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Annotation. The aim of the research is to investigate the associations between white matter disease (WMD) parameters and index
stroke lesion characteristics in patients with acute stroke. There are a number of studies that have examined the effect of WMD on the
consequences of cerebral stroke, but few of them have addressed the issues of its effect on stroke focus parameters. The aim of the
study is to establish relationships between WMD parameters and stroke focus characteristics in patients with acute cerebral stroke.
294 consecutive patients with acute stroke were enrolled. All participants underwent magnetic resonance imaging (MRI) and computed
tomography (CT). Assessment for WMD markers and index stroke lesion parameters as well as clinical-neurological testing were
performed. Statistical analysis was performed using the jamovi project (2022). Jamovi (Version 2.2.5) [Computer Software]. Sydney,
Australia. In the multivariable analysis, WMD grade 3 significantly associated with stroke volume (b = 30.0; 95% CI 3.6 - 56.5, p =
0.026), more severe brain edema (OR = 2.4; 95% CI 1.0 - 5.8, p = 0.047). Irregular shape of WMD associated with brain edema (b =
0.4, 95% CI0.1-0.7, p=0.019) and ischemic penumbra growth (b =-0.7; 95% Cl 1.2 - -0.1, p = 0.014). Patients with severe WMD had
significantly higher prevalence of hemorrhagic transformation: 2 (3%) vs 29 (13%), p < 0.05 and more often had neuroimaging evidence
of previous stroke lesions: 3 (5%) vs 34 (32%), p <0.001. Thus, WMD characteristics are independent predictors of larger index stroke
volume, brain edema growth, early ischemic changes preceding thrombolytic therapy and hemorrhagic transformation of ischemic

stroke lesion, which is important for better prognosis and preventive strategies.
Keywords: white matter disease, stroke, ischemic penumbra, CT.

Introduction

White matter disease (WMD) is a common
neuroimaging finding, seen in the deep and periventricular
brain areas and is a marker of cerebral small vessel
disease. It mainly observed in elderly people and appears
as hyperintense regions on fluid-attenuated inversion
recovery (FLAIR) of magnetic resonance images (MRI) or
hypodense areas on computed tomography (CT). The
other terms for WMD are white mater hyperintensity or
leukoaraiosis. At about 90% of European people between
60 and 90 years have neuroimaging evidence of WMD. In
many studies, WMD was linked to an increased risk of
stroke, dementia, and death [16].

The risk factors of WMD include age and hypertension
along with genetic predisposition (such as the apolipoprotein
Ee4 allele). The pathogenesis of leukoaraiosis is complex
and multifactorial. Vascular stenosis, arteriosclerosis,
venous collagenosis and endothelial dysfunction lead to
diffuse loss of dynamic cerebral autoregulation. As a result
hypoperfusion, white matter ischemia and damage to the
blood-brain barrier, resulting in the plasma or cerebrospinal
fluid components extravasation into the brain parenchyma.
All of that lead to inflammation, demyelination, axonal injury,
apoptosis and gliosis, which eventually seen as white matter
changes [9].

Stroke is a leading cause of long-term disability and
the second most common cause of death on the globe.
About 130000 strokes occur in Ukraine annually. 30-40%
of people with stroke die within 30 days. About 70% of
stroke survivors have permanent neurological deficits. A
third of patients with a stroke in Ukraine are people of

working age. In Ukraine, twice as many people die from
stroke compared to the countries of Western Europe [18].

There are studies which explored WMD burden and
stroke outcome [4, 7], but few have studied its impact on
acute stroke lesion features. Therefore, understanding
the relationship between WMD parameters and acute
stroke lesion characteristics is important for the prognosis
and preventive measures. We tested the hypothesis that
patients with more severe white matter disease burden
are presented with worsen neuroimaging parameters of
index stroke lesion.

The aim of the research is to investigate the
associations between WMD parameters and index stroke
lesion characteristics in patients with acute stroke.

Materials and methods

Written informed consent was obtained from all
subjects participating in the research. The inclusion
criteria consist of patients above 18 years of age with a
clinical diagnosis of stroke based on the World Health
Organization criteria and presence of a brain MRI or CT
study of good quality. We excluded patients with prior
history of non-stroke brain pathology, with abnormal brain
MRI or CT findings, related to non-vascular pathology and
patients with suboptimal quality of brain images.

