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Kar4oBi ciioBa: iwemiuni nopyuients Mo3k08020 Kpogoobicy, namoaociuna 0epopmayis 6HYympiuiHb0oi COHHOT
apmepii ma xpebmogoi apmepii, cmeHo3yI04e YPadiCeHHs. 6HympIiuHb0oi COHHOI apmepii ma xpebmogoi apmepii
KioueBble ciioBa: uwemuyeckue Hapyuwenus Mo3208020 KpogooobpaueHus, namoao2udeckas oegpopmayus
6HYMPEHHel COHHOU apmepuu U NO360HOYHOU apmepuu, CMeHO3UPYIoWeM NOPaXCeHUs GHYmpeHHel COHHOU apmepuu u
N0360HOYHOU apmepuu

Abstract. Evaluation of the character of structural and functional changes in cerebral vessels in patients with
ischemic cerebrovascular diseases on the background of multifocal lesions. Rosits'ka O.A. The hemodynamic
consequences of brain damage depend on the state of the autoregulation system of the cerebral circulation, on the
severity, prevalence and rate of progression of the atherosclerotic process (one or more basins), changes in the
vascular wall, and the features of the anatomical structure of the cerebral vascular system. Most registries cannot
determine the cause of stroke in 25-40% of patients - the so-called cryptogenic strokes. Therefore, the question of
underestimation of such disorders as tortuosity, extravasal compression, anomaly of development of not only internal
carotid arteries, but also vertebral and subclavian arteries in the diagnosis of the effect on the course of cerebral
ischemia is raised. In high-risk groups, the effect of pathology in the carotid arteries on the course of cerebral vascular
disease is more often compared with the data of similar changes in extracranial vertebral arteries. In the general group
of patients with multifocal lesion of the vessels (MFLYV), tortuosity of blood vessels were found in the basins of the
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internal carotid artery (ICA) and vertebral artery (VA), and the frequency of deformations of the vessels of the
vertebrobasilar basin predominated over the deformations in the carotid basin. Atherosclerotic lesions of the vessels of
the BA (basilar artery) and VA pools were less frequent than the carotid, but more pronounced. Atherosclerotic lesions
of the subclavian artery (Left subclavian artery) are significantly more frequent in the group of patients with vascular
lesions of the heart, brain and lower limbs. According to the data of the correlation analysis, possible associations of
atherosclerotic vascular lesions of the main arteries of the head (MAH) are established, both among them and with
other risk factors.

Pedepar. Ouninka xapakTepy CTPYKTYPHUX Ta (YHKHiOHAJIBHMX 3MiH CyJIMH TOJOBHOr0 MO3KY y XBOPHX 3
imeMiYHUMH HepeOpPOBACKYJISIPHMMH 3aXBOPIOBAHHAMH Ha TJi MyJbTH(OKAIBHOIO ypaskeHHs. Pocuubka O.A.
Temoounamiuni HACTIOKU YPA*CEHHS MO3KY 3AN€AHCAMb 8i0 CMAHY CUCMEMU aymope2yaayii MO3K08020 Kposoobicy, 6i0
MANCKOCMI, NOWUPEHOCMI | MeMNi8 NPocpecy8aHHs amepoCKIepOmMUIHO20 npoyecy (00H020 Ui OeKiIbKOX Oacelitis),
3MIH CYOUHHOI CMIHKU, 0coOaugocmell aHamomiunoi 6y0osu cyounHoi cucmemu Mo3Ky. binvwicmv peecmpis He
MOACYMb BUSHAYUMU NE8HY NPUUUHY iHcyabmy 6 25-40% xeopux — max 36ami kpunmozeHHi incynomu. Tomy cmasumucs
NUMAHHA WOO0 MONCIUBOCMI HEeOOOYIHKU Npu OdiacHocmuyi énauey Ha nepedie iuiemii MO3KY MAKux NOpYuieHv, 5K
36UBUCMICMb, E€KCMPABA3AIbHA KOMNPECis, AHOMANis pPO3GUMKY He MINbKU GHYMPIWHIX COHHUX apmepii, a i
Xpebmosux, niOKMoYUdHUX apmepii. Y epynax nioguwyeno2o pusuxy yacmiuie ananizyiomv 6Niué namonozii ¢ COHHUX
apmepisx Ha nepebie CYOUHHUX 3AX60PIOBAHb MO3KY NOPIGHAHO 3 OGHUMU U000 AHALOIYHUX 3MIH 8 eKCIMPAKPAHIATbHUX
xXpebemnux apmepisax. Y zaeanvuiu epyni xeopux 3 M®YC 3eusucmicmos cyoun 3ycmpivanace y oacetinax BCA i XA,
npuyomy uacmoma Oegopmayii cyouH 6epmedpanbHO-0A3UNAPHO2O Oaceliny O0MIHysania Hao Oepopmayismu 6
KapomuoHomy Oacetini. Amepockiepomuyne ypavicenHs cyoun oacetinie BA i XA Oyno menw wacmum nopieHsHO 3
KapomuoHum, ane Oinbui supasxcenum. Amepockiepomuuni ypasicenns niokmouuynoi apmepii (JIITiokmou.A) eipociono
yacmiule 3yCmpiuaiomocs 8 Spyni NAyicHmie 3 ypaxsceHHAM CyOUHHUX 0Oacelinie cepys, MO3KY mMa HUNCHIX KIHYIBOK. 3a
OanuMU KOpenayiliHo2o aHAni3y 6CMAHOBIEHO 8iPO2IOHI acoyiayii amepocKiepoOmuyHO20 YPatCceHHs CYOUH OCHOBHUX

