
The term «cerebral small vessel disease» (CSVD) charac-

terizes a number of pathological conditions and mechanisms

resulting in damage to small vessels (arteries, arterioles, capillar-

ies and venules) of the white and grey brain matter. This term is

used for the description of clinical, neuropsychiatric and neu-

roimaging syndromes. CSVD is the most frequent neurological

pathology, which contributes to the processes of aging and devel-

opment of stroke and dementia [1]. The major markers of CSVD

according to the results of magnetic resonance imaging (MRI)

include acute lacunar infarcts, lacunes, white matter hyperinten-

sities (WMHs), visible perivascular spaces (PVSs), cerebral

microinfarctions and microbleeds (CMBs) [2]. 

According to L. Pantoni, the most common pathogenetic

variant of CSVD is type 1 (hypertensive CSVD) [1], which is age-

associated and develops under the impact of atherosclerosis, arte-

rial hypertension, diabetes mellitus (DM) and other cardiovascu-
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Cerebral small vessel disease (CSVD) is the most common neurological pathological process and contributes to the process of aging and to the

development of dementia and stroke. At the same time, the role of CSVD as a factor influencing the course of acute ischemic stroke (IS) has

been little studied. There is no generally accepted magnetic resonance imaging (MRI) scale for the integrated assessment of CSVD markers. 

Objective: to carry out an integrated assessment of the MRI manifestations of CSVD in acute ischemic stroke and to analyze a correlation of

both individual markers and the final indicator with the clinical and functional status of patients.

Patients and methods. 100 patients with acute IS were examined. All patients underwent standard clinical, laboratory and instrumental exam-

inations, as well as brain MRI estimating the number of lacunae, visible perivascular spaces (PVSs) and leukoaraiosis. The number of cere-

bral microbleeds (CMBs) was additionally calculated in 57 patients. Integral scale scores were calculated by gradation and summation of four

MRI markers of CSVD.

Results. The patients with acute IS showed the high representativeness of individual markers for CSVD. The values of MRI markers for CSVD

correlated with age, education level, and cardiovascular parameters in patients. An integrated CSVD severity assessment scale was developed.

The overall manifestations of CSVD, which were assessed using this scale, were associated with the severity of a stenotic process in the brachy-

cephalic arteries, with BP levels at admission, ejection fraction, hyperglycemia, and atherogenic index of blood lipids. The high CSVD score

was also correlated with low mobility and more severe disability in patients being discharged from hospital. The high severity of CSVD was asso-

ciated with lower neurological deficit regression during inpatient treatment. Subgroup analysis showed the greatest negative impact of CSVD on

the severity of stroke in female patients, young and middle-aged ones, diabetics, as well as in patients with noncardioembolic stroke, a small-

sized focus, and intima-media thickening.

Conclusion. The overall manifestations of CSVD calculated using the original scale based on the analysis of the degree of lacunae, PVSs,

leukoaraiosis, and CMBs are associated with premorbid cardiovascular parameters in a patient and are important indicators for the neurolog-

ical, cognitive, and functional outcomes of acute IS.
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lar risk factors. Clinical significance of CSVD arises from the fact

that it is the main cause of vascular cognitive impairment, posture

and pelvic disorders and depression; furthermore, it leads to age-

related loss of independence [1, 3]. CSVD is a direct cause of

every fifth stroke, it doubles the risk of cerebral catastrophe and

contributes to hemorrhagic complications of antithrombotic

therapy and systemic thrombolysis [2]. We have not found any

unified validated scale for neuroimaging assessment of CSVD in

the available literature, although there have been several

approaches to its development [4]. The role of CSVD as a factor

influencing the course of the acute period of ischemic stroke (IS)

has not been studied enough so far.

The objective of the study was to conduct an integrated

assessment of MRI signs of CSVD in the acute period of ischemic

stroke and to analyze the relationships between individual CSVD

markers and their sum total and clinical and functional status of

patients. 

Patients and methods. One hundred patients having

ischemic stroke (IS) were examined (the study group). The con-

trol group consisted of 10 patients without stroke and cognitive

deficiency, comparable with the study group in the main charac-

teristics. The age of patients with IS ranged from 32 to 91 years

(average – 66.6±11.0 years); there were 57 men and 43 women.

Inclusion criteria were as follows: the acute period of DWI1-

verified IS, an opportunity to conduct a standard brain MRI scan

and the availability of the image of a good quality. 

Exclusion criteria: data of the patients who died were not

included in the study. 