It was a single-center prospective cohort study based
at specialized stroke department (Stroke Unit) Ne 22 of the
Vinnytsia Regional Clinical Psychoneurological Hospital
named after acad. O.l. Yushchenko VRC. Between 2016
and 2019, a total of 294 consecutive patients with acute
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stroke were recruited.

In the total population, 174 patients underwent
computed tomography, 120 magnetic resonance imaging.
Some of the subjects were imaged with either MRI or CT,
some of them - with MRl and CT both. MRI was performed
on a Philips Achieva with a magnetic field strength of 1.5
T. The standard brain scanning protocol included the
following whole brain scans: T1-weighted, T2-weighted,
fluid-attenuated inversion recovery (FRAIR) and DWI
sequences, slice thickness was 3.5-5 mm. CT was
performed on a General Electric CT/e (ltaly) with a
tomographic slices of 3-7 mm.

Stroke was defined according to World Health
Organization criteria as a syndrome of rapidly developing
clinical signs of focal or global disturbance of cerebral
function lasting > 24 hours or leading to death with no
apparent cause other than of vascular origin [3]. Stroke
diagnoses were verified by an experienced vascular
neurologist and classified as ischemic or hemorrhagic
based on neuroimaging reports (CT and/or MRI) of
experienced radiologists.

The severity of WMD was assessed using the Fazekas
scale. The scale grades the severity from 0 to 3.
Periventricular: Fazekas = 0: absent; Fazekas = 1: cap or
pencil-like thin layer; Fazekas = 2: smooth halo; Fazekas
= 3: extension into deep white matter. Deep white matter:
Fazekas = 0: absent; Fazekas = 1: punctate lesions;
Fazekas = 2: lesions beginning to confluence; Fazekas =
3: lesions confluent and united in sheets [14]. The type of
WMD was also evaluated: periventricular without deep (if
its length from the ventricles was up to 10 mm), confluent
(if its length was more than 10 mm), deep (not adjacent to
the ventricles, but subcortical), periventricular with deep,
confluent with deep. The shape of leukoaraiosis was
also visually assessed (smooth or irregular), based on
the templates as well as the form of deep WMD (punctiform
or ellipsoid) [5]. For groups comparison we divided
patients to WMD grade 0-1 versus WMD 3.

We assessed volume of the stroke lesion according
to the (ABC/2) formula [15], the severity of brain edema
[17], vascular and anatomical localization of the stroke.
We also recorded neuroimaging evidence of previous
stroke lesions.

The Alberta Stroke Program Early CT score scale
(ASPECTS) was used to quantify early ischemic changes
on baseline CT in the anterior circulation before
thrombolytic therapy [13]. A similar scale was used for the
posterior circulation Pc-SPECTS [11].

We assessed hemorrhagic transformation of ischemic
lesion and categorized it as asymptomatic or symptomatic.

We measured density of cortical brain tissue on the
CT scans.

We used univariable and multivariable regression
analysis to establish the associations between WMD
parameters and stroke lesion characteristics. Logistic
regression was used in case of binomial dependent
variable. Linear regression was used in case of linear
dependent variable. The results are shown as odds ratio

(OR) and 95% confidence intervals (Cl) or as a b-coefficient
in case of linear regression. A p value < 0.05 was
considered statistically significant. Continuous variables
were presented as meantstandard deviations (SD) or
median and interquartile range (ICR). Two groups
comparison were performed by Students t-test in normal
distribution or Mann-Whitney U test if the variables were
not normally distributed. Categorical variables were
presented as percentages and were compared with
Pearsons chi square test or Fishers exact test (if the
number of observations were <5). Statistical analyses
were performed by the jamovi project (2022). Jamovi
(Version 2.2.5) [Computer Software]. Sydney, Australia.

Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya (Protocol Ne 9 from
14.11.2016) found that the study does not contradict the
basic bioethical standards of the Declaration of Helsinki,
the Council of Europe Convention on Human Rights and
Biomedicine (1977), the relevant WHO regulations and
laws of Ukraine.