MAT ax miswc coboro, max i 3 iHUUMU YUHHUKAMU PUSUK).

Atherosclerosis of the cerebral arteries is respon-
sible for almost half of all brain cerebral infarctions,
one of the main causes of chronic cerebrovascular
disorders, but it may also be clinically "dumb" [2].
Innovative studies of carotid limb showed its
prevalence ranging from 5% to 25% in patients with
cerebrovascular symptoms or with asymptomatic ca-
rotid stenosis, which was diagnosed accidentally [6].

Markers of atherosclerosis is a thickening of
intima-media complex( IMC) and the presence of
plaques in the common carotid artery (CCA). Thi-
ckening IMC mainly represents the adaptive hyper-
trophic response of smooth muscle cells in the
middle membrane to significant hemodynamic
shock. Plaques usually occur in areas of low hemo-
dynamic shock and not laminar turbulent blood
flow, such as onion of carotid artery and proximal
internal carotid artery (ICA), at least in the distal
CCA. Plaques and IMC could be a different
phenotypes of atherosclerosis with different con-
nections with cardiovascular risk factors and clinical
vascular disease [7].

The expressiveness of the atherosclerotic lesion
of the major arteries of the head does not always
directly affect the incidence of ischemic cerebro-
vascular accidents (ICVA). The possibility of acute
ICVA is largely determined by the state of the
cerebral vascular reserve (CVR - the level of reacti-
vity of the cerebrovascular vessels, which evaluates
their ability to further increase blood circulation).
Preservation of the CVR provides the functional

stability of the whole system of cerebral circulation.
In the CVR there are anatomical (connecting arteries
of the circle of Willis, leptomeningeal and ophthal-
mic anastomoses, as well as directly the cerebral
arteries) and functional (autoregulatory mechanisms
of the brain blood circulation system) source of
compensation. Deterioration of the CVR may be
considered as a predictor of cerebral hemodynamic
dysfunction [5].

The hemodynamic effects of atherosclerotic
lesion of MAH depend on their severity and the
prevalence of the process, the peculiarities of the
anatomical structure of the vascular system of the
brain, the rates of progression of the atherosclerotic
process, as well as on the state of the system of
autoregulation of the cerebral circulation [5].

Among the causes of chronic and acute cerebro-
vascular disorders, which determine the state of
hemodynamics, is the pathological deformation of
the BCA. The overall frequency of abnormal
deformations of the ICA, according to data from
dopplerographic, angiographic or pathoanatomical
studies, varies within 10-40% of the adult population
[1, 6] (without a history of atherosclerosis, diabetes
or hypertension).

There is a lack of data on the impact of extra-
cranial vertebral arteries on the course of vascular
diseases of the brain, as compared to publications on
similar changes in carotid arteries in high-risk
groups. Most registries cannot determine the cause
of a stroke in 25-40% of patients — the so-called
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cryptogenic stroke. Pathology of vessels in extra-
cranial vertebral arteries (segments V0-V3) remains
one of the possible causes of cryptogenic stroke,
where the severity and the presence of clinical
symptoms in general can be very diverse and
inconceivable [8].

