affer an «evening stroke».
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Introduction Violations of hemodynamics play an important role in

The intensive study of cerebral hemodynamics with
ischemic lesions [1—4] by means of ultrasound dopple-
rography reveals new pathogenetic features of regional
blood circulation in severe cerebral vascular catastro-
phes. The advantages of ultrasound are its low cost and
low invasiveness, which makes this method accessible to
mass research and continuous monitoring [5].

In connection with such autonomy of regulation of
cerebral circulation, the definition of regional tone of the
vessels of the brain becomes a practical value [6, 7], which
leads to a constant search for new informative, preferably
non-invasive methods of research. This is confirmed by
the commonality of ontogenesis, the identity of vasomo-
tor influences and conditions of staying both of them and
others in the semi-rigid medium [8].

the pathogenesisand development of complications in acute
cerebrovascular diseases [9, 10]. However, the question of
the connection of pathological changes in the hemodyna-
mic parameters of cerebral circulation with the time of onset
of the stroke in a literature is not presented well, which de-
termines the relevance of the study of this problem.

The purpose of our study was to evaluate the state of
cerebral hemodynamics and the nature of hemodynamic
disorders in patients depending on the period of ischemic
cerebral stroke onset.

Materials and methods

For achieving our goals we have performed clinical
and magnetic resonance tomography examination of
300 patients who suffered from an acute ischemic stroke
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(men — 196, women — 104) aged 42 to 84 years (average
age — 65.2 £ 8.7 years). The criteria for inclusion in this
study were: the age of patients from 40 to 85 years; ische-
mic character of the stroke verified on the MRI; consent
of the patient or his legal representative.

To optimize the analysis of the obtained data, all pa-
tients were divided into 4 groups according to the period
of the day when an ischemic stroke occurred:

— group 1, patients suffering from cerebral ischemia
during the day (8:00—14:59);

— group 2, patients whose stroke was observed in the
evening (15:00—21:59);

— group 3, patients had an ischemic stroke at night
(22:00—7:59).

The main cause of cerebrovascular accident was arte-
rial hypertension, which was detected in all patients, in
218 (72.6 %) of which it was combined with atheroscle-
rosis of blood vessels, in 70 (23.3 %) — with diabetes. In
the case of 246 (82.0 %) patients with onset, there were
various manifestations of coronary heart disease: fla-
shing arrhythmia — 68 (27.4 %), conduction failure on
the electrocardiogram — 45 (18.6 %), signs of circulatory
insufficiency — in 61 (24.7 %) of the surveyed. In myo-
cardial infarction, 26 (10.6 %) patients have undergone a
history of myocardial infarction.

To determine the influence of hemodynamic disor-
ders at the time of an ischemic stroke acute period onset,
we have performed a study of cerebral hemodynamics by
the method of transcranial and extracranial duplex dop-
plerography (UDS). A blood circulation research was
performed in the first 6—24 hours after a stroke onset.

Results and discussion

Medium parameters of extracranial cerebral hemo-
dynamics data in a general carotid artery (GenCA), in-
ternal carotid artery (ICA) and vertebral artery (VA) in
all groups are presented in table 1.

According to the data of the UDS of patients with a
day stroke, the hemodynamic picture was characterized
by the development of gross stenotic changes that loca-
lized in the baseline of the internal carotid artery or in the

vertebral arteries and predominated from one side or the
other, accompanied by a moderate bilateral angiospasm.
Hemodynamic significant stenoses (> 70 %) occurred in
50 % (n = 73) of this group, which in 27 (18.4 %) cases
reached a critical degree (> 90 %) of the lining of extra-
cranial carotid arteries. In the 2" group, the carotid artery
stenosis group had a relatively higher frequency (n = 62,
57.9 %) compared to the 1st group, but they reached a
critical level less often (n = 15, 14.01 %). For patients in
the 3 group hemodynamic significant stenoses of extra-
cranial carotid arteries occurred in 10 cases (21.2 %), of
which 4 (8.5 %) — reached a critical degree.