All patients underwent clinical, laboratory and instrumen-

tal examination according to the current procedure and standard

for providing medical aid to patients with acute impairment of

cerebral blood flow. 

Severity of stroke was measured using NIHSS score

(National Institutes of Health Stroke Scale), functional status on

discharge was assessed using the Rivermead Mobility Index

(RMI) and the Modified Rankin Scale (MRS), cognitive status

was evaluated with the help of Mini-Mental State Examination

scale (MMSE). 

After 5–10 days of treatment MRI scans were conducted

for all patients on MRI-scanner GE Healthcare Brivo MR 355

(1.5 T). The scanning algorithm included pulse patterns T1, T2,

FLAIR and Diffusion weighted images (DWI). Vascular lacunes

appeared as round or oval subcortical zones 3-15 mm in diame-

ter, identical in their signal characteristics to the cerebrospinal

fluid (CSF). Leukoaraiosis was identified as an area of hyperin-

tensive signal from the brain white matter (WMH) on T2 weight-

ed images without cavities. PVSs were defined as spaces following

typical routes of the vessels through the grey or white matter iden-

tical to the CSF in their signal characteristics, not more than

3mm in diameter. CMBs were identified as small (2-3, maximal-

ly 10 mm in diameter) areas of lost signal with «blooming effect»

on T2*-weighted images with the use of pattern T2 Star Weighted

ANgiography (SWAN) [5].

A concept used by J. Staals et al. [4] was taken as a basis for

gradation of neuroimaging signs of CSVD. These authors sug-

gested using a 4-point scale, according to which 1 point is

assigned for the presence of each of the following 4 markers: ≥1

lacune; ≥1 CMBs; WMH of degrees 2 and 3; moderate and

markedly expressed PVSs in basal ganglia. The same concept was

used for further ranging of individual MRI markers. 

The quantity of lacunes was assessed in absolute numbers

and on the scale of lacunar infarcts [6]: 1 point – not more than

2 lacunes; 2 points – 3–5 lacunes; 3 points – >5 lacunes. To

quantify the WMHs the visual Fazekas scale was used. For PVS

gradation the MacLullich scale was chosen [7]: 0 points –

absence of PVS; 1 point – <10 PVS; 2 points – 10–20 PVS; 3

points – 21–40 PVS; 4 points – >40 PVS. The quantity of CMBs

was assessed in absolute numbers in 57 cases.

Analyzing the neuroimaging data of 57 patients in whom all

four CSVD markers (lacunes, PVS, WMHs and CMBs) were

assessed, we developed an integral CSVD scale. A calculation on

this scale was carried out as follows: PVS count was equal to 0 or

1 point if MacLullich score was 0-1 or 2–4 points, respectively; 1

point was added if there were PVSs in radiate crown; WMH was

assessed as 0 or 1 point if Fazekas score was equal to 0–1 or 2–3

points, respectively, regardless of their localization; for lacune

count points were added using the scale by _. Hassan et al. [6]; the

rating score for CMBs was calculated similarly: 0 points –

absence of CMBs; 1 point – not more than 2 CMBs; 2 points _

3_5 CMBs; 3 points _ >5 CMBs, regardless of their localization.

Therefore, total assessment of CSVD severity according to

the developed scale ranged from 0 to 9 points. A degree of CSVD

severity was provisionally interpreted as low if the total score was

0–3; moderate – if the total score was 4–5 and high – if the total

score was 6–9 points. 

Statistical analysis was conducted using the software pack-

age Statistica 8.0. A comparative quantitative analysis of two

independent groups was performed using Mann–Whitney U-test,

qualitative analysis – using «2 criterion. For correlation analysis

Spearman`s criterion was used. The Tables present the median

and interquartile ranges.

Results. Clinical characteristics of the patients are present-

ed in Table 1.

As it is shown in Table 1, repeated stroke was observed in

almost every third patient. Mild neurological symptoms (accord-

ing to NIHSS) prevailed. Frequency of intravenous thrombolysis

in the analyzed cohort was rather high (18%). Atherothrombotic

mechanism of stroke was seen in the majority of patients (41%),

though a significant proportion of patients (29%) had cardioem-

bolic stroke. 40% of patients completed the first stage of treat-

ment and rehabilitation with «excellent» functional outcome

according to the MRS. 