The study of the peculiarities of the distribution
of atherosclerotic plaques in the basins of the brain,
the discovery of some patterns of atherosclerotic
lesion and pathological deformation of the arteries of
the brain will contribute to more precise planning of
diagnostic and therapeutic measures, improvement
of the prognosis of the course of clinical vascular
diseases in patients with multifocal lesion of vessels
(MFLV).

To study the character of the structural and
functional characteristics of the vessels of the brain
(extra-intracranial) according to Doppler ultrasono-
graphy and selective cerebral angiography (SCA) in
patients with ischemic cerebrovascular diseases
against the background of multifocal vascular lesion.

MATERIALS AND METHODS

The study included 125 patients aged 40 to 84
years with multifocal lesion of the vessels (MFLV).
Depending on the localization of vascular basin
defeat by stenotic atherosclerosis, all patients were
divided into three clinical groups: I group — 19
(15.2%) patients with lesion of the vessels of the
brain, heart and lower limbs; group II — 87 (69,6%)
patients with a lesion of vessels of the brain and
heart; group III - 19 (15.2%) of patients with lesion
of the vessels of the brain and lower limbs. Of these,
101 (80.8%) are males and 24 (19.2%) are female.
The average age of patients was (62.9+0.79) years.

Evaluation of the neurological status was carried
out with the identification of leading clinical
symptoms and the establishment of a form of
cerebral circulation disorder. The character of the
vascular lesion was clarified with the help of
Doppler ultrasonography of the main extra- and
intracranial arteries on the device SONOS-1000 of
Hewlett-Packard Company (USA), as well as selec-
tive cerebral angiography (according to indications).
Structural lesions and their degree were determined
with the help of MRI of the brain on the apparatus of
the company "General Electric" (USA).

Statistical analysis of the obtained data was
carried out using the licensed program Statistica
v.6.1®. The hypothesis of a normal distribution law
for quantitative data was verified by the Kolmo-
gorov-Smirnov criterion with the Liliefors amend-
ment. Under normal distribution, the quantitative
indicators are presented as the mean and its standard
error (M£m), in other cases the median and inter-
quartile spread Me (25%, 75%) are given. Compa-
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rison of the average indicators in the clinical groups
was carried out according to the appropriate Student
(t) and Mann-Whitney (U) criteria, the relative
indices were based on the Pearson Chi-square test
(¥*) and the exact Fisher test. The relationship
between the individual factors was evaluated using
the Spearman rank correlation coefficient (rs).

RESULTS AND DISCUSSION

The analysis of the results of Doppler ultra-
sonography and SCA in patients with ICD showed a
high incidence of stenosing defeat of the main
vessels of the head (MAH), mostly in the carotid
basin (Table 1). Almost all of the patients had
lesions in the ICA basin (120 patients — 96.0%),
including 87.2% in left internal carotid artery (L
ICA) and 84.8% in right internal carotid artery
(RICA). Bilateral lesions of the ICA were observed
in 95 (76.0%) cases. At the same time, in the struc-
ture of the revealed disorders (215 cases in ICA),
about half were hemodynamically significant ste-
noses (50-99%) or occlusions (110 cases - 51,2%).

The atherosclerotic lesion of vessels in the basins
of BA and VA was less frequent compared with
carotid, but more pronounced (table 1). Most often
stenotic disorders were observed in VA - 46 (36.8%)
patients, of which 28.0% of cases in LVA, 22.4% —
in RVA, 13.6% — in both basins at the same time. In
46 of 71 (64.8%) cases of atherosclerotic lesions of
VA and BA basins were hemodynamically signi-
ficant stenoses (34-47.9%) and occlusion (12-
16.9%).

The analysis of stenosing lesion of the MAH in
patients with clinical groups (fig. 1) showed that:

- in all groups, the vessels of the ICA basin reach
a stenosing process with roughly the same frequency
(78.9-89.5%);

- LCCA is added to the stenosing process slightly
more frequently in patients of group I — 31.6% vs.
19.5% in group II (p=0.249 for %?) and 15.8% in
group II (p=0.252 for y ?);

- atherosclerotic lesions of the subclavian artery
(LSA) are more likely to occur in group I, than in II
- 15.8% vs. 2.3% (p = 0.039 per FET);