The study was conducted as a fragment of a research
work of the neurology department of Vinnytsia National
Pirogov Memorial Medical University: “Diagnosis and
predictive value of cerebral small vessel disease in the
acute phase of cerebral stroke” (state registration number
0196U004916).

Results

The patients demographic and clinical characteristics
depending on the WMD severity (grade 0-1 in comparison
to WMD grade 3) are summarized in Table 1.

In the total population (mean age 61.9+10.1, 115 (39%)
females), white matter disease had 97% participants,
among them 106 (36%) had severe WMD (Fazekas score
3), 122 (42%) moderate WMD (Fazekas score 2), 56
(19%) mild WMD (Fazekas score 1). Irregular shape of
WMD was noted in 76 (27%), smooth in 207 (73%)
participants. 155 (55%) subjects had only periventricular
leukoaraiosis, 61 (21%) periventricular and deep, 35 (12%)
confluent, 28 (10%) deep and confluent, 3 (1%) only
deep. In 58 (54%) subjects deep leukoaraiosis was
punctiform, in 50 (46%) ellipsoidal.

Patients with leukoaraiosis were advanced age, had
significantly longer hospitalization period and more often
had history of hypertension and previous stroke, as well
as higher Charlson comorbidity index, and more severe
index stroke based on NIHSS scale (table 1). WMD grade
3 patients had complications during hospitalization: 41
(39%) versus 8 (12%) WMD grade 0-1 (p<0.001).

Differences in index stroke lesion between WMD grade
0-1 vs WMD grade 2 are shown in Table 2.

Patients with severe WMD had greater stroke volume and
brain edema, more severe early ischemic changes preceding
thrombolytic therapy, had significantly higher prevalence of
hemorrhagic transformation and more often had neuroimaging
evidence of previous stroke lesions (Fig. 1).

In the linear regression model, adjusted for age and
sex, WMD grade 3 significantly associated with stroke
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Table 1. Clinical and demographic data based on WMD severity.

Table 2. Morphological stroke parameters based on WMD severity.

Variable WMD grade 0-1,66 | WMD grade 3, 106 Variable WMD grade 0-1,66 | WMD grade 3, 106

Age, years 53.5+10.8 66.6+7.6** Stroke size, ml 2531429 47.8+81.7, p=0.087
Sex ASPECTS 9.3+1.0 8.5+1.7*
male 41 (62%) 66 (62%)
female 25 (38%) 66 (62%) Pc-ASPECTS 9.0+14 8.7+0.9

- o * Right hemisphere cortex -
I;;a;lsod of hospitalization, 8.3+3.4 9.9+4.6 density 33.8+1.8 33.4+1.8, p=0.137
Stroke classification, n (%) beﬂ *?fmis"here cortex 33517 33219, p=0.378
large artery atherosclerosis 31 (48%) 52 (53%) ensity
cardioembolism 12 (19%) 24 (24%) Previous stroke lesion 3 (5%) 34 (32%)***
small vessel occlusion 6 (9%) 18 (18%), p = 0.178 —
other determined stroke 1(2%) 0 (0%) Vascular localization
undetermined stroke 14 (22%) 5 (5%)** Anterior circulation 54 (83%) 83 (79%)

- Posterior circulation 11 (17%) 23 (21%)
Smoking 18 (31%) 26 (31%) Brainstem 3 (5%) 12 (11%), p=0.263
Alcohol overuse 3 (5%) 10 (12%), p = 0.238 Anatomical localization