Characteristics of CSVD MRI markers are presented in

Table 2

In comparison with the control group, the patients with IS

had a greater number of PVSs in the basal ganglia of both hemi-

spheres, a greater number of lacunes, especially in the ipsilateral

hemisphere and marked anterior and posterior leukoaraiosis

(WMHs). There were no differences in the number of CMBs

between the patients in the acute period of IS and the control

group. There was no significant difference between the MRI

markers of CSVD in ipsi – and contralateral hemispheres either. 

Twelve patients (12%) had more than 5 lacunes. The maxi-

mum number of lacunes was 14, at the same time, 39 (39%)

patients had no lacunes. There were no WMHs in 1 (1%) case, 27

patients (27%) had the first stage of WMH on Fazekas scale, 43

patients (43%) – the second stage, and 29 patients (29%) – the

third stage. Figure 1 demonstrates the distribution of CMBs.
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Figure 1 shows that most patients (56%) had no CMBs,

meanwhile in 11% of cases more than 10 CMBs were found.

The resulting CSVD scale score varied from 0 to 9 points

(the average result was 4 points; Table 3). In 21 (37%) patients the

CSVD scale score was 0–3 points (degree 1), in 23 cases (40%) –

4–6 points (degree 2) and in 13 patients (23%) – 7–9 points

(degree 3). 

The results of correlations between MRI markers of CSVD

and laboratory and instrumental findings are presented in Table 4.

As it is shown in Table 4, patients' age is associated with a

higher intensity of anterior periventricular WMH. Higher educa-

tional level of patients is connected with fewer CMBs on the side

of IS focus. Increased blood pressure (BP) is related to a higher

degree of posterior WMHs in the ipsilateral hemisphere and with

a high score on the CSVD scale. IMT correlates with the quanti-

ty of basal PVSs and WMHs on the side of the IS focus. Intensity

of stenotic process in the carotid arteries is directly associated

with the CSVD scale score. A decrease in the left ventricular ejec-

tion fraction was accompanied by a greater number of basal and

cortical PVSs and an increased CSVD scale score. Hyperglycemia

is associated with an increase in the number of CMBs in both

hemispheres and a high CSVD scale score. High atherogenic

index correlates with an increase in PVSs and a higher CSVD

scale score. There were no significant differences in MRI markers

with regard to gender, smoking status, presence of ciliary arrhyth-

mia, diabetes mellitus and overweight.

Analyzing correlations between CSVD scale scores and

clinical and functional status of patients we found that a high

score was associated with a low RMI value (r=0.54; p=0.024) and

an increase in the degree of neurological disability on the MRS

(r=0.54; p=0.024). 

We also analyzed correlations between the total of MRI

markers, CSVD scale score, and clinical and functional data in

the subgroups of patients. Thus, among women an association of

RMI with a degree of WMH (r=-0.37; p=0.017) and total CSVD

score (r= -0.48; p=0.029) was found. There was also a correlation

between MMSE result and the quantity of CMBs (r=-0.50;

p=0.021) in the female group. For males MRI markers were not

associated with the results of the clinical scales. Among patients

younger than 65 years old associations between CSVD score and

NIHSS score on discharge (r=0.44; p=0.040), MMSE score (r=-

0.48; p=0.044) and MRS (r=0.52; p=0.013) were observed. In

patients older than 65 years the CSVD scale score was connected

only with NIHSS dynamics (r=-0.36; p=0.044), there was also a

correlation between neurological deficit dynamics and the quan-

tity of CMBs (r=-0.36; p=0.038). 

In patients without cardiac fibrillation the result of the

CSVD scale is associated with RMI (r=-0.33; p=0.043) and MRS

score (r=0.32; p=0.047). In the subgroup of patients having car-

diac fibrillation there was no association between MRI markers

and clinical data. In the subgroup of patients suffering from DM

there was a correlation between the MRS score, the amount of

PVSs (r=0.38; p=0.048) and CSVD score (r=0.54; p=0.024),

while in patients without DM there was only a correlation

between the NIHSS score dynamics and quantity of CMBs (r=-

0.32; p=0.044). Correlation between MRS and CSVD scale score

remained significant only in patients having IS focus < 20 mm in

size (r=0.39; p=0.027). In patients having a bigger size of the

focus associations between RMI and WMH (r=-0.30; p=0.034),

and between NIHSS dynamics and the number of CMBs (r=-

0.42; p=0.048) were observed. 