- the percentage of stenotic vascular lesion of the
vertebrobasilar basin (VBB) in patients with
atherosclerosis of the coronary, cerebral basins and
lower extremities (group I) is more than twice as
high as in patients with II and III groups (except for
RVA in group II): for LVA — 52.6% in group I
compared with 24.1% in group II (p=0.013 for x°)
and 21.1% in group II (p=0.044 for x*); for PCA —
42.1% versus 17.2% (p=0.017 for y*) and 26.3%
(p=0.305 for ).
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Table 1
Degree of atherosclerotic lesion of MAH in patients with MFLV (n/%)
Degree of atherosclerotic lesion of the MAH
Basin of the MAH Number of
cases
<29% 30-49% 50-69% 70-99% occlusion medium *
Carotid basin
LICA 109/ 87,2 26/ 20,8 28/22,4 23/ 18,4 12/ 9,6 20/ 16,0 50 (30;80)
RICA 106/ 84,8 17/ 13,6 34/27,2 26/ 20,8 15/12,0 14/11,2 50 (30;70)
LCCA 26/ 20,8 9/17,2 11/8,8 2/1,6 4/3,2 - 30 (27;44)
RCCA 16/ 12,8 5/4,0 9/17,2 2/1,6 - - 36 (25;42)
Left ECA 7/ 5,6 - 4/3,2 1/0,8 2/1,6 - 40 (35; 75)
Right ECA 5/ 4,0 - - 2/1,6 3/2,4 - 70 (50;80)
Left ACA** 1/ 1,1 - - - 1/1,1 - 75
Right ACA** 3/3,3 - 2/2,2 1/1,1 - - 40 (30;50)
Left MCA** /1,1 - - - /1,1 - 70
Right MCA** 3/3,3 - 1/1,1 - - 2/2,2 100(305100)
VA and BA basins

BA 2/1,6 - - - 2/1,6 - 80 (70;90)
LVA 35/28,0 1/08 10/ 8,0 11/8,8 5/4,0 8/ 6,4 55 (40; 95)
RVA 28/22,4 2/1,6 11/8,8 7/5,6 5/4,0 3/24 50 (32;78)
LSA 6/ 4,8 - 1/0,8 1/0,8 3/2,4 1/0,8 80 (50;90)

Notes: * - the data are presented as Me (25; 75 percentiles); ** -
ultrasonography and SCA in 125 patients.

According to the correlation analysis, there are
likely associations of atherosclerotic lesion of the
vessels of the MAH both between them, and with
other risk factors. Thus, the presence of stenosis in
LICA correlates with the frequency of cerebral
infarcts (rs=0.25, p<0.01), including repeat (rs=0.20,
p<0.05), the presence and severity of hypertension
(HD) (rs=0.20, p<0.05), thickening of IMC (rs=0.27,
p<0.01), lesion of LVA (rs=0.19, p<0.05). In
atherosclerosis of RICA, thickening of IMC is more
common (rs=0.24, p<0.05), stenosing process in
LVA (rs=0.21, p<0.05) and RV A (rs=0.23, p<0.05).
Atherosclerotic lesions of LCCA are also directly
associated with the frequency of transient ischemic
attacks (TIA) in LICA (rs=0.22, p<0.05), symmetric
lesions of RCCA (rs=0.45, p<0.001) and presence of
stenosis in Right ACA / Left ACA / Left MCA

according to SCA in 89 patients, in other cases, according to Doppler

(rs=0.21, p<0.05). The lesion of RCCA is often
combined with a high risk of recurrence of brain
infarctions (rs=0.19, p<0.05), stenotic disturbances
in LCCA (rs=0.45, p<0.001) and Right MCA
(rs=0.28, p<0.01). In atherosclerotic lesion of ves-
sels of the carotid basin, interconnected disorders in
vessels of the basins of BA and VA are also cor-
related: the correlation coefficient between the pre-
sence of stenosis in LVA and LICA is rs=0.19,
p<0.05, between LVA and RICA —rs=0.21 , p<0,05,
between RVA and RICA — r=0.23, p<0,05, between
RVA and Left ECA — rs=0.20, p<0,05, between
RVA and Right ECA — rs=0.28, p<0,01. With a
brain infarctions in the vertebrobasilar basin, ste-
nosis is more often associated with stenosis of the
BA (rs=0.27, p<0.01).
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Fig. 1. Frequency of stenosing lesion of MAH in patients with clinical groups
(* - p<0,05 in comparison with group I)

Taking into account that the pathological defor-
mations of ICA and VA with more pronounced le-
vels (according to the criteria of tortuosity of ICA
for Weibel-Fields and Metz, [3]) occupy a special
place among the causes of ischemic cerebrovascular
disorders (according to various data — in 24% of
patients, in the presence of atherosclerotic lesions of
the carotid arteries, among patients with various
vascular diseases, the tortuosity of the internal
carotid artery is from 31% to 58% [3, 4]), we ana-
lyzed the frequency of deformations and anomalies
of the development of vessels in the carotid and
vertebrobasilar basins in a general group of patients
with MFLV and in clinical groups (table 2, fig. 2).