: : . Subcortical 12 (25%) 26 (29%)
Hist f trok 9 (14% 39 (37%
STory of previous STore (14%) (37%) Cortical-subcortical 27 (56%) 53 (58%)
Hypertension 49 (77%) 106 (100%)*** Brainstem 3 (6%) 11 (12%)
0, 0/ \**
lschemic heart disease 6 (10%) 15 (14%) Cerebellum 6 (13%) 10%)
- - Brain edema
0, 0/ \*
Atrial fibrillation 13 (20%) 36 (34%) median (IQR) 05(0-1) 1(0-2), p=0.057
Diabetes Mellitus 9 (14%) 20 (19%) mean+SD 05(0-1) 1.3+1.4, p=0.057
Peripheral arterial disease 1(2%) 1(2%) Brain edema
. : r Grade 0-1 51 (77% 63 (61%)*
Charlson comorbidity index | Median 1 (IQR 1 - 2) 2(1-3) Grade 2-5 15 223‘%2; a1 539%‘:;*
BMI, kg/m? 30.0+6.2 29.6+4.5 Any hemorrhagic 2 3%) 2 3%)
Hyperlipidemia 34 (58%) 63 (62%) transformation ° °
NIHSS upon admission 10 (7 - 14) 13 (9-17.75)* Symptomatic hemorrhagic 0 (0%) 5 (5%), p = 0.091
. transformation ’ :
mRS upon admission 4(4-4) 4 (4-5)

Note: *p value < 0.05, **p value < 0.01, ***p value < 0.001. WMD:
white matter disease, BMI: body mass index, IQR: interquartile
range, NIHSS: National Institutes of Health Stroke Scale, mRS:
modified Rankin scale.

volume (b = 30.0; 95% CI1 3.6 - 56.5, p = 0.026).

In the binomial regression analysis, adjusted for age
and sex, WMD grade 3 significantly associated with more
severe brain edema (grade 2-5 vs grade 0-1): (OR = 2.4;
95% C11.0 - 5.8, p = 0.047) (Fig. 2).

In the multivariable linear regression model, adjusted for
age, sex and NIHSS score on admission, irregular shape of
WMD associated with ischemic penumbra growth, measured
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Fig. 1. Comparisons of stroke volume (25.3+42.9 vs 47.8481.7 ml., p =

Note: *p value < 0.05, **p value < 0.01, ***p value < 0.001. WMD:
white matter disease, ASPECTS: Alberta stroke programme early
CT score, Pc: posterior circulation, IQR: interquartile range, SD:
standard deviation.

by ASPECTS (b =-0.7;95% Cl 1.2 --0.1,p = 0.014).
In the same model, irregular shape of WMD was associated
with brain edema (b = 0.4; 95% CI1 0.1 - 0.7, p = 0.019).

Discussion

In this study we found significant associations between
white matter disease and stroke volume as well as brain
edema, which is in line with some other research [1, 6].
The explanation may be that WMD is associated with
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0.087) and severity of early ischemic changes preceding thrombolysis,

measured by ASPECTS (Alberta Stroke Program Early CT score scale), (9.3+1.0vs 8.5+1.7 scores, p =0.016) in patients with WMH (white matter
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Brain Edema: OR (95% CI, p-value)
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Fig. 2. Effect of white matter disease (WMD) on stroke lesion edema, along with sex and age (per 10 years).

structural and functional vascular changes and factors like
vessels lumen narrowing, impaired autoregulation and
reduced cerebral blood flow, vessel tortuosity, increased
platelet activation and hypercoagulability that may
compromise tissue perfusion at the microvascular level
as well as tissue capacity for handling of ischemia [1].

Greater brain edema growth can be explained, in
addition to aforementioned factors, by small venules
collagenosis and as a consequence deterioration of
edema resolution.

According to our data, patients with severe WMD had
greater ischemic penumbra growth in the hyperacute phase
of stroke. A possible explanation may be that in WMD
rarefaction tissue cannot properly handle ischemia.
Furthermore, changed small arteries in WMD are unable
to dilate in response to reduced blood flow. In general,
WMD leads to impaired collateral blood flow channels and
deteriorates brain ability to cope with ischemic injury. Also,
endothelial disfunctions along with blood-brain barrier
abnormalities can contribute to worsened tissue outcome
[1]. Moreover, WMD decreased vascular density in the area
of leukoaraiosis and outside those regions to
approximately four fifths that of a normal tissue [10].

A more irregular shape of WMD was also associated
with brain edema and ischemic penumbra growth,
measured by ASPECTS scale. The explanation for it may
be that more irregular shape of WMD represents more
severe cerebral small vessel disease subtype [12].