In the group of patients with IMT less than 1mm there was

an association between the number of CMBs and MMSE param-

eters (r=-0.48; p=0.039), and in patients having IMT>1mm the

number of CMBs was connected with NIHSS score dynamics

(r=-0.35; p=0.037). In this group we also observed a correlation

between CSVD score and NIHSS score dynamics (r=-0.40;

p=0.023), mobility (r=-0.39; p=0.029) and the level of depend-

ence in daily activities (r=0.47; p=0.007). 

The association between CSVD scale score and MRS was

evident only among patents with the level of blood low-density

lipoproteins <3 mmol/l (r=0.53; p=0.006) and the level of total

cholesterol <5.2 mmol/l (r=0.49; p=0.028). Associations

between CSVD markers and clinical data were lost also in

patients with blood glucose level <5.6 mmol/l. It is remarkable,

that in the group of patients with fasting glucose level ≥5.6
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Table 1. C l i n i c a l  c h a r a c t e r i s t i c s  o f  p a t i e n t s
( n = 1 0 0 )

Characteristic                                                              Number

Note. Unless stated otherwise, the values are given as n (%). AH –

arterial hypertension; CHD – coronary heart disease, DM – Diabetes

mellitus; BP – blood pressure.

Family history of stroke 35 (35)

Smoking 32 (32)

AH 86 (86)

CHD 27 (27)

Atrial fibrillation 29 (29)

DM 28 (28)

Obesity 32 (32)

Intake (before the admission): 

Antihypertensive medicines 59 (59)

Antiplatelet medicines 26 (26)

Oral anticoagulants 5 (5)

Statins 9 (9)

Repeated stroke 33 (33)

NIHSS on admission, points 5 (3–8)

Systolic AP on admission, mmHg 150 (140–170)

Intravenous thrombolysis 18 (18)

Atherothrombotic stroke 41 (41)

Cardioembolic stroke 29 (29)

Lacunar stroke 13 (13)

Unknown etiology of stroke 17 (17)

MRS 0–1 points 40 (40)

NIHSS score 2 (1–5)

RMI score 13 (7–14)

Premorbid status

Characteristics of stroke and therapy

Characteristics of an outcome of the acute period of stroke



mmol/l the quantity of CMBs is connected with MMSE result

(r=-0.57; p=0.001). 

The patients having the 3rd degree of CSVD according to

the developed scale were characterized by less pronounced neu-

rological deficit on admission in comparison with the patients

having the 2nd degree of CSVD. Compared with the patients hav-

ing the 1st and the 2nd degree of CSVD, the patients with the 3rd

degree showed lower regress of neurological deficit during the

inpatient treatment. The patients with the 1st degree of CSVD

demonstrated a better mobility than the patients having the 2nd

degree of the disease and a better functional outcome after the

first stage of treatment, compared with the patients having the

2nd and the 3rd degree. (Table. 5, figure 2).

Discussion. Our study was devoted to the analysis of corre-

lations between individual MRI markers of CSVD, the results of

the developed integral scale, and laborato-

ry, instrumental and clinical data of

patients in the acute period of IS. 

Patients with IS had a higher expres-

sion of 3 of the four main MRI markers of

CSVD (lacunes, PVSs, WMH) than age-

comparable controls. There were no signif-

icant differences only between the number

of CMBs. It is important to note, that the

main pathogenic factor of CSVD develop-

ment is arterial hypertension, and the

main manifestation of its ischemic pheno-

type is lacunar infarction [3]. But only 13%

of patients in the investigated cohort had

lacunar type of stroke, this fact points to a

universal significance of CSVD in IS

development. There were no differences

between the expression of the investigated MRI markers depend-

ing on the lateralization of IS focus. These results demonstrate

that due to the interference of the pathogenetic mechanisms of

the main pathogenetic types of IS based on their common risk

factors, CSVD serves as a negative cerebral predisposition for

acute ischemic brain damage. 

The most common marker of CSVD is leukoaraiosis

(WMH) that reached the 2nd degree of intensity on Fazekas scale

in 43% of patients. Moreover, confluent areas of hyperintensity

were observed almost in one third of patients. CBMs were detect-

ed in 44% of patients, that corresponds to literature data, accord-

ing to which this marker is observed in 35–71% of patients hav-

ing IS [8]. This frequency of CMBs is much higher than in gen-

eral population – 5% according to The Northern Manhattan

Study (NOMAS) [9].

One in ten patients in the acute

period of IS had more than 10 CMBs.

This fact is extremely important because

patients with > 5 CMBs have a 2.7 times

higher risk of IS and a 14 times higher

risk of cerebral hemorrhage [10]. It

should be mentioned that a significant

number of patients in the acute period of

IS get double antiaggregant therapy in

spite of the fact that therapeutic indica-

tions for this regime of antithrombotic

therapy are not clearly defined and

depend on a physician's decision.