In the vertebral arteries, signs of stenosis > 70 % with
a decrease in MBS were observed in 5 patients in group 1
with stroke in vertebrobasilar localization (VBL), of
which a significant degree of stenosis (= 90 %) was de-
tected in 2 cases. The worst situation was among the
patients in group 2, where the incidence of VBL was
higher, and signs of stenosis > 70 % with a decrease in
MBS were observed in 17 patients, a significant degree of
stenosis (> 90 %) — at 8. Somewhat better situation was
in patients of the group 3 — 9 patients with signs of ste-
nosis > 70 % in the vertebral arteries, in 3 — size stenosis
(=90 %).

In 80.1 % of patients in group 1 (n = 117) was a de-
crease in the linear velocity of blood flow by more than
30 % of normal. The vascular reactivity in this group of
patients was reduced in 95.8 % of cases (n = 142). In
the 20.5 % of cases (n = 30), retrograde blood flow was
recorded on the supraclavicular artery, and in 60.2 %
(n = 88), the antegrade blood flow in response to the
compression test varied retrograde with a hemodynami-
cally significant decrease in blood flow velocity in the su-
praclavicular artery and moderate increase in the level of
a vascular tone.

Hemodynamic disorders among patients in the
group 2 were accompanied by diffuse bilateral athero-
sclerotic changes in the velocity of blood flow in the ar-
terial thromboembolism with a significant decrease in
the level of MBS, increased rigidity of the vascular wall.
In 70.1 % (n = 75) of patients we have seen decreased

Table 1. Parameters of extracranial cerebral hemodynamics in patients
with acute cerebral stroke (M = SD)

Parameters
Groups Vessels
MBS, cm/sec Pl RI
15t (n = 146) GenCA 55.4+5.4 2.53+0.43 1.28+0.25
ICA 46.6+5.7 2.18+£0.27 1.30£0.25
VA 27.6+4.1 1.69+0.35 1.17£0.21
2 (n=107) GenCA 56.6 + 4.2 2.49+0.40 1.23+0.26
ICA 48.8+3.9 2.14+0.30 1.22+0.22
VA 25.8+4.8 1.71+0.32 1.05+0.19
34 (n=47) GenCA 54.5+ 4.1 2.43+0.41 1.25+0.22
ICA 47.8+3.5 2.16+0.33 1.26 +0.27
VA 23.8+4.3 1.62+0.32 1.15+0.12
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Table 2. Parameters of intracranial cerebral hemodynamics
of patients after acute cerebral stroke (M = SD)

Parameters
Groups Vessels
MBS, cm/sec Pl RI
15t (n = 146) MCA 54.1£8.2 2.21+0.48 1.08£0.25
ACA 39.0+4.5 1.75+0.32 0.95+0.22
PCA 26.6+4.6 1.57+0.28 0.90+0.19
2m (n=107) MCA 50.6 +6.5 2.08+0.22 1.09+0.20
ACA 41.4+6.9 1.67+0.16 0.99+0.16
PCA 22.8+7.5 1.45+0.18 0.97+0.21
3 (n =47) MCA 56.3+7.4 2.11+0.58 1.05+0.23
ACA 38.5+7.3 1.65+0.42 0.92+0.24
PCA 25.6£5.2 1.53+£0.27 0.94+0.15

vascular reactivity in response to a compression test.
A decrease in the linear velocity of blood flow by more
than 30% was detected in 70.1 % of patients (n = 75). In
10.1 % of patients (n = 11) the blood flow to the supra-
clavicular artery was retrograde, and in 35.5 % of patients
(n=138), in response to a compression test, the antegrade
blood flow changed to retrograde.

The group 3 was characterized by atherosclerotic
changes in blood flow velocity in an arterial artery bypass
graft and VA, a decrease in the linear velocity of blood
flow by more than 30 % in 59.5 % of patients (n = 28).
In 57.4 % of patients (n = 27) in response on compres-
sion test antegrade blood flow has changed to retrograde.
In all surveyed groups an increase in the Poursel and
Gosling index, indicating an increase in blood flow resis-
tance, an increase in peripheral resistance, and rigidity of
the vascular wall were resided.

The detailed picture of cerebral blood flow and hemo-
dynamic parameters in the intracranial vessels: middle
cerebral artery (MCA), anterior cerebral artery (ACA)
and posterior cerebral artery (PCA) of the patients with
different time of stroke onset, is presented in table 2.

The data of patients in group 1 showed prevalence of
signs of asymmetry of blood flow with hypoperfusion in
the affected vessel. A local decrease in blood flow veloci-
ty > 30 % with signs of turbulence was observed in 40.4 %
(n = 56) patients. Stenosis of the vessel lumen > 70 %
was detected only in the medial cerebral artery (MCA)
and was observed in 38 patients. Stenosis > 90 % have
had 9 of them.