Patients with severe WMD exhibit a significantly higher
prevalence of all-types of hemorrhagic transformations
(including petechial, small parenchymatous and large
parenchymatous) of ischemic stroke lesion. The amount of
symptomatic hemorrhagic transformation also tends to be
higher in severe WMD subjects. The cause of that can be
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MOP®OJONYHI B3AEMO3BA3KU MK MATONONIEIO BINOi PEYOBUHU FONIOBHOIO MO3KY TA MAPAMETPAMU

FOCTPOro IHCYNbTHOIO BOMHULLA

Bapmiok P. C., Mockosko C. I1., Cmonko [. I, Cmompuubka T. B., XXeni6a J. M., MapyHkesuy 5. IO.

AHoTawLiA. [Tamornozis 6inoi pedosuHu 20r108H020 Mo3Ky (IMTEP) Yacma HelipogisyarnizauiliHa 03HaKa, W0 acouiremscs i3 nidsutye-
HUM pU3UKOM iHCYyibmy, 0emeHuii ma cmepmi. IcHytompb psid 0ocnidxeHb, wo ausdanu ennus 6P Ha Hacnidku MO3KO8020 iHCYIbmy,
ripome He3Ha4yHa ix KifbKicmb mopKanach numaHs ii ennusy Ha napamempu iHCYIbmHo20 8oeHUWa. Mema 0ocnidxeHHs1 ecmaHo8U-
mu 83aemM038513KU Mixk napamempamu 6P ma xapakmepucmukamu iHCYIbMHO20 802HUWA Y X80PUX 3 20CMPUM MO3KOBUM iHCY b~
mom. 294 xeopux 3 20CMPUM MO3KO8UM [HCYMbMOM MPUUHSANU ydacmpb y O0CiOXeHHI. YciM xeopum 6yrno 8UKOHaHO MazgHimHo-
pe3oHaHCHy momoepadghito ma/abo kommomepHy momoepagito. bys nposedeHull HelposidyanizauitiHull aHani3 mapkepie 61 ma
20CMpPOoeo IHCYMbMHO20 802HUWA, @ MAKOX KITiHIKO-HEe8pOoIo2iyHe mecmyeaHHs1 Xeopux. CmamucmuyHul aHari3 8UKOHysanu y
nipoepami the jamovi project (2022). Jamovi (Version 2.2.5) [Computer Software] Sydney, Australia. Y 6azamogakmopHoMy aHarisi,
TBP 3 cmyneHro msixxkocmi AocmosipHO acoujitoganachk i3 06eMoM iHcynbmHoz2o sogHuwa (b = 30,0; 95% CI 3,6 56,5, p = 0,026) ma
Habpsikom mo3ky (BLL = 2,4, 95% CI 1,0 5,8, p = 0,047). HenpasunbHa ¢hopma NBP 6yna nossisaHa 3 msxkkicmro Habpsiky Mo3ky (b =
0,4;95% CI0,1 0,7, p =0,019), weudkicmto iwemisayii Mo3ko8oi mKaHUHU 3a wkanow ASPECTS (b=-0.7,95% Cl 1.2--0.1, p=0.014).
lMauienmu 3 msxxkum cmyneHem [1BP manu docmosipHo 6inbwy Yyacmomy eaurnadkie 2emopaziyHoi mpaHcghopmauii: 2 (3%) npomu 29
(13%), p<0,05 ma yacmiwe manu HeliposidyanisauiliHi 03HaKu rnepeHeceHux iHcynbmis: 3 (5%) npomu 34 (32%), p<0,001. Omxe
HeliposisyanizauitiHi xapakmepucmuku NBP € He3anexxHuUmMu npedukmopamu birnbuwo2o 06eMy iHCYMbMHO20 802HUWa, HabPSIKy MO3KY,
PaHHIx iwemiyHUX 3miH neped mpombonimu4yHOK mepariero ma eeMopaziyHoi mpaHcgomauii 20cmpoeo iHCYIbMHOo20 8o2HUWa, WO
€ KI10408UM 01151 Kpaujo20 npo2Ho3y8aHHs ma iMmrnemeHmauii npeeeHmusHux cmpameai.
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