Determining the number of CMBs can

become one of the factors, contributing

to pathogenetic approach to the choice

of antiaggregant therapy regime. 
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Figure 1. Distribution of CMBs in patients

with IS (n=57)
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Table 2. C h a r a c t e r i s t i c s  o f  C S V D  M R I  m a r k e r s

Study group                                                                                                         Control group***                                 p

Note. Here and in Table 4: IH – ipsilateral hemisphere; CH – contralateral hemisphere; NS – no significant difference.

PVS, points

IH* CH**

Basal ganglia 2 (1–2) 2 (1–2) 0 (0–1) <0,001*-***

<0,001**-**

Radiate crown 0 (0–1) 0 (0–1) 0 (0–1) NS

Lacunes, abs.

IH CH

1 (0–2) 0 (0–2) 0 (0–0) 0,006*-***

0,022**-***

WMH, points

IH CH

Anterior horns 2 (1–2) 2 (1–2) 0 (0–0,5) <0,001*-***

<0,001**-***

Posterior horns 2 (1–2) 1 (1–2,5) 0 (0–0) <0,001*-***

<0,001**-***

CMBs, abs.

IH CH

0 (0–1) 0 (0–1) 0 (0–0,5) Н/д



In spite of the relevance of the

problem, there is no unified validated

scale for neurovascular assessment of

CSVD in the available literature.

Therefore, we attempted to develop this

diagnostic instrument on the basis of the

principle proposed by J. Staals at al. [4].

The resulting scale is a sum of 4 subscales,

assessing expression of lacunes, PVSs,

WMHs and CMBs. The result of this scale

in the group of patients with IS was 8

times as high as in the control group. The

majority of patients had the 2nd degree of

CSVD on this scale. 

Correlation analysis has shown

that both final CSVD score and underly-

ing MRI markers are connected with a wide range of factors

characterizing the cardiovascular status of patients. Level of AP

on admission, degree of carotid stenosis, pumping ability of the

heart, glycemic status and atherogenity of the lipid spectrum

turned out to be the most significant factors. Therefore, mani-

festations of CSVD in patients with IS are associated with arte-

rial hypertension, atherosclerosis, dyslipidemia, hyper-

glycemia, which generally corresponds to the results obtained

by J. Staals et al. [4]. At the same time, some detected associa-

tions (ejection fraction, degree of stenosis) point to an impor-

tant role of hypoperfusion in CSVD pathogenesis. This result

corresponds to the concept recently suggested by I. Masafumi

and Y. Yamamoto [11], according to which a dysfunction of the

blood-brain barrier, caused by hypoperfusion on the back-

ground of the major cerebral arteries atherosclerosis is an

important element of CSVD pathogenesis. Nevertheless,

according to an opposite point of view, aging and WMH are

accompanied by loss of the brain tissue resulting in increased

necessity for perfusion [12].

It is remarkable that a clear link between the level of gly-

caemia and the number of CMBs was detected. This connec-

tion indicates the role of hyperglycemia in the development of

the hemorrhagic phenotype of CSVD. Literature data about

the connection of CMBs with diabetes mellitus are contradic-

tory [13]. The size of IS focus does not significantly influence

CSVD manifestations, which allows to regard it as just an

indicator of the resulting mechanism of brain catastrophe

development. 

Our study has not identified a higher expression of CMBs

in patients with atrial fibrillation, which has been described by a

number of authors [14]. This fact might be caused by a small size

of the subgroup of patients having atrial fibrillation and by the

fact that most of them did not take anticoagulants before hospi-

talization. 

The study has shown that the higher the CSVD scale score,

the lower the mobility of patients, and the higher their depend-

ence in daily activities assessed by MRS. We have not found sim-

ilar investigations performing an assessment of associations
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Table 3. E l e m e n t s  o f  t h e  i n t e g r a l  C S V D  s c o r e  ( p o i n t s )

Study group (n=57)                      Control group (n=10)                                         p

PVS
1 (1–1) 0 (0–1) 0,019

Lacunes
1 (1–2) 0 (0–0) 0,002

WMHs
1 (0–1) 0 (0–0) <0,001

CMBs
1 (0–2) 0 (0–0,5) 0,19

Final score 
4 (3–5) 0,5 (0–1) <0,001

Table 4. R e s u l t s  o f  t h e  a n a l y s i s  o f  c o r r e l a t i o n s  b e t w e e n  C S V D  M R I  m a r k e r s  a n d  l a b o r a t o r y /
i n s t r u m e n t a l  f i n d i n g s