In the general group of patients with MFLV,
vascular tortuosity was observed in basins of ICA

and VA, and the frequency of vascular deformities
of the vertebral-basilar basin dominated the defor-
mations in the carotid basin (in LVA and RVA —
55.2% and 42.4%, respectively, as compared to
LICA and RICA - 24.8% and 23.2%; p<0,01).
Among spine arteries, deformity was more likely to
be observed in the left VA — 55.2% versus 42.4% in
the right VA (p=0.043 for y*). Pathological defor-
mations in LICA and RICA were found in equal
ratios (table 2). The correlation analysis data show
the symmetry of the changes of the main vessels of
the carotid basin, the coefficient of correlation
between the deformation of LICA and RICA is
rs=0.69, p<0.001, between LCCA and RCCA -
rs=0.34, p<0.001.

Table 2
Frequency of deformations and anomalies of development
of carotid arteries in patients with MFLV (n/%)
Basin of the MAH Number of causes Deformations Anomalies Combination
Carotid basin
LICA 31/24,8 31/24,8 - -
RICA 29/ 23,2 29/ 23,2 - -
LCCA 2/1,6 2/1,6 - -
RCCA 4/3,2 4/3,2 - -
VA and BA basins

LVA 83/ 66,4 69/55,2 75,6 75,6
RVA 74/ 59,2 53/ 42,4 16/12,8 5/4,0

18/ Tom XXII1/ 3
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In the analysis of the frequency of deformations /
anomalies of ICA, VA in patients with clinical
groups (fig. 2), the prevalence of disorders in pa-
tients of the group III was compared with the groups
I and II: for LICA — 42.1% vs. 15.8% in group I
(p=0.074 for %) and 23.0% for group II (p=0.087
for y*); for RICA — 42.1% vs. 10.5% (p=0.027 for
x*) and 21.8% (p=0.066 for y*); for bilateral lesion
of VA — 73.7% vs. 42.1% (p=0.049 for y*) and
60.9% (p=0.296 for ).

According to the results of the correlation ana-
lysis, the correlation between pathological deforma-
tions of ICA and VA and ischemic cerebrovascular
accidents in patients with MFLV was established:
between changes in RCCA and TIA in VBB -
rs=0.27, p<0.01, between deformations of LVA and
repeated brain infarctions — rs=0,18, p<0,05, bet-
ween the tortuosity of RICA and TIA in RICA —
rs=0,23, p<0,05.

80%
70%

2

=}

2 60% A

=

2

g 50% 4

=]
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S 40% -
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E  30%-
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LICA RICA LVA RVA Both VA
Bgroup I (n=19) 15,8% 10,5% 57,9% 52,6% 42,1%
B@group 11 (n=87) 23,0% 21,8% 70,1% 62,1% 60,9%
Ogroup I (n=19) 42,1% 42,1% 57,9% 52,6% 73,7%

Fig. 2. Frequency of deformations / anomalies of main main arteries of the brain
in patients with clinical groups: * - p <0,05 in comparison with group I

CONCLUSIONS

4. In patients with ICD, a high incidence of ste-
nosing lesion of the MAH is found, mostly in the
carotid basin — 96.0%, including 87.2% in LICA and
84.8% in RICA, of which about half are hemody-
namically significant stenosis or occlusion (51.2%);

5. Atherosclerotic vascular lesion of the basins of
BA and VA is less frequently compared with carotid
basin but is more pronounced (hemodynamically
significant stenosis or occlusion — 64.8%; p<0.05);

6. The percentage of stenotic vascular lesion in
the vertebrobasilar basin in patients with group I is

more than twice as high as in patients with II and III
group (except for RVA in group III) at p<0.05;

7. The frequency of vascular deformities in the
vertebrobasilar basin dominates the pathological
changes of the carotid basin vessels (p<0.01) with
the tendency to prevail such violations in patients of
the group II1;

8. Probable associations of atherosclerotic lesion
of vessels of the MAH with each other as well as
with ischemic impairment of cerebral circulation in
patients with MFLV (brain infarctions, TIA, HD)
were established.
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