The study of intracranial hemodynamics of patients
in the group 2 showed that the patients dominated by

signs of reduction of perfusion on MCA with an increase
in the rigidity of the vascular wall. The presence of asym-
metric type of main flow and signs of difficult perfusion
was detected in 85.1 % (n = 91) of patients in the 2
group. The stenosis of a vascular lumen > 70 % was ob-
served only in the AMA, it was detected in 69 (64.4 %)
cases, 16 (14.9 %) patients of which had a vessel stenosis
over > 90 %.

The data of intracranial hemodynamics in patients of
group 3 have indicated that among the patients also the
signs of reduction of perfusion on the MCA with an asso-
ciated increase in rigidity of the vascular wall were domi-
nated. Signs of a difficult perfusion were found in 78.7 %
(n = 37) of patients in the group 3. The stenosis of a vas-
cular lumen > 70 % was observed only in the MCA (in
19 cases), the overlapping lumen > 90 % — in 2 patients.

Graphic comparison between all three groups is pre-
sented on pict. 1.

It should be noted that the location of the lesion focus
depended on the violation of hemodynamics according to
the UDS. The stroke emergence of a neural cells in the
subcortical sections of the brain with the involvement of
structures such as subcortical nodes, the setival center,
thalamus and the internal capsule in the pathological pro-
cess, was accompanied by a decrease in the median blood
flow velocity in the MCA and the intracranially — in
AVA. A localization of the stroke center in the area of the
pons or cerebellum was characterized by a decrease in the
average rate of blood flow in one or both of the VA. The
brain infarctions of the cortical-subcortical localization
were mostly accompanied by a significant decrease in the
linear velocity of the blood flow in the ipsilateral MCA.

T o B a8
Picture 1. Doppler differentiation of patients at the time of stroke
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Conclusions

The study of cerebral hemodynamic disorders in pa-
tients with different time of stroke onset has revealed that
the parameters of cerebral hemodynamics in patients
after a daytime and night stroke had a less pathologi-
cal character than among patients after evening stroke.
In group 1, hemodynamically significant stenoses were
found predominantly in ACA and VA, whereas in pa-
tients of the group 2, such a degree of lining of the ves-
sel was observed predominantly in the MCA, and in the
group 3 — in the MCA, PMA and VA.

Such a picture may be explained by the fact, that
among patients in the second group such risk factors
as obesity, hypercholesterolemia and decreased physi-
cal activity prevailed were widely presented, that con-
tributed to the increased systemic narrowing of vascular
lumen due to chronic progressive atherosclerosis and,
as a consequence, the formation of a chronic cerebral
ischemia.

Conflicts of interests. Author declares the absence
of any conflicts of interests that might be construed to
influence the results or interpretation of their manu-
script.
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HaLioHAABHQ MEAMYHO QKQAEMISI MICASIAMIIAOMHOI OCBiTW iMeHi [1.A. LLynvka, m. Kunis, YkpaiHa

Oco6AMBOCTI MOKA3HUKIB AonnAeporpadii B MALIEHTIB i3 MOSKOBUM iHCYAbTOM 30AEXKHO
BiA Nepioay noro nosisn