Indicator                                                                    PVS                              Lacunes                                         WMHs               CMBs              CSVD 
scale 

BG                     RC                                               AH                    PH
IH KH IH KH       IH KH       IH   KH       IH   KH IH        KH

Note. BG – basal ganglia; RC – radiate crown; AH – anterior horns; PR – posterior horns; IMT – intima-media thickness; Carotid stenosis max –

maximum percentage of carotid arteries stenosis; 0 – the correlation is statistically insignificant; «+» _ significant direct correlation; «_» _ significant

inverse correlation. 

Age 0 0 0 0 0 0 + + 0 0 0 0 0

Education 0 0 0 0 0 0 0 0 0 0 – 0 0

AP on admission 0 0 0 0 0 0 0 0 + 0 0 0 +

Size of the focus – 0 0 0 0 0 0 0 0 0 0 0 0

IMT + 0 0 0 0 0 + 0 0 0 0 0 0

Carotid stenosis max. + 0 0 0 0 0 0 0 0 0 0 0 +

Ejection fraction 0 – – – 0 0 0 0 0 0 0 0 –

Glucose 0 0 0 0 0 0 + 0 0 0 + + +

Atherogenic index + + 0 0 0 0 0 0 0 0 0 0 +



between the sum of the four MRI markers of CSVD and func-

tional outcomes of the acute period of IS. Analyzing clinical

parameters of patients having different degrees of CSVD we

found that those having the 1st degree had a higher mobility than

patients having the 2nd degree of the disease and a better func-

tional status on MRS at the end of the first stage of treatment and

rehabilitation in comparison with patients having the 2nd and the

3rd degrees. Generally, these data correspond to the results of the

studies, demonstrating negative influence of individual CSVD

markers (especially WMH) on functional outcomes of the recov-

ery period of IS [15]. 

The results of the subgroup analysis also seem to be inter-

esting. Thus, the connection between the CSVD markers and

clinical status was pronounced among women and insignificant

among men. In the group of patients younger than 65 years sig-

nificant associations of CSVD signs with neurological, cognitive

and functional status were observed, and in older patients an

important role of CMBs as a factor influencing neurological

deficit dynamics was stated. The scores of the CSVD scale and its

subscales did not differ in the described age groups of patients.

This fact allows to assume that in elderly patients CSVD may be

considered to be an aging-associated process and is of low clini-

cal significance; on the contrary, in

younger patients it becomes an indicator

of a more severe clinical course of cere-

brovascular disease, low cerebral reserve

and aggravates the IS course.

The presence of diabetes mellitus

caused a significant number of clinical

and radiological associations. The num-

ber of CMBs was connected with cogni-

tive functions in patients with hyper-

glycemia. Although it is known that in

heterogenic populations the quantity of

CMBs is associated with a slight decrease

in cognitive functions, this question

remains controversial. On the one hand,

many patients with lobar CMBs suffer

from cerebral amyloid angiopathy which

is connected with the development of

cognitive dysfunction; on the other hand,

this association can result from the influ-

ence of vascular risk factors connected

with this MRI marker. Moreover, the

direct mechanism of the influence of

CMBs on cognitive functions remains

unclear as they do not cause any signifi-

cant damage to the brain tissue and the

conducting tracts [16].

A correlation between the developed scale score and clini-

cal data was observed in the group of patients without atrial fibril-

lation, which is consistent with the results of the investigations

demonstrating less frequent CMBs in cardioembolic stroke than

in ischemic one [17]. The size of the studied group was not suffi-

cient to assess these differences. Nevertheless, we can assume that

because of vessel wall fragility CSVD is an important element of

the pathogenesis of noncardioembolic IS [8]. 

The result of the integral scale is significant in patients with

the IS focus size < 2 cm, whereas in patients with larger foci the

important parameters are the presence of WMH and the quantity

of CMBs. Thus, the bigger the focus is, the less CSVD influences

the outcome. This fact may be connected with specific interac-

tions of cerebral predisposition with IS focus and with the fact

that this size of the focus is characteristic of lacunar stroke (if it is

located in the zones of the perforating arteries supply). 

An important clinical significance of MRI markers of

CSVD was observed in patients with thickened intima-media
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Table 5. C l i n i c a l  a n d  f u n c t i o n a l  s t a t u s  o f  p a t i e n t s  i n  a c c o r d a n c e  w i t h  C S V D  s c a l e  s c o r e

Indicator                                                                     Expression of CSVD according to the scale                                                    p
1st degree*                                    2nd degree**                                    3rd degree***

NIHSS on admission 4 (2,5–8) 6 (4–8) 4 (3–6) 0,036**-***

NIHSS difference 2 (1,5–5) 2 (1–4) 1 (0–2) 0,042*-***

0,016**-***

RMI 14 (11–15) 12,5 (7–14) 11 (3–14) 0,046*-**

MRS 1 (0–3) 3 (1–3) 3 (2–4) 0,032*-**

0,036*-***

Note. NIHSS difference – difference between NISS score on admission and on discharge 

Figure 2. Differences between NIHSS score on admission (A); between NIHSS score on

admission and on discharge (B); between RMI (C) and MRS score (D) on discharge,

depending on the degree of CSVD according to the developed scale

Ме 

25%-75% 

Min-Max

Ме 

25%-75% 

Min-Max

Ме 

25%-75% 

Min-Max

Ме 

25%-75% 

Min-Max

16 

14 

12 

10 

8 

6 

4 

2 

0

16 

14 

12 

10 

8 

6 

4 

2 

0

12 

10 

8 

6 

4 

2 

0

-2

-4

-6

-8

5 

4 

3 

2 

1 

0

А                                                                          B

C                                                                          D

*

*

*

*

*

*



30 Neurology, Neuropsychiatry, Psychosomatics 2018;10(1):24-31

O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

1. Pantoni L. Cerebral small vessel disease: from

pathogenesis and clinical characteristics to ther-

apeutic challenges. Lancet Neurol. 2010 Jul;9(7):

689-701. doi: 10.1016/S1474-4422(10)70104-6.

2. Wardlaw JM, Smith C, Dichgans M.

Mechanisms of sporadic cerebral small vessel

disease: insights from neuroimaging. 

Lancet Neurol. 2013 May;12(5):483-97. 

doi: 10.1016/S1474-4422(13)70060-7.

3. The LADIS Study Group, Poggesi A,

Pantoni L, Inzitari D, et al. 2001-2011: 

A Decade of the LADIS (Leukoaraiosis And

DISability) Study: What Have We Learned

about White Matter Changes and Small-Vessel

Disease? Cerebrovasc Dis. 2011;32(6):577-588.

Epub 2011 Dec 1. 

4. Staals J, Makin SD, Doubal FN, et al. Stroke

subtype, vascular risk factors, and total MRI

brain small-vessel disease burden. Neurology.

2014 Sep 30;83(14):1228-34. doi: 10.1212/WNL.

0000000000000837. Epub 2014 Aug 27. 

5. Wardlaw JM, Smith EE, Biessels GJ, et al.

Neuroimaging standards for research into small

vessel disease and its contribution to ageing and

neurodegeneration. Lancet Neurol. 2013 Aug;

12(8):822-38. doi: 10.1016/S14744422(13)

70124-8.

6. Hassan A, Hunt BJ, O'Sullivan M. Markers

of endothelial dysfunction in lacunar infarction

and ischaemic leukoaraiosis. Brain. 2003

Feb;126(Pt 2):424-32.

7. MacLullich AM, Wardlaw JM, Ferguson KJ,

et al. Enlarged perivascular spaces are associated

with cognitive function in healthy elderly men.

J Neurol Neurosurg Psychiatry. 2004 Nov;75(11):

1519-23.

8. Kim BJ, Lee SH. Cerebral microbleeds: their

associated factors, radiologic findings, and clin-

ical implications. J Stroke. 2013 Sep;15(3):

153-63. doi: 10.5853/jos.2013.15.3.153. 

Epub 2013 Sep 27. 

9. Caunca MR, Del Brutto V, Gardener H, et al.

Cerebral Microbleeds, Vascular Risk Factors,

and Magnetic Resonance Imaging Markers:

The Northern Manhattan Study. J Am Heart

Assoc. 2016 Sep 16;5(9). pii: e003477. 

doi: 10.1161/JAHA.116.003477.

10. Wilson D, Charidimou A, Ambler G, et al.

Recurrent stroke risk and cerebral microbleed

burden in ischemic stroke and TIA: A meta-

analysis. Neurology. 2016 Oct 4;87(14):

1501-1510. Epub 2016 Sep 2. 