Pe3iome. Axmyaavnicmo. TTutaHHs PO 3B’I130K MATOJIOTTYHUX
3MiH y TeMOAMHAMIYHHMX TTapaMeTpax MO3KOBOI'O KPOBOOOITy 3
yacoM HACTaHHsI iHCYJIbTY B JliTepaTypi He MpeacTaBjieHEe 10-
Ope, 1110 BU3HAYAE aKTyaJbHICTh TOC/IKeHHS L€l TpoOIeMU.
Mema nocnimkeHHS Tojsiraja B OILIHII CTaHY IiepeOpabHOL
reMOJMHAMIKM Ta XapakTepy reMOJAMHAMIYHUX PO3JIaliB y Ma-
LIEHTIB 3aJIEXKHO BiJl TIEPioy HACTaHHSI iIEMiYHOTO MO3KOBOTO
iHCynbTy. Mamepiaau ma memoodu. 171 1OCSITHEHHSI TIOCTaB-
JIGHUX 1IiJIell HaMU TIPOBEACHO KIIiHIYHE AOCiIKEHHS Ta Mar-
HITHO-pe3oHaHCcHY Tomorpadito 300 nauieHTiB, sKi epeHecau
TOCTPHIA iIeMiYHMI iHCYJIBT (J0JIOBIKiB — 196, XiHOK — 104),
BikoM Bix 42 10 84 pokiB (cepenHiii Bik — 65,2 & 8,7 poky). s
OITHUMi3allii aHaJi3y OTpUMaHUX JaHUX YCi MalieHTH Oyau po3-
MOIiIeHi Ha 3 TPYIIM 3a TIEPiOIOM JHS, KOJIM CTaBCs iIIeMidYHUIA
IHCYJIBT: 1-111a — TaIliEHTH 3 ilIEMi€I0 TOJJOBHOTO MO3KY MpO-
Tsarom H (8:00—14:59), 2-ra — nauieHTH, y AKUX iHCYJIbT CMO-
crepiraBcs BBeuepi (15:00—21:59), 3-19 — nmauieHTH, sIKi Majau
imemiyHuii iHCYnbT BHOYI (22:00—7:59). Pesyasmamu. I1oxas-

HUKU 1IepeOpaibHOI FeMOJMHAMIKU B Malli€HTIB 1-1 rpynu xa-
paKTepHU3yBAIKCh OLTBIIT BUPasKeHUM cTeHO30M cynvH (18,4 %).
[Tpore marieHTH 2-1 rpynu Majau BUIILY YACTKy BCiX TeMOIMHA-
MIiYHO 3HAUYIIMX CTeHO3iB 3arajoM (90,7 %) Ta GiIbII BUpaXke-
Hy TIATOJIOTIYHY KapTUHY, HiX mamienTn 3-1 rpymu (29,7 %),
1110 MOXHA MOSICHUTY TIOLIMPEHICTIO cepell Malli€HTIB 2-1 Tpynu
Takux (hakTopiB PUMKY, SIK OXUPiIHHS, TilepxojecTepuHeMist
Ta 3HWXKEHHS (Pi3UYHOT aKTUBHOCTI, 1110 CIIPUSLIO MiABUILIEHHIO
CHUCTEMHOTO 3BYXEHHSI CYAMHHOTO TPOCBITY BHACIIIOK XpO-
HiIYHOTO MPOTrPECYIOUOro aTepoCKiIepo3y Ta, sIK HacainokK, hop-
MYBaHHIO XPOHIYHOI illIeMii TOJJOBHOTO MO3KY. Buchnoexu. Bu-
BUEHHS LIepeOpaIbHUX TeMOJMHAMIYHUX PO3JIaiB y MaLi€HTIB
i3 pi3HUM TIEPiOAOM IMTOYATKY iHCYJIBTY MOKa3ajo, 110 napame-
TpHU LiepeOpabHOI FTeMOAMHAMIKM B ITAIli€HTIB MiCJIsI IEHHOTO Ta
HIYHOTO iHCYJIbTY MAalOTh MEHIII MaTOJIOTIYHUI XapaKTep, HiX Yy
TMaL€HTIB TiCJIs1 BEUipHBOTO iHCYJIBTY.

Kimo4oBi coBa: iHcyiabT; reMoAMHAMIUHI pO3JIafu; yac Io-
4yaTKy
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Boaocoser AA.

HaLMOHAABHQST MEAMLIMHCKQST QKOAEMMSI TOCAEANIIAOMHOIO 06 A30BAHMST UMeHU .. LLyrinka, r. Knes, YkpanHa

OcCo6eHHOCTM NoKasaTeAen Aonnaeporpadumm y naLmMeHToB C MO3roBbIM MHCYAbTOM
B 30BMCUMOCTU OT NEPMOAQ ero NOosIBAEHUs