11. Ihara M, Yamamoto Y. Emerging Evidence

for Pathogenesis of Sporadic Cerebral Small

Vessel Disease. Stroke. 2016 Feb;47(2):554-60.

doi: 10.1161/STROKEAHA.115.009627. 

Epub 2016 Jan 7.

12. Wardlaw JM, Doubal FN, Eadie E, et al.

Little association between intracranial arterial

stenosis and lacunar stroke. Cerebrovasc Dis.

2011;31(1):12-8. doi: 10.1159/000319773. 

Epub 2010 Oct 28.

13. Brundel M, Kappelle LJ, Biessels GJ. Brain

imaging in type 2 diabetes. Eur Neuropsycho-

pharmacol. 2014 Dec;24(12):1967-81. 

doi: 10.1016/j.euroneuro.2014.01.023. 

Epub 2014 Mar 15. 

14. Selim M, Diener HC. Atrial Fibrillation and

Microbleeds. Stroke. 2017 Oct;48(10):2660-

2664. doi: 10.1161/STROKEAHA.117.017085.

Epub 2017 Sep 15. 

15. Kim BJ, Lee SH. Prognostic Impact of

Cerebral Small Vessel Disease on Stroke

Outcome. J Stroke. 2015 May;17(2):101-10. doi:

10.5853/jos.2015.17.2.101. Epub 2015 May 29.

16. Charidimou A, Werring DJ. Cerebral

microbleeds and cognition in cerebrovascular

disease: an update. J Neurol Sci. 2012 Nov 15;

322(1-2):50-5. doi: 10.1016/j.jns.2012.05.052.

Epub 2012 Jun 18.

17. Kato H, Izumiyama M, Izumiyama K, et al.

Silent cerebral microbleeds on T2*-weighted

MRI: correlation with stroke subtype, stroke

recurrence, and leukoaraiosis. Stroke. 2002 Jun;

33(6):1536-40.

18. Sloten TT, Protogerou AD, Henry RM, et al.

Association between arterial stiffness, cerebral

small vessel disease and cognitive impairment: 

A systematic review and meta-analysis. Neurosci

Biobehav Rev. 2015 Jun;53:121-30. 

doi: 10.1016/j.neubiorev.2015.03.011. 

Epub 2015 Mar 28.

19. Ten Dam VH, van den Heuvel DM, 

van Buchem MA, et al. Effect of pravastatin on

cerebral infarcts and white matter lesions.

Neurology. 2005 May 24;64(10):1807-9.

20. The SPS3 Investigators, Benavente OR,

Hart RG, McClure LA, et al. Effects of clopido-

grel added to aspirin in patients with recent

lacunar stroke. N Engl J Med. 2012 Aug 30;

367(9):817-25. doi: 10.1056/NEJMoa1204133. 

L I T E R A T U R E

Received on 10.01.2018

Declaration about financial and other relationships
The research had no sponsoring support. The authors are fully responsible for passing the final version of the manuscript to press.

All of the authors were taking part in manuscript concept development. The final version of the article was approved by all the authors.

complex, whereas in patients having normal IMT, the quantity of

CMBs was connected with their cognitive status. On the one

hand, these data confirm the leading role of vascular risk factors

in the pathogenesis of CSVD [11], on the other hand, they show

that CSVD has clinical consequences in the presence of other

adverse cardiovascular factors. These findings correspond to the

results of other studies which identified correlations between arte-

rial wall rigidity and CSVD [18].

It is noticeable that the associations between CSVD

manifestations and clinical parameters were lost in patients

having hypercholesterolemia, which corresponds to the scien-

tific hypothesis of non-atherosclerotic nature of CSVD [3].

This point of view is implicitly confirmed by the results of the

studies demonstrating ineffectiveness of statins for slowing

CSVD progression [19], and the studies that showed an

increase in hemorrhagic complications and the absence of

additional benefit of double antiaggregant therapy in lacunar

stroke [20].

Thus, patients in the acute period of IS have a higher

expression of individual CSVD markers and their sum total in

comparison with elderly people without stroke. Total expression

of CSVD assessed by means of the original scale based on the

analysis of the quantity of lacunes, PVSs, WMHs and CMBs is

associated with a number of cardiovascular parameters, and is an

important indicator of neurological, cognitive and functional sta-

tus of patients on completion of the 1st stage of treatment. The

greatest negative contribution of CSVD in IS severity was

observed in women, young and middle-aged patients, patients

with DM, non-cardioembolic stroke, small size of IS focus and

thickened intima-media complex.