Pestome. Axkmyaavrocns. Boripoc o CBsI31 IaTOJIOTMYECKUX U3-
MEHEHUI B TeMOAMHAMUYECKUX TapaMeTpax MO3TOBOTO KpO-
BOOOpAIlIEHUST CO BpEMEHEeM HACTYIUJICHUsI MHCYJIbTa B JIUTepa-
Type He TIPEICTaBJICH XOPOIIO, YTO OIMpPENeIsieT aKTyalbHOCTh
WCCIeIOBaHUS 3TOW MpoOsieMbl. Ieab MCCIIeOBaHUS 3aKITIO-
yajiach B OLICHKE COCTOSIHMSI LiepeOpaibHON TeMOAMHAMUKU
M XapakTepa reMOIMHAMUYECKHX PACCTPOMCTB y MAIlMEHTOB B
3aBUCUMOCTH OT TIEpMO/a HACTYIICHUST MIIEMUYECKOTO MO3-
rOBOro MHCY/IbTa. Mamepuaavt u memooot. J1jisi TOCTUKESHUS
MOCTABJICHHBIX 1IeJIeld MBI TIPOBEIM KJIMHUYECKOEe 0OCIenoBa-
HHME U MarHUTHO-pe30HaHCHYI0 ToMorpaduio 300 maimeHToB,
MEPEHECIINX OCTPhIN UIIEMUUECKUI MHCYIBT (My>KUMH — 196,
keHuH — 104), B Bo3pacte ot 42 1o 84 ner (cpeaHuii Bo3-
pact — 65,2 £ 8,7 roga). s ONTUMHU3aLMKA aHAJIA3a ITOJTY-
YEHHBIX JaHHbBIX BCE MAlMEHTbl ObLIN pa3/ieieHbl Ha 3 TPYIIIbI
10 TEPUOIY IHS, KOTIa MPOM3O0IIe] UIIEMUIECCKIUI UHCYJIbT:
1-1 — TaIMeHTHI ¢ UIIeMUEl TOJIOBHOTO MO3Ta B TeUCHME THS
(8:00—14:59), 2-9 — malueHTbl, y KOTOPbIX MHCYJIbT HAOII0-
nazcst BeuepoM (15:00—21:59), 3-s1 — mameHTbl, KOTOpPbIE UMe-
JIM UTIIeMUYECKUI MHCYIBT HOUbIO (22:00—7:59). Pezyavmamot.

[MokazaTenu 1epebpaIbHOM reMOAMHAMUKH Y MaIllMeHTOB 1-it
TPYIIIIBI XapaKTepr30BaTUCh 0Oosiee BBIPAKEHHBIM CTEHO30M
cocynos (18,4 %). OnHako MalMeHThI 2-ii TPyl UMEJIU Ooee
BBICOKYIO JTOJTIO BCEX FeMOAMHAMUYECKU 3HAYMMBIX CTEHO30B B
uesnoM (90,7 %) u Gosiee BHIpAXXKEHHYIO IMAaTOJIOTMYECKYIO Kap-
TUHY, YeM MalMeHThl 3-ii rpymibl (29,7 %), 4TO MOXHO 0OBsIC-
HUTh PACIIPOCTPAHEHHOCTHIO CPEIU MALIMEHTOB 2-11 TPYIIIIBI Ta-
KuX (aKTOpOB PHCKa, KaK OXKMPEHUE, TUTIEPXOJIECTCPUHEMUS
U CHUXeHUEe (HU3NUYECKOIl aKTUBHOCTHU, KOTOPbIE CITOCOOCTBY-
FOT MOBBIIIEHUIO CUCTEMHOTO CYKEHUSI COCYIMCTOTO IIPOCBETa
BCJICICTBME XPOHUYECKOTO MTPOTPECCUPYIOIIETO aTePOCKIIepO3a
U, KaK cjaeacTsue, GOpMUPOBAHUIO XPOHUUECKOI UIIIEMUU TO-
JIOBHOTO MO3ra. Botgodsi. V13yueHue 1iepedpaibHbIX TeMOAMHA-
MUYECKHUX PACCTPOMCTB Yy MAIMEHTOB C PA3IMYHBIM TIEPUOIOM
HayaJla MHCYJbTa IOKa3aJ0, YTO MapaMeTpbl liepedpayibHOM
TreMOAMHAMUKY Y TAIlMEHTOB TI0CJIe THEBHOTO M HOYHOTO MH-
CyJIbTa UMEIOT MEHEE TaTOJIOTMYECKUIA XapaKTep, YeM y Mmaim-
€HTOB IMOCJIE BEYEPHETrO UHCYJIbTA.

KiroueBble €J10Ba: MHCY/IBT, FeMOIUHAMUYECKUE PACCTPOA-
CTBa; BpeMsI Havajla
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